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Description

[0001] This application is a continuation-in-part of U.
S. Patent Application Serial Number 09/034,719, attor-
ney docket number 10971937-1, entitled "Ink Container
Refurbishment Method" filed March 4, 1998 which is a
continuation-in-part of U.S. Patent Number 5,812,156,
entitled "Apparatus Controlled by Data From Consuma-
ble Parts With Incorporated Memory Devices" issued
September 22, 1998. This application is also a continu-
ation-in-part of U.S. Patent Number 6,015,209, entitled
"Replaceable Ink Container with Fluid Interconnect for
Coupling to an Ink-jet Printer" Issued January 18, 2000
which is a continuation-in-part of U.S. Patent Number
5,777,646, entitled "Self-Sealing Fluid Interconnect with
Double Sealing Septum”, Issued July 7, 1998. In addi-
tion, this application is related to commonly assigned U.
S. Patent Application Serial Number 09/034,874 filed
March 4, 1998, attorney docket number 10971933-1,
entitled "Ink Delivery System Adapter", U.S. Patent Ap-
plication Serial Number 09/034,875 filed March 4, 1998,
attorney docket number 10971934-1, entitled "Electrical
Refurbishment for Ink Delivery System"and to U.S. Pat-
ent Application Serial Number 09/125,086, attorney
docket number 10971935-1, entitled "Large Capacity
Ink Delivery System Adapter” filed herewith.

TECHNICAL FIELD

[0002] Thisinvention relatesin general to ink-jet print-
ing systems, and in particular to refurbishing ink con-
tainers for ink-jet printing systems.

BACKGROUND ART

[0003] One type of prior art ink-jet printer has a print-
head mounted to a carriage which is moved back and
forth over print media, such as paper. As the printhead
passes over appropriate locations on the printer media,
a control system activates the printhead to eject ink
drops onto the print media and form desired images and
characters. To work properly, such printers should have
a reliable supply of ink for the printhead.

[0004] One category of ink-jet printer uses an ink sup-
ply that is mounted to and moves with the carriage. In
some types, the ink supply is replaceable separately
from the printhead. In others, the printhead and ink sup-
ply together form an integral unit that is replaced as a
unit once the ink in the ink supply is depleted. One type
ofink supply is disclosed in European Patent Application
0 778 144 which is directed to a refill kit and method for
refilling an ink supply for an ink jet printer. The ink supply
has a chassis which carries an ink reservoir and a fluid
outlet. The ink reservoir contains ink. The chassis is en-
closed within a hard protective shell having a cap affixed
to its lower end. The chassis has a main body and a
frame which helps define and support the ink reservoir.
Each side of frame is provided with a face to which a
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sheet of plastic is attached to enclose the sides of the
reservoir. The body of the chassis is provided with a fill
portto allow ink to be introduced into the reservoir. Three
separate methods of refilling the ink supply are de-
scribed in the European Patent Application 0 778 144.
Another type of ink supply is disclosed in European Pat-
ent Application 0498 117 which is directed to an ink con-
tainer cartridge and manufacturing method. The ink con-
tainer cartridge includes an ink containing portion, a plug
for being pierced by a hollow needle, and a device for
preventing reverse flow of the ink to the containing por-
tion. The preventing device comprises a valve, a first
liquid passage in which the valve is movable and a sec-
ond passage disposed closer to the ink container portion
than the first passage. The valve is capable of closing
the second passage.

[0005] Another category of printer, referred to as an
"off-axis" printing system, uses ink supplies which are
not located on the carriage. One type replenishes the
printhead intermittently. The printhead will travel to a
stationary reservoir periodically for replenishment. U.S.
Patent Application Serial Number 09/034,719 describes
another printing system wherein the printhead is fluidi-
cally coupled to a replaceable ink supply or container
via a conduit such as a flexible tube. This allows the
printhead to be continuously replenished during a print-
ing operation.

[0006] In the parent application to this application, a
replaceable off-axis ink container is described which
has a memory device mounted to the housing. When
inserted into the printer station, an electrical connection
between the printer and the memory device is estab-
lished. This electrical connection allows for the ex-
change of information between the printer and the mem-
ory. The memory device stores information which is uti-
lized by the printer to ensure high print quality. This in-
formation is provided to the printer automatically when
the cartridge is mounted to the printer. The exchange of
information assures compatibility of the cartridge with
the printer.

[0007] The stored information further prevents the
use of the container after it is depleted of ink. Operating
a printer when the reservoir has been depleted of ink
may damage or destroy the printhead. The memory de-
vices concerned with this application are updated with
data from the printhead concerning the amount of ink
left in the reservoir as it is being used. When a new car-
tridge is installed, the printer will read information from
the memory device that is indicative of the reservoir vol-
ume. During usage, the printing system estimates ink
usage and updates the memory device to indicate re-
maining ink in the cartridge. Once the ink in the ink con-
tainer is substantially depleted, the memory device is
updated to reflect an out-of-ink condition. The depleted
of ink cartridges and memory devices are then discard-
ed.
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DISCLOSURE OF THE INVENTION

[0008] The present invention comprises alternative
methods for refurbishing a single-use ink delivery con-
tainer for a printing system. The refurbishing methods
include electrical and mechanical reconfiguration or re-
placement of original elements on the ink delivery con-
tainer. Each method utilizes an existing ink fluid outlet,
electrical connector and an information storage device
on the ink delivery container.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009]

Figure 1 is a schematic drawing of a printing system
having an original equipment ink delivery system.
Figure 2 is an isometric view of a printer incorporat-
ing the printing system as described with respect to
Figure 1.

Figure 3 is an end isometric view of an ink container
of the printing system of Figure 1.

Figure 4 is a side view of the ink container of Figure
3.

