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i nvent i onwgeosanzdsby rel ates to the sealing of nozzles on Hdush2ess3eti on
devices, and nore particularly, to thernoplastic polymer filns 15 sealing
the nozzles of fluid ejection devices. Over the past decade, substanti al
devel opnents have been nade in the mcro-manipulation of fluids in fields
such as electronic printing technology using inkjet printers. The ability
to maintain a viable rel easabl e seal of both input and output nozzles or
channel s in such products is very desirable. 20 One of the major problens
of maintaining a robust seal to micro fluidic channels is the ability,
during shi pping, handling, and storage, to prevent fluid from/leaking out
of the channel as well as preventing external material from clogging or
entering the channel. The desirable attributes of a seal for mcro fluidic
channel s i nclude the prevention of evaporation, contam nation, and 25
intergixing of fluids between channels. In addition, the ability to renove
the seal while mnimzing the anount of residue |left on the input and/or
out put nozzles or channels is also desirable. Further, it is also

desirabl e tha | £ o heevh | i NGO id (i.e. the
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provi des a good exanmpFeUD EUEE THOMDEMCESaaNBYVIER@I@Dact i tioner in sealing
mcro fluidic channels. There is a wwde variety of highly-efficient inkjet
printing systenms currently in use, which are WO 03/022589 PCT/ US02/28832 2
capatgl e of dispensing ink in a rapid and accurate manner. Conventionally,

the I'dss of ink and or cl ogging of the ink ejection nozzles is prevented by

BACKGROUND

The present invention generally relates to the sealing of nozzles on
fluid ejection devices, and more particularly, to thermoplastic polymer films

15 sealing the nozzles of fluid ejection devices.

Over the past decade, substantial developments have been made in
the micro-manipulation of fluids in fields such as electronic printing technology
using inkjet printers. The ability to maintain a viable releasable seal of both
input and output nozzles or channels in such products is very desirable.

20 One of the major problems of maintaining a robust seal to micro fluidic
channels is the ability, during shipping, handling, and storage, to prevent fluid
from leaking out of the channel as well as preventing external material from
clogging or entering the channel. The desirable attributes of a seal for micro
fluidic channels include the prevention of evaporation, contamination, and

25 intermixing of fluids between channels. In addition, the ability to remove the
seal while minimizing the amount of residue left on the input and/or output
nozzles or channels is also desirable. Further, it is also desirable that the seal
is materially compatible with the fluid (i.e. the seal is not degraded over time
by the fluid).

30 An inkjet print cartridge provides a good example of the problems
facing the practitioner in sealing micro fluidic channels. There is a wide

variety of highly-efficient inkjet printing systems currently in use, which are



ei ther using a capping device or by using a pressure sensitive tape (PSA)
(see for exanple US Patent No. 5,414,454) in nost of these systens. 5
However, woers@2ess9a corresponding need for inproved seal i Eesobngdsegi es,

as inkjet-printing systens continue t,0 provide ever-increasing

| nprovenents in speed and inmage quality. Fluid ejection cartridges
typically include a fluid reservoir that is fluidically coupled to a
substrate that is attached to the back of a nozzle layer 10 containing one
or nore nozzles through which fluid is ejected. The substrate norrrally
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from any ?%%?({ja@d "@?ge%hyhozzl e region when the seal is renoved. Nozzles
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15 ejection of a drop of the fluid. The latter utilizes a voltage pulse to generate a
compressive force on the fluid resulting in ejection of a drop of the fluid.

In particular, improvements in image quality have led to both a-
decrease in the size of the nozzles as well as the complexity of ink
formulations that increases the sensitivity of the cartridge to residue. Smaller

20 nozzles are more susceptible to plugging from any residue left in a nozzle
region when the seal is removed. Nozzles are also more susceptible to
clogging from residue left on the nozzle layer that is swept into a nozzle by a
service station wiper when the nozzle layer is cleaned. In addition,
improvements in image quality have led to an increase in the organic content

25 of inkjet inks that results in a more corrosive environment experienced by the
material sealing the nozzles. Thus, degradation of the sealing material by
more corrosive inks raises material compatibility issues. In addition,
improvement in print speed has typically been gained by utilizing a larger
printhead resulting in an increased print swath. The larger printhead results in

30 a larger number of nozzles to be sealed and thus the need to maintain a leak

tight seal over a greater area.



Conventional capping devices typically seal the inkjet nozzles using a
mechani cal structure to apply pressure to a conpliant material (typically
an el astwoensioe2ssy resilient foammaterial), that is pressed/uozhgsseed

agai nst the nozzles resulting in a seal. These devi ces, however, can
suffer | eakage 5 during shipping, handling, and storage due to vibration,
rough handling, tenperature and humdity fluctuations etc., which can
result in clogged nozzles or spillage of ink in the cartridge container.
This problemis exacerbated when it occurs in ink cartridges containing
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constructed ase filmw th an acryl ate based pressure sensitive
adhesi ve lemyearaturedndohwoiglity flustusdions eic. awhishawam resHéimelogarfly in Fig. 1.
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surface, ¢an result in the radual peelin lifti.ng of the PSA tape
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e ate, a
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constructed of a base film with an acrylate based pressure sensitive adhesive
layer used to seal the nozzles as shown schematically in Fig. 1. The base
film is normally made of polyethylene terephthalate commonly referred to as
polyester (PET) or polyvinyl Chloride (PVC). The use of thin PSA tapes has

20  resulted in improving the resistance to environmental variation due to
dimensional changes caused by temperature and humidity excursions. PSA
tapes have also provided some improvement in durability in regards to
vibration, thus, improving upon some of the problems associated with capping
devices. However, a PSA tape applied over an irregular surface, such as a

25 protrusion, a stepped structure or a discontinuous surface, can result in the
gradual peeling or lifting of the PSA tape resulting in leakage, especially over
longer periods of time. The gradual lifting can also result in the formation of
an air pocket between the tape and the nozzle plate, allowing ink to flow into
this region which will then react or corrode materials such as the encapsulant

30 that protects the electrical traces. Ultimately this may lead to electrical shorts

and the print cartridge may fail.



WO 03/ 022589 PCT/ US02/ 28832 4 As noted above and shown in a sinplified

I sonetric viewin Fig. 1 nost PSA tapes generally consist of a base film
11 and anwadises?2sse | ayer 21 with a |iner 31 and/or rel easeT/E8pensssl
(typically polydinethylsiloxane {PDVS}). During application the liner 31
I's removed and di scarded. The adhesive layer 5 21 is bonded to the nozzle
| ayer, using pressure, formng a seal. The adhesive layer is typically an
el astomer m xture with large quantities of small nolecular additives
having a | ow nol ecul ar wei ght. The additives typicall i.ncl ude
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I nk/additive interactions as well as the general ink/polyner interactions
shoul d be backibenalelegither case, whether the low molecular weight material reacts
15 with, or is leached out by the ink, the adhesive layer of the PSA tape is left
with a weakened cohesive strength which can result in a residue being left
behind when the tape is removed. In addition, the reaction between these low
molecular weight additives and ink components can also lead to the formation
of precipitates or gelatinous materials, which can further result in clogging of
20 the nozzles.

The interaction of these low molecular weight additives and the ink
components can also give rise to a weakening of the base/adhesive film
interface. Thus, if the strength of this interface is sufficiently degraded, the
adhesive layer of the tape can remain on the print cartridge when the user

25 attempts to pull the tape off before inserting the cartridge into the printer. The
material compatibility of both the base film as well as the adhesive film is
carefully chosen for each ink. The material compatibility of the ink/additive
interactions as well as the general ink/polymer interactions should be
considered.

30 Regardless of the method used to eject the fluid, once a fluid ejection
cartridge is manufactured, filled with fluid, and tested there is a need to seal

the nozzle or nozzles to prevent leakage, reduce evaporation of the fluid, and



30 Regardl ess of the nethod used to eject the fluid, once a fluid ejection
cartridge is manufactured, filled with fluid, and tested there is a need to
seal thewoomakesser nozzles to prevent | eakage, reduce evaumaresozess3ef the
fluid, and WD 03/022589 PCT/ US02/2883% 5 to hinder contam nation of the
fluid. Thus, practitioners are often faced with difficult choices between
cappi ng devices (greater ink robustness); PSA tapes (better sealing
properties) and changes in ink fornmulation to nmeet the shipping, handling,

and storage requirenents for particular fluid ejectiogn cartridge. Thus
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SUMVARY COF, THE | NVENTION A fluid ejecti trid i.nel.ud ] ect
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ej ect abl echftidge. fluidically coupled with the at |east one nozzle. The

fluid ejection cartridge has a tape that 15 includes a thernoplastic
pol ymer fil m i Ahusm sealingisysteam thatarewenis Miidleakege teyaroriidlezz| es. BRI EF

DESCRI PTI THE . ' j L QW: ally
depicti ng%éﬁyag{g%%\e&g@ gﬁ)bg%bé%é?rggg%{%q%%%%lgg\ég%\g'e'%%%:@i ve vi ew of
a fluid ejapbiale vtk infimizngtie tcairie laft ooralvadety of aozelehsdiesentd of this
invention; Fig. 3 is a perspective view of a tape according to an alternate
enbodi ments @IMpatiklewitheavabaty ofdnks woulgbe an éd(\fg%%%‘-rh €t3n vi ew of a tape
accorgding to an alternate enbodinent of this invention; Fig. 4bis a
cross-section view of a tape according to a second

SUMMARY OF THE INVENTION

A fluid ejection cartridge includes an ejector head having at least one
nozzle and a fluid reservoir containing an ejectable fluid, fluidically coupled
with the at least one nozzle. The fluid ejection cartridge has a tape that

