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"EIELD OF THE INVENTION

The present invention relates génerally to ink
reservoirs for high speed ink printers and plotters, and
more particularly, to ink reservoir materials.

BACKGROUND OF THE INVENTION

In printers containing ink reservoirs, the ink
reservoir is ordinarily maintained under a sub-atmospheric
or negative pressure so that ink will not leak or drool
from the print head. Various types of ink reservoirs may
be used including onboard ink reservoir cartridges which
are mounted on the moveable printer carriage and remote or
offboard ink reservoirs from which ink is brought to the
print head on the printer carriage by tubing. In the
onboard cEfi"t’:ridges a polymer foam is ordinarily provided
in the ink reservoir so that the capillary action of the
foam will prevent ink from drooling from the print head.
Polymeric foams of the type typically used for this
purpose are nbn-biodegradable and thus cause environmental
probléms whenever a previously used cartridge is emptied
and thrown awajr. In addition, the use of industrial foam
in the ink reservoir restricts the operating pressure
range of the ink cartridge and such foams ordinarily leave
a chemical residue which. is incompatible with and/or
reacts adversely with printer ink. Similarly, the
relatively long tubing used to convey ink from an offboard
pressure reser'iroir to a printing head is not easily
adaptable to deliver ink to the print head at different
printing pressure ranges.

A collapsible ink reservoir for an inkjet

printer is disclosed in U.S. Patent No. 4,422,084 issued

Dec. 20, 1983 to Saito. Negative pressure is maintained
in a polypropylene ink bag by various types of springs
i et Has Been\li\eﬁird



voi rs: for -hi gh speed ink printers and plotters, and nore particularly, to
i nk reserﬁbfr materi als., BACKGROUND OF THE | NVENTI ON In printers
contai.i.ng ink reservoirs, the ink reser- voir is ordinarily mintained
under a sub-atnospheric or negative pressure so that ink will not |eak or
drool fromthe print head. Various types of ink reservoirs may be

105241¢-1

which bias the bag walls apart from each other. The
springs may be mounted inside of or externally of the ink
bag but the spring pressure regulator construction does
not result in substantially complete emptying of the ink
5 bag and the bag itself is not carried on a printer
carriage.
One example of an improved onboard ink reservoir
cartridge is disclosed in U.S. Patent Application Serial
Number 07/717,735 filed June 19, 1991 entitled SPRING-BAG
10 PRINTER INK CARTRIDGE WITH VOLUME INDICATOR filed by David
S. Hunt and W. Bruce Reid and assigned to the assignee of
the present invention. The cartridge disclosed in that
application basically comprises a rectangular housing
containing a flexible bag of ink, an ink filter and a
15 print head which receives ink from the filter. A spring
inside of the bag of ink urges its flexible walls apart
from each other thus maintaining a negative or sub-
atmospheric pressure in the reservoir which is overcome as
ink is emitted from the print head.
20 Also -of interest are prior co-pending U.S.
patent applications Serial No. 07/529,615, £filed Au_uét
12, 1992 by Kaplinsky, et al. entitled COLLAPSIBLE INK
RESERVOIR STRUCTURE AND PRINTER INK CARTRIDGE; and Serial
No. 07/928,811, filed August 12, 1992 by Khodapanah, et

25 al: entitled INK PRESSURE REGULATOR FOR A THERMAL INK-JET
PRINTER; both owned by the assignee of the present
application. :

Further developments of this collapsible bag
technology are disclosed in United States patent
30 applications filed on December 22, 1992 entitled METAL
COVER ATTACHMENT TECHNIQUE FOR THERMAL INKJET PEN by
! inventors Dale D. Timm, Jr., et al. (Applicant Docket No.
191150-1); RIGID LOOP CASE STRUCTURE FOR THERMAL INK-JET
PEN by inventors David W. Swanson, et al. (Applicant
35 Docket No. 1093060-.1); TWO MATERIAL FRAME HAVING -
DISSIMILAR PROPERTIES FOR THERMAL INK-JET CARTRIDGE by
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used including onboard ink reservoir cartridges which are nounted on the
nnveablé printer carriage and renote or offboard ink reservoirs from which
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inventors David W. Swanson, et _al. (Applicant Docket No.
1093057-1); and DOUBLE COMPARTMENT INK-JET CARTRIDGE WITH
OPTIMUM SNOUT by inventors David W. Swanson, et al. all
owned by the assignee of the present invention.

Further developments of this collapsible bag
technology are disclosed in United States patent
applications filed on the same day as this application
entitled COLLAPSIBLE INK RESERVOIR AND INK-JET CARTRIDGE
WITH PROTECTIVE BONDING LAYER FOR THE PRESSURE REGULATOR
by inventors James H. Sykora, et al. (Applicant Docket No.
1092630-1); and NEGATIVE PRESSURE INK DELIVERY SYSTEM by
inventors George T. Kaplinsky, et al. (Applicant Docket
No. 189045-1) both owned by the assignee of the present
invention.

In order to provide an acceptable printer ink

cartridge utilizing a collapsible ink bag or reservoir,
there is a need for an ink bag or reservoir that is as
flexible as possible in order to allow the reservoir bag
to collapse in unimpeded manner to minimize stranded ink
in the reservoir and to maintain the desired degree of
negative pressure within the reservoir bag. The reservoir
bag must also provide a strong moisture and gas barrier in-
order to prevent water loss form the reservoir, and
prevent external contaminants such as air from entering
the reservoir. Suitable materials for the reservoir
should be materials capable of allowing the reservoir’'s
peripheral e€dges to be sealed in order to form an ink
reservoir that does not separate during normal use. '
In addition, the material used for the reservoir should be
easily sealable in order to prevent leakage or migration
of the ink from of the reservoir and chemically compatible
and non-reactive with the ink contained therein.

_ Further, the reservoir should be puncture
resistant because despite careful handling and packaging,
the relatively rigid pressure regulator sideplates may
during shipment, handling, or installation puncture the
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environnent al probl ens whenever a previously used cariridge s enptied and
thrown away. In additien, the use of industrial foamin the ink reservoir
restri.cts the operating pressure range of the ink cartridge and. such foans
ordinarily |l eave a chem cal residue which is inconpatible with and/or
reacts adversely with printer ink. Simlarly, the relatively long tubing
used to convey ink froman offboard pressure reservoir to a prigbbgglpead
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is not easily adaptable to deliver ink to the print '

thin flexible reservoir walls. Although such puncturing

is quite rare, this puncturing must be totally avoided

without unduly thickening the reservoir walls so as to

inhibit ink from being completely exhausted from the
5 collapsible reservoir.

Finally, by providing a reservoir bag with
adequate mpisture/gas barrier allows the ink cartridges to
be packaged without any special barrier packaging. This
special barrier packaging currently requires packaging in

10 sealed aluminum containers. Special packaging for
protection from physical damage to the ink reservoir
currently inveolves a plastic insert withih the aluminum
barrier protection. Elimination of this special packaging
provides both environmental and cost benefits.

15

SUMMARY OF THE INVENTION

The present invention provides a collapsible ink
. reservoir to be maintained under negative pressure by a
20 pressure regulator in a liquid ink cartridge, said ink
reservoir comprising one or more flexible sidewalls each
connected at their periphery to form an ink reservcir
wherein said sidewalls include a plurality of layers of

aluminum and plastic. |

25 . _
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a perspective view of the ink

cartridge assembly of the present invention.
30 Figure 2 1is an exploded wview of the ink
cartridge ‘and collapsible reservoir assembly of the

present invention. _
Figure 3 is a perspective view of the pressure

regulator assembly.
35 - Figure 4 is a perspective view of ink cartridge
with '
4 .
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head at _different printing pressure ranges.
ZSubstlﬁute sheet - 18. Septenber 1998

2
&

1092419-1

cover plates removed to show collapsible ink reservoir of
the present invention attached to the inner peripheral
frame.
Figure 5 is a perspective view of the ink
§  cartridge assembly and ink level indicator device with the
h cover plate removed.
Figure 6 is a side view of the ink cartrldge
without the outer cover plate.
Figure 7 is a simplified perspective view of the
10 installation of the ink cartridge of the present
invention. '

DESCRIPTION OF THE PREFERRED EMBODIMENT

15 Referring to Fig. 1, -an ink cartridge 50 is
depicted for enclosing a spring biased collapsible ink
reserveir. This ink cartridge is usually made of opagque
material such as plastic or metal and is comprised of an
outer peripheral frame 10 and a pair of parallel opposed

20 cover plates 46 (not shown) and 48 which are affixed to

 the outer peripheral frame 10 by welding, gluing or press
fitting after installation of the internal components. A
preferred method of affixing cover plates 46 (not shown),
48 to outer peripheral frame 10 is described in an United

25 States patent application filed on the same day as this
application entitled METAL COVER ATTACEMENT TECHNIQUE FOR
THERMAL INK-JET PEN, by inventors Dale D. Timm, et. al

(Applicant Docket No. 191150-1), which 1is herein
incorporated by reference. The snout portion 11 of the
30 ink cartridge 50 has an ink discharge aperture 12 (not

shown) in its end portion (at the bottom in FIG. 1) to
which is affixed an electrically driven print head (not

shown) . _
Referring to Fig. 2, the sidewalls of the

35 reservoir are identified at 42, 44. A collapsible
reservoir system comprised of a relatively rigid inner

_,__-———————‘"‘;’___
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A col | apsible ink reservoir for an inlet printer is dis- closed in U S

Pat ent *No: 4,422,084 issued Dec. 20. 1983 to Saito. Negative pressure is
mai ntained in a pol ypropyl ene ink bag by various types of springs which
bias the bag walls apart fromeach other. The springs may be nounted inside
of or externally of the ink bag but the spring pressure regul ator
construction does not result in substantially conplete enptyinglegzipg_ink
bag and the bag itself is not carried on a printer carriage.

peripheral frame 20 and a pair of ink reservoir sidewalls

42, 44 at least one of which is flexible material attached

thereto is mounted in outer peripheral frame 10.
Preferably, inner peripheral frame 20 is molded with the

5 outer peripheral frame 10 in a two step injection molding
process. Preferably inner peripheral frame 20 is formed

of a softer and lower melting point plastic than the
plastic of outer peripheral frame 10 to permit heat
bonding of the reservoir sidewalls 42, 44 thereto along

10 the side edges 20a, 20b of inner peripheral frame 20.
Alternatively, inner frame 20 may be separately
constructed with some flexibility to assist in mounting it

in the peripheral frame 10, but the frame 20 is rigid
relative to the flexible ink reservoir sidewalls described

