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reference.
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acrpBeRtpnaryshoct o8 paner; HBsoengh sweemathe printhead, the paper advances
incrementally until a complete printed page is produced.

It is a goal of inkjet printing to provide a stationary pagewidth printhead, whereby a
sheet of paper is fed continuously past the printhead, thereby increasing print speeds
greatly. The present Applicant has developed many different types of pagewidth inkjet
printheads using MEMS technology, some of which are described in the patents and patent

applications included in the cross reference list above.

The contents of these patents and patent applications are incorporated herein by
cross-reference in their entirety.

Notwithstanding the technical challenges of producing a pagewidth inkjet
printhead, a crucial aspect of any inkjet printing is maintaining the printhead in an
operational printing condition throughout its lifetime. A number of factors may cause an
inkjet printhead to become non-operational and it is important for any inkjet printer to
include a strategy for preventing printhead failure and/or restoring the printhead to an
operational printing condition in the event of failure. Printhead failure may be caused by,
for example, printhead face flooding, dried-up nozzles (due to evaporation of water from
the nozzles — a phenomenon known in the art as decap), or particulates fouling nozzles.

Particulates, in the form of paper dust, are a particular problem in high-speed

| pagewidth printing. This is because the paper is typically fed at high speed over a paper

guide and past the printhead. Frictional contact of the paper with the paper guide generates
large quantities of paper dust compared to traditional scanning inkjet printheads, where
paper is fed much more slowly. Hence, pagewidth printheads tend to accumulate paper
dust on their ink ejection face during printing. This accumulation of paper dust is highly
undesirable.

In the worst case scenario, paper dust blocks nozzles on the printhead, preventing
those nozzles from ejecting ink. More usually, paper dust overlies nozzles and partially
covers nozzle apertures. Nozzle apertures that are partially obscured or blocked produce
misdirected ink droplets during printing — the ink droplets are deflected from their intended
trajectory by particulates on the ink ejection face. Misdirects are highly undesirable and

may result in acceptably low print quality.
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installed for use. The sealing tape protects the primed printhead from particulates and

prevents the nozzles from drying up during transit. Sealing tape also controls flooding of
ink over the printhead face.

Aside from one-time use sealing tape on newly purchased printers, sealing has also
been used as a strategy for maintaining printheads in an operational condition in between
print jobs. In some commercial printers, a gasket-type sealing ring and cap engages around
a perimeter of the printhead when the printer is idle. A vacuum may be connected to the
sealing cap and used to suck ink from the nozzles, unblocking any nozzles that have dried
up. However, whilst sealing/vacuum caps may prevent the ingress of particulates from the
atmosphere, such measures do not remove particulates already built up on the printhead.

In order to remove flooded ink from a printhead after vacuum flushing, prior art
maintenance stations typically employ a rubber squeegee, which is wiped across the
printhead. Particulates are removed from the printhead by flotation into the flooded ink and
the squeegee removes the flooded ink having particulates dispersed therein.

However, rubber squeegees have several shortcomings when used with MEMS
pagewidth printheads. A typical MEMS printhead has a nozzle plate comprised of a hard,
durable material such as silicon nitride, silicon oxide, aluminium nitride efc. Moreover, the
nozzle plate is typically relatively abrasive due to etched features on its surface. On the one
hand, it is important to protect the nozzle plate, comprising sensitive nozzle structures,
from damaging exposure to the shear forces exerted by a rubber squeegee. On the other
hand, it is equally important that a rubber squeegee should not be damaged by contact with
the printhead and reduce its cleaning efficacy.

In our earlier US Patent Application Numbers 11/246707 (Docket No. FNEOQ1US),
11/246706 (Docket No. FNE002US), 11/246705 (Docket No. FNE003US), 11/246708
(Docket No. FNE004US) all filed October 11, 2005 and 11/482,958 (Docket No.
FNEO10US), 11/482955 (Docket No. FNE011US) and 11/482962 (Docket No.
FNEO012US), all filed July 10, 2006, the contents of which are herein incorporated by
reference, we described a method for removing particulates from a printhead. This involves
flooding the printhead face with ink and transferring the flooded ink onto a transfer surface

moving past the face, but not in contact with the face.
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Summary of the Invention

In a first aspect the present invention provides a method of removing particulates from an
ink ejection face of a printhead, said method comprising the steps of:

(i) providing a liquid foam on said face, thereby dispersing said particulates in said
foam; and

(ii) transferring said foam, including said particulates, onto a transfer surface
moving past said face.

Optionally, said transfer surface does not contact said face.

Optionally, said foam collapses to a liquid droplet as it is transferred onto said transfer
surface.

Optionally, said liquid foam is an ink foam.
Optionally, ink in said ink foam is provided by ink contained in said printhead.

Optionally, said ink foam is provided by passing a gas through ink supply channels in said

printhead, thereby expelling the ink foam from nozzles in said ink ejection face.
Optionally, air is forced under pressure though said ink channels.
Optionally, said transfer surface contacts said foam when moving past said face.