15 includes a thermoplastic polymer film in contact with and releasably bonded to

the nozzles.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a perspective view generally depicting the structure of a PSA
20 tape;
Fig. 2 is a perspective view of a fluid ejection cartridge and a tape
according to an embodiment of this invention;
Fig. 3 is a perspective view of a tape according to an alternate
embodiment of this invention;
25 Fig. 4a is a cross-section view of a tape according to an alternate
embodiment of this invention;
Fig. 4b is a cross-section view of a tape according to a second
alternate embodiment of this invention;
Fig. 4c is a cross-section view of a tape according to a third alternate
3o embodiment of this invention;
Fig. 5 is a flow diagram of a method to seal nozzles of a fluid ejection

cartridge according to an embodiment of this invention;



al ternate enbodi ment of this invention; Fig. 4c is a cross-section view of
a tape according to a third alternate 30 enbodi nent of this invention,;

Fig. 5 i swa d3loemsdi agram of a nmethod to seal nozzles of a HdusH2e$Beti on
cartridge according to an enbodi nent %f this invention; WO 03/022589

PCT/ US02/ 28832 6 Fig. 6 is a perspective view of a nmethod to seal nozzles
of a fluid ejection cartridge according to an alternate enbodi nent of this
invention; Figs. 7a-7b are perspective views of a nmethod to seal nozzles
of a fluid ejection cartridge according to an alternate enbodi nent of this
i nventi on; andFigs6$ . pegspectivegrieof eimetheddedeat npazigs B affluid t ape as a

function of ele ' . | odi nent of
this i nveﬂ??tb?n 8%@%@9‘3 %%WQ%E%%BBE'@%WQ%%@E ure of the
present inventFigs. 7aghusiepdrbpedtive vidéwa of bansthplastseal nozelpobfadiuid i | m t hat
mai ntai ns the sealing properties of a PSA tape, whil SO I ntai ning the
i nk r obuseifeten sartidge gerYgingkte aaltepata e Oﬁlrﬁ‘ﬁ@ro(?égjlél'f‘\‘@‘maotneﬁﬁgrat ures
and pressures @l,0 | IJhie gl K oEahpeddistfiuneson bhSlecbACt i ti oner
is abl’e to opt?"r%' ggsyhéergf)ﬂqﬁ?}g% E%?Igsttfeg@ andét%% segl‘i ng %rg_opestci es of the
t her nopl als¢arn duskgeeaccbiding tThnslterate eeslzodiment ehthimmvedtiemt ageousl y 15
uses a thernoplastic polyner filmoptimzed for ink conpatibility and al so
utilizes higher sealing tenperatures and pressures to forma robust seal

around the nozzl eppgCRIFTIONIOF BYEI FREFERRE D @EVBOMMENTSOP! astic pol ymer
filmcan be a thernoplastic crystalline or sem-crystalline E]gl_yrrer or a

t her nopl asti ¢ Alfaatusensf thenpreseasinyenion irw@Jqﬁﬁthﬁ USECPfg?Tté@('@PPI H&d about
2ol ShOA R B PR oA BTG PO ARG, 10
The t her nppiraainigg 1@ keoblistheshiabalcapping deviceo Buakingthigbensealiegper at ur e.
In addition, the thernoplastic polyner fi|lmalso preferaply has a nelt
i ndex of tanaRRTabEES Wﬁ@rﬁés‘a"ﬁélﬁb'ﬁwnépﬁwm'éﬁ@ot §i4§ Qf@%eﬁ( can 25
Soci ety TorfifishémMd M tdBhhiAR! the (ASTIMNURItRICE HiHelse}ling BHEp ES of
the thermoplastic polymer film. Thus the present invention advantageously
15 uses a thermoplastic polymer film optimized for ink compatibility and also
utilizes higher sealing temperatures and pressures to form a robust seal
around the nozzles of a fluid ejection cartridge.
The thermoplastic polymer film can be a thermoplastic crystalline or
semi-crystailine polymer or a thermoplastic elastomer that has a melting point
20 greater than about 35°C; preferably a melting point from about 60°C to about
150°C, particularly preferable is a melting point from about 70°C to about
120°C. The thermoplastic polymer film has little or no tack at room
temperature. In addition, the thermoplastic polymer film also preferably has a
melt index of from about 0.5 to about 5.0 g/min according to the American
25 Society for Testing and Materials (ASTM) standard D1238, and more
preferably a melt index of from about 0.5 to about 1.0 g/min. However, a
thermoplastic polymer film having a melt index in the range of from about 0.5
to about 50 g/min can be utilized. The thermoplastic polymer film has the
advantages of being mechanically strong, resistant to a wider range of fluids
10 than PSA's, contains little or no additives, and typically has lower water vapor
transmission rates than PSA's. In addition, the thermoplastic polymer film

conforms well around abrupt structural features on the fluid ejection device.



preferably a nmelt index of fromabout 0.5 to about 1.0 g/ mn. However, a

t hernopl astic polynmer filmhaving a nelt index in the range of from about
0.5 to ab@ui3/dgssg/ m n can be utilized. The thernopl asti c pEalyseerssse| m has
the advantages of being nmechani caIIyTStrong, resistant to a wi der range of
fluids 30 than PSA's, contains little or no additives, and typically has

| ower water vapor transm ssion rates than PSA's. In addition, the

t hernopl astic polynmer film conforns well around abrupt structural features
on the fluid ejection device. WO 03/022589 PCT/US02/28832 | More
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fluid ejection cartridge 220 of the present invention is shown in a
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from Ube ries, ) der the trademark "Upilex", and a
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15 fluid is ejected. The nozzle layer 226 may be formed of metal, polymer, glass,
or other suitable material such as ceramic. Preferably, the nozzle layer 226 is
formed from a polymer such as polyimide, polyester, polyethylene naphthalate
(PEN), epoxy, or polycarbonate. Examples of commercially available nozzle
layer materials include a polyimide film available from E. I. DuPont de

20  Nemours & Co. under the trademark "Kapton", a polyimide material available
from Ube Industries, LTD (of Japan) under the trademark "Upilex", and a
photoimagible epoxy available from MicroChem Corp. under the trademark
NANO SU-8. In an alternate embodiment, the nozzle layer 226 is formed
from a metal such as a nickel base enclosed by a thin gold, palladium,

25 tantalum, or rhodium layer.

The flexible circuit 222 of the exemplary embodiment is a polymer film
and includes electrical traces 242 connected to electrical contacts 240. The
electrical traces 242 are routed from the electrical contacts 240 to bond pads
on the substrate (not shown) to provide electrical connection for the fluid

30  ejection cartridge 220. When the flexible circuit 222 and nozzle layer 226 are
integrated as shown in Fig. 2, raised encapsulation beads 244 (typically an

epoxy) are dispensed within a window formed in the integrated flexible circuit



NANO SU-8. In an alternate enbodi nent, the nozzle layer 226 is forned from
a netal such as a nickel base enclosed by a thin gold, palladium 25
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enbodi ment is a polynmer film and inc%udes el ectrical traces 242 connected
to electrical contacts 240. The electrical traces 242 are routed fromthe
el ectrical contacts 240 to bond pads on the substrate (not shown) to

provi de el ectrical connection for the fluid 30 ejection cartridge 220. \Wen
the flexible circuit 222 and nozzle | ayer 226 are integrated as shown in
Fig. 2, rdd3eqadeeeapdayenidh beagscansiatigpbeads y44protedlcdld are di spensed
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PCT/ US02/ %YMéé’;rg%Qgéﬁ 'éﬁég?ngﬁgyW Sﬁg%ﬁ'ﬁ%&ggbg‘?%ﬁgﬁgds 244
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connections on the suhstrate, | n alternate enbodinent, when nozzle
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strate t0 provide e

of the su% protection function for the electrical
connect i cthe protadiien fuhctiarafioe thedaleetricabcommactians do theosuhdteate ui d ej ecti on

tridge i | et d. th ir. 228 is filled with fluid, and th
appr opr at et SOPER e matieqth & RELE pistfonririves M eotbihir el che
nozzl es 224 rghenoft 20%R finedsat] Bdd! and thepasreptialecakigg obthd/fuidt o prevent

contam nation of the fluid. The tape 200 shown in Fig. 2 is initially
provi ded ejgction eartridgeits eampletechibierinrzias €24 eheuld themBe sgrleged with t he

fluid ejectl | he.. AM f cover the
nozz e 3SR SR ofelht sBRlarhiSioR BP I, Thetthe Bo00

cartri dgesiah imFighg idiiitialtyi mroviaedasr avoll @t tsthegagprbpaatedepgtat and ( not
shown) is to heat the_ thernoplastic pohéélmer film?202 abgve jts nmelting

t enper at uURIN@FIWIth &%ﬂﬁﬂﬁl%?t%%idgﬁ G st g a@erﬁlﬂ(&/‘ﬁ’é'rfuw Im 202 is
e g ¢ RN oo, d PRSI fen FANAPY NI mbove (e
t enper at ucartridgee22G pethe2diteatian clasrowh20 b usingdeteatiediplaiendnotshawiming t ab
230, 1C5omT%nr|13/atrtﬁé %err%joélgstic polymer film 202 above its melting temperature and
to apply pressure. The thermoplastic polymer film 202 is heated to above its
melting temperature, preferably 10°C to 50°C above thé melting temperature
and more preferably 25°C to 50°C above the melting temperature. The tape
200 may also be provided with a non-sticking tab 230, commonly referred to
20  as a pull-tab, to facilitate gripping of the tape 200 by the user for removal.
The tape 200 shown in a perspective view in Fig. 2 is a two-layer
construction where the thermoplastic polymer film 202 is adhesively bonded
to the base film 204. Preferably, the base film 204 is a polyester (PET) film.
Other polymer film materials may also be used for the base film such as
25 polyvinyl chloride, polybutylene terephthalate (PBT), polyethylene naphthalate
(PEN) polypropylene (PP), polyethylene (PE), polyurethane, polyamide,
polyarylates, and polyester based liquid-crystal polymers. The base film 204
can also be a woven or non-woven base, where a non-woven base is a flat
porous sheet typically produced by interlocking layers or networks of fibers,
30 filaments, or film-like filamentary structures. The non-woven base is