15 below. The inner peripheral frame 20 has a pair of
opposite side edges 20a, 20b to which the flexible ink
reservoir sidewalls 42, 44 are respectively joined as by

heat welding at their peripheral edges to form the
external reservoir structure. A preferred method of

20 constructing inner and outer peripheral frames 20, 10 is
described in an United States patent application filed on

the same day as this application entitled TWO MATERIAL

FRAME HAVING DISSIMILAR FPROPERTIES FOR THERMAL INK-JET
CARTRIDGE by inventors David W. Swanson, et. al (Applicant

25 Docket No. 1093057-1), which is herein incorporated by
reference. : _

FIG. 3 shows the pressure regulator 30 assembly.
The pressure regulator sideplates 32, 34 may be
individually cut from a continuous strip of metal such as

30 stainless steel, each plate being of generally rectangular
configuration with rounded corners to minimize damaging

the flexible reservoir sidewalls. The bow springs 36 also

may conveniently be cut from a common strip of metal such

. as -stainless steel. The bow spring 36 may be affixed,

35 preferably by spot or laser welding at the apexes of each
of its bights 37 centrally onto each of the sideplates 32,

This Sheet Has Been Reﬂlaced
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One exanple of an inproved onboard ink reservoir cartridge is disclosed in
U.S. - A-%359353. The cartridge disclosed in that specification basically
conprises a rec- tangular housing.containing a flexible bag of ink, an ink
filter and a print head which receives ink fromthe filter. A spring inside
"of the bag of ink urges its flexible walls apart from each other thus
mai ntai ning a negative or sub-atnospheric pressure in the reserygyd,,9hi;ch
is overcone as ink is emtted fromthe print head.

' 34. BAn optional protective bonded layer in the form of a

thin, but tough polyethylene cover layer 38, 39 having an
acrylic adhesive on one surface thereof is press bonded to
the outer surface of each side plate 32, 34. The cover
5 layers 38, 39 are each sized slightly larger than the side
plates 32, 34 so that a marginal width of a few
millimeters of the cover layers extends beyond each edge
of the metal plates 32, 34 to prevent those edges from
contacting the comparatively delicate reservoir wall
10 sidewalls 42, 44.

) The pressure regulator 30 is centrally
positioned in the inner peripheral frame 20 and the two
flexible ink. reservoir sidewalls or 42, 44 are then heat
bonded or cemented at their peripheral edges to the outer

15 edge walls 20a, 20b of the inner peripheral frame 20,
respectively, with care being taken to maintain the
central positioning at all time of the regulator 30 in
inner peripheral frame 20 between the flexible sidewalls
42, 44, The reservoir sidewalls 42, 44 may then be

20 securely affixed to the pressure regulator 30 sideplates
32, 34 preferably by heat bonding the reservoir sidewalls
42, 44 to the sideplates 32. 34 or to the cover layers 41,
51 if present in the area shown as 42b, 44b in FIG. 2.
This heat sealing has the primary purpose of preventin

25 relative motion between the pressure regulator 30 and
preventing direct contact of the metal sideplates 32, 34
with the relatively delicate reservoir sidewalls 42, 44 to
prevent the edges of the sideplates from cutting or
puncturing the sidewalls. The cover plates 46, 48 are

30 then affixed to the outer peripheral frame 10 as described
above. A preferred method of constructing ink cartridge
50 is described in an United States patent application
filed on the same day as this application entitled RIGID
LOOP CASE STRUCTURE FOR THERMAL INK-JET PEN by inventors.

35 David W. Swanson, et. al (Applicant Docket No. 1093060-1), .
which is herein incorporated by reference.

., | .
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Al so of interest are EP-A-0583153 and 0583154. Furt her devel opnments of
this coTIapS|bIe bag tech- nol ogy are disclosed in EP-A-0603473;

US- A- 5451995; EP- A-0604712; EP-A-0604127; EP-A-0604119; EP-A- 0604128.

All %the above cited documents do not constitute prior art in the meaning
of Articles 54(2) and (3) EPC. A prior art ink reservoir according to
the preanble of claim1l is shown in US- A-4673955. 10924191

Referring to FIGS. 1, 2 and 4, peripheral outer
frame 10 is provided with a pair of spaced parallel slots
10a and 10b on opposite sides of reduced thickness channel
15. Cover plates 46, 48 provide tab extensions 46a, 48b,

5 respectively, as shown in FIGS. 1 and 6. Tabs 46a and 48a
align with slots 10a, 10b, respectively, to provide a
passageway for thin indicator strips 13 and 14 which are
cemented or heated sealed to opposite reservoir sidewalls
42, 44, respectively. The sealed areas of indicator strip

10 13, 14 and sidewalls 42, 44 are shown és areas 1l3a, 1l4a
and 42a, 44a, respectively, in FIGS. 2 and 6.

Referring to FIGS. 1 and 5, indicator strips 13,
14 pass between tabs 46a, 48a and slots 10a, 10b and fold
over each other into reduced channel 15. Indicator strip

- 15 14 is the lower or inside indicator strip having a color
(e.g., green) which provides an indicia visible through a
window 16 in indicator strip 13 when the indicator strips
13, 14 are in place. Indicator strip 13 is preferably of
the same color (e.g., black) as the peripheral frame

20 material. Reduced thickness channel 15 in peripheral
outer frame 10 receives the overlying indicator strips 13
and 14. A window device 24 having a stationary viewing
window 25 therein is placed over and aligned with the
reduced thickness channel 15 to provide a passageway for

25 movement of the indicator strips 13, 14. The movement of
the window 16 in indicator strip 13 . permits visual
observation of the movement of indicator strip 13 and of
‘the contrasting color (e.g., green) indicator strip 14.
The reservoir is filled with ink wvia port 22
30 which is subsequently plugged for shipment. The required
means which fire the ink droplets through the orifices 12
is conventional. FIG. 12 shows the ink cartridge mounted
in a printer carriage to show that window device 24 and
the ink 1level indicator band are wvisible when the
35 cartridge 50 is installed in the printer.

cet Has Been Replaced
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In order to provide an acceptable prlnter ink car- tridge utilizing a
collap§1bre I nk_bag or reservoir, there is a need for an ink bag or
reservoir that is as flexible as possible in order to allow the reservoir
bag“to col l apse in uni npeded nmanner to ninimize stranded ink in the res-

1092419-1

As ink is withdrawn from the feservoir, the
flexible sidewalls 42, 44 of the ink reservoir and the
pressure regulator sideplates 32, 34 gradually move
towards each other until the spring is in an essentially

5 flat configuration with the two sideplates 32, 34 coming
virtually into contact with each other so that the
reservoir is substantially completely emptied of ink.

The material used for reservoir sidewalls 42, 44
should be flexible, relatively puncture resistant,

10 impermeable to moisture and chemically compatible énd non-
reactive with the ink contained therein to prevent leakage
or migration of the ink out of the reservoir, and
impermeable to external contaminants such as air, dust,
liquids and the like. Moreover, the reservoir material

15" must to meet cartridge shelf-life requirements for water
loss and air gain over approximately eighteen months of
storage and shipping plus six months in a heated printer
environment. Excessive water 1loss will change ink
composition and thereby degrade print quality. Excessive

20 air gain leads to loss of back-pfessure and ink leakage
from the print head. '

The seal between reservoir sidewalls 42, 44 and
inner peripheral frame 20 must also survive shelf-life
requirements with sufficient strength to pass rough

25 handling such as dropping, vibration, shock, altitude and
high temperature. While it is possible to use adhesives
for sealing, it is advantageous if the reservoir material
allows for the heat sealing of the sidewalls 42, 44 to:

_ the inner peripheral frame 20 frame, sideplates 30, 32,

30 ‘cover layers 38, 39, and indicator strips 13, 14.
Moreover, it is further required that sidewalls 42, 44 be
heat sealable onto themselves in order to seal through the
"wrinkles" that naturally occur at the curved peripheries
of the sidewalls 42, 44. Finally, the reservoir material

35 must be suitable for a high speed automated assembly
process.

Sheet Has Been Replaced
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3 Substitute sheet - 18 Septenber 1998 ervoir and to naintain the desired
degr ee'‘of* negative pressure within the reservoir bag. The reservoir bag
must al so provide a strong noisture and gas barrier in order to prevent
wat ér | oss formthe reservoir, and pre-

1092419-1

Various. combinations of materials were tried in
order to meet the reservoir sidewall requirements for
flexibility, moisture/gas barrier, chemical resistance,
mechanical toughness, heat sealability and cost.

5 With respect to the barrier requirement, a single
layer of aluminum £foil far exceeds the barrier
requirement, but the minimum thickness of 1/3 mil is far
too rigid to meet the flexibility réquirements for the
sidewalls. Other materials investigated were various

10 plastic carrier films coated with materials such as
aluminum, pcolyvinylidene chloride (PVDC or Saran), glass
or fluorohalocarbon (Aclar). : _

‘Polyethylene teraphthalate (PET or Polyester),
Polypropylene (PP), Nylon and polyethylene (PE} were

15 investigated as possible carriers. Based on numerous
tests of different combinations PET was chosen as the
preferred carrier material.

For sealability, adhesive laminating of the layers
allowed for more choices of sealant materlals, but the |

20 resulting structure was more rigid than when extrusion
coating was used. Thus, the extrusion coating method was
chosen and low density polyethylene (LDPE) was chosen as

the sgealant. As discussed above, sealing through
'wrinkles" a two-sided coating of sealant.
25 Numerous combinations of LDPE, PET, aluminum

(ALU) and LDPE were investigated with varying degrees of

success in obtaining the desired functional requirements
discussed above. Among the combinations investigated
LDPE-PET-ALU//ALU-PET-LDPE was chosen as the preferred

30 embodiment for the reservoir sidewalls. In the above
preferred embodiment "-" means a coating was applied to a

film and "//" means two films were adhesively laminated.

The symmetry of the preferred embodiment also resulted in

"less curl and easier assembly of the reservoir sidewalls.

35
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vent external contam-nants such as air fromentering the reservoir

Sui tabke-materials for the reservoir should be material s capable of

al l owi.ng.the reservoirs periph- eral edges to be sealed in order to forman
i nks r'eServoir that does not separate during normal use. In addition, the
material used for the reservoir should be easily seal- able in order to
prevent | eakage or mgration of the ink fromof the reservoir 419-1
chem cally conpati ble and non-reactive with the ink contained therein

The above preferred embodiment for the reservoir
sidewalls is manufactured by the following process.
Polyethylene teraphthalate (PET or Polyester) in pellet
form is blown extruded into a 48 gauge thick £film, bi-

5 axially stretched film. The PET film is then coated with
a 135 angstrom thick aluminum coating by vacuum deposition
on one side. Two aluminum coated PET films are adhesively
laminated t;_ogether (aluminum to aluminum) using a 0.1 mil
thick polyester based adhesive. The PET lamination is

10 extrusion coated with a 0.05 mil thick polyester based
adhesive primer, and then with a 0.7 mil thick Low Density
Polyethylene (LDPE) on each side. The finished laminated
film is then cut into the desired shape and size.

