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WD 2008/ 006139 PCT/ AU2007/ 000676 1 | NK PRESSURE
REGULATOR W TH BUBBLE PO NT PRESSURE REGULATION Field

w@booshes1Bnventi on 5 The present invention rel aPE@BFAURIOA000676
pressure regulator for an inkjet printer. It has been
devel oped primarily for genetating a negative
hydrostatlc pressure in an ink supply system

TR gfﬁ%g“ Fé‘??gl?. eads emﬁgﬁﬁ‘i{%&ﬂi‘ﬁATloN

above cross referenced docunents typically conprise
Fiel3N ﬁgﬁnezﬁg nozzl es, each nozzl e having an associ at ed
-——aﬁg—gretpron actuator for ejecting ink froma nozzle

opéahk pgesete fdvartbniralag@s toopredfircacgudaard for ﬁhﬁlﬁj‘bﬁj‘rmtdrnlk has been

fro an ink. cartri.dge or 6(@ reservoir is fe I
deveIpRIT AT 6T RHIGFAUNE RECEITEE Y B E PISHEF Pk sipply Systom
supsly@plirt s peihthbatkndzeQUgh the nozzle opening for

printing. Typically, an ink cartridge is a replaceable

consumable in an 15 inkj et printer. Ink may be drawn

Back®b @ EFGR: 1A9&ALE Chanber by suction generated after
each drop ejection and by the capillary action of ink

suppk ynkidh arinéeasls Heseribryl initradprd arpss refarcherdalocyracnds typically
com?hgé £0a %T 9&2%@ catl E&Qfe)ha\al% %ﬁ %o&%d ﬂ]ﬁ‘% i on ctuator for ejecting

nact IVI I's retal ne € Nozz ers by
ink frtma a ns)zlzlé amutgehﬁnmn@frodmf ) mkzzzhtediasbats Ingd fmmedn B rassdge or
other rdsbivhi? 1s & ? o %Illbe{so ee?el ectlon acl%aiorskforce df%‘leés oF it ‘%hrough
I'S not con OFTE posSI respec

the hazzRopertinglor ptmmgpmepncallypnems adrejdge mplb&eﬁblbyomdueram lin an
e ﬁfan5|on of the ink, or a tipping of the printer that
nkjgi TP es the i nk above the |evel of the nozzles. In

t hingk @@ Be drBen ik cihnbzAld eRehberBysutfigh @hétﬁieh @ﬂ@ir each drop ejection
surface. Moreover, during active Erlntln '
and by, i %‘é‘aftyf?%‘?}b‘l’f 1%%1PPWI€h§IH‘6|§Ih§‘V1€ﬁ h@{elplgh%%\%faaes (e.g. silicon
dioIRNR LY %rlb& of Stkhilif, ftis FefuikidiQ e QEz1O&hakibBrs by the
nozzles and ? d the printhead face once printing
Surf@ftedmﬁlonmf iR ttﬁéafa{lszes pigeqd acrosb@iipgficachdloade pyening. If the ink
pres%lﬂg tfollbd) iGhi cor% 6&?\%%1&1% Et' 19 8xterh@l ﬁlﬂgg ﬁéﬁc pressure,
I's problem "many print head i n y systens are
possleds Fbg thedngexpdnaton af thieyek; ost tppiieg we@m@ thft clemitesthe trkebove
the {evéz FER n!o%zlese I3 tlltlshcaalge %ﬁ r;g(s‘glﬂed i oRGERS ur{n?l%eaa— urface. aMS(')reover
MENI SCUS across e nozzl e openi H% Be ‘concave
duriag ac:trva\pnnmrrggvamctapplﬁb dlrmmhl tBeink siygplpciuneds ks a nmenltten which is

suft RS oad Heisih fr R PHOGERVE R e S ey Brithead

faceffﬁﬁ)ﬂlnfgh@ﬂéﬁrry?maésnabléQﬁéi{hbr &fthéselﬁceibjﬂi(ﬁ;es ﬁr ﬁb m ni m zed.
The, ampunt o gative pressure in the chanbers
i rhogaderepnhis REp O i ey priptheadink sitpphyesysemp m&eee&?@ﬂ thapa

hydf8taRE preBsutd & iBNAMRE 057164 isGess BR KtntdIfneriborilire. Athistt dABses the
chanbers and back towards the cartridge). However, if

mengyas Faga tliovezge arasiies 1q ke qopervRearawn fievady Ihegicpisgys is pinned at
noz%)l? i@ﬁetnﬁ AR 1519 Eann B &Y ohtdF @ne o2 HES béh ldMI‘llll% 1n581%e genods.

ad is jolted. Asi'de fromthese two catastroph
Furthomors 8% floediog rd angsydbefankf surgasefe mmmrededat i on (e. g.