Optionally, said transfer surface is less than 1 mm from said face when moving past said

face.
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Optionally, said transfer surface is a surface of a film.

Optionally, said transfer surface is an outer surface of a first transfer roller.
Optionally, said transfer surface is moved past said face by rotating said roller.
Optionally, said roller is substantially coextensive with said printhead.

In a further aspect the present invention provides a method further comprising the step of:
(iii) removing foam or ink from said transfer surface using an ink removal

system.

Optionally, said transfer surface is an outer surface of a first transfer roller and said ink

removal system comprises a cleaning pad in contact with said first transfer roller.

Optionally, said transfer surface is an outer surface of a first transfer roller and said ink

removal system comprises a second transfer roller engaged with said first transfer roller.

Optionally, said second transfer roller has a wetting surface for receiving ink from said

transfer surface.
Optionally, said second transfer roller is a metal roller.
Optionally, a cleaning pad is in contact with said second transfer roller.

In a second aspect the present invention provides a printhead maintenance system for
maintaining a printhead in an operable condition, said maintenance system comprising:
(@ a printhead having an ink ejection face;

(b)  afoaming system for providing a liquid foam on said face; and

(©) a foam transport assembly comprising:

a transfer surface for receiving the foam from said face; and
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Optionally, said liquid foam is an ink foam.

In a further aspect there is provided a maintenance system further comprising a valve
configurable in first and second positions, wherein in a first position said printhead is in
fluid communication with an ink supply system and in a second position said printhead is

in fluid communication with said foaming system.

Optionally, said foaming system supplies a gas to ink supply channels in said printhead,

thereby expelling an ink foam from nozzles in said ink ejection face.

Optionally, said foaming system comprises a pump for supplying air to said ink supply

channels.

Optionally, said foaming system comprises an accumulator vessel pressurizable by said

pump.

Optionally, said foaming system is configured such that said pump and said accumulator

vessel cooperate to supply pressurized air to said ink supply channels.

Optionally, said foaming system comprises a foam dispenser having a nozzle for

dispensing a liquid foam onto said face.

Optionally, said transfer surface is a surface of a film.

Optionally, said transfer surface is an outer surface of a first transfer roller.

Optionally, said transfer surface is fed through said transfer zone by rotating said roller.

Optionally, said roller is substantially coextensive with said printhead.
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OptionAllyasnid inkOtanspatt assembly7ig moveable between a first position in which said

transfer surface is positioned in said transfer zone and a second position in which said

transfer surface is positioned remotely from said printhead.

In a further aspect there is provided a maintenance system further comprising:

(d)  anink removal system for removing ink from said transfer surface.

Optionally, said transfer surface is an outer surface of a first transfer roller and said ink

removal system comprises a cleaning pad in contact with said first transfer roller.

Optionally, said transfer surface is an outer surface of a first transfer roller and said ink

removal system comprises a second transfer roller engaged with said first transfer roller.

Optionally, said second transfer roller has a wetting surface for receiving ink from said

transfer surface.
Optionally, a cleaning pad is in contact with said second transfer roller.

In a further aspect there is provided a maintenance system further comprising a control

system for coordinating the transport mechanism with said foaming system.

Optionally, said control system is configured to activate said transport mechanism at the

same time as said foaming system is activated to provide a liquid foam on said face.

In a third aspect the present invention provides a printhead assembly comprising:
)] a printhead having an ink ejection face;
(b)  anink supply system for supplying ink to said printhead; and

(¢)  afoaming system for providing a liquid foam on said face.

Optionally, said assembly is configurable such that ink supply channels in said printhead

are in fluid communication either with said ink supply system or said foaming system.
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itz RnitiDdadd oantidg Sylstend.8 11/ 014717 11/014716
11/ 014732 11/ 014742

In a further aspect there is provided a printhead assembly further comprising a valve
configurable in first and second positions, wherein in a first position said printhead is in
fluid communication with said ink supply system and in a second position said printhead is

in fluid communication with said foaming system.

Optionally, said foaming system supplies a gas to ink supply channels in said printhead,

thereby expelling an ink foam from nozzles in said ink ejection face.

Optionally, said foaming system comprises a pump for supplying air to said ink supply

channels.

Optionally, said foaming system comprises an accumulator vessel pressurizable by said

pump.

Optionally, said foaming system is configured such that said pump and said accumulator

vessel cooperate to supply pressurized air to said ink supply channels.

Optionally, said ink supply system comprises a priming/de-priming system for de-priming

said nozzles prior to foaming and/or re-priming said nozzles with ink after foaming.

Optionally, said foaming system comprises a foam dispenser having a nozzle for

dispensing a liquid foam onto said face.

Optionally, said ink supply system comprises one or more ink reservoirs.

In a further aspect there is provided a printhead assembly further comprising:

(d) a foam removal system for removing the liquid foam from said face.