specifically designed to allow thorough penetration of the impregnating resin



20 as a pull-tab, to facilitate gripping of the tape 200 by the user for
renoval . The tape 200 shown in a perspective viewin Fig. 2 is a two-1|ayer
const ruct warowhzsse t he t hernopl astic polynmer film 202 is auitessozesss2bonded
to the base film204. Preferably, thegbase film204 is a polyester (PET)
film Oher polyner filmmaterials may al so be used for the base film such
as 25 polyvinyl chloride, polybutylene terephthal ate (PBT), polyethylene
napht hal ate (PEN) pol ypropyl ene (PP), polyethylene (PE) pol yur et hane,

pol yam de, | yaryl ates, and pol yester based |iquid-crystal polyners. The
base fil anW& th@a\'i@"‘éP@EP%eb%ﬁ%ﬁ%nM@ feripbheqimman !bbi%%d Q/\%’l?rk@ ®Phon- woven

base is y I nterl ocking |ayer
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n(r)]n woven baseAltsougtpti thickakeby of gamlfllnoza4MmIW\depmd)hgth gettet rati on of
the inpregnati resin WO 03/ 9. PCT/ 2/ 3 d th
porougpbag%'%FP%ﬂ\ﬂu@?J@Pp%ﬁ ga@r(ﬁgﬁﬁ?w\g@@t&fgmﬁﬁ]& %'ﬁda\/vil gk i/grgre
pol yest er é@lyﬁférﬁﬂﬁ‘l@ékﬂeﬂ\% thitkAeE8¥Pthe wéééﬂmuﬂizoa etk RHbRK Féifg%sqFomhe base

film204 w depend both on the particular fluid ejection cartridge being
seal ed andbouid t@aabmmﬁaﬂrmq«i@mmpdmredore@r@l@lwm apprh® i@ 8Bout #2 t hi ckness

of the base fil crons
and mor o iepbs SED SrPaRGaAT of fORER b BN 2% TR appe2

parti cul agligtons ehiek altlie alsd preferagle thadtheabead fildD204 habauheking mi crons
thick. It is also preferable that the base film 204 has a nelting

t enper at uienparafwast laast d0HE gighertham thaief the then@oplastifdelae; f('Jn"poI yner
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t her mopl agidith peatrk et spfchyebl v is ethyl ene-based binary or

ternary copol yners. Exanples of such copol yners include ethyl ene-vinyl
acet at e copol yirbe sheindplastid poiymas ftra 02 qoatesably ik ethytane-basadcbivary 0 to 15
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copol yner gcotateethydigReraRitAacvinyi scetgtetonitént keteéhaohy hbeutd tal cont ent

15  about 40 weight percent, and more preferably with a vinyl acetate content
between from about 10 to about 25 weight percent. Another example is
copolymers of ethylene-methacrylic acid with a methacrylic acid content
between from about 5 to about 30 weight percent, and more preferably a
methacrylic acid content between from about 10 to about 20 weight percent.

20  Another example is ethylene-vinyl acetate-methacrylic acid terpolymers, and
ethylene-acrylic ester-glycidyl methacrylate terpolymers. A particularly
preferable semi-crystalline ternary copolymer film contains from about 60 to
about 95 weight percent polyethylene, and from about 0 to about 40 weight
percent polyvinyl acetate, and from about 0 to about 30 weight percent

25  polymethacrylic acid. The acid groups in the copolymer can be partially
neutralized. Other materials may also be used for the thermoplastic polymer
films such as polyurethanes, polyamide, and polyester. Blends of these
polymers, such as EVA/PP or EVA/PE, can also be utilized.

Although the thickness of the thermoplastic polymer film 202 will

30 depend both on the particular fluid ejection cartridge being sealed and the
particular thermoplastic polymer film used the thickness of the thermoplastic
polymer film 202 preferably ranges from about 5 to about 500 microns and



bet ween from about 5 to about 30 wei ght percent, and nore preferably a
nmet hacrylic acid content between from about 10 to about 20 wei ght percent.
20 Anot hewoensanise i s et hyl ene-vinyl acetate-nethacrylic awitdusoengsskyners,
and ethylene-acrylic ester-glycidyl Wythacrylate terpolymers. A
particularly preferable sem -crystalline ternary copolyner film contains
fromabout 60 to about 95 wei ght percent pol yethylene, and fromabout 0 to
about 40 wei ght percent polyvinyl acetate, and from about 0 to about 30
wei ght percent 25 pol¥nethacrylic acid. The acid groups in_ the copolyner
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to about d&PpeIgiiges, thick and particularly preferable is a range from

about 25 to about 75 m crons thick. It is also re abl e . that the
t her nopl astic Pds praferatle fatdbe eymenkastic ij,vm@h@@} é&éﬁ@ntaa?%'@ﬁa f rom about

60'C to aﬁ\%ﬁtam'@’ p&P?nﬂBWﬂBf&hﬁr%ight‘c &Hﬁi\?é%o‘ﬁ%viﬁglrﬁo%ch%rabom 120° G,
however, Tilns Wth el Ting tenperatures above about 35 C can be utilized.
It is prefveightd eessithantbbeut Be0Opdras piec nué ysumh dd plasiidzersotackifiess,| ess
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t her nopl asti c pol yner m 202 not contain | ow nol ecul ar weight additives.
However, pblgmesgilmasthat cqnsaipriess thandfsomisdout A taighorbde weight Paregatabout 20

Lo about i YR BEEAE Aol B B8 el bl A bagcon be vt ] zed
adi pat es, c6mMpBuBds that can be used as processing agents are adipates, such as di-

15 2-ethylehxyl adipate; phosphates, such as 2-ethylhexyl diphenyl phosphate;
phthalates, such as diisotridecy! phthalate or di-2-ethylhexyl phthalate;
secondary plasticisers, such as sorbitan sesquioleate, epoxidised linseed or
soybean oils; slip and antiblock agents such as oleamide, erucamide, and
stearamide, and other similar materials.

20 As noted above an advantage of the present invention is the ability to
adjust the adhesion of the thermoplastic polymer film 202 to the nozzle layer
226, by varying the temperature, pressure, and time during application. In
addition, the adhesion can also be adjusted by varying the crosslinking
density of the polymer or polymers used in the thermoplastic polymer film 202.

25 Although the degree of crosslinking of the thermoplastic polymer film 202 will
depend on the particular fluid ejection cartridge being sealed, the particular
thermoplastic polymer film used, as well as the particular fluid used in the fluid
gjection cartridge, preferably the degree of crosslinking is controlled by
electron beam irradiation in the range of from about 0 to about 30 mrad, which

30 can result in more than an order of magnitude variation in peel strength, and
more preferably in the range of from about 0 to about 10 mrad. Other
crosslinking technologies such as chemical or ultraviolet light (UV) activated



I's 2-ethyl ehxyl adipate; phosphates, such as 2-ethyl hexyl diphenyl
phosphate; phthal ates, such as diisotridecyl phthal ate or di-2-ethyl hexyl
pht hal at ewosisoersdary pl asti ci sers, such as sorbitan sesquirTaeg0e/28832
epoxi di sed linseed or soybean oils; §Lip and anti bl ock agents such as

ol eam de, erucam de, and stearami de, and other simlar materials. 'o As
not ed above an advantage of the present invention is the ability to adjust
t he adhesion of the thernoplastic polymer film202 to the nozzle |ayer

226, by varying the tenperature, pressure, and tine during application. In
addi t i on, systemadoesthen rosagneiic radiation @gtivated sygiens eae berusediasnki ng
density of the polyner or polyners used in the thernoplastic polyner film
202. 25 AWF'ough t he degree of crosslinking of the thernoplastic pol yner

film202 will THependsion diwepatié babafinh 204 drej thetthemmaopiastic dge bei ng
seal ed, the particular thernoplastic polyner filmused, aé iﬁl %ﬂ as the
par ti cul apolymerdim2&R san alse b adiustedjyrelrating the brse Tilgy 8P4 PSHG t he

degr ee. of L nlei ' I ] | iation in the
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order of {regtivid udeoronaidisctarge repéing of theebagenfiina@@4 witbr & reaativergalsl y i n t he
range of from about O.to apoyt 10 nrad. Other , cross|inkin echnol ogi es
such as cHeFH BROX¥IEN IS Y 'o'HBY"eV?rgﬁ&?rwgﬁgttf%mga{wcé%%fgw
PCT/ US02/ ﬁ%@?ché&ic%x%rqsgs??ayi?gt&@du;ﬂihg@geﬂmgﬂ@tsjocbé agi&d. on activated

el 1.