Figure 5 is a partial enlarged proximal end view of
the ink container of Figure 3.

Figure 6 is a sectional side view of the ink container
of Figure 3 taken along the line 6-6 of Figure 5.
Figure 7 is a partial enlarged isometric view of a por-
tion of the printer of Figure 2, showing the ink con-
tainer receptacles.

Figure 8 is an enlarged partial isometric and sec-
tional view of the printer of Figure 2 taken along the
line 8-8 of Figure 7.

Figure 9 is an enlarged isometric view of an inter-
face portion of the printer of Figure 2.

Figure 10A is a partial sectional view of the interface
portion of the printer which is shown in Figure 9 tak-
en along the line 10A-10A of Figure 9 and showing
also a partial sectional view of the ink container in-
stalled.

Figure 10B is an enlarged view of the printer of Fig-
ure 10A, taken along the line 10B-10B of Figure
10A.

Figure 11A is a partially exploded isometric view of
the ink container of Figures 10A, 10B, as shown
from the distal end.

Figure 11B is a partially exploded isometric view of
the ink container of Figures 10A, 10B, as shown
from the proximal end.

Figure 12 is a further exploded isometric view of the
ink container of Figures 10A, 10B.

Figure 13 is an enlarged side view showing the in-
ductive fluid level sensors for the ink container of
Figures 10A, 10B, shown detached from the ink
container.

Figure 14 is a flow chart depicting the process for
refurbishing ink container 12.
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Figure 15 is a sectional view of the ink container of
Figs. 10A and 10B, with the leading cap removed.
Figure 16 is a sectional view of the ink container of
Figures 10A, 10B, with the leading cap removed
and showing the ink container being refilled with ink.

BEST MODE FOR CARRYING OUT THE INVENTION

[0010] Although the present invention comprises
methods for refurbishing ink containers, the invention
may be more clearly understood with a thorough discus-
sion of the printer and original equipment ink container.
[0011] Referringto Figure 1, a printing system 10 hav-
ing an ink container 12, a printhead 14 and a source of
pressurized gas, such as a compressor 16, is shown.
Compressor 16 is connected to ink container 12 with a
conduit 18. A marking fluid 19 such as ink is provided
by ink container 12 to printhead 14 by a conduit 20. Ink
container 12 includes a fluid reservoir 22 for containing
ink 19, an outer shell 24, and a chassis 26. In the pre-
ferred embodiment, chassis 26 includes air inlet 28 con-
figured for connection to conduit 18 for pressurizing the
outer shell 24 with air. A fluid outlet 30 is also included
in the chassis 26. The fluid outlet 30 is configured for
connection to the conduit 20 for providing a connection
between the fluid reservoir 22 and fluid conduit 20.
[0012] In the preferred embodiment, the fluid reser-
voir 22 is formed from a flexible material such that pres-
surization of outer shell 24 produces a pressurized flow
of ink from the fluid reservoir 22 through the conduit 20
to the printhead 14. The use of a pressurized source of
ink in the fluid reservoir 22 allows for a relatively high
fluid flow rate from the fluid reservoir 22 to the printhead
14. The use of high flow rates or high rates of ink delivery
to the printhead make it possible for high throughput
printing by the printing system 10.

[0013] The ink container 12 also includes a plurality
of electrical contacts, as will be discussed in more detail
subsequently. The electrical contacts provide electrical
connection between circuitry on ink container 12 and
printer control electronics 32. The printhead control
electronics 32 control various printing system 10 func-
tions such as, but not limited to, printhead 14 activation
to dispense ink and activate pump 16 to pressurize the
ink container 12. Ink container 12 includes an informa-
tion storage device 34 and ink volume sensing circuitry
36. The information storage device 34 provides informa-
tion to the printer control electronics 32 such as ink con-
tainer 12 volume as well as ink characteristics. The ink
volume sensing circuitry 36 provides signals relating to
currentink volume in ink container 12 to the printer con-
trol electronics 32.

[0014] Figure 2 depicts one embodiment of printing
system 10 shown in perspective. Printing system 10 in-
cludes a printing frame 38 constructed for containing
several ink containers 12 simultaneously. The embodi-
ment shown in Figure 2 has four similar ink containers
12. In this embodiment, each ink container contains a
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different ink color so that four color printing can be ac-
complished using cyan, yellow, magenta and black inks.
Printer frame 38 has a control panel 40 for controlling
operation of printer 10 and a media slot 42 from which
paper is ejected.

[0015] Referring also, to Figure 1, as ink 19 in each
ink container 12 is exhausted, container 12 is replaced
with a new ink container 12 containing a new supply of
ink. In addition, ink containers 12 may be removed from
the printer frame 38 for reasons other than an out of ink
condition such as changing inks for an application re-
quiring different ink properties or for use on different me-
dia. Itis important that the replacement ink container 12
form reliable electrical connection with corresponding
electrical contacts associated with the printer frame 38
as well as properly form necessary interconnects so that
printing system 10 performs reliably.

[0016] Figures 3 and 4 depict an original equipment
ink container 12 having an outer shell 24 which contains
the fluid reservoir 22 (Fig. 1) for containing ink 19. Outer
shell 24 has a leading cap 50 secured on a leading end
and a trailing cap 52 secured on a trailing end, relative
to a direction of insertion for the ink container 12 into the
printer frame 38. Leading cap 50 has an aperture 44 on
its leading end through which air inlet 28 and fluid outlet
30 from reservior 22 (Fig. 1) protrudes. Reservoir chas-
sis 26 has an end or base which abuts leading cap 50
so that air inlet 28 and ink outlet 30 protrude through
aperture 44. Aperture 44 is surrounded by a wall 45,
placing aperture 44 within a recess. Air inlet 28 and fluid
outlet 30 are configured for connection to compressor
16 and printhead 14, respectively, (Fig. 1) once ink con-
tainer 12 is properly inserted into the printer frame 38.
Air inlet 28 and fluid outlet 30 will be discussed in more
detail subsequently.