Optionally, the foam removal system comprises a transfer surface onto which said foam

collapses.
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11/ 097268
11/ 293822
11/ 293842
11/ 293810
11/ 124202

11/ 097185
11/ 293812
11/ 293811
11/ 124158
11/ 124197
11/ 124160

11/ 097184 11/ 293820
11/ 293821 11/ 293814
11/ 293807 11/ 293806
11/ 124196 .11/ 124199
11/ 124154 141/ 124198
11/ 124192 11/ 124175

11/ 293813
11/ 293793
11/ 293805
11/ 124162
11/ 124153
11/ 124163

11/ 124157

OB Bt LMok 838 11 120

11/ 124166 11/124150 11/124172 11/ 124165 11/ 124186

11/ 124185 11/124184 1 4
As used]herelm, e term]‘!m]kz’ r%t%rzs t% %{a% ?12 %]fed from an ink reservoir to the

printhead and ejectable from nozzles in the printhead. The ink may be a traditional cyan,

magenta, yellow or black ink. Alternatively, the ink may be an infrared ink, Alternatively,
the “ink’ may be a cleaning liquid (e.g. water, dyeless ink base, surfactant solution, glycol
solution efc.) which is not used for printing, but instead used specifically for cleaning the
ink ejection face of the printhead (see Applicant’s earlier applications 11/482,976 (Docket
No. FNE025US) and 11/482,973 (Docket No. FNE026US) both filed July 10, 2006, the

contents of which are incorporated herein by reference).

The present application, in its preferred form, advantageously allows particulates to
be removed from a printhead, whilst avoiding contact of the printhead with an external
cleaning device. Hence, unlike prior art squeegee-cleaning methods, the cleaning action of
the present invention does not impart any shear forces across the printhead and minimizes
damage sensitive nozzle structures. Moreover, the transfer surface in the present invention,
which does not come into contact with the printhead, is not damaged by the printhead and
can therefore be used repeatedly whilst maintaining optimal cleaning action.

A further advantage of the present invention is that it consumes relatively little ink
compared to prior art suction devices and systems requiring printhead face flooding. In
particular, the present invention requires a fraction of the ink used by maintenance systems
requiring flooding the printhead face with ink (see, for example, 11/246707 (Docket No.
FNE001US), 11/246706 (Docket No. FNE002US), 11/246705 (Docket No. FNEOO3US),
11/246708 (Docket No. FNE004US) all filed October 11, 2005 and 11/482,958 (Docket
No. FNE010US), 11/482955 (Docket No. FNE011US) and 11/482962 (Docket No.
FNE012US) all filed July 10, 2006).

A further advantage of the present invention is that a foam has been found to be
more efficacious than flooded ink in removing particulates from a printhead face. An

explanation of this improved efficacy is provided in more detail below.

Brief Description of the Drawings
Specific forms of the present invention will be now be described in detail, with

reference to the following drawings, in which:-
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11/ 124171
11/ 124159
11/ 124189
11/ 124178
11/ 124179

11/ 124181
11/ 124175
11/ 124190
11/ 124177
11/ 124169

11/ 124161 11/ 124156
11/ 124188 11/124170
11/ 124180 11/124193
11/ 124148 11/ 124168
11/ 187976 121/ 188011

11/ 124191
11/ 124187
11/124183
11/ 124167
11/188014

MCDO 6Bigsre 11is a3glRpptic yigw 9b @ printhesdpytenaprosystpgpaccording to the
é%eég%g,g .11/ 228531 11/ 228504 11/228533 11/ 228502

[ 228482 11/ 228505 11/228497 11/ 228487
11/ 2218ga@ 2lis h22RARatichiéw 3Bt DrihtheAd Biaittefidnc? 2BH8H6 shown in Figure

11/228496_11/ 228488 11/ 228506 1
1wi an?nk foam prowdeg across tﬁe p1gmthee:1l(i;2285 16

Figure 3 is a schematic view of the printhead maintenance system shown in Figure
2 with the transfer surface positioned in the transfer zone;

Figure 4A is a magnified view of particulates trapped on a printhead face and
covered with flooded ink;

Figure 4B shows one of the particulates in Figure 4A floating in the flooded ink;

Figure 5A is a magnified view of particulates trapped on a printhead face and
covered with an ink foam;

Figure 5B is a magnified view of particulates entrained in the ink foam shown in
Figure 5A;

Figure 6 is an enlarged view of the transfer zone in Figure 3;

Figure 7 is a schematic view of the printhead maintenance station shown in Figure
1 with ink being transported on a transfer surface;

Figure 8 is a section through line A-A of the printhead maintenance station shown
in Figure 10;

Figure 9 a section through line B-B of the printhead maintenance station shown in
Figure 10;

Figure 10 is a front view of a printhead maintenance station;

Figure 11 is an exploded perspective view of the printhead maintenance station
shown in Figure 10; and"

Figure 12 is a schematic view of an alternative foaming system.