Persons skilled in the art will readily

15 appreciate that various modifications can be made from the
preferred embodiment thus the scope of protection is
intended to be defined only by the limitations of the
appended claims. For example, an ink reservoir having a
single flexible sidewalls wall instead of two flexible

20 sidewalls might be constructed. In this instance, the
pressure regulator need only have a single sideplate urged
into engagement by a spring with the single flexible
sidewalls reservoir wall.

Above-referenced U.S. Patent Application (Applicant Docket No.
1091150-1) is European Patent Application No. 93114942.1.

Above-referenced U.S. Patent Application (Applicant Docket No.
1093057-1) is European Patent Application No. 93114954.6.

Above-referenced U.S. Patent Application (Applicant Docket No.
1093060-1) is European Patent Application No. .

"
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Furt her~;_ the reservoir shoul d be puncture resistantrggggggg,desp+%e"f’”
handllng and packaging. the relatively rigid pressu regul at or i at es

may during shipment. handling, or ihgtallation punctu ‘m\m ““
reservoir walls. Although such puncturing is quite raagml
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" nust be totally avoided without unduly thickening the resérvéir walls so as

to |nﬂEaEL_§nE_BLﬁEEthhg conpl etely exhausted fronlthe coIIapS|bIe

reservoir.

1. An ink reserv01r for a printer comprising:
a first 51dewa11 (42); and

a second sidewall (44) affixed at its periphery to the

periphery of said first sidewall (42), said second sidewall

(44) being flexible and including layered means for providing

a gas and moisture impermeable barrier for the ink reservoir.

2. The ink reservoir of claim 1 wherein said layered means of
- said second sidewall (44) comprises a lamination created by

extrusion coating.

3. The ink reservoir of claim 1 wherein szid layered means of

said second sidewall (44) comprises a lamination created by

adhesive connection.

4. The ink reservoir of claim 1 wherein szid layered means of

said second sidewall (44) comprises a lamination created by a

‘combination of extrusion coating and adhesive connection.

5. The ink reservoir of claim 1 which fuxther includes means

for maintaining the ink reservoir under negative pressure (30).

& . The 1nk reserv01r of claim 4 wherein the layered means of

said second sidewall (44) comprises:

a carrier layer selected from the group consisting of
polyethylene teraphthalate, polypropylene, polyethylene.and

nylon;
a barrier layer selected from the group con51st1ng of

aluminum, polyvinylidene chloride, glass and £luocrohalocarbon;

and
‘a sealant layer of low density polvethylene.

I
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Final ly, by providing a reservoir bag wth adequate noirsturefgas barrier

al l'ows, The ink cartridges to be packaged without any i Niaig @

packagi ng. This special barrier Sé‘tkagi ng currently j@mkimlmmjallm in
seal'ed al um num cont ai ners. Speci al packaging for pr cl oms physi cal
damage to the ink reservoir currently involves a plastic insert within the

Both envi  anrentsl SHG teReraher FOE. 18Y Th SRR TorfIAHG0 Provides
a frame member (20); S
a first sidewall (42) affixed at its periphery to said
frame member (20); and '
a second sidewall (44) affixed at its periphery to said
frame member (20), said second sidewall (44) being flexible
and including layered means for providing a gas and mbisture

impermeable barrier for the ink reservoir.

. The ink reservoir of claim 7 wherein said frame member
(20) has an opening for dispensing ink from the reservoir.

9 . The ink reservoir of claim 7 wherein said layered means
of said second sidewall (44) comprises a lamination created by a
combination of extrusion coating and adhesive connection.

10, The ink reservoir of claim 9 wherein the layered means
of said second sidewall (44) comprises:
a carrier layer of polyethylene teraphthalate;
a barrier layer of aluminum; and
a sealant layer of low density.polyethylene.

\\
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Figure sl is a perspective view of Eh@g qrtri dge assenbly of the present
Hba v'of the ink cartridge and :
Figure 3 is

Figure 4 is a

I nvent r an. Figure 2 is dn exp

col l.apsi bl e reservoir assenbly of the present inven- tion.
-a perspective view of the pressure regu- |lator assenbly.
perspective view of ink cartridge with

14d
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-cover plates renoved to show COH@PSW "dllﬁ reservoir of the present
i nvent+-on attached to the inner peri % frane. Figure 5is a -
perspective view of the ink cartridge assenbly and ink | evel indicator
~device with the cover plate renoved. Figure 6 is a side view of the ink
cartridge wi thout the outer cover plate. Figure 7 is a sinplified
perspective view of the :

30

\ R

///'[.l ///.’.' LY

/

37

This Sheet Has Been

LI



instal Lation of the ink cartridge of the r?sent i nvention. DESCRI PTION OF
THE PRERERRED EMBODI MENT ReHEr?Q%‘t%o Fig. 1, an ink cartridge 50 is
depicted for enclosing a spring biased collapsible ink reservoir. This ink
cartridge is usually nade of opaque material such as plastic or netal and

" is conprised of an outer peripheral frane 10 and a pair of parallel opposed
cover :

4

FIG.
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pl at es, 46 (not shown) d 48 V\:h f out er peri pheral
fr ma 10 by wel di ng, gI Cl'gpa‘hgﬁ‘lb T ng a f i nstallation of the
[ ntﬁe(nal conponents. A p

FIG. 5




.5 Subsfitute sheet - 18 Septenberi;%aﬁ%éﬁy ed method of affixing cover
pl ates.46 (not shown). 48 to out & P ral frame 10 is described in

EP--A- Q603473. The snout portion 11 of the ink cartridge 50 has an ink

di scharge aperture 12 (not shown) in its end portion (at the bottomin FIG
1) to which is affixed an electrically driven print head (not shown).
Referring to Fig. 2, the sidewalls of the reservoir are

6

FIG.

48a
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identifjed at 42, 44. A coll apsible, L¥ojr systemcom prised of a
rerabhagly rigid inner peerheraﬁ“%ﬂéﬁéiié‘gnd a pair of ink reservoir
sidewal | s 42, 44 at |east one of which is flexible material attached
théreto is nounted in outer peripheral frame 10. Preferably, inner
peripheral franme 20 is nolded with the outer peripheral frame 10 in a two
step injection nolding process. Preferably inner peripheral frame 20 is
formed of a softer and lower nelt- ing point plastic than the plastic of

out er peri pheral

7

10a

FIG.
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franme JO to permt heat bonding of tﬂfgéjé ervoir side- walls 42, 44 _thefeto
al ong -t-he side edges 20a, 20b of HBn ‘5heral frame 20. Alternatively,

inngr frame .20 may be separately constructed with sone flexibility to -

~asS$ist in nmounting it in the peripheral frame 10, but the frame 20 is rigid
relative to the flexible ink reservoir side- walls described: bhelow The -

I nner peripheral frame 20 has a pair of opposite gi de edges 20a, 20b to

which the flexible ink reservoir slil’devval | s 42/1 are 12%s-pect ively

tf . \Y\"\'—\-\I—;Zl _/U\//\/B

' s - ~15
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j oi ned, Y by heat welding at thei rypoggphzeaga{ edges to formthe external
reservoir-'structure. A preferred metho f constructing i nner and outer

perlp‘heral frames 20, 10 is described in EP-A-604712. FIG 3 shows the =~

pressure regul ator 30 assenbly. The pressure regul ator sideplates 32, 34
may be indi- vidually cut froma continuous strip of netal such as
stai nl ess steel, each pl EGIEEN ng of generally rectangu-
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6" Subsy.itute sheet - 18 Septenber 1938. 9#435 ﬁonfiggration w th rounded
cornérsg.to mninmze dam aging the P13 reservoir sidewalls. The bow .
sp[éi;"pg's‘- . -

FIG 12
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36 al so may conveniently be cut froma comon strip of netal such as
S$tainl ess steel. The bow spring 36 pgy be affixed, preferably by spot or

| aser wel ding at the apexes of each its bights 37 centrally onto each of
the sideplates 32,34. An optional protective bonded | ayer in tigedotionof a
thin, but tough pol yethyl ene cover |ayer 38, 39 having an acrylic adhesive
on one surface thereof is prassThnodedrt vuthprgoresurgr f ace of each si.de

plate 32, 34. The cover layers 38, 39 are each sized slightly |arger
An ink cartridge (50) for an ink jet printer containing
a separate collapsible ink reservoir which is kept under
5 negative pressure by a pressure reguiator (30) to prevent ink
leakage. The collapsible reservoir has one or more flexible
sidewalls (42, 44) connected at their periphery to form an
ink reservoir, wherein said sidewalls (42, 44) include a
- plurality of layers. ‘ThHe pressure regulator (30) comprises
10 a pair of spaced parailel side plates (32, 34) urged apart by
| a spring (36) tdward the adjacent reservoir sidewalls (42,
44) whereby the reservoir is collapsible against the spring
pressure to an essentially flat shape to permit substantially

complete dispensation of ink from the reservoir. '

15 (Fig - )’_)
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t han ihe side plates 32,
of the cover

34 so that a marginal

| ayers extends beyond each edge of the netal

width of a fewmllineters
plates 32, 34 to

prevént t hose edges from contacting the conparatively delicate reservoir

wal | sidewal |s 42, 44.

positioned in the inner
reservoir
peri pheral edges to the
This Sheet Has Been Rerlaced :

The pressure regul g,
peripheral frane.20 and

sidewalls or 42, 44 are then heat bonded or

nt
Sy Lhoff D2l 006
cenented at their

L kiG99 FIIM FOR INK RESERVOIR

FIELD QOF THE INVENTION

I

‘reservoirs for high speed ink printers and plotters, and
more particularly, to ink reservoir materials.

and thrown away.