systens can be used as " The adhesion between the base film 204 and
t he t her mopl asfnaltepaaterambedimant 0p thsapreaesiingential) issthevoip fpgedreating t he

base fil m 204 befo. . S ' ' . i . film

P of elhbl Jhots Fbe S isch STBIe B0 SO fthuciB oA RRNPRE PeRfodERlict || It 1 oce
film204 }ﬁbl‘theﬁ fila8y2. Via tiRSembodimert, s\tbemosiasticpolyendiimicandteher
surface treatments such as | aser flame, chem ca

coupl i ng apBRf theapolymess Beseribad fogdhe ambadiraenia _ l"@h%(rﬂg?/r%ﬁg‘%&gﬁeapr esent
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enbodi menpartichiartfluét ejegtias cadrigge peig dedled aad the particular thermoplastic
15 polymer film used the thickness of the thermoplastic polymer film 302 is from
about 20 to about 500 microns thick and more preferably from about 25 to
about 175 microns thick, and particularly preferable from about 115 to about
135 microns thick. In addition, in this embodiment, preferably heat is applied
to the tape from the fiuid ejection cartridge side using either hot air or infrared
20  heating to form a surface melted region during application without melting the
entire film.
Fig. 4a shows an alternate embodiment of the present invention is
shown in a cross-sectional view. In this embodiment, a tape 400 is a three
layer construction where a thermoplastic polymer film 402 is adhesively
25 bonded to a moisture barrier film 406 that is adhesively bonded to a base film
404. Both the base film 404 and thermoplastic polymer film 402 can be any of
the polymers respectively described for the embodiment shown in Fig. 2.
Although the total thickness of the tape 400 will depend both on the particular
fluid ejection cartridge being sealed and the particular thermoplastic polymer
30 film used, preferably the total thickness is in the range from about 20 to about
150 microns, and more preferably in the range from about 25 to about 100

microns in thickness, and particularly preferable is the range from about 25 to



any of the polyners described for the enbodi nent shown in Fig. 2. Although
the thickness of the thernoplastic polynmer film302 wll depend both on the
parti cul awdr d3wessej ecti on cartridge bei ng seal ed and t he paTrisvaksss2

t her mopl astic 15 polynmer fil mused thg? t hi ckness of the thernoplastic
polymer film302 is from about 20 to About 500 mi crons thick and nore
preferably fromabout 25 to about 175 mcrons thick, and particularly
preferable fromabout 115 to about 135 microns thick. In addition, in this
enbodi ment, preferably heat is applied to the tape fromthe fluid ejection
cart ri dgeaboute’ UBNGIgNBI Fbpuabigi4a depictsfa @Qr&ir@gonéﬁm thg meistem a
surface . i e lCatd | | dre film
g, da oRRVE" I Aopath SR PRRMWEER thabate e Ao Ltnd IHeneien BBl S\ un T n
a cross- sfigl 40Dddis egeully prefefabde et dok bese filna404 e sdtdviched betlween | ayer

Lo a ot s\ @O el NI 406 Hane fad T AV aBH A0S & base film
404. Bot hd%@nchﬁg%nfthé?ﬁqlma%&%ﬁgg%@ritﬁe RAJIVORS phirlemffRa0ean be any

of the polymers”respectively described tfor the enbodi nent shown in Fig. 2.
Al t hough t he t Breferakily,dkaasaistire bhaeiardiye 480iswialyetaypeedhdweteron t he

particular, fluid.ejection rtridge being seal.ed,and the particul ar

ther mopl at1eE MREl: Casbe piesalet i Ty B el eiea ARe B R Abss i s i n
the rangenfétararah@gbn?@lag@r Rk uséB0 AfheugRlhe Blickidsefanehedietatyy i n the
range from about 25 to about 100 mcrons I n thickness, and particularly

pr ef er abl bairigriayer il gerend podben the pattisulanfiois eigotiey catridagsbeingsgs2 12
about . 75 pj . t N, Fi Lot - ' with the noisture
arri &t PPAEdoRe s ARl vk R LORRIR S ARAHARE e hernopl asti <
film 402 tHeri®ptaptieldolyrpeefier 402 @ rahgé flohe abasted.0il ltonathBdt 25 nsandsiis hed

between the noisture barrier film 406 a t he thernopl asti.c lymer film
402 s depBifieiple @ (Y é?mi%lﬂ%p%g?qtgﬂé NGNS 5 F?ep%‘?rég%re barri er

filma06. Preharalgal ﬁat@rérﬁﬁbwaﬁn_ewir@pr%ﬁémiﬁOéntiioﬁw RARGRI Y ane,

however, other materials can be utilized such as Iiquid crystal polyners,
and even arossesemitiooal viewr renige 4baye this embisdimertd theatapeot @l is adodri ckness of
the mfs' st Faryeer construction where a thermoplastic polymer film 402" is adhesively
bonded to a moisture barrier film 406' that is adhesively bonded to a base film
404' that is adhesively bonded to an electrostatically dissipating film 408. The
base film 404', the thermoplastic polymer film 402', and moisture barrier film
406' can be any of the polymers respectively described for the embodiments
20 shown in Fig. 2 or Fig. 4a. In addition, the moisture barrier film 406' and
electrostatically dissipating film 408, depending on the particular films used,
can act as a base film thereby replacing the base film 404'. Although the
thickness of the tape 400" will depend both on the particular fluid ejection
cartridge being sealed and the particular thermoplastic polymer film 402' used
25  the thickness of the tape 400' preferably ranges from about 20 to about 150
microns, and more preferably from about 25 to about 100 microns, and
particularly preferable is a range from about 25 to about 75 microns. Although
Fig. 4b depicts a construction with the moisture barrier film 406' sandwiched
between the base film 404' and the thermoplastic film 402" with the
30 electrostatically dissipating film 408 that is adhesively bonded to the
remaining free side of the base film 404', other constructions are equally

preferable as long as the thermoplastic polymer film 402' is bondable to the



barrier layer will depend both on the particular fluid ejection cartridge
being 10 sealed and the materials used for both the base film 404 and the

t her nopl asta as/opzdsymer film 402 a range from about 0.01 to PaIou”022883m1 cr ons
is preferable, a range fromabout 0.5 to about 15 mcrons is nore
preferable. A second alternate enbodi nent of the present invention is
shown, in a cross-sectional view, in Fig. 4b. In this enbodinent, the tape
400" is a four 15 layer construction where a thernoplastic polyner film
402' is adhesively bonded to_a noisture barrier film406" that is

adhesi vel RoZzlnigyer 88 shopade Fig| 2n Fanaxamplg; theselgghesialierly dissigatingo an

her mop! 4001 40680 Rhe Babdfisheleliten Bifbactify hO¥BPbe 406 can be any

(2)f t he thyn’ﬁbplasﬂgpemem‘llm 4@xcribed for the enbodi ments 20 shown in Fig.
or Fig. 4a. In _addition, the ure barri film 406" and

el ectrost at i calefei® % ithe elesiosta 'ﬁ?ﬁ%@'sskﬂ’é‘ﬁ@ﬂ 'Frﬁéogrisé%rﬁ@t?fgrt icular films
used, Vi ° Bil m 404

Al t hough%}ﬁ?&w %ﬁgﬁ%@i%eso{ﬂ altC %‘é&&éﬁ\ﬁ@/{{)&ﬁ@kﬁﬁ& agefodgﬁtc)i@%%@h on the part i cul ar
fluid e etmmsﬁsquaee thoveryer, tmhagrrwé@iawcan@etMéﬁzgésucb@Bmarbmblmbl astic

pol yner f used 5 t he t nes f..th 0

P o aboutlea Qgmats andias s riatalEnRE st b HirhBRar i s EhELRaY SaTe"
about 100d|§élﬁéﬁrﬁ§fllrﬁﬂ@8 Wﬂ"ldL@H'tﬁéEwcmﬁs%f&hé%lé(ﬁro%tétmg?dfsfsqmtfm@OUt 25 to
about 75 mcrons. Ath Ougoths gw4b depicts a construction with the

t hat i’ g free si ase film
404', ot h@cﬂym@hﬁtm ul©12f amangé Eroaqaladdtw 5 |tns ebelntaﬂ’ﬂ mlmnbwgrderabﬂe

t her m)pl astic po m 402" i s bon abl e t he 03/ 0225

PCT/ US02/ beygggse i%"%%lff fign dgyieps fat |Sﬁ“ﬁ' iye CQCL\{\%! to&a'ﬁﬁ?éuct‘he

el ectfostééssﬁm'ph Wtﬁg'rﬁ 169.def§ehm&%&@@ @'nﬁ@speelémﬁmg bet ween t he
base film404 g ernopl asti c polyrrer I . Preférably, the

el ect r ost dissipatihg fithh Si8pzrefargblyinas A o8 face tasisivity Of§0pohm§tmajl ene with a
surf aZLCSe rseqsuiasr(te.i Vljhtey elgaﬁc%tgﬁgﬁfy &i(s)sglpét?ngaﬁl(r)nuaog’ %%égferably contains a static
dissipating material such as the treated polyethylene to control triboelectric
charging and a conductive layer such as a thin metal layer to act as a shield
against electrostatic fields.
Referring to Fig. 4c, a third alternate embodiment of the present
20 invention is shown in a cross-sectional view. In this embodiment, the tape
400" is a five layer construction where a thermoplastic polymer film 402" is
adhesively bonded to an air barrier film 410; the air barrier film 410 is
adhesively bonded to moisture barrier film 406"; the moisture barrier film 406"
is adhesively bonded to a base film 404"; and the base film 404" is adhesively
25  bonded to an electrostatically dissipating film 408'. The base film 404", the
thermoplastic polymer film 402", and moisture barrier film 406" and the
electrostatically dissipating film 408' can be any of the polymers respectively
described for the embodiments shown in Fig. 2 or Figs. 4a - 4b. Preferably,
the air barrier film 410 is a liquid crystal polymer film; however, other materials
30 such as metal layers or inorganic layers (e.g. silicon dioxide, aluminum oxide

etc.) can also be used.



ohns/ square, however, other materials can be utilized such as carbon bl ack
filled polyners, and even a netal formed on the surface of the

el ectr ost wia @3aR23g9 di ssipating film408. Al though the thi daTes920$832he

el ectrostatically dissipating film403 will depend both on the particul ar
fluid ejection cartridge being sealed 10 and the materials used for both
the base film404' and the thernoplastic polyner film402' a range from
about 0.5 to about 25 microns is preferable. For those fluid ejection

devices that contain sensitive circuitry to protect, such as conplinmentary
metal oxi de seAitbeughtathickneseoyf thefapet4QE il degeng boih e8ithdit i ng i1 m 408
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cross-sectional view this ‘enbodi nent, the tape 0" is a five layer
const r uct micromnke Adthaughdrigogs depicts peonstaiction withithe mpisturgdreseer#ny bonded

t i ' filmd410;..th ' [ ' [ S ' bonded
to moi ot uPBo bapY s ¥ e rou PG RenahbF beblisdh B sk fAGERF 4B Y once
adhesi vel thebm@@ﬁdf)ta@tia filras2f iWith thelectrrsdatidatly itssipdtingrild0408' tisataslhesi vel y
25 bonded to an electrostatically dissipatin i1 m408' . The base film