Detailed Description of Specific Embodiments

Printhead Maintenance System with Ink Foaming System
Referring to Figure 1, there is shown a printhead maintenance system 1 for

maintaining a printhead 2 in an operable condition. During printing, paper dust and other
particulates may build up on the ink ejection face 3 of the printhead 2, leading to
misdirected ink droplets from partially obscured nozzles or even blocked nozzles. Paper
dust is a particular problem in high-speed printing where paper is fed over a paper guide at
high speed, generating relatively high abrasive forces compared to low-speed printing. The
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11/ 228526 11/228539 11/228538 11/228524 11/ 228523
11/ 228519 11/ 228528 11/ 228527 11/ 228525 11/ 228520
11/ 228498 11/228511 11/ 228522 111/ 228515 11/ 228537
11/ 228534 11/228491 11/ 228499 11/ 228509 11/ 228492
11/ 228493 11/ 228510 11/228508131/ 228512 11/ 228514
printizead agintenange system 1 is condiggredte meinfaipithe pyipthgedsip an optimal

G Sanddd SRR EABEBI R

ihbl R HRzA2SWhich 3AGAAGGA M rdhrbElAR40 6752549

6805049 6971313 6899480
The printh: eagi ma?ntenance system 1 comprises a plurality of ink reservoirs 4a, 4b,

4¢ and 4d, each supplying ink to the printhead 2 via respective ink conduits Sa, 5b, 5S¢ and
5d. The printhead 2 is attached to an ink manifold 6, which directs ink supplied by the ink
conduits 5a, 5b, 5S¢ and 5d into a backside of the printhead. A plurality of solenoid valves
7a, 7b, 7c and 7d are positioned in respective ink conduits 5a, 5b, Sc, 5d and are controlled
by a printhead maintenance control system.

Each valve 7 may be configured for either normal printing or printhead
maintenance. In a first printing configuration, as shown in Figure 1, each valve 7a, 7b, 7c
and 7d provides fluid communication between the printhead 2 and the ink reservoirs 4a,
4b, 4c and 4d. In a second maintenance configuration, as shown in Figure 2, each valve 7a,
7b, 7c and 7d provides fluid communication between the printhead 2 and a foaming system
10.

The foaming system 10 comprises a pump 11 having an air inlet 13 and an outlet
connected to an accumulator vessel 12. With a stop-valve 14 closed, the pump 11 charges
the accumulator vessel 12 to a predetermined pressure. When an ink foam on the printhead
face 3 is required, the valves 7a, 7b, 7c and 7d are connected to the foaming system 10.
The stop-valve 14 is then opened to force pressurized air from the accumulator vessel 12
into the printhead 2 via an air conduit 15. The pressurized air foams any ink in the
printhead 2 and the resultant ink foam 30 is expelled through nozzles in the printhead onto
the ink ejection face 3. Figure 2 shows the printhead 2 having an ink foam 30 across its ink
ejection face 3.

As shown in Figure 2, the ink foam 30 is generated without a transfer roller 20 in a
maintenance position. However, the ink foam 30 preferably generated with the transfer
roller 20 in its maintenance position, whilst initiating rotation of the roller at about the
same time as the foam is generated, as shown in Figure 3. This prevents the ink foam 30
from spreading excessively over other printer components, such as a wire-bond
encapsulant 8 which covers wire-bonds connecting the printhead 2 to power and logic
provided by a print controller (not shown).

Foaming may be performed on a fully primed or a de-primed printhead 2. If the
printhead 2 is de-primed, there is generally still sufficient residual ink (ca. 0.1 mL) in ink
channels in the ink manifold 6 and/or printhead 2 to generate an ink foam 30 across the ink
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6860664 6925935 6966636 7024995 10/ 636245 6926455

7056038 6869172 7021843 6988845 6964533 6981809

11/ 060804 11/065146 11/155544 11/203241 11/ 206805

11/ 281421 11/ 281422 PFA001US FOO 1US SBFOQ2US

SBFQOSUS 09/ 575197 7079712 09/ 575123 6825945 09/ 575165
atsndeced soensky 1bthe pristhead? & Hblygrimedgthen mprgipk will be

gg#ﬁ%?iﬁ? 8o R el B IR B E ] 2 o the sdvantage of

EaRaming 166380 98 o6 6&B8OUS Patent Application Numbers 11/482,982 (Docket No.
SBF001US), 11/482,983 (Docket No. SBF002US), 11/482,984 (Docket No. SBF003US
and simultaneously co-filed US Application SBF004US (temporarily identified by its

docket number), which are all incorporated herein by reference, describe methods of

priming and de-priming a printhead for storage or maintenance operations. SBF004US
describes a printer fluidics system, which incorporates an ink supply system suitable for
priming/de-priming a printhead and foaming system for providing a foam across the
printhead face. It will be understood that the maintenance system of the present invention
may include the system described in SBF004US.