Pr ' %6‘%@‘%&?&%@ A@g%#dﬁgqgfg%ﬁ%r{‘%)hmn%d YR ORLITR 1t Mot be

strong enough to de-prime the chambers (i.e. suck the ink out of the chambers and back towards
the cartridge). However, if the negative pressure is too weak, the nozzles can leak ink onto the
printhead face, especially if the printhead is jolted. Aside from these two catastrophic events

requiring some form of remediation (e.g. printhead maintenance or re-priming), a sub-optimal
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2 hydrostatic ink pressure will typically cause an
array of image defects during printing, with an
wappsewilabl e | oss of print quality. Accordi ngl BCT/AIRG02000676
printers may have a relatively narrow w ndow of
hydrostatic ink pressures, whi ch nust be achieved by a
hydypsietie inkeoreseyeival opichlly ¢dwee dvikray ofi ppop dsfpsts dntingsprinting, with an
t
s M bR g e S G L RN
wmém»p pf hyeldostaie nrécfp*rcﬂsmrei ovheditrailpt bs ichzzvedat pressupr reg@atoein the ink
wupS9E cartridges wuse a flexible bag design. Part of
UPRIR &Yt 1 dge has a flexible bag or wall section that
i s Thprsied mktcxamdg:b@ atemkﬁlgﬁédl ta ghebiperatadonst daag for vejulitigg

USSN 11/ 01476 ck t: RB S) and USSN )
hydﬂfﬁé&ﬁ%ﬂ@reﬂfﬂﬁﬁ ﬁé?&moﬁ Ogil% %l%ee%a“%?ﬁéurwomémdges

use @ ﬂ@ﬁ@lerbag BEBIC Pt dﬁﬁél wﬁidgé hadsQy fBx bl €XATR WeH s@cftloh Imas is biased
pe of cartridge. These cartri dges can provid

tOW%réwﬁe@@ngoﬁhéé Gageipiungca AN b1/P K794 fAurdiqskets BHBOOIUS) and
Usmﬁ‘% ?437%9 '(d)ﬁg)c;c%teliﬁ@é@ﬁj S)f(hﬁéh At ermnad cr’o?s%feﬁe%écﬂ%chxﬂents)
the flexible ?fg Fur t he requi renment of
are ¢xgkon af thisi g giaﬁ‘é% Thﬁseavaftn@@ns BArepTEgC pﬂwém @ressure but tend
to retl# %Eic‘eﬁ&fﬂnanﬁ@&% &)H:Hn@& aflflﬂt&ﬂéltléa?§ rnérIﬁ'ﬂE.q{e {B?ea&%
generating a negative Ink pressure Viacthe ink
Furthber; theircig@emsntoi ammtdrmal bibSinEingansen 25lexiblediag pecsofts figmfivant
2 is placed in the cartridge 1 over

Lerial
mantuﬁ Cﬁmng Fisfflgg“es The foam 2 has a section that is
S atAjfo&teEﬂheaMstolﬁ gérRkatidg a abghtiae BRErdsouTe Siattiaink oBYridge iswdbwn in

t not saturat.ed.. The top of the cartr
Fig P8 bediica g R hmar RO Er Bt s Bared Aaneeptige, Eov e Gtfet 3.
The@eh b had ¥ scaGd @ i§ ERPHOS Rith &tk zbyin@ﬁ ERVIb©F tHAF BB bé Wet with ink,
ink fromthe saturated section into the unsaturated

but st eptuteds The fpof dhsriartrdess! ﬁmﬂiﬂﬁd foratinspheir Apewd theit maze 7.

Capwﬁwmloﬁgreye@entee%%ﬁ@%) a&vday&rlﬁ@ i the REEHEWERiioPd into the
drawn upwards by the capillary action 6

unsarpetcH yesition S ail his copirassuris ita balanscd bypthe voigheolyhe newpsd

hydRS&it PRsdhird, 8t hERS of RN GhPEGAHRFacbn 6._The h drostati

v capH?E?Syr Acti on 0|Ivnt orﬁe unsatb!a’r at eg ction s. From o ©

pressire raethe tdpeof theor usttat sectiqorieis éﬁm élan nfmoelai@ss bt@wcds;amh@y action

1nto(%ﬁe uns tura?e’d sech I f i ee%et %d osta o%ésn%eqeargasésntow 1ds the outlet
T SEORP PR G EET TS i hadioy 1o thehozzfe