[0017] Leading cap 50 also has another aperture 46
which is located within the recess surrounded by wall
45. The base or end of chassis 26 is also exposed to
aperture 46. A plurality of flat electrical contact pads 54
are disposed on reservoir chassis 26 and positioned
within aperture 46 for providing electrical connection be-
tween circuitry associated with the ink container 12 and
printer control electronics 32. Contact pads 54 are rec-
tangular and arranged in a straight row. Four of the con-
tact pads 54 are electrically connected to information
storage device 34 and four are electrically interconnect-
ed to ink volume sensing circuitry 36 described with re-
spect to Figure 1. In a preferred embodiment, informa-
tion storage device 34 is a semiconductor memory and
the ink volume sensing circuitry 36 comprises an induc-
tive sensing device. Wall 45 helps protect information
storage device 34 and contact pads 54 from mechanical
damage. In addition, wall 45 helps minimize inadvertent
finger contact with contact pads 54. Contact pads 54 will
be discussed in more detail with respect to Figure 5.
[0018] Ina preferred embodiment, ink container 12in-
cludes one or more keying and guiding features 58 and
60 disposed on opposite sides of leading cap 50 of con-
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tainer 12. Keying and guiding features 58 and 60 pro-
trude outward from sides of container 12 to work in con-
junction with corresponding keying and guiding features
or slots on the printer frame 38 (Fig. 2) to assist in align-
ing and guiding the ink container 12 during insertion of
the ink container 12 into the printer frame 38. Keying
and guiding features 58 and 60 also provide a keying
function to insure that ink containers 12 having proper
ink parameters, such as proper color and ink type, when
inserted into a given slot in printer frame 38.

[0019] A latch shoulder 62 is provided on one side of
trailing cap 52. Latch shoulder 62 works in conjunction
with corresponding latching features on the printer por-
tion to secure the ink container 12 within the printer
frame 38 so the interconnects such as pressurized air,
fluidic and electrical are accomplished in a reliable man-
ner. Latch shoulder 62 is a molded tang which extends
downwardly relative to a gravitational frame of refer-
ence. Ink container 12 as shown in Figure 4 is positioned
for insertion into a printer frame 38 (Fig. 2) along the Z-
axis of coordinate system 64. In this orientation gravita-
tional forces on the ink container 12 are along the Y-axis.
[0020] Figure 5 depicts an enlarged view of electrical
contact pads 54. An upstanding guide member 72 is
mounted to chassis 26 adjacent contact pads 54. Elec-
trical contact pads 54 include two pairs of contact pads
78, each pair being electrically connected to one of the
volume sensing circuits 36, shown in Figure 1. The four
contact pads 80 spaced between each pair of pads 78
and contact pads 80 are electrically connected to the
information storage device 34. Each pair of volume
sensing contact pads 78 is located on an outer side of
the row of contact pads 54. Contact pads 78 are part of
a flexible circuit 82 (Fig. 13) which is mounted to the
chassis 26 by fasteners 84. The four intermediate con-
tacts 80 located between the pairs of volume sensing
contacts 78 are metal conductive layers disposed on a
nonconductive substrate 86 such as epoxy and fiber-
glass. Memory device 34 is also mounted on substrate
86 and is connected by conductive traces (not shown)
formed in substrate 86. Memory device 34 is shown en-
capsulated by a protective coating such as epoxy. A
backside of substrate 86, opposite contacts 80, is bond-
ed by adhesive or attached to the chassis 26 by fasten-
ers 84.

[0021] It can be seen from Figure 6 that the guide
member 72 extends along a Z-axis in coordinate system
64. Guide member 72 has a pointed, tapered distal end.
Guide member 72 provides an important guiding func-
tion to insure proper electrical connection is accom-
plished during the insertion of ink container 12 into the
printer frame 38. Figure 7 depicts one ink container 12
shown secured within an ink container receptacle or re-
ceiving slot 88 of receiving station 89 within the printer
frame 38. Ink container indicia 90 may be positioned
proximate each ink container receptacle 88. The ink
container indicia 90 may be a color swatch or text indi-
cating ink color to assist the user in color matching for
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inserting the ink container 12 in the proper slot 88 within
the ink container receiving station 89. As discussed pre-
viously, the keying and guiding features 58 and 60
shown in Figures 3 and 4 prevent ink containers 12 from
being installed in the wrong slot 88. Installation of an ink
container 12 in the wrong receptacle 88 can result in
improper color mixing or the mixing of inks of different
ink types each of which can result in poor print quality.
Each receiving slot 88 within the ink container receiving
station 89 includes keying and guiding features or slots
92 and a latching portion 94. Keying and guiding slots
92 cooperate with the keying and guiding feature 60
(Fig. 3) to guide ink container 12 into the ink container
receiving station 89. The keying and guiding slot 92 cor-
responding to the keying and guiding feature 58 (Fig. 3)
on ink container 12 is not shown. Latch portion 94 is con-
figured for engaging the corresponding latch feature 62
on the ink container 12. The geometries of keying and
guiding slots 92 vary from one receptacle 88 to the other
to assure compatibility between ink containers and re-
ceptacles.

[0022] Figure 8 shows a single ink container receiving
slot 88 within the ink container receiving station 89. Slot
88 includes interconnect portions for interconnecting
with the ink container 12. In the preferred embodiment
these interconnect portions include a fluid inlet 98, and
air outlet 96 and an electrical interconnect portion 100.
Each of the interconnects 96, 98, and 100 are positioned
on a floating platform 102 which is biased by coil springs
101 (Fig. 10A) along the Z-axis toward the installed ink
container 12. Fluid inlet 98 and air outlet 96 are config-
ured for connection with the corresponding fluid outlet
30 and air inlet 28 (Fig. 3), respectively on the ink con-
tainer 12. The electrical interconnect 100 is configured
for engaging electrical contacts 54 on the ink container
12.