404", t headnegivelypoasieddopbe yampining fraside Ofgthfalh?@ﬁsfimr@‘t‘a'ameér film 406"
P0oul s PGSRBS ST e RRIC 8 i) 2 SR BRI el PO, Y
4b. Pref edad! i, boridublato tHeomozzte ldyer as 4hOwnsn&ig.iZui d crystal pol ymer film
e e Sl AT BB ol e HorBE I SISy ohse ™ O
T L0 8 Al sl engptgtimcione 400tk Gepend boch
t her nopl astribodipenisngrown ImrFige22 - dsis¢howe asha drwedisgieim imbig 8peit400'
pref e£5abl gterpa’g'%ﬁwg {a%ré]is dispensed from a reel that holds the tape during
manufacturing. The tape is advanced off the reel by a combination of a drive
roller and an idler roller that keeps the tape in proper tension and alignment
preventing both twisting and slacking or drooping. At step 532 as the tape is
advanced off the reel the tape is fed into a heating zone to preheat the tape
20  such that the downstream process of attaching the tape to the fluid gjection
cartridge can be sped up resulting in the ability to maximize throughput.
Preferably, the tape is preheated to a temperature in the range of from about
10°C to about 50°C above the melting temperature of the thermoplastic
polymer film, and more preferably from about 25°C to about 50°C, however,
25 depending on the particular tape being utilized preheating temperatures
higher than about 50°C above the melting temperature can be used.
The tape is then releasably captured in step 533 using a vacuum chuck
that can be moved in three mutually perpendicular directions to properly
position the tape over the fluid ejection cartridge as shown in Fig. 6. After the
30 tape has been releasably captured, a pull-tab is attached to the free end of
the tape to facilitate gripping of the tape by the user for removal. A cutter or

slitting device then cuts the tape to its required length in step 535.



about 20 to about 500 mcrons, and nore preferably from about 25 to about 5
100 mcrons, and particularly preferable is a range from about 25 to about
75 m cr ow® 03Ak2isough Fig. 4c depicts a construction w th RdTeUSWRRSBAr €
barrier film 406" and the air barrieg,film410 sandw ched between the base
film404" and the thernoplastic film402" with the electrostatically
dissipating film408 that is adhesively bonded to the renmaining free side
of the base film 404", other 10 constructions are equally preferable as

| ong as the thernoplastic pol érrer film 402" is bondable to the nozzle
| ayer as shownThe vecgumxhugl teicipiasepneanig@sdhe fape BsstgPy 3P ng t he

nozzles o I Mo | | ' [ kng a tape as
descri bed{nicﬁm{é%?bg?ﬁeégés{aq hee%lgsog}efn%ﬁ'% gn gﬁ%ﬁ\%?% é?,gfsffc'iegﬂ@ lﬁ@:‘ s shown as a
f1 ow di agtemmpématuredo facilitate attaching theBiPettbdhe apeziesuliaspdapgardhiomom a r eel

that holds the_tape_ during nanyfacturin The tape is,advanced off the reel
by a conbimab an%gfefeéaélb’?&?h?%ﬂ hea aﬁlag;qpqﬁq%fgrpg?qa&retlﬂggem the tape
i n praper .f £H$] A4bANA 0ACI 18 HFRNE 1257CWRRAI femsidut Db Hbotd 7ardoRligcki ng or

drooping. At step 532 as the tape is advanced off the reel the tape is fed

i nto a hehowayger otheentempesatasgs aned timesecapeisabr utiiagd drpeading rtdam process

of attaching the_tape. to the fl ui | | i ‘ up
resul ti ngp?ﬁ'cf" ﬂéfﬁf FiEEYO 8aﬁﬁ§9¢nq?§é?'%%g%@ﬁdﬁsﬁafaﬁﬂgﬁgﬁggﬁ'ri)ﬂeu@gggt ape is
pr eheat edakaha heataresfahe Veciumidheck #beatiiy theaapebbatvaclQf titucktalse 50' C
above the nelting tenperature of the thernoplastic POl yner film and nore
pr ef er abl POSitions tﬁpezwectth%fla@o@ecmarms%@/@rqws RRpesde Ry on the

particul a - bei ilized preheating tenperatures higher than about
50'C %%ovéo%ﬁgghrgﬁeig%ﬁfenper ature can be used. The tape is then rel easably

captured in st &mce3Beuwsit tapedis\tadpositibned cotrbetly and txetapeviedt the t hr ee

mut ual | y per pendi cul ar directions t r oper,l sition the tape over the
fluid ej edepiERd leippeiaiye. Nie \Gn Pﬁu‘f% 5&3@%&152?% t%w‘f'gﬁbepﬁ'gg been

rel easabl xaﬁﬁ@%élrrﬁ&eggsﬁnh-th@%té @Jﬁif@abgcb .?@sgb@ s RsmebueBo thhe tape to

facilitate gripping e tape b@' the usér for renoval. A cutter or
slitting deoutcg0 phide applied bietweerpthe lapetandrtbgluikgjecioncartridgstansg 535. WO
03/ 02125? 89m|?)cr:g/erJe e%ét?l%r? %1e rla‘rhge of from about 40 to about 50 psi, however
pressures in the range of from about 7 to about 100 psi can also be used
depending on the particular fluid ejection cartridge and tape being utilized. In
addition, the particular pressure used in step 538 also depends upon other
factors such as, the flatness of the vacuum chuck, the flatness of the pen
20  surface to which the tape is being laminated, the durometer of a compliant
material if used on the vacuum chuck, and the parallelism of the two surfaces
during lamination. In step 539, the user removes the tape at room
temperature before utilizing the fluid ejection cartridge.
Referring to Fig. 6 an alternate embodiment of the method of
25 releasably sealing the nozzles of a nozzle layer on a fluid ejection cartridge
using a tape as described in the various embodiments shown in Figs. 2 - 4 is
shown as a perspective view. More particularly, the alternate embodiment
shown in Fig. 6 shows an alternate method of heating the tape before
attaching the tape to the fluid ejection device. In this embodiment, the
30 vacuum chuck 656 is similar to that described above in steps 533 through
538. The vacuum chuck includes a heater 652 attached to the heater support

654. Attached to the heater 652 is a compliant material 650 that is preferably



The vacuum chuck that rel easably captures the tape in step 533 al so

I ncl udes a heater that heats the tape in step 536 to a sufficiently high

t enper at un® @3m2iRei | itate attaching the tape to the nozzl ecawsoacssskayer
shown in Fig. 2. Preferably, the heag r heats the tape to a tenperature in
the range 5 of from about 110C to about 125C within from about 2 to about 7
seconds, however, other tenperatures and tines can also be utilized
depending on the particular fluid ejection cartridge, tape used and
manufacturing tooling utilzed. As the heater of the vacuum chuck is
heating teilicape rubhes, bawaves eHriiconriignt piietials thatiaan ergiategpdhet he f1 uid
ej ection LI i ' : ce the
Ut tape Sl EHbsrAE Eine Bh BRELFutt. PrORERiHiAnt etk cOine T

t enper at ustdeasthene/hclethoadgiutkicit 4 aabesmti®eppligreta looltdepé BODdN @) ect i on

cartridge in ste 38. In this step, preferably a pressure of from about 30
Co  abou Bty Falmamna beeay e aRe ralaTeFonale @ RUER B
cart ri;dgen, @84 hbRi ﬂﬁertspare;@wtﬁ ﬁgwobé} ;smidrﬁnmetmbéfeﬁ]b@m%rféeet o about

50 psi, however pressures in range of from about 7 to about 100 psi can
al so be useater 68pémpdositioned thkeaidrath the apzzle sudae dayer of theafividi dge and t ape

depends. UpBHCbTRER 7AiM seG AMepRBt Y R TR Rttt Chuck, The
flatness ff ker Be@peBoUr f ace to which the tape is being lanm nated, the

duroneter of a conpliant material if used on the vacuum chuck, and the
par al | el i sm of Tha#uidpiesior hgadds atashashia ¢ raservair 628 tefepn 8did, t he user

renoves t . . Y £ I 1 b3j fdiui4 ej ection
cartri e e EaRiabe B2 AL EicEaREabde bR SO, T EC0t 0
r el easabl Vhisemhbodintemt ispaticelaripfadaanagebes fayvtbe tape enfdadirdesj ect i on
cartridge  using_a tape as descrihed in.the various enbodi nent.s. shown in
s, | 20 show T E o eanBanes 001 8 Sidke/ovb e RE e Ry 1% he

al ternat e fERfelt irhg%b sirfaddof heIROMRoRBSR PEIVRREF GIAENAthown heat i ng
the tape before attaching the tape to the fluid ejéection device. In this
enbodi menin, Figh@ sBffacadeater@nfcieads éhe tve suifacas byusingthad @cariS98ee above i n

f Lgpsﬁé_‘g? gpéé}rﬁa Elg%t ggg%'ucwées ﬁ/if’j}géjéjrmoggpg%lﬁ | IQS\!V&'\(}]eer? oﬁler?%%ta%g Oréndhl ac hed to
can be utilized such as infrared heating, microwave heating, and laser
heating.