3, angid nom@sted asthelphintheat] ey shoven)i i eordtiowessd inpodast dwinrto themozzle

openl g RS Psd F AN Sa B AL AR PR Ty A7 RE kY PBbSHion of

satufﬁiﬁﬁfébjrﬁ% mfsaﬁihﬁed fBKII(l atchttha ti Kl%rZﬂrclﬁ‘lnaJnfS prels@SeSoﬂthkgilﬁk at the nozzle is

m)sperlc the 1 nk neni S.WM orm I nwar al 'y

less %@%?Sp fifk the At lin?laifé%wé‘gﬁ’ﬁf‘ Y HEYf oam i nserts are
genRfltry inkReidRPbenfrRngtbah iSBeede gffctal uRGithBle %or high speed
print speeds of ‘one page every 1-2 seconds) using the

prinfipg (6 & RFRL speqds §EMRCHIBE CYSEY hEhesnds) upkg i Alignt g paggyvidth

pnnhf%acﬂs(sglglcﬁ@hnt a Pp %defJbo ta?g Eh SIRE ﬁ%h@f}éeﬁfgﬁﬁt%rs t R fe @fa?geahumber of

I'arge nunber of 30 nozzles having a higher firing rate
noztlpretravingadiighico fieihg wesetha tglitpmiscermsng priaref Breeeferlahd ink flow rate
r r ter
out {)lhtg%o’ c%r?{dge gg}g%c}]ll egatteg ?Illa% { :t:) 8%9 %ﬂﬂlﬁ%%‘% %&Sggaﬁlﬂggrag caused
by tbafesmdnseltycat ktervk demorzrissemt] retamd thd czhambertrhﬁll reoz Mars pavods foam

wol it ek Do ORIt &0 et BieopltBh SRR Bl flbece pressure

con@@lpédui@s yqubly 6Ruratdiohtielroveathe iit@h# vpldemtiistons SANE ®ldifficult to
cont r ol t he internal

achlgﬁq%aal ﬁ‘?}%ﬁ léllﬁa}]lﬁtlgﬂy %qrine Vqlg sta.}cpfr?scqﬂneos{e %am materials. Accordingly,
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structures of nost foam materials. Accordingly, WO
wWQe®8/0@A89139 PCT/ AU2007/ 000676 3 porous foam PCEADL®7/000676

are not considered to be a viable neans for

controlling ink pressure at ﬁlgh ink flow rates. As
porcax fern wperEstara/ot Corsiderpdaelb¢ & viohle mesny fok cardriot!ng digfeyessure at high
ink RAYiNg i ntegral pressure regulators, the ink supply

system may conprise a pressure regulator in the ink

i e abettmawet(htsn ;addlmorbeadlka:adrl&gea hammgﬂnteg@épmmurc redilators, the

Ly f.i | i
ink ﬁkgg%’ ?Iﬁé]gayffﬁglpnfep?t frrggs\ére%g 2 15}4(])(1‘ ip tlﬁolnk % ht? Ii)r nﬂaaad and
an 1ﬂﬂre@&0@ﬂﬁ¥hé plesen? @;@ﬁl)caat”ldpr]:‘llbﬁé}ﬁ fiBd2J S&@ﬁlmaﬁ@WosDDUKHS%

(At Eﬁ%ﬁogpme lﬁfﬁ» yﬁ?&léf%m[’?{éo?@ﬁg %hl/%%} 842 (Attorney

Dodk@thH RRDDOSUSSEIEH B DasEnibRr §,12085D) @6 Satténtd EYMHlied B herein
nprising a d|a hragm and biasi ng mechanism This

mcomfﬁs%bﬁc er%ncf:eﬂ&g@% A i1 &nwéﬁu&eée@%@w&m@ﬂaﬂ&éél&?lﬂ%n and
blasmgqﬁ&ﬁﬁtﬁgﬂl Cl"Hlﬁlﬁec]iQsz{l %ﬁ‘ﬁﬁ’geﬁleﬁ‘tt isthe ﬁéﬂ%]?al?@@gegaﬁ'@/}ﬁ)ﬂﬁfstatlc ink

his type of nechanical pressure regulator
presamrawaée krintg¢ady Bewver s &spe 0émerhpnicplmscsyen umbﬂmﬁlaﬁ@le drawback
f {t&ricl
R e L R S
dlaphp&trrleampamsd t@ﬂummtlpasalmudvf pr’chsere uIbs‘raq:ahr @@rdpwhﬂrearn of the
dlap%r a Gl kn ?ra%}lc]@,fﬂgus lﬁetcﬂ%mca? syste GQTI ssurﬁ c O rt]ro ml%ﬁes 1F (gﬁl cuR to
1mp&yt&h91ﬁ1ah aq:uilupﬁgi sjzs@erﬁfﬁqnirai to rmmmn&tcamcttam e@tlvwbydrostatlc ink
tatlgw>% Jpressure within a relatively narrow
6 y nilr{ro