[0023] It is the interaction between the keying and
guiding features 58 and 60 associated with the ink con-
tainer 12 and the corresponding keying and guiding fea-
ture 92 associated with the ink container receiving sta-
tion 89 which guide the ink container 12 during the in-
sertion such that proper interconnection is accom-
plished between the ink container 12 and the printer
frame 38. In addition, sidewalls associated with each
slot 88 in the ink container receiving station 89 engage
corresponding sidewalls of the ink container 12 to assist
in guiding and aligning ink container 12 during insertion
into slot 88.

[0024] Figures 9 and 10A illustrate further details of
the floating platform 102. Platform 102 is spring biased
by coil springs 101 in a direction opposite the direction
of insertion of the ink container 12 into the ink container
receiving slot 88 (Fig. 10A). Platform 102 is biased to-
wards mechanical restraints (not shown) which limit the
motion of platform 102 in each of the X, Y, and Z axes.
Therefore, platform 102 has a limited degree of motion
in each of the X, Y, and Z axes of coordinate system 64.
[0025] Electrical connector 100 is supported by and
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protrudes from platform 102. Electrical connector 100 is
generally rectangular, having two lateral sides 107, up-
per and lower sides, and a distal end 105. A plurality of
resilient, spring-biased electrical contacts 104 protrude
from end 105. Electrical contacts 104 are thin wire-like
members which engage corresponding electrical con-
tacts 54 (Fig. 3) associated with ink container 12 to elec-
trically connect ink container 12 with the printer control-
ler 32 (Fig. 1). Electrical connector 100 has a guide slot
106 on its upper side. Guide slot 106 has opposed con-
verging walls which cooperate to engage guide member
72 (Figs. 5 and 10B). Guide member 72 engages guide
slot 106 to properly align contacts 104 with contact pads
54. Figure 10B shows contact pads 54 properly aligned
with electrical contacts 104.

[0026] Referring to Figures 9 and 10A, fluid inlet 98
and air outlet 96 protrude from floating platform 102. Flu-
id inlet 98 includes an ink supply sleeve 110 surrounding
a conduit 108. Needle 108 has a port near its distal end.
A collar 111 sealingly and slidingly engages needle 108.
A spring 113 urges collar 111 toward the distal end,
blocking the port.

[0027] Referring still to Figure 10A, ink outlet 30 is a
cylindrical member having a septum 122 on its distal
end. Septum 122 has a slit for receiving needle 108. In
a preferred embodiment, a check valve comprising a
ball 124 and spring 126 are located in ink outlet 30 to
prevent outflow of ink until needle 108 is inserted. Ball
124 seats against septum 122 and is pushed away from
septum 122 by needle 108. Air inlet 28 is also a cylin-
drical member having a septum 128 with a slit.

[0028] As shown in Figures 11A, 11B and 14, shell 24
is a generally rectangular member with a cylindrical
neck 130 on its leading end. Chassis 26 is a circular disk
or plug which inserts and seals in neck 130 with the lead-
ing side of chassis 26 flush with the rim of neck 130.
Reservoir 22 is a collapsible reservoir such as a collaps-
ible bag which fits within shell 24. An opening in reser-
voir 22 is sealingly joined to chassis 26. Chassis 26
along with shell 24 and caps 50, 52 define a housing for
reservoir 22. Shell 24 is airtight, creating a pressure
chamber 132 in the space surrounding reservoir 22. Air
inlet 30 communicates with pressure chamber 132. Re-
ferring to Figure 12, rigid stiffener plates 134 are at-
tached to opposite outer sides of reservoir 22. Outer
shell 24 of ink container 12 is sealed to flexible reservoir
22 and, thus, acts as a pressure vessel. During usage,
the pressurization of outer shell 24 allows pressurization
of collapsible reservoir 22.

[0029] The two inductive ink volume sensor coils 36
are formed on opposite legs of flexible circuit 82. Each
of the coils 36 has two leads 138 (Fig. 13) connected to
one of the pairs of sensor contacts 78 (Fig. 3). One of
the coils 36 locates on one side of reservoir 22 while the
other is on the opposite side. When connected to print-
ing system 10, controller 32 (Fig. 1) provides a time var-
ying electrical current signal to one of the coils 36. This
time varying electrical current induces a voltage in the
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other coil 36 whose magnitude varies as the separation
distance between coils 36 varies. As ink is used, the op-
posing side wall portions of reservoir 22 collapse togeth-
er, changing the electromagnetic coupling or mutual in-
ductance of the coil pair. This change in coupling is
sensed by controller 32, which infers an ink level as a
result. Additionally, controller 32 also makes a continuity
check when ink container 12 is installed by determining
if electrical continuity exists between the two contact
pads 54 leading to one of the coils 36.

[0030] Each ink container 12 has unique ink contain-
er-related aspects that are represented in the form of
data provided by information storage device 34. This da-
ta is provided from ink container 12 to printing system
10 via memory device 34 automatically without requiring
the user to reconfigure printer 10 for the particular ink
container 12 installed. Memory device 34 has a protect-
ed section, a write-once section, and a multiple write/
erase section. When the cartridge 12 is first installed in
printer 10, controller 32 reads ink container information
such as the manufacturer identity, part identification,
system coefficients, service mode and ink supply size.
Printing system 10 energizes one of coils 36 and reads
an initial receiving coil voltage from the other (receiving)
coil 36. This initial receiving coil voltage from receiving
coil 36 is indicative of the full state of ink container 12.
The printing system control electronics then records a
parameter onto the protected portion of memory device
34 that is indicative of the initial receiving coil voltage.
The printing system control electronics then initiates a
write protect feature to assure that the information in the
protected portion of memory is not altered.