The present invention relates generally to” ink

BACKGROUND OF THE INVENTION

In printers containing ink reservoirs, the ink
reservoir is ordinarily maintained under a sub-atmospheric
or negative pressure so that ink will not leak or drool
from the print head. Various types of ink reserxrvoirs may
be used including onboard ink reservoir cartridges which
are mounted on the moveable printer carriage and remote or
offboard ink reservoirs from which ink is brought to the
print head on the printer carriage by tubing. In the
onboard cartridges a polymer foam is ordinarily provided
in the ink reservoir so that the capillary action of the
foam will prevent ink from drooling from the print head.
Polymeric foams of the type typically used for this
purpose are non- blodegradable and thus cause environmental
problems whenever a previously used cartridge is emptied
In addition, the use of industrial foam
in the ink reservoir restricts the operating pressure
range of the ink cartridge and such foams ordinarily leave
a chemical residue which is incompatible with and/or
reacts adversely with printer _ the
relatively long tubing used to convey ink from an offboard
pressure reservoir to a printing head is not easily
adaptable to deliver ink to the print head at different
printing pressure ranges.

A -collapsible
printer is disclosed in U.S. Patent No. 4,422,084 issued
Dec. 20, 1983 to Saito. '
in a polypropylene ink bag by various types of springs

ink. Similarly,

ink reservoir for an inkjet

Negative pressure is maintained
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wal I s 20a, 20b of the inner peripheral frane 20, respec- tively, wth care
béing taken to maintain the central posi- tioning at all tine of the
regul ator 30 in inner peripheral frame 20 between the flexible sidewalls

42, 44. The res- ervoir sidewalls 42, 44 mayghbh&aiubs shests e7yAaglisxe9960

the pressure regulator 30 sideplates 32, 34 preferably by heat bonding the
reservoir sidewalls 42, 44 to the sideptates 32. 34 or to the cover |ayers
41, 51 if present in the area shown as 42b, 44b in FIG 2. This heat seal -

which bias the bag walls apart from each other. The
springs may be mounted inside of or externally of ‘the ink
bag but the spring pressure regulator construction does
not result in substantially complete emptying of the ink
bag and the bag itself is not carried on a pfinter
carriage. ' '

One example of an improved onboard ink reservoir
cartridge is disclosed in U.S. Patent Application Serial
Number 07/717,735 filed June 19, 1991 entitled SPRING-BAG
PRINTER INK CARTRIDGE WITH VOLUME INDICATOR filed by David
S. Hunt and W. Bruce Reid and aséigned to the assignee of
the present invention. The cartridge disclosed in that
application basically comprises a rectangular housing
containing a flexible bag of ink, an ink filter and a
print head which receives ink from the filter. A spring
inside of the bag of ink urges its flexible walls apart
from each other thus maintaining a negative or sub-
atmospheric pressure in the reservoir which is overcome as
ink is emitted from the print head. ‘

Also of interest are prior co-pending U.S
patent applications Serial No. 07/$29,615, Ziled August
12, 1992 by Kaplinsky, et al. encitled COLLAPSIBLE INK
RESERVOIR STRUCTURE AND PRINTER INK CARTRIDGE; and Serial

'No. 07/928,811, filed August 12, 1892 by Khedapanah, gt -
al. entitled INK PRESSURE REGULATOR FOR A THERMAL INK-JET
PRINTER; both owned by the assignee of the present
appllcatlon.

Further developments of this collapsible bag
technology are disclosed in United States patent -
applications filed on December 22, 1992 entitled METAL
COVER ATTACHMENT TECHNIQUE FOR THERMAL INKJET PEN by
inventors Dale D. Timm, Jr., et al. (Applicant Docket Nc.
191150-1); RIGID LOOP CASE STRUCTURE FOR THERMAL INK-JET
PEN by inventors David W. Swanson, et al. (Applicant
Docket No. 1093060-1); TWO MATERIAL FRAME HAVING
DISSIMILAR PROPERTIES FOR THERMAL INK-JET CARTRIDGE Dby

I
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ing has the prinmary purpose of preventing relative notion between the
pressuresregul ator 30 and prevent- ing direct contact of the netal
sidéplates 32, 34 with the :

Substitute sheet - 27 August 1996
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inventors David W. Swanson, et al. (Applicant Docket No.
1093057-1); and. DOUBLE COMPARTMENT INK-JET CARTRIDGE WITH
OPTIMUM SNOUT by inventors David W. Swanson, et _al. all
owned by the assignee of the present invention.

; Further developments of this collapsible bag
technology are disclosed in United States patent
applications filed on the same day as this application
entitled COLLAPSIBLE INK RESERVOIR AND INK-JET CARTRIDGE
WITH PROTECTIVE BONDING LAYER FOR THE PRESSURE REGULATOR

' by inventors James H. Sykora, et al. (Applicant Docket No.
1092630-1); and NEGATIVE PRESSUi!E INK DELIVERY SYSTEM by
inventors George T. Kaplinsky,'g; al. (Applicant Docket
No. 189045-1) both owned by the assignee of the present
invention.

In order to provide an acceptable printer ink

cartridge utilizing a collapsible ink bag or reservoir,
there is a need for an ink bag or reservoir that is as
flexible as possible in order to allow the reservoir bag
to collapse in unimpeded manner to minimize stranded ink
in the reservoir and to maintain the desired degree of
negative pressure within the reservoir bag. The reservoir
bag must also provide a strong moisture and gas barrier in
order to prevent water loss form the reservoir, and
prevent external contaminants such as air from entering
the reservoir.  Suitable materials for the reservoir
should be materials capable of allowing the reservoir’s
peripheral edges to be sealed in order to form an ink
reservoir that does not separate during normal use.
In addition, the material used for the reservoir should be
easily sealable in order to prevent leakage or migration
of the ink from of the reservoir and chemically compatible
and non-reactive with the ink contained therein.

Further, the reservoir should be puncture
resistant because despite careful handling and packaging,
the relatively rigid pressure regulator sideplates may
during shipment, handling, or installation puncture the

This Sheet Has Been R
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7 Substitute sheet - 18 Septenber 1998 relatively delicate reservoir
sidewal | $ 42. 44 to prevent the edges of the sideplates fromcutting or
puncturing the sidewalls. The cover plates 46, 48 are then affixed to the
out er peripheral frane 10 as descri bed aboveSuBsﬁnﬂéemmed-dﬁtnm@ust1996
constructing ink cartridge 50 is descrtggg I n US-A-5451995.

thin flexible reservoir walls. Although such puncturing
is quite rare, this puncturing must be totall& avoided
without unduly thickening the reservoir walls so as to
inhibit ink from being completely exhausted from the
collapsible reservoir.

Finally, by provxdlng a reservoir bag with
adequate moisture/gas barrier allows the ink cartridges to
be packaged without any special barriér packaging. This
special barrier packaging currently requires packaging in
sealed aluminum containers. Special packaging for
protection from physical damage to the ink reservcir
currently involves a plastic insert within the aluminum
barrier protection. Elimination of this special packaging
provides both environmental and cost benefits.

Y OF THE INVENTION

The present invention provides a collapsible ink
reservoir to be maintained under negative pressure by a
pressure regulator in a liquid ink cartridge, said ink )
reservoir comprising one or more flexible sidewalls each
" connected at their periphery to form an ink -“reservcir
wherein said sidewalls include a plurality of layers oi
aluminum and plastic.

RIEF DESCRIP OF THE DRAWING,

Figure 1 is a perspective view of the ink
cartridge assembly of the present invention.

Figure 2 is an exploded view of the ink
cartridge and collapsible reservoir assembly of the:
present invention.

Figure 3 is a perspective view of the pressure
regulator assembly.

Figure 4 is a perspective view of ink cartridge
with '

‘_—“**_—~———_;~____
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Referring to FIGS. 1, 2 and 4. peripheral outer frane 10 is provided wth a
pai r of spaced parallel slots 10a and 10b on opposite sides of reduced

t hi ckness channel 15. Cover plates 46, 48 provide tab extensions 46a, 48b,
respectively, as shown in FIGS. 1 and 6. TabSub§#uieshest- 27 HHgust A996ot s
10a. 10b, respectively, to provide a pagsagemay for thin indicator strips
13 and 14 which are cenented or heated séal ed to opposite reser- voir
sidewal I s 42, 44, respectively. The seal ed areas of

cover plates removed to show collapsible ink reservoir of
the present invention attached to the inner peripheral
frame.

Figure 5 is a perspective view of the ink

i cartridge assembly and ink level indicator device with the

cover plate removed.

Figure 6 is a side view of the ink cartridge
without the outer cover plate.

Figure 7 is a simplified perspective view of the
installation of the ink cartridge of the present
invention.

RIP OF E EFE

Referring to Fig. 1, an ink cart:ridge'SO is
depicted for enclosing a spring biased coliapsible ink
reservoir. This ink cartridge is usually made of opaque
material such as plastic or metal and is comprised of an
outer peripheral frame 10 and a pair of parallel opposed
cover plates 46 (not shown) and 48 which are affixed to
the outer peripheral frame 10 by welding, gluing or press
fitting after installation of the internal components. A
preferred method of affixing cover plates 46 (not shown);
48 to outer peripheral frame 10 is described in an United
States patent application filed on the same day as this
application entitled METAL COVER ATTACHMENT TECHNIQUE FOR
THERMAL INK-JET PEN, by inventors Dale D. Timm, et. al
(Applicant Docket No. 191150-1), which is herein
incorporated by reference. The snout portion 11 of the

' ink cartridge 50 has an ink discharge aperture 12 (not
shown) in its end portion (at the bottom in FIG. 1) to
which is affixed an electrically driven print head (not
shown) . '

Referring to Fig. 2, the sidewalls of the
reservoir are identified at 42, 44. A collapsible
reservoir system comprised of a relatively rigid inner

_ -
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i ndi cat or
42a, 44a,
i ndi*cat or
fold over

| ower

an indicia visible through a wi ndow 16

or

i ndi cator strips

peripheral frame 20 and a pair of ink reserveir sidewalls
42, 44 at least one of which is flexible material attached
thereto is mounted in outer peripheral frame 10.
Preferably, inner peripheral frame 20 is molded with the
outer peripheral frame 10 in a two step injection molding
process. Preferably inner peripheral frame 20 is formed
of a softer and lower melting point plastic than the
plastic of outer peripheral frame 10 to permit heat
bonding of the reservoir sidewalls.42, 44 thereto along
the side edges 20a, 20b of inner peripheral frame 20.
Alternatively, inner frame 20 may be separately
constructed with some flexibility to assist in mounting it
in the peripheral frame 10, but the frame 20 is rigid
relative to the flexible ink reservoir sidewalls described
below. The inner peripheral frame 20 has a pair of
opposite side edges 20a, 20b to which the flexible ink
reservoir sidewalls 42, 44 are respectively joined as by
heat welding at their peripheral edges to form the
external reservoir structure. A preferred method of
constructing inner and outer peripheral framess 20, 10 is
described in an United States patent application filed on
the same day as this application entitled TWO MATERIAL
FRAME HAVING DISSIMILAR PROPERTIES FOR THERMAL INK-JET
CARTRIDGE by inventors David W. Swanson, et. 3l (Applicant
Docket No. 1093057-1), which is herein incorporated by
reference.