Not only does the ink foam 30 consume less ink than merely flooding the ink
ejection face 3, it also provides for more efficacious removal of particulates 32. Whereas
flooded ink relies primarily on flotation of particulates 32 into the ink, the ink foam 30
provides a multidirectional attractive force onto each particulate, which encourages the
particulates to become entrained in the foam, as opposed to remaining on the printhead
face 3.

Figures 4 and 5 compare flooded ink 31 and ink foam 30 as a means for removing
particulates 32 from an ink ejection face 3 having a nozzle 33. In Figure 4A, there is shown
one particulate 32a resting on the ink ejection face 3 and another particulate 32b trapped
partially inside a nozzle 33. As shown in Figure 4B, the flooded ink 31 provides sufficient
flotation force on particulate 32a to lift it away from the face 3 and the particulate 32a
becomes dispersed in the flooded ink 31. However, the relatively weak flotation force is
insufficient to lift the other particulate 32b out of the nozzle 33 and it remains trapped,
meaning that the nozzle 33 is blocked and inoperative.

Figure 5A, on the other hand, shows the same two particulates 32a and 32b
surrounded by the ink foam 30. The foam 30 comprises randomly-packed Voronoi
polyhedra. Ink is contained in Plateau borders 35 between adjacent polyhedra, with voids
36 in the foam 30 being filled with air. Each Plateau border 35, where it meets a particulate
32, exerts an attractive force on that particulate. Given the random nature of the foam 30,
each particulate receives a multidirectional lifting force as indicated by the arrows in
Figure 4A. The result is that each particulate 32 receives a stronger force lifting it away
from the ink ejection face 3. As shown in Figure 4B, this stronger multidirectional force is
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6737591 7055739 09/575129 6830196 6832717 6957768
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the lulaﬁifer s@fab@ﬁ@ IThirdis %éjn LRy %ﬁ‘ ﬁ{e s‘é%ﬂcﬂ?&s’fe? rﬁ[br SYRSvides

surface first trans eér roller and said ink
suppot S0t tbtyﬁtse transfennollem20) endsmingmives roy béwings Bhisds especially

ERRRE ot hietridth rintiehits #d R Eomhondini g Bomlimedignance

dt@fopsvi ng ink fromsaid transfer surface. Optionally,

a cleaning pad is in contact with said second transfer
rol | efs shownemprercleasty indfigure 1 Hibe dirstdrapsioyralisn 26, second transfer

t t
PREF SRR M S b s BRI Ao Bae S 53 1R s 53 s
thoedibRepeseitiRilarly with fdpéct bdhenk etttbrcf20é 8 Buck Vi €48 transfer
is configured to activate said transport nmechani sm at

fukfacozt %ﬁ@ mpyed into ang opt ph e trAgstey gmfmTﬂnﬁ chassis\ds together with all
1&3%5950‘?&4%&@0:18?3&8&' g Joﬁﬁm[eﬁ'?n %.?IIOQSII:\%gg Tﬁé"?h%s%l{:% % dshdably

inventiron provides a
mewablel rylatioetu the hogsing 84. a pri nt head haV| ng an ink
ej ection face; (b) an ink supply system for supplying
ink to said printhead; and 30 (c)a foam ng system for
providing a liquid foamon said face. 10 Optionally,
ina printing configuration, said printhead is in
fluid conmuni cation with said ink supply system and
in a mai ntenance configuration, said printhead is in
fluid conmuni cation with said foam ng system 5 In a
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Optionally, the foamrenoval system conprises a
transfer surface onto which said foamcollapses. 11
Optionally, said transfer surface does not contact
said face. As used herein, the germ"ink" refers to

any liquid fed froman ink res¥rvoir to the 5
pr i nt HeeghassiySfusther sprapses o greemicnt forpations 1p theforr g§ ugs 55 and

Mo éﬂ&@ﬁsﬁ‘*g{@% £ 88 Sk edF IR Pandf cr Phofided to
éltdhblyﬁmx&rthabhasmb ¥3 uphmdsmna ‘dowayabds ralaut/etmim gnhﬁhqad 2/by means
g. vvat el ess IQ% base surlfl glgant sol uﬁ 1

gﬁe Gt e (aatshety, TR Bleergeris fefipgism wi
Qtiprise s r@ﬁ%fﬁﬁﬁg e&g%@e& ittahd 1 gﬁ 85 afill 86, mna&riahged 4¥hat rotational

ction face of pri nt head (see Applicant's
mavetmmt 0§ﬁp|armanmpms asltdmwngvan@m@cf Kheet chagsisg? via a camming
FNEOZ5%%%9&Q§ 1/482 973 (Docket No. FNE026U8) both
fhepa U506, the contents of which are