[0031] The write once section is a portion of memory
which can be written to by controller 32 only one time.
The multiple write/erase section allows data to be writ-
ten to this section more than once. Writing over data in
this section is used to erase previously stored data.
[0032] Upon insertion of ink container 12 into printing
system 10, controller 32 reads parameter information
from memory device 34 for controlling various printing
functions. For example, controller 32 uses parameter in-
formation to compute an estimate of remaining ink. If the
ink remaining is less than a low ink threshold volume, a
message is provided to the user indicating such. Fur-
ther, when within the ink container 12 is below a thresh-
old volume, controller 32 can disable printing system 10
to prevent operation of printhead 14 without a supply of
ink. Operating printhead 14 without ink can result in re-
duction of printhead reliability or catastrophic failure of
printhead 14.

[0033] In operation, controller 32 reads initial volume
information from memory device 34 associated with ink
container 12. As ink is used during printing, the ink level
is monitored by controller 32, and memory device 34 is
updated to contain information relating to remaining ink
in ink container 12. Controller 32 thereafter monitors the
level of deliverable ink in ink container 12 via memory
device 34. In a preferred embodiment, data is trans-
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ferred between printer 10 and memory device 34 in se-
rial fashion using a single data line relative to ground.
[0034] In a preferred embodiment, the volume infor-
mation includes the following: (1) initial supply size data
in a write protected portion of memory, (2) coarse ink
level data stored in write once portion of memory and
(3) fine ink level data stored in a write/erase portion of
memory. The initial supply size data is indicative of the
amount of deliverable ink initially present in ink container
12.

[0035] The coarse ink level data includes a number of
write once bits that each correspond to some fraction of
the deliverable ink initially present in ink container 12.
In a first preferred embodiment, eight coarse ink level
bits each correspond to one-eighth of the deliverable ink
initially in ink container 12. In a second preferred em-
bodiment, to be used in the discussion that follows, sev-
en coarse ink level bits each correspond to one-eighth
of the deliverable ink initially present in ink container 12
and one coarse ink level bit corresponds to an out-of-
ink condition. However, more or less coarse bits can be
used, depending on the accuracy desired for a coarse
ink level counter.

[0036] The fine ink level data is indicative of a fine bit
binary number that is proportional to a fraction of one-
eighth of the volume of the deliverable ink initially
presentin ink container 12. Thus, the entire range of the
fine bit binary number is equivalent to one coarse ink
level bit. This will be further explained below.

[0037] Printing system 10 reads the initial supply size
data and calculates the amount or volume of deliverable
ink initially present in ink container 12. The drop volume
ejected by the printhead 14 is determined by printing
system 10 based on parameters. Using the initial vol-
ume of deliverable ink in ink container 12 and the esti-
mated drop volume of printhead 14, the printing system
10 calculates the fraction of the initial deliverable ink vol-
ume that each drop represents. This enables the print-
ing system 10 to monitor the fraction of the initial volume
of deliverable ink remaining in ink container 12.

[0038] While printing, printing system 10 maintains a
drop count equal to the number of ink drops that have
been ejected by printhead 14. After printing system 10
has printed a small amount, typically one page, it con-
verts the drop count to a fine bit binary number value.
This conversion utilizes the fact that the entire range of
the fine bit binary number corresponds to one eighth of
the initial volume of deliverable ink in ink container 12.
Each time the fine bit binary number value is fully dec-
remented or incremented, the printing system 10 writes
to set one of the coarse ink level bits because each of
the coarse ink level bits are in the write once section of
memory device 34 these bits and corresponding ink lev-
el value cannot be altered.

[0039] Printing system 10 periodically queries the
coarse and fine ink level bits to determine the fraction
of the initial deliverable ink that is remaining in ink con-
tainer 12. Printing system 10 can then provide a "gas
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gauge" or other indication to a user of printing system
10 that is indicative of the ink level in ink container 12.
In a preferred embodiment, the printing system provides
a "low ink warning" when the sixth coarse ink level bit is
set. Also in a preferred embodiment, the printing system
sets the eight (last) coarse ink level bit when the ink con-
tainer 12 is substantially depleted of ink. This last coarse
ink level bit is referred to as an "ink out" bit. Upon que-
rying the coarse ink level bits, the printing system inter-
prets the setting of the ink out bit as an "ink out" condition
for ink container 12.

[0040] The volume is sensed by the inductive sensor
coils 36 (Fig. 12) only during a second phase of ink us-
age. During the first phase, both fine and coarse
counters of are used. Ink drops are counted and record-
ed in the fine counter portion of memory device 34. Each
time the fine counter fully increments or decrements, an-
other coarse counter bit will be set. During the second
phase, only the ink level sensor coils 36 are used. The
voltage output from the receiving coil 36 and is com-
pared with the voltage level indicated by the parameter
recorded on memory device 34. A parameter indicative
voltage output is recorded on the write/erase portion of
memory. Each successive reading is compared with the
previous reading as an error checking technique to allow
detection of coil malfunction.

[0041] In printing system 10, the transfer of data be-
tween printer 10 and memory device 34 is in serial fash-
ion on the single data line relative to ground. As ex-
plained above, while the ink in ink container 12 is being
depleted, memory device 34 stores data which is indic-
ative of its initial and current states. Printer 10 updates
memory device 34 to indicate the volume of ink remain-
ing. When most or substantially all of the deliverable ink
has been depleted, printer 10 alters memory device 34
to allow ink container 12 to provide an "ink out" signal.
Printer 10 may respond by stopping printing with ink
container 12. At that point, the user will insert a new ink
container 12 or an ink container which has been refur-
bished in accordance with this invention.