- FIG. 3 shows the pressure regulator 30 assembly.
The pressure regulatdr sideplates 32, 34 may be
individually cut from a continuous strip of metal such as
stainless steel, each plate'being of generally rectangular
configuration with rounded corners to minimize damaging
the flexible reservoir sidewalls. The bow springs 36 also
may conveniently be cut from a common strip of metal such

as stainless steel. The bow spring 36 may be affixed,

preferably by spot or laser welding at the apexes of each
of its bights 37 centrally onto each of the sideplates 32,

Referring to FIGS. 1 and 5,

strip 13, 14 and sidewalls 42, 44 are shown as areas 13a, l1l4a and

respectively, in FIGS. 2 and 6.

strips 13, 14 pass between tabs 46a, 48a and slots 10a, 10b and

each other into reduced channel 15Substitiiteasheest 27pAngusts1PA6

nsi de indicator strip having g color (e.g., green) which provides
N indicator strip 13 when the

This Sheet Has Been Reulaced




13- 14 are in place. Indicator strip 13 is preferably of the sanme col or
(e.g,, black) as the peripheral frame mate- rial. Reduced thickness channel
15 in peripheral outer franme 10 receives the overlying indicator strips 13
and 14. A wi ndow devi ce 24 having a stati onaiSubsgtieenghagtn-27 dudgiistt189&i n
I's placed over and aligned with the redu;ed t hi ckness channel 15 to provide

a passageway
34. An optional protective bonded layer in the form of a

thin, but tough polyethylene cover layer 38, 39 having an
acrylic adhesive on one surface thereof is press bonded to
the outer surface of each side plate 32, 34. The cover
layers 38, 39 are each sized slightly larger than the side
plates 32, 34 so that a marginal width of a few
millimeters of the cover layers extends beyond each edge
of the metal plates 32, 34 to prevent those edges from
contacting the comparatively delicate reservoir walil
sidewalls 42, 44.

The pressure regulator 30 is centrally
positioned in the inner peripheral frame 20 and the two
flexible ink reservoir sidewalls or 42, 44 are then heat

~bonded or cemented at their peripheral edges to the ocuter

edge walls 20a, 20b of the inner peripheral frame 20,
respectively, with care. being taken to maintain the
central positioning at all time of the regulator 30 in
inner peripheral frame 20 between the flexible sidewalls
.42, 44. The reservoir sidewalls 42, 44 may then bs
securely affixed to the pressure regqulator 30 sideplactes
32, 34 preferably by heat bonding the reservoir sidewalls
42, 44 to the sideplates 32. 34 or to the cover layers 4:,
51 if present in the area shown as 42b, 44b in FIG. Z.
This 'heat sealing has the primary purpose of preventing
relative motion between the.pressure regulator 30 and
preventing direct contact of the metal sideplates 32, 34
with the relatively delicate reservoir sidewalls 42, 44 :to
prevent the edges of the sideplates from. cutting or
puncturing the sidewalls. The cover plates 46, 48 are
then affixed to the outer peripheral frame 10 as described
above. A preferred method of constructing ink cartridge
50 is described in an United States patent applicéticn
filed on the same day as this application entitled RIGID
LOOP CASE STRUCTURE FOR THERMAL INK-JET PEN by inventors
David W._Swanson;“g;éggl (Applicant Docket No. 1093060-1),
which is herein incorporated by reference.

—_—
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8Smbstitute sheet - 18 Septenber 1998 for novenent of the indicator strips

13, 14. The nove-

ual

contrasting color (e.g.,

-8-

Referring to FIGS. 1, 2 and 4, peripheral outar
frame 10 is provided with a pair of spaced parallel slots
10a and 10b on opposite sides of reduced thickness channel
15. Cover plates 46, 48 provide tab extensions 46a, 48b,
respectively, as shown in FIGS. 1 and 6. Tabs 46a and 48a
align with slots 10a, 10b, respectively, to provide a
passageway for thin indicator strips 13 and 14 which are
cemented or heated sealed to opposite reservoir sidewalls
42, 44, respectively. The sealed areas of indicator strip
13, 14 and sidewalls 42, 44 are shown as areas 1l3a, l4a
and 42a, 44a, respectively, in FIGS. 2 and 6.

Referring to FIGS. 1 and 5, indicator strips 13,
14 pass between tabs 46a, 48a and slots l0a, 10b -and fcld
over each other into reduced channel 15. Indicator strip
14 is the lower or inside indicator strip having a color
(e.g., green) which provides an indicia visible througk a
window 16 in indicator strip 13 when the indicator strips
13, 14 are in place. Indicator strip 13 is preferably of
the same color (e.g., black) as the peripheral f£fram
material. Reduced chicknass channel 1 n i
outer frame 10 receives the overliving indicator strips 1
and 14. A window device 24 having a stationafy viewing
window 25 therein is placed over and aligned with the
reduced thickness channel 15 to provide a passageway for
movement of the indicator strips 13, 14. The movement of

wn
'-‘
[]
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o
®
11
f
W

the window 16 in indicator strip 13 permits visual

observation of the movemenc of indicator strip 13 and of
the contrasting color (e.g., green) indicator strip 14.
The reservoir is filled with ink wvia port 22
which is subsequently plugged for shipment. The required
means which fire the ink droplets through the orifices 12
is conventional. FIG. 12 shows the ink cartridge mounted
in a princer carriage to show that window device 24 and
the ink 1level indicator band are visible when the
cartridge 50 is installed in the princter. '

cet Has

i

; ment of the window 16 in indicator strip 13 permts vis-
observation of the novenent of indicator strip 13 and of the
green) indicator strSybstitute sheet- 27 August 1996
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14 The reservoir is filled with ink via port 22 which is subsequently
pl ugged for shipnent The required nmeans which fire the ink droplets through
the orifices 12 is conventional. FIG 12 shows the ink cartridge nounted in
a printer carriage to show that w ndow devi cSuBétieute sheeti-ri7 lAigeist 1996

I ndi cat or band are visible when the cart idge 50 is installed in the
printer. As ink is withdrawn fromthe reservoir, the flexible

As ink is withdrawn £from the reservoir, the
flexible sidewalls 42, 44 of the ink reservoir and the
pressure regulator sideplates 32, 34 gradually move
towards each other until the spring is in an essentially
flat configuration with the two sideplates 32, 34 coming
virtually into contact with each other so that the
reservoir is substantially completely emptied of ink.

The material used for reservoir sidewalls 42, 44
should be flexible, relatively puncture resistant,
impermeable to mozsture'and chemically compatible and non-
reactive with the ink contained therein to prevent leakage
or migration of the ink out of the reservoir, and
impermeable to external contaminants such as air, dust,
liquids and the like. Moreover, the reservoir material
must to meet cartridge shelf-life requirements for water
loss and air gain over approximately eighteen months of
storage and shipping plus six months in a heated printer
environment. Excessive water loss will change ink
composition and thereby degrade print quality. Excessive
air gain leads to loss of back-pressure and ink leakaée
from the print head. |

The seal between reservoir sidewalls 42, 44 and
inner peripheral frame 20 must .6 also survive shelf-life
requirements with sufficient strength to pass rough
handling such as dropping, vibration, shock, altitude and
high temperature. While it is possible to use adhesives
for sealing, it is advantageous if the reservoir material
allows for the heat sealing of the sidewalls 42, 44 to:
the inner peripheral frame 20 frame, sideplates 30, 32,
cover layers 38, 39, and indicator strips 13, 14.
Moreover, it is further required that sidewalls 42, 44 be
heat sealable onto themselves in order to seal through the
"wrinkles" that naturally occur at the curved peripheries
of the sidewalls 42, 44. Finally, the reservoir material
must be suitable for a high speed automated assembly

process.

_—
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sidewal | s 42, 44 of the ink reservoir and the pressure regul ator sideplates
32, 34 gradually nove towards each other until the spring is in an
essentlally flat config- uration with the two sideplates 32, 34 coning
virtually into contact with each other so t haubstitate ebeet 027 Avgush1996

stantially conpletely enptied of ink. The material used for reservoir
sidewal I s 42, 44 should be flexible, reﬂgflvely puncture resistant, inper-
neabl e to noi sture and chem cally conpatible and non-

Various combinations of materials were tried in
order to meet the reservoir sidewall requirements for
flexibility, moisture/gas barrier, chemical resistance,
mechanical. toughness, heat sealability and cost.

With respect to the barrier requirement, a single
layer of aluminum foil far exceeds the barrier
requirement, but the minimum thickness of 1/3 mil is far
too rigid to meet the flexibility requirements for the
sidewalls. Other materials investigated were various
plastic carrier £ilms coated with materials such as
aluminum, polyvinylidene chloride (PVDC or Saran), glass
or fluorchalocarbon (Aclar).

Polyethylene teraphthalate (PET or Polyester),.
Polypropylene - (PP), Nylon and polyethylene (PE) wers
investigated as possible carriers. Based on numerous
tests of different combinations PET was chosen as ths
preferred carrier material.

For sealability, adhesive laminating of the layers
allowed for more choices of sezalant materials, but ths
resulting structure was more rigid than when extrusion-
coating was used. Thus, the extcrusion coating method was
chosen and low density polyethylene (LDPE) was chosen as
the sealant. As discussed above, sealing through
"wrinkles” a two-sided céa;ing of sealantc.

Numerous combinations of LDPE, PET, alumirum
(ALU) and LDPE were investigated witch varying degrees of
success in obtaining the desired functional requirements
discussed above. Among the combinations investigated
LDPE-PET-ALU//ALU-PET-LDPE was chosen as the preferred
embodiment for the reservoir sidewalls. In the above
preferred embodiment "-" means a coating was applied to a
£film and "//" means two films were adhesively laminated.
The symmetry of the preferred embodiment also resulted in
less curl and easier assembly of the reservoir sidewalls.