Referring to Figs. 7a - 7b an alternate embodiment of the method of
releasably sealing the nozzles of a nozzle layer on a fluid ejection cartridge
20 using a tape as described in the various embodiments shown in Figs. 2 -4 is
" shown in a perspective view. More particularly, the alternate embodiment
shown in Figs. 7a - 7b shows a method to attach tape 700, to the nozzle layer
(not shown) using a first portion 705 of the tape 700; to the reservoir 728
using a second portion 706 of the tape 700; and to the electrical traces 742
25  and electrical contacts 740 using a third portion 707 of the tape 700. This is
particularly advantageous for those fluid ejection cartridges 720 that have
electrical contacts and traces in close proximity to the fluid ejection nozzles.
In this embodiment, vacuum chuck 756 stakes the tape 700 to the
nozzle layer (not shown) using the first portion 705, similar to that described in
30 step 538 shown in Fig. 5, by heating tape 700 and applying pressure to the
base film 704 resulting in the thermoplastic film 702 sealing the nozzles in the

nozzle layer. As shown in Fig. 7b a second laminator 790 or vacuum chuck



654. Attached to the heater 652 is a conpliant material 650 that is
preferably WO 03/022589 PCT/ US02/28832 16 a silicone rubber, however,

ot her conpla @rk23sat erial s that can operate in the desireddrrgensdsaure
range can al so be used. The conpliant,jmaterial contains at |east one hole
t hough which a vacuumis applied to hold tape 600 in a substantially flat
manner. Preferably, conplaint naterial contains a plurality of 5 holes to
hold the tape 600 in its proper position. In this enbodi nent surface

heater 656 is positioned to heat both the nozzle surface |ayer the fluid
ej ect or heRfrdatedlHnetyieaeas ithgn SIRFEERRYY kiningtes e sareprHoTit ?@6 pol yner
filmlay | Ui j Fi ' ; ldH d
reservoi (r%féaé t%%é’?gré%gm%!:%efr\i%Pz%gcfﬁ)%nyggtﬁgltggéﬁ%%gﬁgﬁﬁ]'/ltdgir 6\{%{4 fluid

ej ecti on thardledtdgal tEfesstrand eldetnipal 2ontathd g4 @nivodidirena rolsugisesal cul arl y

dvant for th nbadi h in Fig. 3 the t 600 i
S eTngh S Phihe heaet e B e oR diabe 42an e ich] SonBeRurAS g he sor f ace
of the t heemMl 861730 RS WRICilkAte'BripPindHOMNa tap8 760Dy thesiset asie heater 656

heats the two surfaces by using hot air or sonme 15 heated inert gas such as

ni t r ogen reMmauaioin amalievate embrdimeabihienseapadiuartion ¢8R iplaniinptad@d such as
i nf d heatir i i.ng, h | f } to Figs.
7a - 7b. RSl eR LU NS R el bR S e S B, B TEED % e *°

nozzl es obtatetodinue rivotgrdegress.f 1 uid ej ection cartridge 20 using a tape as
described in the various enbodi nents shown in g/iggs 2 - 4is shown in a
perspective vi B¢ fallovang gxamplgsifystrateryarigus Solarer SysbRiar feafhavehown in
Figs.. 7a t I er (not
Shoary” sy 3T SOR e BREERCLGRNMAEY ol dSR b Rrbiry BRE pRe s g

usi ng a sieventibrpoThe nesdt infertion, hawevéQls nafimited toibest @xamipdes. t races
742 25 and el ectrical contacts 740 using a third portion 707 of the tape
700. This is particularly advantageous for those fluid ejection cartridges
720 that have electrical contagisaraigk Exaepre 1n close proximty to the

fluid ejection nozzles. In this enbodi nent, vacuum chuck 756 stakes the
tape 700 to thdape 1: A pressure sensitive adhesive (PSA) of from about 5-micron

15 in thickness was solution-cast on a base film of from about 70-micron in
thickness. The PSA was acrylate-based and the base film was polyvinyl
chloride (PVC). The non-adhesive side of the PVC base film was coated with
a thin layer of a silicone material. The tape was heated to about 60°C and
attached to the nozzle layer of a fluid ejection cartridge with a pressure of 45

20  psi.

Comparative Example 2
Tape 2: A PSA of about 4-micron thickness was solution-cast on a

base film of about 50-micron in thickness. The PSA was rubber-based and
25 the base film is an ethylene -based copolymer commercially available from

E.l. DuPont de Nemours & Co. under the trademark SURLYN?® series resins.

A PET-based film was used as a release liner for the tape. The tape was

heated to about 60°C and attached to the nozzle layer of a fluid ejection

cartridge with a pressure of 45 psi.

30



nozzl e | ayer (not shown) using the first portion 705, simlar to that
described in 30 step 538 shown in Fig. 5, by heating tape 700 and appl yi ng
pressure Wo @3ve2isase film 704 resulting in the thernopl astha/fsoknssan?2
sealing the nozzles in the nozzle Iaggr. As shown in Fig. 7b a second

| am nator 790 or vacuum chuck WO 03/ 022589 PCT/ US02/28832 17 756 rotated
ni nety degrees, then preferably |am nates the second portion 706 of the
tape 700 to the reservoir 728, and | am nates the third portion 707 over

the electrical traces 742 and electrical contacts 740; providing a robust
seal for the nozzles, the electriE¥@MPlades 742 and el ectrical contacts

740, | eaving 5T£B§3p%lthérﬂﬁ$? clifob8 WA LR BELPAIBA akuidis {ape 700

by the user for " renoval an alterhate enbodi nen ortion 706
i s | am na8@ditmn theckezthpienef\amyd atetatasopglymeriENVA) lasm theraoplastic shown) or

vacuum chuck 756 , r ot at ed s.nin The_f{ ol i N xarrpl es

i |1 ust r at ROVAIET GFEeSHF P Té%%%nﬁﬁégé’%tgasg Blnﬂjegh fo\%APPae WE¥ and
tested angd cdphGBr&aNy Beailebesifrafcrn dbaPohtdd Neniies 8nto. iiM¥&theon. The
present invention, However, is not Iimted to these exanples. Conparative

Exanpl e 1ltradgmatk ERVAKSs31A® Tentang swagehuas h@atadsm)ahwtﬂzarﬁ?@mut

70-m or onPiten e edpR Rz HEEL3 Sl e R e A A PR T T s
pol yvi nyl psichl ori de (PVC). The non-adhesive side of the PVC base fil mwas

coated with a thin layer of a silicone material. The tape was heated to
about 60C and attached to the nozEK@MP®®%r of a fluid ejection cartridge

W th @ Pressur ¢a08 449 tlnRRilastcHiRAGRE WA EERIRLPIhiaBfZmafinBPA of about

4- mcron t hi ckness was sol ut'l on-cast n a m of about 50-m cron in
t hi cknessas Td'@ B’ﬁé\caatsthaumm’thetmsplashnadhegve Mastm;eth‘yidrm vigylan et hyl ene

- based co |aIJ |Iablefrom t
under t he %EW& %5&'){%_@@? te '@Er F%@M%C'aﬁﬁabﬁ%bd Er Il\ﬁ]%ﬁused as
a rel easeghiNtghoiiRr8. 0% UndBPthelrgdérmark PBYAX® 4260. The tape surface was

heated to about 120°C and attached to the nozzle layer of a fluid ejection

15 cartridge with a pressure of 45 psi.

Example 5
Tape 5: A thermoplastic film tape was prepared in the same manner
as tape 3 except that the thermoplastic adhesive was an ethylene-vinyl
20  acetate copolymer crosslinked using a 10 mrad electron beam dose. The
copolymer is commercially available from E.l. DuPont de Nemours & Co.
under the trademark ELVAX® 3170. The tape surface was heated to about
130°C and attached to the nozzle layer of a fluid ejection cartridge with a

pressure of 45 psi.

Example 6
Tape 6: A thermoplastic film tape was prepared in the same manner
as tape 3 except that the thermoplastic adhesive was an ethylene-methacrylic
acid copolymer partially neutralized by metal ions. The copolymer is
30 commercially available from E.I. DuPont de Nemours & Co. under the
trademark SURLYN® 1601. The tape surface was heated to about 145°C and
attached to the nozzle layer of a fluid ejection cartridge with a pressure of 45



heated to about 60C and attached to the nozzle layer of a fluid ejection
cartridge with a pressure of 45 psi. 30 WO 03/022589 PCT/ US02/ 28832 18
Exanpl e 3wDap®23589A t hernopl astic film tape was prepared PCTERS0RAQSE3ON
casting a 38 micron thick ethylene-vi, gy acetate copol yner (EVA) as a
thernopl astic polyner adhesive on a 14.2 mcron thick PET base film The
EVA copolymer 5 is comercially available fromE. |I. DuPont de Nemoburs &
Co. under the trademark ELVAX(r) 3190. The tape surface was heated to
about 120C and attached to the nozzle layer of a fluid ejection cartridge
with a pr@8sure of 45 psi. Exanple 4 10 Tape 4: A thernoplastic filmtape
was prepared in the same manner ag,h 3 except that the thernoplastic
adhesi ve was an ethyl ene-vinyl acetate-nethacrylate acid terpolyner
comercially axTa‘pba?oI A thenoiastic oPape wakepipaned & keGame mbamerhe

trademar k E VAX he,ta r.fac eat e 0 abput, 120C and
bt t ached @5 T0RE SEeEPbUTaL ot s RopaSl AoBPERE ik 75 Syihe a T
pressuse edetABcifte b%ambpo@m&perré copolyiReMeRioAThefeidllyl audilabr was
prepared in the sane manner "as tape 3 except that the thernpplastic

adhgm ?/e fieen Atefimanyhericals . Uﬂdehtf@ttéa@rﬁafﬂid#Q%DE& o%34Q. nﬂ@%lta.rﬁf ng a 10
E.I.
o g S8 iR o SRS 88 e o

surface wafedtieatazridgeatitiua prdsiite ahd5aist.ached to the nozzle |ayer of a

fluid ejection cartridge with a pressure of 45 psi. 25 Exanple 6 Tape 6: A
thernoplastic filmtape was prepared in the sanme nmanner

10 Example 8

Tape 8: A thermoplastic film tape was prepared in the same manner
as tape 3 except that the thermoplastic adhesive was ELVAX® 4260
crosslinked using a 5 mrad electron beam dose. A biaxially oriented
polypropylene film of about 17.8 microns in thickness was used as the base
15 film. The tape surface was heated to about 120°C and attached to the nozzle

layer of a fluid ejection cartridge with a pressure of 45 psi.