[0042] After being depleted of ink, the container 12 is
potentially capable of further use if replenished with a
fresh supply of ink. However, these ink containers 12
are designed for single use because of the information
stored in the memory device which indicated the amount
of ink that was in the reservoir prior to being refilled. If
refilled and installed again on a printer, the data in the
memory device 34 would still indicate the volume of ink
which it contained prior to refilling. The low ink warning
which the memory device 34 would signal would not be
meaningful to the user because it would be inaccurate.
The user would be deprived of various advantages and
safeguards of the memory device. As a result, the res-
ervoir is not designed for refilling. The present invention
as will be described with respect to Figs. 14-16 is a
method and apparatus for reusing these ink containers
12.

[0043] Referring to Fig. 14, a method of the present
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invention is illustrated for refurbishing ink container 12.
The method begins by providing an ink container 12 that
is at least partially depleted of an initial ink as indicated
by step 170. The ink container 12 is depleted by supply-
ing ink to one or more ink-jet printhead 14. As ink is pro-
vided to the printhead 14 the memory device 34 asso-
ciated with the ink container 12 is updated with informa-
tion for determining remaining ink in the ink container 12.
[0044] A source of new ink, different from the initial
ink, is provided to fluid outlet 30 to refill fluid reservoir
22 as represented by step 172. Fluid reservoir 22 ex-
pands as ink is provided, displacing air in pressure
chamber 132. To relieve pressure in pressure chamber
132, air is released through air inlet 28 as represented
by step 174. The memory device 34 is disabled so that
the memory device 34 does not provide signals to print-
ing system 10 indicative of the depleted state as repre-
sented in step 176. A new source of signals is provided
that is indicative of an increased ink volume in fluid res-
ervoir 22 as represented in step 178. In a preferred em-
bodiment, the new source of signals is indicative of the
increased volume of ink available for printing after refill
step 172. Finally, in step 180, the ink container 12 is re-
installed, establishing fluidic, air, and electrical connec-
tions between ink container 12 and printing system 10.
The new ink in refilled reservoir 22 is then made avail-
able to printhead 14 via conduit 20. In addition, the new
source of signals is made available to the printing sys-
tem control electronics 32, and can provide information
to printing system control electronics 32 that enables
printing with the new ink provided by step 172.

[0045] Referring now to Figs. 15 and 16, a method
and apparatus for filling ink container 12 is depicted
(steps 172 and 174 of Fig. 14). To refurbish ink container
12, replacement ink is provided to collapsed reservoir
22. As replacement ink is provided, reservoir 22 ex-
pands, displacing air in pressure chamber 132 between
pressure vessel 24 and reservoir 22. To avoid pressu-
rizing pressure chamber 132 and to maximize the rate
of ink flow, an air flow path is established through air
inlet 28 from chamber 132 to a location outside of pres-
sure vessel 24.

[0046] When ink is introduced into ink container 12,
sealing member 124 is moved from a sealing position
wherein it is in contact with septum 122 to an unsealed
position wherein it is displaced linearly into hollow boss
123 in a direction away from a distal end of fluid outlet
30. At the same time, an opening or pathway is estab-
lished in septum 122 by radially displacing septum 122.
One way to do this is to insert a hollow conduit such as
a hollow needle through septum 122 such that the hol-
low conduit displaces sealing member 124 linearly and
displaces septum 122 radially. Next, a flow of ink is es-
tablished between a source of ink and reservoir 22. Ink
then flows from the source of ink, through the pathway
in septum 122, past sealing member 124, through boss
123, and to reservoir 22. To enhance the flow of ink the
source of ink can be pressurized.
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[0047] To allow rapid air removal from pressure cham-
ber 132 during a refill operation, an opening or pathway
can be established in septum 128 by radially displacing
septum 128. One way to do this is to insert a hollow con-
duit such as a hollow needle through septum 128. Next,
a flow of air is established, such that air flows from pres-
sure chamber 132, through hollow boss 129, through
the opening in septum 128 and to an air collection re-
gion. Among various alternatives, the air collection re-
gion can be outside atmosphere or a source of vacuum.
A source of vacuum applied to pressure chamber 132
will further enhance a flow of ink when refilling reservoir
22.

[0048] Referring now to Fig. 16, an exemplary embod-
iment of a refill apparatus for ink container 12 is depict-
ed. Arefilladapter 140 is employed which preferably has
anink sleeve 142 and a vent sleeve 144. Ink sleeve 142
and vent sleeve 144 are tubular members with open low-
er ends for sliding over the ink outlet 30 and air inlet 28.
Ink sleeve 142 has a hollow needle 146 located therein
which has a port 147 near its distal end. A seal collar
148 sealingly engages needle 146 and moves slidingly
between a closed position, blocking port 147 and an
open position which is shown in Figure 16. In the open
position, ink is allowed to flow through needle 146 and
out port 147. A coil spring 150 urges seal collar 148 to
the closed position. A conduit 152 connects needle 146
to an ink reservoir or tank 156. A pump 154 is preferably
connected into conduit 152 to pump ink from tank 156
under pressure. A hollow needle 158 or tubular member
is mounted in vent sleeve 144.

[0049] To refill, adapter 140 is placed on ink outlet 30
and air inlet 28. Needle 147 pierces the slit in septum
122 and pushes ball 124 downward to open the check
valve. Needle 158 pierces the slit in septum 128 and
vents pressure chamber 132 to atmosphere. Pump 154
is turned on to pump ink from tank 156 into reservoir 22
as indicated by the arrows. Air in pressure chamber 132
being displaced by the expansion in volume of reservoir
22 vents to atmosphere through needle 158. Once res-
ervoir 22 is refilled, adapter 140 is removed.