I ——
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reactive with the ink contained therein to prevent |eak- age or mgration
of the i‘nk out of the reservoir, and inperneable to external contam nants

such as air,

dust, liquids and the | i ke. Moreover, the reservoir naterial

must to maet cart [ dge shel f-1ife requirenmenggbdtitutavehest | 27sAagastal 896ai n
over approxi mately eighteen nonths of storage and shipping plus six nonths
In a heated printer environnent. Excesdilve water |oss will change ink com
position and thereby degrade print quality. Excessive air

The above preferred embodiment for the reservoir
sidewalls is manufactured by the following process.
Polyethylene teraphthalate (PET or Polyester) in pellet
form is blown extruded into a 48 gauge thick £ilm, bi-
axially stretched film. The PET f£ilm is then coated with
a 135 angstrom thick aluminum coating by vacuum deposition
on one side. Two aluminum coated PET films are adhesively
laminated together (aluminum to aluminum) using a 0.1 mil
thick polyester based adhesiwve. The PET lamination is
extrusion coated with a 0.05 mil thick polyester based
adhesive primer, and then with a 0.7 mil thick Low Density
Polyethylene (LDPE) on each side. The finished laminated
film is then cut into the desired shape and size.

Persons skilled in the art will readily
appreciate that various modifications can be made from the
preferred embodiment thus the scope of protection is
intended to be defined only by the limitations of the
appended claims. For example, an ink reservoir having a
singlé flexible sidewalls wall instead of two flexible
sidewalls might be constructed. In this instance, the
pressure regulator need only have a single s:.denlat:e urged
into engagement by a spring with the single flex:.b"e
sidewalls reservoir wall.

Above-referenced U.S. Patent Application (Applicant Docket No.

1091150-1) is European Patent Application No. 93114942.1.

. Above-referenced U.S. Patent Application (Applicant Docket No.
1093057-1) is European Patent Application No. 93114954.6.

Above-referenced U.S. Patent Application (Applicant Docket No.

1093060-1) is European Patent Application No.
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garn leads to | oss of back-pressure and ink | eakage fromthe print head.
9 Substitute sheet - 18 Septenber 1998
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1. An ink reservoir for a printer c:::mprisi::zg:"i

a first sidewall (42); and

a second sidewall (44) affixed at its periphery to the
periphery of said first sidewall (42), szid second sidewall
(44) being flexible and including layered means for providing
a gas and moisture impermeable barrier for the ink resexvoir.

-12-

WHAT IS CLAIMED IS:

2. The ink reservoir of claim 1 wherein szid layered means of

- said second sidewall (44) comprises a lamiznation created by

extrusion dbating; ' ~

3. The ink reservoir of claim 1 wherein szid layered means of

said second sidewzll (-545 comprises a lamization created by
adhesive connection.

4. The ink reservoir of c¢laim 1 wherein szid layered means of
said second sidewall (44) comprises a lamizzzion created by a
combination of extrusion coating and adhesive connection.

5. The ink reservoir of claim 1 which Zurcher includes means
for maincaining the ink ressrvoir under negative pressure (30).

€ . The ink reservoir of claim 4 wherein the layered means of

 said second sidewall (44) comprises: |
a carrier layer selected from the group consisting of

polyethylene teraphthalate, polypropylens, polyethylene and

nylon;
a barrier layer selected from the group consisting of

aluminum, polyvinylidene chloride, glass and fluorohalocarbon;

and
a 'seala.nc layer of low density polyvechylene.

This Sheet Has Been Reilaced

A



The seal between reservoir sidewalls 42, 44 and inner peripheral frame 20
must al so survive shelf-life requirements with sufficient strength to pass
rough han- dling such as dropping, vibration, shock, altitude and high
tenperature. Wiile it is possible to use adhSsbstiwité shestal2rhhugust 1996
advant ageous if the reservoir materi al ﬁiloms for the heat sealing of the

R s

7.. An ink reservoir for use in a printer comprising:

a frame member (20); ' a

a first sidewall (42) affixed at its periphery to said
frame member (20); and

a second sidewall (44) affixed at its periphery to said
frame member (20), said second sidewall (44) being flexible
and including layered means for providing a gas'and ﬁoisture
impermeable barrier for the ink reservoir.

. The ink reservoir of claim 7 wherein said frame member
(20) has an opening for dispensing ink from the reservoir.

9 . The ink reservoir of claim 7 wherein said layered means
of said second sidewall (44) comprises a lamination created by a
combination of extrusion coating and adhesive connecFion;

10, The ink reservoir of claim 9 wherein the layered means

of said second sidewall (44) comprises:
a carrier layer of polyethylene teraphthalate;

a barrier layer of aluminum; and |
a sealant layer of low density polyethylene.

//Il/l///lll/////l /I/fliced __



i npner peripheral frame 20 frame, sideplates 30. 32. cover layers 38. 39,
and indicator strips 13, 14. Moreo- ver, it is further required that
sidewal | s 42. 44 be heat seal able onto thenselves in order to seal through
the "winkles" that naturally occur at the curved peripheries of the
sidewal I's 42, 44. Finally, the reservoir matipstitufdishedte sViAadhst 1996a
hi gh speed autonated assenbly process,. Vari ous conbi nati ons of
materials were tried in 1/10 :

/50
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48a
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order to neet the reservoir sidewall requirenents for flexibility,

noi sture/ gas barrier, chem cal resistance, nechani cal toughness, heat

seal ability and cost. Wth respect to the barrier requirenment, a single
| ayer of alum numfoil far exceeds the barrier require- nent, but the

m ni mum t hi ckness of 84.6 [err] (1/3 m ) i ssdpstitttPshedt d270A0gest 1866
flexibility requirenments for the sidewalls. Oher materials investigated
were various plastic carrier filnms co2/Q with materials such as al umi-

O

~r
-

<
i \\\\ / / i '
:71. — Y -
Z
o]
Q
O
=

.24




num pol yvinylidene chloride (PVDC or Saran). glass or fluorohal ocarbon
(Acl ar) . Pol yet hyl ene teraphthal ate (PET or Polyester), Polypropylene
(PP), Nylon and pol yethyl ene (PE) were investigated as possible carriers.
Based on nunerous tests of different conbinations PET was chosen as the

preferred carrier material. Substitute sheet - 27 August 1996
3/10
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10 Substitute sheet - 1 8 Septenber 1998 For seal ability, adhesive
| am nating of the |ayers allowed for nore choices of sealant materials, but
t her

Substitute sheet - 27 August 1996
4/10 |
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resulting structure was nore rigid than when extrusion coating was used.
Thus, the extrusion coating nethod was chosen and | ow density pol yet hyl ene
(LDPE) was chosen as the sealant. As di scussed above, sealing through
"wrinkles" requires a two-sided coating of seal- ant. Numer ous

conbi nati ons of LDPE, PET, alum num (ALU) argubdtRGtersheet n22sAuguastetiofpt h
varyi ng degrees of success in obtaini r)sg}l'bhe desired functi onal

5

FIG.

50



requi renents di scussed above. Anong the conbina- tions investigated

LDPE- PET- ALU/ / ALU- PET- LDPE was chosen as the preferred enbodi nent for the
reser- voir sidewalls. In the above preferred enbodi nent "-" means a
coating was applied to a filmand "//" nmeans two filnms were adhesively

| am nated. The symetry of the preferred enbgdbstmnite dheet - 2UAuGUst 19965 S
curl and easier assenbly of the reservoir sidewalls. The above
preferred enmbodi nent for the reservoiré/10

L8a




si-dewal I s is manufactured by the follow ng process. Pol- yethyl ene
teraphthal ate (PET or Polyester) in pellet formis blow extruded into a 48
gauge thick film biaxially stretched film The PET filmis then coated
with a 135 angstromthick al um num coating by vacuum deposition on one
side. Two al um num coated PET fil nms are adheSubstintity shast n@7cAugagt 1996
(alumnumto alum num using a 25.4 [err] (0.1 ml) thick polyester based
adhesive. The PET lam nation is extrusVAiQcoated with a 12.7 [err] (0.05

10a

FIG. 7



m L) thick polyester based adhesive prinmer, and then with a 178 [err] (0.7
ml)_ thick Low Density Pol yet hyl ene
11Substitute sheet - 18 Septenber 1998

Substitute sheet - 27 August 1996
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(LBPE) on each side. The finished lamnated filmis then cut into the
desired shape and si ze. Persons skilled in the art will readily
appreciate that various nodifications can be nade fromthe preferred
enbodi ment thus the scope of protection is intended to be defined only by

the limtations of the appended clains. For g&ggﬁhﬁe s‘ﬂéeltljkzj ARJus 11996

having a single flexible sidewalls wall instead of two flexible sidewalls
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m ght be constructed. In this instance, the pressure reg- ulator need only
have:a single sideplate urged into engagement by a spring with the single
flexible side- walls reservoir wall.

Substitute sheet - 27 August 1996
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12Substitute sheet - 18 Septenber 1998 1. An ink reservoir for a

printer. conpri sing:

and

Substitute sheet - 27 August 1996

ABSTRACT

- (Figure2)
LAMINATED FILM FOR INK RESERVOIR

An ink cartridge (50) for an ink jet printer containing
a separate collapsible ink reservoir which is kept under
negative pressure by a pressure reguiator (30) to prevent ink
leakage. The collapsible reservoir has one or more flexible
sidewalls (42, 44) connected at their periphery to form an
ink reservoir, wherein said sidewalls (42, 44) include a
plurality of layers. The pressure regulactor (30) comprises
a pair of spaced parallel side plates (32, 34) urged apart by
a spring (36) toward the adjacent reservoir sidewalls (42,
44) whereby the reservoir is collapsibls against the spring

pressure to an essentially flat shape to permit substantially

complete dispensation of ink from the ressrvoir.
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a first sidewall (42) having peripheral edges;
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ﬁ%mmiesi;@egﬁai-t!--QWP)igﬁhh}}'-n peri pheral edges and affixed at said
& Clpinés)al :@dmh..’r,m pagal .. . peri pheral edges of said first sidewall
(2 Drawisd(s) : peged .. topagetl7si dewal | (44) being flexible and incl ud-
| ingbkaxer ed pagahs.. topagedyl.ding a gas antiSubstitute sheett UBeSe barab998
i barrier for the i 5 reser - voir, characterized in that said
b SEB 1998

| | BXPESOF"RACEIPIDY o8 & MINATED FILM FOR INK RESERVOIR

FIELD OF THE INVENTION

The present invention relates generally to ink resar-
voirs for high speed ink printers and plotters, and more
particularly, to ink reservoir materials.