Example 9
Tape 9: A thermoplastic film tape was a single layer 127 microns thick,
20  of an ethylene-vinyl acetate copolymer, blown extrusion film. The film is
commercially available from E.I. DuPont de Nemours & Co. under the
trademark of ELVAX® 3170. The tape surface was heated to about 140°C
and attached to the nozzle layer of a fluid ejection cartridge with a pressure of
45 psi.

Example 10
Tape 10: A thermoplastic film tape was prepared in the same manner
as tape 8 except that the base film was a puncture and tear resistant
polyester film of about 25 microns in thickness. The tape surface was heated
30 to about 120°C and attached to the nozzle layer of a fluid ejection cartridge
with a pressure of 45 psi.



as tape 3 except that the thernoplastic adhesive was an

et hyl ene-nethacrylic acid copolyner partially neutralized by netal ions.
The copol woen3/2ss880 comercially available from E. |. DuPormCTdesoblesssar s &

Co. under the trademark SURLYN(r) 1603}. The tape surface was heated to
about 145C and attached to the nozzle layer of a fluid ejection cartridge
with a pressure of 45 WD 03/022589 PCT/ US02/ 28832 19 psi. Exanple 7 Tape
7: A thernoplastic filmtape was prepared in the sane manner as tape 3
except that the thernoplastic adhesi ye was, an et hyl ene-glycidyl 5

met hacryl at e based copol yner. Tgr?éa'HBB%rl‘ VT‘F@PO‘#% comrercially available from

Atof i na Chem calng Apg ejéHi'i@ﬁrca‘i‘t*ﬁagére@%%??%&éfd@ﬂ@%ﬁﬁ?h%@olum bfpe

surface was heated to about 145C an hed to nozzl e | ayer of a
fluid ejcorzlea aaahoutdyd mint area gfrecretal @riite phatpsiEachGolivanias 22 Tape 8: A

t her nopl ast ¢, filimt . \\as in sa ner, .as tape except
that the TREPRopI'TE: T ieRews BN 8oy by 1228 SR E P i Tia Bfrtg ot
nTad ek ecicbiis Basmagasan, ﬁqafgbat@i,@inbyysnbmpg'@dny pethyRicadIensonitaiheyof about
17.8 mcrons in thickness was used as the base 15 film The tape surface

was heat e 8SeRBERIE chaptaind het ¢opesitienof the Thig was 5 taaj@weighta f1 ui d

ej ection | ' I I, : A

Cher ropl aLEreT} 2 HIdeR, BHE S WEBNEbpkenP 1.5 pon BREYEL 8 bRl o

et hyl ene- ;p:err;éntmegfmlpmngr@feth&%Wde@hm ,B-iplrmaﬁlétb'eolzj,idnﬁ tir)] S
comercially avaj)able from ) ont mour s . under, the

Cr adenar k 1OF R ORS € oy bEBNehe isapibRapt dfe W et b 19 4BBE0T0C  and
at tached yerklRengazicn i Ghe of s st BieiehfBr Ba5éidedoebidimeBr essur e

of 45 psi.
1-10. The fluid ejection cartridges with the tapes sealing the nozzles were

exposed to 60°C for two weeks in an accelerated aging tester to evaluate:

1. Fluid leakage

15 The fluid ejection cartridges with the tapes sealing the nozzles were
inspected for fluid leakage after the accelerated aging test at 60 °C for two
weeks. A simple scale was used to rank the risk of the fluid leakage. The
ranking “low” denotes that the fluid was confined in the nozzle bores or
around the nozzle rings under the tape. The ranking “medium” denotes that

20 the fluid was observed to leak and encompass more than one nozzle under
tape but does not cross the nozzle columns. The ranking “high” denotes that
fluid leakage was observed and the fluid not only encompasses the nozzles

but also crosses the nozzle columns.

25 2. Peelforce
The 180-degree peel test was performed to remove the tape from the
nozzle layer of a fluid ejection cartridge at a peel rate of 10 inches per minute.
Results were taken as grams of peel force per millimeter width of the tape
(g/mm).

30



Tape 10: A thernoplastic filmtape was prepared in the sane manner as tape
8 except that the base filmwas a puncture and tear resistant polyester
filmof abkeui3/2%Z8m crons in thickness. The tape surface waCTmesaess330 to
about 120C and attached to the nozzle J,ayer of a fluid ejection cartridge
with a pressure of 45 psi. WO 03/0225 PCT/ US02/ 28832 20 Eval uati on

met hods The fluid ejection cartridge enployed for the testing has 6 col unms
of nozzles on about 8x8 nmarea of a netal orifice plate. Each col um has
72 nozzles. The cartridge was filled with a water-based fluid containing
di f f er ent 3BAchESIVE tEANSHEAas cyan, magenta, and yellow typically with each
col or contai ne C ’mf'z'é uid was 5
to 10 wei ght g\eﬁré(!grr]l f’e{rﬁ% l’d{g‘% 5 I-gpgr%g%%?lewee‘raggﬂrakg%nfe‘edm anedi ol ,
6 to 8 weitghd adhesicent ThEIsya’(HWIyﬂqﬁld@patEs that the tape adhesive was

(2-ethyl - 2- hydro thyl -1, 3-pro edi ol)) and, to 2 wei ght per cent

but anol 0rPbS8 ”ﬁlﬂxoﬁ%?ﬂf Ba’gce)@nfiﬁ@e ' Oéeoﬁ‘ﬁﬁ were then
seal ed, W tjyneeRelfaridnér \;\,gg)e)gséﬂ,eghe manner descrl bed the Exanpl es 1-10.
The f|UId ejection cartridges with the tapes sealing the nozzles were
exposed to 60C for two weeks in an E&Bé-EeFat ed agi ng tester to eval uate: 1.
Flui d | eakage + - es—seal ing the
nozzl es were inspected for fI uid Ieakaee r@lng rhe acce ‘feed agi ng test
at 60 C for tvaa;ﬂ A | | e was to rank i sk of the
fluid | eakage n‘ﬁ‘ﬁl@r@%kl nq$jll'1' chva, enot es {#@f@t he flui :[Jlrbv\@h@fgerrgg fined in
the nozzl e boEggnfle arpund tnh‘@mmzzl e rings. 214nder the tams The ranking
"medi um' denotes that 20 the fI uid was observed to | eak and enconpass nore
than one nozzl e under #£ape buti9Boes not cré3$ the nozzl &%l ums. The
ranking "hi gh" denotes ghat fL Ju d | eakage 4gg observed apg the fluid not
only enconpasses the nozzl es ut al so crosses the nozzle colums. 25 2.
Peel force The 180-degrée peel lovest was per68rined to renome the tape from
t he

5 low 15.0 no
6 medium 1.58 no
7 medium 2.36 no
8 low n.t.* no
9 low n.t.* no
10 low n.t.* no
n.t. - not tested
Example 11

10 Thermoplastic polymer film tape 11 was prepared in the same manner as tape

3 except that the tape was crosslinked using a 5 mrad electron beam dose.

Example 12
Thermoplastic polymer film tape 12 was prepared in the same manner as tape

15 3 except that the tape was crosslinked using a 7.5 mrad electron beam dose.

Example 13
Thermoplastic polymer film tape 13 was prepared in the same manner as tape

3 except that the tape was crosslinked using a 10 mrad electron beam dose.



nozzle layer of a fluid ejection cartridge at a peel

m nut e.

35.4 no

rate of 10 inches per

Results were taken as grans of peel force per mllineter wdth of
t he tape Wow3m3ss930 WO 03/ 022589 PCT/ US02/ 28832 21 3. Aditessoeessseansf er
After the tape renoval, the nozzle Ia;a r was observed for transferred tape
adhesi ves. The synbol "yes" denotes that the tape adhesive was observed on
the nozzle | ayer surface and the "no" denotes that no such 5 adhesive
transfer was observed. TABLE 1 Peel strength Adhesive Exanple No. Fluid

| eakage (g/m) transfer Exanple 1 nedium5.24 yes 2 high 22.8 yes

4 low59.1 no 5 |ow 15. 0OE¥@MpE Hedi um 1.58 no 7 nedium 2.

L1 55 o elfeafrt el ol Y-8 eia sy Fhyioiet,

repar e

3 low
36 no

anpl e

he sanme nmanner as

tape 3 excepdept ltadt thbeapapaswassstinksd lusimgeal 125 meadielectrondeahedbsan beam

dose.

Exanpl e 12 Thernopl astic polynmer filmtape 12 was prepared in the

sanme manner as tape 15 3 except that the tape was crosslinked using a 7.5
nrad eLectron beam dose. Example 15

10

15

30

Thermoplastic polymer film tape 15 was prepared in the same manner as tape

3 except that the tape was crosslinked using a 15 mrad electron beam dose.

Example 16
Thermoplastic polymer film tape 16 was prepared in the same manner as tape

3 except that the tape was crosslinked using a 17.5 mrad electron beam dose.

Tapes 11-16 were heated to about 120°C and attached to the nozzle layer of
a fluid ejection cartridge with a pressure of 45 psi. The fluid ejection
cartridges with the tapes sealing the nozzles were exposed to 60°C for two
weeks in an accelerated aging tester and then peel tested using the process
described above. A graph of the peel strength of the various tapes as a
function of electron beam dosage is shown in Fig. 8. The change in peel
strength as a function of electron beam dosage demonstrates the ability to
further tune the adhesion force of the thermoplastic polymer film to the nozzle
layer via crosslinking density.