' n C Or RefeirRthoRetoFiBuiR), itefal be 8E&) that rotation o€ ther frsteanid second
plication, in its preferred form advantageously

tamsmolm 20 and 51 issvie a switablesasy sarangesanh Apiam drévagear 57,
g\e& e A nlfﬁﬂg\?ﬁé{& St %tf ttféf seE&ﬁe@a{dsFetr @&F’é} S‘f" ﬁllfve@'l suPs1d1ary drive

eani ng device Ke’ prior
gdatl e&g@ermkrelgrnnmmwfbaﬂmé end bﬂ&led‘irsta:rans@ar aalter @0, vif intéreneshing

esent invention . does not art hear fo ces
ges §Rand PO ipRer g6aF th?% %‘én‘i@ Y& motor (not
%Eﬁézﬁ?)@aﬁﬁéf&%éﬁ@ﬁhtﬁ@ﬁn Cﬁ'léﬁﬁ gﬁ ﬁ@&\fél‘&rslﬂlflﬁ‘iﬁ‘e hdbsing 54 (see

resent I nvention oes not come into
Eigutea 0 and 1 1). Heacq thagdae aﬂangemmbcomlamﬂggﬂlebyam Ide.ve gear 57,

Ry 3B 58t B ELeRf o S RSB b Bt idtaniom,

@ﬂ%ﬁ %tﬁﬁ@ tHRf i de BRI thars oY 8611dr®20 bfd 5 hdynchtoneQsly thesby feeding
relatively little ink conpared to prior art suction

the rander mnfdce 4 thaoagh thg tansfargzapei nt head face fl oodi ng.

In particular, the present invention requires a

fraction of the ink used by maintenance systens

ARSHbE Ve FEbdlin®8iddent he printhead face with ink (see,

for exanple, 11/ 246707 cket No. ENEOGLUS),

11/ 24k aaliqaativeto ths &Engsystemlﬁzwmep%@&&e%fom 30 by

R P R s

Jeplzale@oin, dishbhsbB 20hith (Deckat uséink sappliddlioShe printhead to generate the

'11/482962 (Docket No. FNEO12US) all filed July 10,

A further advant age of the present invention is
that RerRid YRt {Rmed §dihiR HePimthead 2.
t han gﬁ déil in r(feﬁ)ow nlg pr)lgﬁ l?sat es rJoma e
e ﬁoaimehspehmé'o haa a0zzlz [l swbich genartes A ihqundrfpamWécby injection of

essinet gDy R AidRA FeseN ot BRe i fpminginto the
i%ﬁ]tﬁstﬁ?]ief éi‘W@”l’h@fés&‘vbir 7‘3%&5%’811% ﬂ%ﬁéﬁﬁr@qﬂluid" seé z%' \Jvater,

erence to the foll ow ng drawi ngs, 1n which
suzfactant soltmogud}eelissusk hasscglzoaltsobitiphele. &f soaqusmfrmséwed gas 74

ance S or di RLesent i nvention;

SRS BSs Bl BB B hO ST L ortiim e
rral nt"ﬂi@lﬁkﬁﬁd ST mfdwua drfthEiﬂdJé"@ctibn\ffaéefbf&He priltheaPPmay be
provi ded across the printhead; 5Figure is a

remiowehby 8 trahsfer srfacheuph pnthe é@@sﬁ?ﬁﬁlﬁf@ﬁ 3&@@8@5}@@1 @heve, moving past

ﬁﬁh own in Figure 2 with the transfer surface positioned

£'4%e transfer zone; Figure 4A is a magnified
view of particulates trapped on a printhead face and
covered with fl ooded i nk; Fi gure 4B shows one

of the particulates in Figure 4A floating in the

fl ooded ink; 10Figure 5A is a magnified view of
particul ates trapped on a printhead face and covered
with an ink foam Figure 5B is a nagnified view
of particulates entrained in the ink foam shown in

F| gure 5A; Fi gure 6is an enl ar ged VI ew of the

[ —



1510. The foam ng system 10 conprises a punp 11
having an air inlet 13 and an outlet connected to an
accumrul ator vessel 12. Wth a stop-valve 14 cl osed,
the punp 11 charges the accu tor vessel 12 to a

predet erm ned pressure. \en i nk foam on the .
pri nt Kawl, etpourss, beanneerigtedtinat @ﬁgrqﬁﬁqxt\}ggenﬁgpthgﬁpeepcdescnbed