[0050] In addition to refilling with ink, refurbishment
(steps 176 and 178 of Fig. 14) also should be performed
in regard to memory device 34 (Fig. 5) so that the ben-
efits previously provided by memory device 34 still exist.
Refurbishment of memory device 34 is discussed in
more detail in U.S. Patent Application Serial Number
09/034,875 incorporated herein by reference. The orig-
inal memory device 34, which is located on chassis 26,
provides a first source of data signals indicative of an at
least partially depleted ink level state of ink container
12. More specifically and as explained above, the mem-
ory device 34 includes coarse ink level data stored in a
write once portion of memory that has been altered by
the printing system to reflect a reduced ink level or out
of ink condition. Consequently, refilling the ink container
12 results in alteration of the amount of ink remaining
but does not change the indicated coarse ink level.
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Therefore, the memory device 34 does not provide ac-
curate ink remaining information resulting in improper
low ink condition signals. In addition, because the re-
filled ink does not necessarily have the same ink param-
eters (i.e., composition factors such as density, color-
ants, solvents, additives, etc.) as those indicated by the
memory device 34, then the printing system 10 may not
properly compensate for this refilled ink to ensure high
print quality.

[0051] To refurbish memory device 34, the pre-exist-
ing data in memory device 34 is prevented from further
communication with printer 10 when cartridge 12 is in-
stalled again (step 176 of Fig. 14). In one technique, all
of the data in memory device 34 is erased. This can be
accomplished by exposing the memory device 34 to an
energy source such as an x-ray or electric field. The en-
ergy source, if sufficient, resets the data in memory de-
vice 34. The reservoir of ink container 12 is then refilled.
Then memory device 34 can be reprogrammed to reflect
parameters of the refilled ink container 12. When in-
stalled in the printing system 10 the printing system op-
erates with the ink container 12 in a manner similar to
the original ink container.

[0052] In another refurbishment method, memory de-
vice 34 is disabled and replaced with a nearly identical
one or with an emulator. The new memory device 34
may be an emulator or a substantial replica of the orig-
inal memory device 34. An emulator is an electronic cir-
cuit that is functionally equivalent to memory device 34
for exchanging information with the printer 10. Although
the emulator is functionally equivalent, structurally this
device may be very different. An emulator would likely
have a portion that functions as a memory and would
likely provide information indicative of the volume of the
reservoir 22, the type of ink, color, etc. Optionally, unlike
original memory device 34, the emulator may be reset
in a different manner such as whenever a new ink supply
is provided. Further, the emulator may be configured to
provide information to printer 10 that allows it to operate
regardless of the actual condition of ink in the in reser-
voir 22.

[0053] The new source of signals, such as an emula-
tor or new memory device, should be provided with the
data required for proper operation of printer 10. The new
source of signals should be able to communicate with
printer 10 over a single wire input/output in serial fash-
ion. This data provided by the new source of signals will
be used by printer 10 to provide an indication of the vol-
ume of ink available.

[0054] In one technique for refurbishing ink container
12, the first memory device 34 will be removed from
chassis 26 (Fig. 5). The substrate 86, along with mem-
ory device 34 and contact pads 80, may be pried off or
otherwise removed as a unit from chassis 26. A new
substrate 86, having a new memory device 34 or emu-
lator and contact pads 80, may be secured to chassis
26 in the same place that held the original substrate 86,
memory device 34 and contact pads 80. The new sub-
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strate 86 could be secured by fasteners or by adhesive.
There is no need to remove volume sensing contact
pads 78, which are located on flexible circuit 82 and con-
nected to inductor coils 36.

[0055] Alternately, a substrate 86 containing only a
new set of contact pads 80 may be mounted on chassis
26. The new memory device 34 or emulator may be
mounted at another place on ink container 12 or remote-
ly and connected to the new set of contact pads 80 by
leads.

[0056] Another refurbishment method allows the orig-
inal substrate 86, memory device 34 and contact pads
80 to remain in place. A new substrate 86, along with a
new memory device 34 and contact pads 80, will be
bonded on top of the original memory device 34 and
contact pads 80. The material of substrate 86 is an elec-
trical insulator. Consequently, it will insulate the new
contact pads 80 from the original contact pads 80 and
the electrical traces in original substrate 86 which con-
nected the original contact pads 80 to original memory
device 34. The original contact pads 80 will not be able
to electrically engage printer contacts 104 (Fig. 9) be-
cause they will be covered and insulated from engage-
ment by the new substrate 86.

[0057] In another refurbishment process, a usable
portion of the original contact pads 80 remains in place
and is electrically separated from the original memory
device 34. In this method, preferably a cut is made
through the substrate 86 transversely across contact
pads 80 with a sharp object such as knife. The cut di-
vides the substrate 86 into retained and disposable por-
tions, the retained portion of which contains a significant
portion of contact pads 80. The substrate 86 disposable
portion contains memory device 34, and a small adja-
cent part of contact pads 80. This cut severs electrical
continuity between the four terminals of memory device
34 with the part of contact pads 80 contained on the sub-
strate 86 retained portion. Although, the size of contact
pads 80 on the retained portion of substrate 86 would
be smaller than the original contact pads 80, they are of
adequate size to mate with printer contacts 104 (Fig. 9).
[0058] Normally, one would then remove from chassis
26 the disposable portion of substrate 86, along with the
first memory device 34, and the part of contact pads 80
contained thereon. A new memory device 34 may then
be mounted adjacent to or on the original contact pads
80 contained on the retained substrate portion, with its
terminals connected to them. Optionally, the new mem-
ory device 34 could be mounted elsewhere on housing
72 other than cavity 80 (Fig. 7) or even remotely from
printer 10 and connected to original contact pads 80 by
leads. Alternately, the contact pads 80 on the retained
portion of substrate 86 may be connected to leads that
are attached to a remotely located emulator or memory
34.