The present invention advantageously uses a thermoplastic polymer
film optimized for ink compatibility and also utilizes higher sealing
temperatures and pressures to form a robust seal around the nozzles of a
fluid ejection cartridge. The thermoplastic polymer film is preferably either a
thermoplastic crystalline or semi-crystalline polymer or a thermoplastic
elastomer. The thermoplastic polymer film has the advantages of being
mechanically strong, resistant to a wider range of fluids than PSA's, contains
little or no additives, and typically has lower water vapor transmission rates

than PSA's. In addition, the thermoplastic polymer film conforms well around



Exanpl e 13 Thernopl astic polyner filmtape 13 was prepared in the sane
manner as tape 3 except that the tape was crosslinked using a 10 nrad

el ect ron bearsodzase. WO 03/ 022589 PCT/ US02/ 28832 22 ExanplReETI¥S02/28832
Thernopl astic polynmer filmtape 14 ma§3prepared in the sane manner as tape
3 except that the tape was crosslinked using a 12.5 nrad el ectron beam
dose. 5 Exanple 15 Thernoplastic polyner filmtape 15 was prepared in the
same nanner as tape 3 except that the tape was crosslinked using a 15 nrad

el ectron beam dose. |l e 16 10 Ther nppl astj c ymer f|In1tape 16 was
pr epar ed ﬁb“ﬂlﬁét@é’#ﬁamléfﬁsé@ thgfkid Qleéﬂe%ﬁﬁvpﬁatpﬂﬁ?@ef'ﬁﬁﬁ a3HS crosslinked
using a 1 t bout
120C and gjtt nﬁ?@fé@ﬁﬂBﬁgggﬁe@ ?&ﬁ@rto tgﬁ@ﬂ% %%I?%sq% Eﬁ%ﬁ%g?tn ge with a
pressure diffetbnpsealingheniganatlires, mesmes,fanmhmesd@ms optinfizinpdhe apes seal i ng
t he nozzles yere eerse éﬁ 60C far, t in an accel erated agi ng
tester andef @%pﬂﬁgf' ffersPhyuid e F%b gﬁéscrlbed above. A graph of
the pegl strength of the various tapes as a function of electron beam
dosage is shown in Fig. 8 The change in peel strength as a function of

el ectron B¥bhatidsdzigeddenonstrates the ability to 20 further tune the
adhesion force of the thernoplastic polynmer filmto the nozzle |ayer via
crosslinking density. The present invention advantageously uses a

t hermopl astic polymer filmoptimzed for ink conpatibility and al so
utilizes higher sealing tenperatures and pressures to forma robust seal
around the nozzles of a 25 fluid ejection cartridge. The thernoplastic
polymer filmis preferably either a thernoplastic crystalline or

sem -crystalline polyner or a thernoplastic elastoner. The thernoplastic
pol ynmer film has the advantages of being nechanically strong, resistant to
a wider range of fluids than PSA's, contains little or no additives, and
typically has | ower water vapor transm ssion rates



30 than PSA's. In addition, the thernoplastic polynmer filmconforns well
around WD 03/022589 PCT/ US02/ 28832 23 abrupt structural features on the
fluid ej esta asr2zk8vi ce. The thernoplastic polyner film al cpusveieiss t he
ability to tune the adhesion propertieg by using different sealing
tenperatures, pressures, and tinmes, thus optim zing the sealing properties
for different fluid ejection cartridges. 5 Wiat is clainmed is: W 03/022589
PCT/ US02/ 28832 24 Clainms 1. Afluid ejection cartridge (220) conpri sing:
a fluid ejector head (222) having %t, | east one nozzle (224); 5 a fluid
reservoir (228) containing an ej e&!l@8B1% fluid fluidically coupled with at

| east one nozzle; and a tape conprising (200) a thernoplastic polynmer film
(202) in contact wth and rel easably bonded to said at | east one nozzle.
10 2. The fl ui d.ej edkfloi ejaction cytridge (228) comprigimgr ei n sai d tape further

i ses: a basg film. (204 i vel ded t ' | ast |
ol ey T m - SR eERede B A BB SRR 2A4IE Group consi sting
of pol yvi nyl Cd”'flt%iré@ervﬂf?g?!%ﬂ”b’drﬂéiﬁingoﬁﬁ )éféd%l@lﬂaid‘ﬂmbicb%@b@pleam yani de,

pol yester, 15 polyam de, yaryl at es,” pol ybutyl ene terepthal ate,
pol ypr opyIvétheat lepsl 9ng BoAZAR8NGINd ni xtures thereof; a moisture barrier film

(i ssi pating 11 1 WepsoRr g (206 bledfebltbn e int PR PR RRtE ot L1 ai m
1, wher ei wigeheld rélbasasiplbastied tpehid@mriedst onecosdzié.ns | ess than from about
20 to about 30
10 2. The fluid ejection cartridge of claim 1, wherein said tape further
comprises:
a base film (204) adhesively bonded to said thermoplastic polymer film,
wherein said base film is selected from the group consisting of polyvinyl
chloride, polyethylene, polyethylene naphthalate, polyamide, polyester,
15 polyamide, polyarylates, polybutylene terepthalate, polypropylene,
| polyurethanes and mixtures thereof;
a moisture barrier film (406, 406',406");
an air barrier film (410); and

an electrostatically dissipating film (408, 408").

3. The fluid ejection cartridge of claim 1, wherein said
thermoplastic polymer film contains less than from about 20 to about 30
weight percent low molecular weight additives, having molecular weights less

than about 2000 grams per mole.

4, The fluid ejection cartridge of claim 1, wherein said ejector head
further comprises a nozzle layer (226) containing said at least one nozzle,
wherein said nozzle layer is selected from the group consisting of nickel, gold,
palladium, tantalum, rhodium, polyimide, polyester, epoxy, and combinations

30  thereof.



wei ght percent | ow nol ecul ar wei ght additives, having nol ecul ar wei ghts

| ess than about 2000 grans per nole. 25 4. The fluid ejection cartridge of
claim1, woensaesssai d ej ector head further conprises a naxalesobagsse (226)
containing said at |east one nozzle, é/gner ein said nozzle layer is selected
fromthe group consisting of nickel, ¢gold, palladium tantalum rhodium
pol yi m de, pol yester, epoxy, and conbi nations 30 thereof. WD 03/022589
PCT/ US02/ 28832 25 5. The fluid ejection cartridge of claim1l1, wherein said

t her mopl astic polymer filmconprises; fromabout 60 to about 95 wei ght
percent pol yet Hyl enelhe fluigrpieston cartridgef @lainu® Weeight Spér cent pol yvi nyl
acet at e, i ght percent polynethacrylic acid,
and said %%'renﬁ)%%%gﬂ)?@ntegI@Hne%réh?qof%r?]\éﬁas a thickness fromabout 5 to about
500 m crons, drunaboet 60119 abeup@s ateighe ppresritgrolydtayle8®C and a nelt i ndex

fromabout 0.5 to about_ 50 gr er mnute, 10 6., A tape for sealin
nozzles on a flf[ﬁrﬂ Oé'gtq W@%{ﬁ% \@@gh{negrﬁﬁpt DY ?‘Fﬁat?%mpl astic pol 3mer
filmhaving a tf%rﬁ%%%%oftb%ﬁbgywﬁ%rlstgoere&%olgﬁemaw@%d,aaﬁa Sl ting

tenperature greater than 35C and a n I ndex om about 0.5 to about 50
grans per themoogasiiepelymesding hasea thighnessiftom pbbyh@ito abowut 2Yhmigress] ess

than from about 20 to about 30 wejght gent | ow 15 ol ecul gr j ght
ddi 1 ves, SN M feS0Br A RAERIE TR a0 ART B 00T oB RELY ol .
7. The tapg ﬁBfouFE igfafs peIghipLEE. Sai d thermopl astic polymer filmis a
sem -crystalline bi'nary copolyner filmor a sem-crystalline ternary

copolynmer 20 film 8. A nethod of releasably sealing the nozzles of a
R Todotaner i sl ¢ o thil Elr3ERIiR0 nBELLE PR ot SR edMbice! eoervor T the
comprising a thermoplastic polymer film having a thickness from about 5 to
about 500 microns, and a melting temperature greater than 35°C and a melt
index from about 0.5 to about 50 grams per minute wherein said thermoplastic
polymer film contains less than from about 20 to about 30 weight percent low
15 molecular weight additives, having molecular weights less than about 2000

grams per mole.

7. The tape of claim 6, wherein said thermoplastic polymer film is a
semi-crystalline binary copolymer film or a semi-crystalline ternary copolymer

20  film.

8. A method of releasably sealing the nozzles of a nozzle layer in a
fluid ejection cartridge (220) having a reservoir, the method comprising the
steps of:

25 releasably capturing (533) a tape comprising a thermoplastic polymer
filrm;

cutting (535) said tape to a length sufficient to cover the nozzles;

positioning (537) said tape over the nozzle layer;

heating (536) said tape;

30 attaching (538) said tape to the fluid ejection cartridge wherein a first

portion of said tape is releasably bonded to the nozzle layer covering the



25 rel easably capturing (533) a tape conprising a thernoplastic polyner
film cutting (535) said tape to a length sufficient to cover the nozzles;
positi oni wg (3837389sai d tape over the nozzle | ayer; heati npdraEdp/28sased t ape;
30 attaching (538) said tape to the f&ﬁid ej ection cartridge wherein a
first portion of said tape is releasably bonded to the nozzle |ayer
covering the WO 03/ 022589 PCT/ US02/ 28832 26 nozzles and a second portion
of said tape is releasably bonded to the reservoir. 9. The nmethod of claim

8, wherein said attaching step further 5 conprises th tep of releasably
bondi ng anPW‘?%aBéﬁWﬁ?r@fp@’ﬁgﬂ #éﬁ@ tﬁeeﬁnreq%%mbem?ei% ct di sposed on
said flui %s%]rf&i:l on cartridge. 10. The nethod of claim8, wherein said

ep tur

heating s ther conprises the steps of: 10 heating said tape in a
range of from about 10C to about 50C above the nelting tenperature of said

ther mopl asti c Ol Yo hkfoa RIS HHSRHESa RaBning 98, Rlngrom about 7 to
s comprises the step of releasably bonding a third portion of said tape to an

electrical contact disposed on said fluid ejection cartridge.

10. The method of claim 8, wherein said heating step further
comprises the steps of:
10 heating said tape in a range of from about 10°C to about 50°C above
the melting temperature of said thermoplastic polymer film.

applying pressure in a range of from about 7 to about 100 psi.