BACKGROUND OF THE INVENTION

In printers containing ink reservairs,. the ink reser-
voir is ordinarily maintained under a sub-atmospheric or
negative pressure so that ink will not leak or drool from
the print héad. Various types of ink reservoirs may be
used including onboard ink reservoir cartridges which
are mounted on the moveable printer carriage and
remote or offboard ink reservoirs from which ink is
brought to the print head on the printer carriage by tub-
ing. In the onboard cartridges a polymer foam is ordi-
narily provided in the ink reservoir so that the capillary
action of the foam will prevent ink from drooling from the
print head. Polymeric foams of the type typically used
for this purpose are non-biodegradabie and thus cause
environmenta!l problems whenever a previously used
cartridge is emptied and thrown away. In addition, the
use of industrial foam in the ink reservoir restricts the
operating pressure range of the ink cartridge and.such
foams ordinarily leave a chemical residue which is
incompatible with and/or reacts adversely with printer
ink. Similarly, the relatively long tubing used to convey
ink from an offboard pressure reservoir to a printing
head is not easily adaptable to deliver ink to the print
head at different printing pressure ranges.



two | &minated | ayers, each lamnated | ayer com prising a carrier |ayer
having two surfaces, a barrier | ayer fornmed on a first surface of said
carrier |ayer. and a seal ant l'ayer forned on a second surface of

said carrier layer, each said | am nated 3g)Bstiiudé Rhdet - 18 Septeeniosrht898
| am nat ed | ayer through adhesive | am - nation of each said barrier

| ayer to the other. 2. The ink reservoir of claim1l wherein said | ayered

A collapsible ink reservoir for an inkjet printer is dis-
closed in U.S. Patent No. 4,422,084 issued Dec. 20,
1983 to Saito. Negative pressure is maintained in a
polypropylene ink bag by various types of springs which
bias the bag walls apart from each other. The springs
may be mounted inside of or externally of the ink bag
but the spring pressure regulator construction does not

. result in substantially complete emptying of the ink bag
and the bag itself is not carried on a printer carriage.

One exampie of an improved onboard ink reservoir
cartridge is disclosed in U.S.-A-5353353. The cartridge
disclosed in that specification basically comprises a rec-
tangular housing containing a flexible bag of ink, an ink
filter and a print head which receives ink from the filter.
A spring inside of the bag of ink urges its flexibie walls
apart from each other thus maintaining a negative or
sub-atmospheric pressure in the reservoir which is
overcome as ink is emitted from the print head.

Also of interest are EP-A-0583153 and 0583134. -

Further developments of this collapsible bag tech-
nology are disclosed in EP-A-0603473; US-A-54519S5;
EP-A-0604712; EP-A-0604127; EP-A-0604119; EP-A-
0604128.

All the above cited documents do not constitute
prior art in the meaning of Articles 54(2) and (3) EPC.

A prior art ink reservoir according to the preamble
of claim 1 is shown in US-A-4673955.

In order to provide an acceptable printer ink car-
tridge utilizing a collapsible ink bag or reservair, there s
a need for an ink bag or raservoir that is as flexible as
possible in arder to allow the reservair bag to collapse in
unimpeded manner to minimize stranded ink in the res-




nmeans ‘of said second sidewal | (44) conprises a | am nation created

ei ther by extrusion coating or by adhesi ve connection. 3. The ink
reservoir of claim1 wherein said | ayered nmeans of said second
. sidewal | (44) conprises a 3 Substitute sheet - 18 September 1998

ervoir and to maintain the desired degree of negative
pressure within the reservoir bag. The reservair bag
must also provide a strang moisture and gas barrier in
order to prevent water loss form the reservoir, and pre-
vent external contaminants such as air from entering
the reservoir. Suitable materials for the reservoir should
be materials capable of allowing the reservoir's periph-
eral edges to be sealed in order to form an ink reservoir
that does not separate during normal use. In addition,
the material used for the reservoir should be easily seal-
able in order to prevent leakage or migration of the ink
from of the reservoir and chemically compatible and
non-reactive with the ink contained therein.

. Further, the reservoir should be puncture resistant
because despite careful handling and packaging, the
relatively rigid pressure regulator sideplates may during
shipment, handling, or installation puncture the thin flex-
ible reservair walls. Although such puncturing is quite
rare, this puncturing must be totally avoided without
unduly thickening the reservoir walls so as to inhibit ink
from being completely exhausted from the collapsible
reservoir. |

Finally, by providing a reservoir bag with adequate
moisture/gas barrier allows the ink cartridges to be
packaged without any special barrier packaging. This
special barrier packaging currently requires packaging
in sealed aluminum containers. Special packaging for
protection from physical damage to the ink reservoir
currently involves a plastic insert within the aluminum
barrier protection. Elimination of this special packaging
provides both environmental and cost benefits.



1 3Substitute sheet - 18 Sept enber 1998 | am nation created by a

conbi nati on of extrusion coating and adhesive connection. 4. The ink
reservoir of claima1 which further includes an internal pressure
regul ator (30) between said 4 Substitute sheet - 18 September 1998

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a perspective view of the ink carfridge
assembly of the present invention.

Figure 2 is an exploded view of the ink cartridge
and collapsible reservoir assembly of the present inven-
tion.

Figure 3 is a perspective view of the pressure regu-
lator assembly.

Figure 4 is a perspective view of ink cartridge wnth
cover plates removed to show collapsible ink reservoir
of the present invention attached to the inner peripheral
frame. '

Figure 5 is a perspective view of the ink cartridge
assembiy and ink level! indicator device with the cover
plate removed.

Figure 6 is a side view of the ink cartridge without
the outer cover plate.

Figure 7 is a simplified perspective view of the
installation of the ink cartridge of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring to Fig. 1, an ink cartridge S0 is depicted

for enclosing a spring biased collapsible ink reservair..

- This ink cartridge is usually made of opaque material
such as plastic or metal and is comprised of an outer
peripheral frame 10 and a pair of parallel opposed cover
plates 46 (not shown) and 48 which are affixed to the
outer peripheral frame 10 by welding, gluing or press fit-
ting after installation of the internal components. A pre-



first sidewall (42) and said second sidewall (44) for mai nt ai ni ng t he
I nk reservoir under negative pres- sure. 5. The ink reservoir of claim
.3 wherein: said carrier layer is selected fromthe group

_consi sting of polyethyl ene teraphthal at e.5 $ighstitlifs sheet PIB teRfHeref dyg ene
~and nyl on; said barrier layer iS seléected T'rom""§ ?ep group
ferred method of affixing cover plates 46 (not shown),
48 to outer peripheral frame 10 is described in EP-A-
0603473. The snout portion 11 of the ink cartridge SO
has an ink discharge aperture 12 (not shown) in its end
portion (at the bottom in FIG. 1) to which is affixed an
electrically driven print head (not shown).

Referring to Fig. 2, the sidewalls of the reservoir are
identified at 42, 44. A collapsible reservoir system com-
prised of a relatively rigid inner peripheral frame 20 and
a pair of ink reservoir sidewalls 42, 44 at least one of .
which is flexible material attached thereto'is mounted in
outer peripheral frame 10. Preferably, inner peripheral
frame 20 is molded with the outer peripheral frame 10in
a two step injection molding process. Preferably inner
peripheral frame 20 is formed of a softer and lower meit-
ing point plastic than the plastic of outer peripheral
frame 10 to permit heat bonding of the reservoir side-
walls 42, 44 thereto along the side edges 20a, 20b of
inner peripheral frame 20. Alternatively, inner frame 20
may be separately constructed with some flexibility to
assist in mounting it in the peripheral frame 10, but the
frame 20 is rigid relative to the flexible ink reservoir side-
walls described below. The inner peripheral frame 20
has a pair of opposite side edges 20a, 20b to which the
flexible ink reservoir sidewalls 42, 44 are respectively
joined as by heat welding at their peripheral edges to
form the external reservoir structure. A preferred
method of constructing inner and outer peripheral
frames 20, 10 is described in EP-A-604712.

- FIG. 3 shows the pressure regulator 30 assembly.
The pressure regulator sideplates 32, 34 may be indi-
vidually cut from a continuous strip of metal such as
stainfess steel, each plate being of generally rectangu-




consi sting of alum num polyvinylidene chloride, gl ass and
f1 uar ohal ocar bon; and said sealant layer is |low density
pol yet hyl - ene. 6. The ink reservoir of claiml further conpri sing:

a frame menber (20); 6 Substitute sheet - 18 September 1998

lar configuration with rounded corners to minimize dam-
aging the flexible reservoir sidewalls. The bow springs
36 also may conveniently be cut from a common strip of
metal such as stainless steel. The bow spring 36 may
be affixed, preferably by spot or laser welding at the
apexes of each of its bights 37 centrally onto each of the
sideplates 32, 34. An optional protective bonded layer in
the form of a thin, but tough polyethyiene cover layer 38,
39 having an acrylic adhesive on one surface therecf is
press bonded to the outer surface of each side plate 32,
34. The cover layers 38, 39 are each sized slightly larger

~ than the side plates 32, 34 so that a marginal width of a
few millimeters of the cover layers extends beyond each
edge of the metal plates 32, 34 to prevent those edges
from contacting the comparatively delicate reservoir
wall sidewalls 42, 44. .

The pressure regulator 30 is centrally pasitioned in
the inner peripheral frame 20 and the two flexible ink
reservair sidewalls or 42, 44 are then heat bonded or
cemented at their peripheral edges to the outer edge
walls 20a, 20b of the inner peripheral frame 20, respec-
tively, with care being taken to maintain the central posi-
tioning at all time of the regulator 30 in inner peripheral
frame 20 between the flexible sidewalls 42, 44. The res-
ervoir sidewalls 42, 44 may then be securely affixed to
the pressure regulator 30 sideplates 32, 34 preferabiy
by heat bonding the reservoir sidewalls 42, 44 to the
sideplates 32. 34 or to the cover layers 41, St if present
in the area shown as 42b, 44b in FIG. 2. This heat seal-
ing has the primary purpose of preventing relative
motion between the pressure regulator 30 and prevent-
ing direct contact of the metal sideplates 32, 34 with the



said first sidewal | (42) affixed at said periph- eral edges to said

frane menber (20); and said second sidewall (44) affixed at said
peri pheral edges to said frame nenber (20). 7. The ink reservoir of claim
6 wherein said frame menbér (20) hagSabstiasishget or1 81Septambery18688

~fromthe reservoir.

relatively delicate reservoir sidewalls 42, 44 to prevent
the edges of the sideplates from cutting or puncturing
the sidewalls. The cover plates 46, 48 are then affixed to
the outer peripheral frame 10 as described above. A
preferred method of constructing ink cartridge S0 is
described in US-A-5451995.

Referring to FIGS. 1, 2 and 4. peripheral outer
frame 10 is provided with a pair of spaced parallel slots
10a and 10b on opposite sides of reduced thickness
channel 1S5. Cover plates 46, 48 provide tab extensions
48a, 48D, respectively, as shown in FIGS. 1 and 6. Tabs
46a and 48a align with slots 10a, 10b, respectively, to
provide a passageway for thin indicator strips 13 and 14
which are cemented or heated sealed to oppasite reser-
voir sidewalls 42, 44, respectively. The sealed areas of .
indicator strip 13, 14 and sidewalls 42, 44 are shownas
areas 13a, 14a and 42a, 44a. respectively, in FIGS. 2
and 6. | - .