By FELoARAEN £ AR HORALAR, BISUTHATRE tadk illf the scope
bf thenintveatiam; eovhicH Btdefinedispibe at@nipanyingtobaimsi nt head 2
via an air conduit 15. The pressurized air foans any
ink in the printhead 2 and the resultant ink foam 30
is expelled through nozzles in the printhead onto.the
ink ejection face 3. Figure 2 shows the printhead 2
having an ink foam 30 across its ink ejection face 3.
25As shown in Figure 2, the ink foam 30 is generated
without a transfer roller 20 in a maintenance

posi tion. However, the ink foam 30 preferably
generated with the transfer roller 20 in its

mai nt enance position, whilst initiating rotation of
the roller at about the sane tine as the foamis
generated, as shown in Figure 3. This prevents the ink
foam 30 from spreadi ng excessively over other printer
conmponents, such as a wire-bond 30 encapsul ant 8 which
covers W re-bonds connecting the printhead 2 to power
and | ogic provided by a print controller (not shown).
Foam ng may be perforned on a fully prined or a
de-primed printhead 2. If the printhead 2 is
de-prinmed, there is generally still sufficient

residual ink (ca O 1 nL) in ink channels in the ink
mani fold 6 and/or printhead 2 to generate an ink foam
30 across the ink 14 ejection face 3. Cbviously, if
the printhead 2 is fully prinmed, then nore ink will be
consuned by foam ng. Accordingly, foam ng a de-prined
pri nthead 2 has the advantage of consum ng | ess ink.
In our earlier US Patent Application Nunbers

11/ 482,982 (Docket No. SBFOO US), 11/482,983 (Docket
No. SBFOQ2US), 11/482,984 (Docket No. SBFOO3US 5 and
si mul taneously co-filed US Application SBFOO4US
(tenporarily identified by its docket nunber), which
are all incorporated herein by reference, describe

met hods of prim ng and de-primng a printhead for

st orage or nmai ntenance operations. SBFOO4US descri bes
a printer fluidics system which incorporates an ink
supply system suitable for primng/de-primng a
printhead and foam ng system for providing a foam
across the 10 printhead face. It wll be understood
that the mai ntenance system of the present invention
may include the system described in SBFOO4US.

Not only does the ink foam 30 consune |less ink than
merely flooding the ink ejection face 3, it also

provi des for nore efficacious renoval of particul ates
32. \Wereas flooded ink relies primarily on flotation
of particulates 32 into the ink, the ink foam 30 15
provides a nultidirectional attractive force onto each
particul ate, which encourages the particulates to
becone entrained in the foam as opposed to remaining
on the printhead face 3. Figures 4 and 5 conpare
flooded ink 31 and ink foam 30 as a neans for renoving
particul ates 32 froman ink ejection face 3 having a
nozzle 33. In Figure 4A, there is shown 20 one
particul ate 32a resting on the ink ejection face 3 and
anot her particul ate 32b trapped partially inside a
nozzle 33. As shown in Figure 4B, the flooded ink 31
provides sufficient flotation force on particul ate 32a
tolift it away fromthe face 3 and the particul ate



valve 14 is closed and the accunul ator vessel 12 is
charged with air by the punp 11. Hence, the
accurmul ator vessel 12 is charged with pressurized air
in readi ness for 10 nmi ntenance operations. \Wen
print head mai ntenance is required, the first transfer
roller 20 is noved into its printhead mai nt enance
position, in which the trangfer surface 24 is °
positioned in a transfer zone adjacent the ink
ejection face 3, as shown in Figures 3 and 6.
CIpwMSal | y, a m ni num di stance between the transfer
zone and the ink ejection face 3 is |less than about 2
15 mm or less than about 1 nm or |ess than about 0.5
1.MM A method\§PtEmo¥ing pardibveRs from ablink &ectdrdadebfar@inthead, said
configured so that ink channels in the printhead 2
mehedaampaties thesters BE f oani ng system 10 (as shown in

Fi gug; . 8 t i I VAl ,
e Pt ARy R T P Rl SR PR B0 S an
ink Hears frop: nezleeinlstidainkl epttiorhface dlmeettyi dispetsing sai @lates in
%$B%¢t 20 is rotated. 20As shown nore clearly in
S e 2% the ink foam 30 has particul ates 32 of paper
dust (i fansRerAag sdif €5, inclvding Said particulatks, @dtof o teamisfeh surfasls
ejection face 3. The ink foam 30, including its
mappe pesiseddacet i cul ates 32, is transferred onto the
transfer surface 24 by rotation of the first transfer
roller 20, thereby feeding the transfer surface .
2.t hr olighmethed off daisf brwheoaie saidh transfenysuffacsrdoesivotsohiactseildace.
2. The transfer film22 may be a plastics film
conpri sed of 25 polyethers, polyolefins (e.g.
3.pol yHidwibio®of QsihyRviRydie sl foapotollapied anatigsd droplet as it is
pol.yesters or polyacrylates. Typically, the transfer
transfegied ontosaidrtraaglst Stasewet t i ng” or hydrophilic materi al
to maxim ze transfer of ink onto the transfer surface
24. Accordingly, the transfer film 22 may be conprised
4.0f alheymetbphof dlaimpbiwheesin air is faraed undarippasbyre thayeh said ink
chtrarhgfer surface 24 may be coated with a hydrophilic
?rng (e.g. silica particle coating) to inpart
wetting 30 properties. A polyoxynethyl ene transfer

film22 i articularly preferred dye to its .