[0059] The invention has several advantages. These
alternate methods of fluidically refurbishing single-use
ink containers allow them to be refilled so that it may be
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used several times before being discarded. By electri-
cally refurbishing ink container 12, the volume of ink
contained in reservoir 22 after refilling can be provided
to printing system 10 to allow printing system 10 to mon-
itor usage of the refill ink. In the likely event that the re-
placement ink used for refilling is different that the orig-
inal ink (such as different colorant, solvent, additive,
etc., or different concentrations of constituents) this
change can be reflected by the new source of signals
34. When the ink container with the new source of sig-
nals 34 is installed in printing system 10, the printing
system 10 can also alert the user regarding the change
in ink. This can be in the form of a message displayed
by the printing system 10 or a computer screen that is
indicative of the type or origin of ink installed. Such a
message may indicate whether or not the ink contained
in reservoir 22 is of known origin or composition.
[0060] While the invention has been shown or de-
scribed in only some of its forms, it should be apparent
to those skilled in the art that it is not so limited, but is
susceptible to various changes without departing from
the scope of the invention.

Claims

1. Arrefill adapter having an operating condition for re-
filling an ink container with ink comprising an ink
connector (146,152) and a vent connector (158,
160), said ink connector (142, 146, 152) comprising
a first fluid conduit (146,152) having an ink in-port
and an ink out-port (147) and said vent connector
comprising a second fluid conduit (158, 160) having
an air inlet and an air outlet, said adapter being
characterised by having the air outlet which, when
in operating condition, remains in fluid connection
with the atmosphere.

2. An adapter as claimed in claim 1, wherein ink flow
direction through the first conduit (146, 152) is sub-
stantially opposite to air flow direction through said
second conduit (158,160),

3. An adapter as claimed in claim 1 or 2, wherein said
first conduit (146, 152) and said second conduit are
integrated in a single housing (140).

4. An adapter as claimed in any preceding claim,
wherein said ink connector (146, 152) comprises a
first sliding guide (142) with an open end.

5. An adapter as claimed in any preceding claim
wherein said vent connector (138, 160) comprises
a second sliding guide (144) with an open end.

6. An adapter as claimed in claim 4, wherein said first
conduit (146, 152) includes a hollow needle (146)
located in the first sliding guide (142) having said
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17
ink out-port (147).

An adapter as claimed in claim 5 whenein said sec-
ond conduit (158, 160) includes a hollow needle
(158) located in the second sliding guide (144) hav-
ing said air inlet

An adapter as claimed in claim 2, wherein said ink
flow direction is from the adaptor to the ink cartridge.

An adapter as claimed in any preceding claims,
wherein said ink in-port and said ink out-port (147)
are located substantially at opposite ends of said
first fluid conduit (146,152) and said vent connector
having an air inlet and an air outlet are located sub-
stantially at opposite ends of said second fluid con-
duit (158, 160).

A refill apparatus for refilling a first ink container with
ink, comprising a refill adapter (140) as claimed in
any of claims 1 to 9 and a separate second ink con-
tainer (156) containing said ink, capable of being
coupled to said adapter (140).

A refill apparatus as claimed in claim 10, wherein
said second ink container (156) is in fluid commu-
nication to said ink in-port of said adapter (140).

A refill apparatus as claimed in claim 11, wherein,
when said second ink container is coupled to said
adapter, the ink flow direction is from said second
ink container (156) into said ink in-port of said
adapter (140).

A method of using an adapter (140), comprising an
ink connector and a vent connector, to refill a first
ink container (12), comprising an ink outlet (30) and
an air inlet (28), with ink contained in a second ink
container (156), comprising the steps of

(a) coupling one end of said ink connector(146)
to said ink outlet (30) of said first ink container
(12);

(b) coupling said vent connector (158) to said
air inlet (28) of said first container (12); and
(c) coupling another end of said ink connector
of the adapter (140) to said second ink contain-
er (156).

(d) causing the ink to flow from the second con-
tainer (156) through said adapter (140) into said
first container (12) and causing a simultaneous
flow of air out of said first container (12) through
said adapter (140).

A method as claimed in claim 13, wherein said
adapter (140) is as claimed in any of claims 1 to 9.

A method as claimed in claim 13 or 14 wherein said
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16.

17.

18.

19.

18

steps (a) and (b) of coupling are produced substan-
tially at the same time.

A method as claimed in any of claims 13 to 15 fur-
ther comprising the step of applying pressure to the
ink contained in the second container (156) to
cause it to flow from the second container (156)
through said ink connector (140) into the first con-
tainer (12).

A method as claimed in claim 16 further comprising
the step of venting said flow of air to the atmos-
phere.

A method as claimed in any of claims 13 to 17 fur-
ther comprising the step of removing the adapter
(140) once that the first ink container (12) is refilled.

A refill adapter for refilling a printer ink container
(50) that is at least partially depleted of an initial ink,
the adapter comprising: an ink fitting (146) config-
ured for connection to an ink outlet (30) on the print-
er ink container (12), the printer ink container (12)
having a sealed housing (24), a flexible ink reservoir
(22) located within the housing (24), an ink outlet
(30) in fluid communication with a space (132) be-
tween the housing (24) and the ink reservoir (22);
an air fitting (158) configured for connection to the
air inlet (20) to establish communication between
the air fitting (158) and the space (132) in the hous-
ing; and

wherein the refill adapter is configured to fill the ink
reservoir (22) with new ink different from the initial
ink through the ink fitting (146) so that air from said
space (132) is released through the air fitting (158).
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