Referring to FIGS. 1 and S, indicator strips 13, 14
pass between tabs 463, 48a and slots 10a, 10b and fold
over each other into reduced channel 1S. Indicator strip
14 is the lower or inside indicator strip having a color
(e.g.. green) which provides an indicia visible through a
window 16 in indicator strip 13 when the indicator strips
13. 14 are in place. Indicator strip 13 is preferably of the
same color (e.g., black) as the peripheral frame mate-
rial. Reduced thickness channel 1S in peripheral outer
frame 10 receives the overlying indicator strips 13 and
14. A window device 24 having a stationary viewing win-
dow 25 therein is placed over and aligned with the .
reduced thickness channel 15 to provide a passageway .



14Substitute sheet - 18 Septenber 1998 8. The ink reservoir of claim6

wher.ei n:

said carrier layer is polyethyl ene teraphtha-

| at e:

8 Substitute sheet - 18 September 1998

for movement of the indicator strips 13, 14. The move-
ment of the window 16 in indicator strip 13 permits vis-
ual observation of the movement of indicator strip 13

and of the contrasting color (e.g., green) indicator strip

14.

The reservair is filled with ink via port 22 which is
subsequently plugged for shipment. The required
means which fire the ink droplets through the orifices 12
is conventional. FIG. 12 shows the ink cartridge
mounted in a printer carriage to .show that window
device 24 and the ink level indicator band are visible
when the cartridge 50 is installed in the printer.

As ink is withdrawn from the reservoir, the flexible
sidewalls 42, 44 of the ink reservoir and the pressure

regulator sideplates 32, 34 gradually move towards
each other until the spring is in an essentially flat config-
uration with the two sideplates 32, 34 coming virtually
into contact with each other so that the reservoir is sub-
stantially completely emptied of ink.

The material used for reservoir sidewalls 42, 44
should be flexible, relatively puncture resistant, imper-
meable to moisture and chemically compatibie and non-
reactive with the ink contained therein to prevent leak-
age or migration of the ink out of the reservoir, and
impermeable to external contaminants such as air, dust,

. liquids and the like. Moreover, the reservoir material

must to meet cartridge shelf-life requirements for water
loss and air gain over approximately eighteen months of
storage and shipping plus six months in a heated printer

--environment. Excessive water loss will change ink com-

position and thereby degrade print quality. Excessive air

gain leads to loss of back-pressure and ink leakage

from the print head.



said barrier layer is alum num and said seal ant layer is |ow
density pol yethyl - ene. 9. A collapsible ink reservoir maintained
under nega- tive pressure by an internal pressure regulator (30)

for a liquid ink printer cartridge (50) Q@dtRutdshest - 18 Septeniiedrsl 4982,
44), at | east one of said sidewalls being flexible, each sidewall (42,
. 44) havi ng peri ph-

The seal between reservoir sidewalls 42, 44 and
inner peripheral frame 20 must also survive shelf-life
requirements with sufficient strength to pass rough han-
dling such as dropping, vibration, shock, altitude and
high temperature. While it is possible to use adhesives
for sealing, it is advantageous if the reservoir material
allows for the heat sealing of the sidewalls 42, 44 to: the
inner peripheral frame 20 frame, sideplates 30, 32,
cover layers 38, 39, and indicator strips 13, 14. Moreo-

- ver, it is further required that sidewalls 42, 44 be heat
sealable onto themselves in order to seal through the
"wrinkles" that naturally occur at the curved peripheries
of the sidewalls 42, 44. Finally, the reservoir material
must be suitable for a high speed automated assembly
process. |

Various combinations of materials were fried in
-order to meet the reservoir sidewall requirements for
flexibility, moisture/gas barrier, chemical resistance,
mechanical toughness, heat sealability and cost.

With respect to the barrier requirement, a single

. layer of aluminum foil far exceeds the barrier require-
ment, but the minimum thickness of 84.6 um (1/3 mil) is
far too rigid to meet the flexibility requirements for the
sidewalls. Other materials investigated were various
plastic carrier films coated with materials such as alumi-
num, polyvinylidene chloride (PVDC or Saran), glass or
fluorohalocarbon (Aclar). |

Polyethylene teraphthalate (PET or Polyester),
Polypropylene (PP), Nylon and polyethylene (PE) were
investigated as possible carriers. Based on numerous
tests of different combinations PET was chosen as the
preferred carrier material.



eral edges, said sidewalls connected at their peri pheral edges to form
an i.nk reservoir, wherein said sidewal ls (42, 44) include a plurality
of | ayers, said plurality of layers conprising two | am nated

| ayers, each |am nated |ayer conprising 1@scpEtitide sheet a8 Geptarhber 1868
surfaces, a barrier layer fofmed on aTirst surface of said carrier

| ayer, and a seal ant | ayer fornmed on a second surface of said carrier
| ayer, each said | am nated | ayer joined to the other

For sealability, adhesive laminating of the layers
allowed for more choices of sealant materials, but the
resulting structure was more rigid than when extrusion
coating was used. Thus, the extrusion coating method
was chosen and low density polyethylene (LDPE) was
‘chosen as the sealant. As discussed above, sealing
through “wrinkles" requires a two-sided coating of seal-
ant.

Numerous combinations of LDPE, PET, aluminum
(ALU) and LDPE were investigated with varying
degrees of success in obtaining the desired functional
requirements discussed above. Among the combina-
tions investigated LDPE-PET-ALU/ALU-PET-LDPE
was chosen as the preferred embodiment for the reser-
voir sidewalls. In the above preferred embodiment ™-*
means a coating was applied to a fim and "//" means
two films were adhesively laminated. The symmetry of
the preferred-embodiment also resulted in less curl and .
easier assembly of the reservoir sidewalls.

. The above preferred embodiment for the reservoir
sidewalls is manufactured by the following process. Pol-
yethylene teraphthalate (PET or Polyester) in pellet form
is blown extruded into a 48 gauge thick film, biaxially
stretched film. The PET fim is then coated with a 135
angstrom thick aluminum coating by vacuum deposition
on one side. Two aluminum coated PET films are adhe-
sively laminated together (aluminum to aluminum) using
a 25.4 um (0.1 mil) thick polyester based adhesive. The
PET lamination is extrusion coated with a 12.7 um (0.05
mil) thick polyester based adhesive primer, and then
with a 178 um (0.7 mil) thick Low Density Polyethylene




| am nat ed | ayer through adhesive | am nation of
to thé other,

peri pher al

i nner peripheral frane (20) conprising a PRI | in
material than said outer periph- eral fﬁ Wiit@Hsheet. | PYYeptE!
edges of each

eral frame (20).

each said barrier |ayer

said printer car- tridge (50) further including an outer

frame (10) and an i nner peripheral frame (20) sald

0j nt

said sidewall (42, 44) bonded to sald I nner peri ph-

(LDPE) on each side. The finished laminated film is then
cut into the desired shape and size.

Persons skilled in the art will readily appreciate that
various maodifications can be made from the preferred
embodiment thus the scope of protection is intended to
be defined only by the limitations of the appended
claims. For example, an ink reservoir having a single
flexible sidewalls wall instead of two flexible sidewalls
might be constructed. In this instance, the pressure reg-
ulator need only have a single sideplate urged into
engagement by a spring with the sangle ﬂexxble side-

- walls reservoir wall.

Fattal
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Ctaims | | O AR O

1. An ink reservoir for a printer comprising:

a first sidewall (42) having peripheral edges;
and
a second sidewall (44) having peripheral edges
and affixed at said peripheral edges to said
peripheral edges of said first sidewall (42), said
second sidewall (44) being flexible and includ-
 ing layered means for providing a gas and
moisture impermeable barrier for the ink reser-
Vvoir, | -

characterized in that said layered means comprises
two laminated layers, each laminated layer com-
prising a carrier layer having two surfaces, a barrier |
layer formed on a first surface of said carrier layer,
and a sealant layer formed on a second surface of
said carrier layer, each said laminated layer joined

" to the other laminated layer through adhesive lami-
nation of each said barrier layer to the other.

2. The ink reservoir of claim 1 wherein said layered
means of said second sidewall (44) comprises a
lamination created either by extrusion coating or by
adhesive connection.

-3, The ink reservoir of claim 1 wherein said layered
means of said second sidewall {44) comprises a



A
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lamination created by a combination of extrusion
coating and adhesive connection.

The ink reservoir of claim 1 which further includes
an internal pressure regulator (30) between said
first sidewall (42) and said second sidewall (44) for
maintaining the ink reservoir under negative pres-
sure.

The ink reservair of claim 3 wherein:

said carrier layer is selected from the group
consisting of polyethylene teraphthalate, polypro-
pylene, polyethylene and nylon; |

said barrier layer is selected from the group
consisting of aluminum, po!yvmyhdene chloride,
glass and fluorchalocarbon; and

said sealant layer is low density polyethyl-
ene. -

The ink reservoir of claim 1 further comprising:
- a frame member (20);

said first sidewall (42) affixed at said periph-
eral edges to said frame member (20); and

said second sidewall (44) affixed at said
peripheral edges to said frame member (20).

The ink reservoir of claim 6 wherein said frame
member (20) has an opening for dispensing ink
from the reservoir,
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The ink reservair of claim 6 wherein:

said carrier layer is polyethylene teraphtha-
late; |

said barrier layer is aluminum; and
- said sealant layer is low density polyethyl-
ene.

A collapsible ink reservoir maintained under nega-
tive pressure by an internal pressure regulator (30)
for a liquid ink printer cartridge (S0) comprising two
sidewalls (42, 44), at least one of said sidewalls
being flexible, each sidewall (42, 44) having periph-
eral edges, said sidewalls connected at their
peripheral edges to form an ink reservoir, wherein
said sidewalls (42, 44) include a plurality of layers,
said plurality of layers comprising two laminated
layers, each laminated layer comprising a carrier
layer having two surfaces, a barrier layer formed on
a first surface of said carrier layer, and a seailant
layer formed on a second surface of said carrier
layer, each said laminated layer joined to the other
laminated layer through adhesive lamination of
each said barrier layer to the other, said printer car-
tridge (50) further including an outer peripheral
frame (10) and an inner peripheral frame (20), said
inner peripheral frame (29) comprising a softer and
lower melting point material than said outer periph-
eral frame (10), with said peripheral edges of each
said sidewall (42, 44) bonded to said inner periph-
eral frame (20).