5.1 ol aliesarfodel “tkiuﬂ‘gi Slefeif i Fapsti surtpog ooplacts said foamyyhen
méNAYPadi Railiicitdr es 3 and 6, the first transfer roller 20
Is rotated anticlockw se so that the transfer surface
24 transports ink away fromthe side of the printhead

6.2 n ofhel'}gé/th&goft Jllzgmef] Qxﬂr%fe#x Qarll(# P‘gnﬁé}%g e.tigl Eers?e{hgn 1 ¥rom said
arrangenent naXi m Zes e efficacy of in ransfer.
fade/when moviRgbast saidadeow t o Figure 7, there is shown the
pri nt head mai ntenance system 1 after conpletion of a
print head mai nt enance operation. The ink foam 30 has
7.c0l ' ARSRANRGNGRIARE, WiRRSE §fid BbF@GBTAt idMmoRedlpRPsad f20¢
ink 40 containing entrained particulates. The ink
imspesiately s saad foag isprovedad g saiwhfagmd free of any
particul ates. 5The ink 40 collected on the transfer
surface 24 is renoved by an ink renoval system which
8.1 s rifie méthodof daifi Ig wheseirl sdidtransfdrstirfadeiic i smifdck ofi@wlhe
described in detail with reference to Figures 8 to 11.
Referring initially to Figure 8, a nmaintenance station
50 conprises a first transfer roller 20, as described
above, engaged with a stainless steel second transfer
roller 51. An 10 absorbent cleaning pad 52 is in
contact with the second transfer roller. The second
transfer roller 51 and cl eaning pad 52 together form
the ink renoval system Ink is received fromthe first
transfer roller 20 and deposited onto the cleaning pad
52 via the highly wetting surface of the second
transfer roller 51. It is, of course, possible for the
second transfer roller 51 to be absent in the ink 15



20 CLAIMS 1. A nethod of renoving particulates from an
ink ejection face of a printhead, said nethod
conprising the steps of: (i) passing a gas
t hrough ink supply channels in said printhead so as to
expel an ink foamfrom nozzles in said ink ejection
face, thereby dispersing said particulates in said
foam and (ii) transperring said foam °
including said particulates, onto a transfer surface
novi ng past said face. 2. The nethod of claim1,
9. V\her'ﬂiermethbdaloit dlainsf,evhesdin §zd eamkbasurfade is anoeter susfacelof a first
? . The nethod of claim1l, wherein said foam
qﬁﬂ s to a liquid droplet as it is transferred
onto said transfer surface. 4.The nethod of claim1,
wherein air is forced under pressure though said ink
1GhariRe methed gfaaimed. vderein said Bppsfer sugfpcere movedpagt said face by
n rface contacts said foam when noving past
mEatfa %%18 OE&G The nethod of claim1, wherein said
transfer surface is less than 1 nnrfronrsald face when

t id fac 7. The t hod of
or Db RS gRL AE Fneffin s et oy sty Skrepsivg i
sdli hedgel y as said foamis provided on said face.
8. The method of claim3l1, wherein said transfer surface
is a surface of afilm 21 9. The nethod of claim1,
er er surface of a
1¥Trs ‘??éﬁé OE&Q f?&ﬂ&y%%ﬁﬁﬁﬁgégggﬁ gkof claim?9
wher ei n s(al)demo‘ang faam euink fom sagl tmansfed swheste usiag dn frkce
rotati.ng said roller. 11. The nethod of claim 10,
wheﬂgmﬁvgégﬁlpoller is substantially coextensive with
said printhead. 12. The nethod of claim1, further
conpr|3|1g the ste iii) rempving foam or

13.nk Fhegnetbed of qlrruah&r @rhegem raérbearrrgqrﬁ@tf%rﬁ 1§ HkOYterRyiage of a
ﬁxt%y rolles and 86d TRLEAG 2 E &R 'cgihgrlgses %%ﬁh@ p§@indcontact
ranster surface I's an outer surface of a frrst

with aaid fiest trandférevllend sai d i nk renoval system conpri ses
a cleaning pad in contact with said first transfer
roller. 14. The method of claim 13, wherein said

14.1r anBleahetbod bBaEin B3, ahetitt ©iid Sastacarfak ivarf outat surface of a
transfer roller and said_ ink renoval systeg}

first tsanstm aoller andsaid inkgpmayal sygielp SAMpFLTeR 2$5H08
,{éfa ﬁﬁsaﬁ&’“s?fran tfgri}ouéyhe met hod of claim 14, wherein
a

second transter roller has a wetting surface for
receiV|ng ink fromsaid transfer surface. 16. The

19701 e Pengd Sl 14, MREHE! GRS ERRRR HIERE: Phetiog

sUMABE Rr lecRivigSiaR iffogh faadirartfdr Surtaet act with said second
transfer roller

I'I'O CI'

16. The method of claim 15, wherein said second transfer roller is a metal roller.

17.  The method of claim 15, wherein a cleaning pad is in contact with said second

transfer roller.