Presﬁ%é%%inea? V\B’i?f*sé‘retrﬁlég efore be desirable to

pr avéled alefaﬁﬁé 5@1 Hgirkiegt pbeilde a PRk defulsidt, withes fitable for
maj nt ai ni_ng drostatic ink pressure within a

maipigingg WIdEPSWHH WIESPEE it 4 raREECly paropbRiicpurerRgrelt woyld further

be déﬁ%a'b[e%@ bﬁovﬁd& A Q¥ %eg%lawrexﬁl%b'ﬁ R shemw 1%19 ﬁ’§e’at Y@"Htf?v ih$gh ink flow
sui tab for use at relatively high ink flow g

rates. dlt wmlqi ﬁifﬁleﬂﬂrf@ﬁlfff‘i’ée i@@sviden I@e&S@Teﬁ@Wt@eWhlcb Fse%@llllﬁ @
coné\}‘\tﬁ\g{f#ﬁ (arwhlm']dlo%p né)tsre ng}glp tl'l(ﬂ' 8%88?@%0 %dngﬂtcﬁ% with high
ic oes not requl ora o ving part
tolermaersf act ured with hlgh tolerances. Sunmary of the
Invention In a first aspect the present invention
provi des an ink pressure regulator for regulating a
Sun&&uhvﬁmeﬁhanﬁmlpressure of ink supplied to an inkj et

rint d, said regul ator conprising: an ink chapber )
P R RE fere R St inFsmor PR Blen B rSes B Gior 7 Ffautating a
hydﬂfslaﬂ& bﬁaﬂre dﬂlﬂ(bﬁlgpl:lddko luh lﬁ&; et ffinthédd, iaﬁﬂdl%]gulatbsébélgfhsmg
at nospher e u e out]l et positjone or. bu
air int8n ik ﬁ l?ﬁrgmlégaaf} iRk PRdet &y ftpirbrommyppication Win ﬂ%ﬁ printhead
ia &h@RMAE; connecting the air inlet and the bubble
outl et, wherein said bubble outlet is dinmensioned to
controlm@mtﬁﬁﬁaﬁﬁf%@6§§HWéQof air bubbles drawn into
said in 5 bﬁ‘@ol{ &ﬁfé{ osgfong'&‘f%p loﬁ(anlg% L lfnt& ﬂmtcgﬁta %Ji ﬁhﬁ@ ﬁgamber and

thereby regul ating a hydrostati pressure o
an air channel connecting the air inlet and the bubble outlet,

wherein said bubble outlet is dimensioned to control a Laplace pressure of air bubbles
drawn into said ink as result of supplying ink to the printhead, thereby regulating a hydrostatic
pressure of the ink.

Optionally, said ink chamber is an ink reservoir for a printer.
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Optionally, said ink chanber is an ink reservoir for a
printer. W) 2008/ 006139 PCT/ AU2007/ 000676 4
wOpisomaBY y, said i nk chanber has an ink inl et PEDAU2G00/000676
fluid conmunication with an ink reservoir.
Optional |y, said bubble out| 8t is dinensioned such
t h&iptiandilydseasink chamlsr bassanriek wiet perk fardluid dpaneyvagebien with an ink
oil €ast 10 nm H2O | ess than atnospheric pressure. 5
tionally, said bubble outlet is dinmensioned such
t h&@iptianHlydsaodsebbliecugetas suregsioficdisnéh that a tydeshapigeurd of ink in

I 10 h
e BB G0 L B hEtt FRRARER A0S £, "

di roptishaly, eahbubdld durlet it ﬂﬁl@hﬁbﬂldﬁl&&clpﬂhaﬁﬂwﬂﬁ)smﬁc pichair@dfrink in

| es [ e oqut | tlonally, said
g‘l?Hg’F@S&h ?Séﬂ&?@n'éﬁﬁffa%@ua@gs eE‘EP&%ﬁ“%ﬁ openi ng,

su@ptibhaly, siid BebbleSoudbt hal @ cS@daldigdehsibh ednti@PRRIIA aplace pressure of
controls the Laplace pressure of the air bubbles.

me@b?W@ﬁﬁPF?mggﬁﬂﬁbWBBb % outlet is configured as a sl ot
2Ggatinl,| EROL LA RBSE B8h AU o Urhd o TROSh @ har Uil of
that sal dth di nension control s the Laplace

saldmiréglgwr@nmg corfeolgihe Lalﬂwmr@sure efﬁthﬁ ah&prbLles. g wi dt h of

sal t

2B, LSRR SRS 5 UL AR i
widglr@atmom hgh thah eaidvvetttin dmfensmlln eonglobtthe Ldpdacelpyessure of the air
b nlnlzlng flow resistance in the air channel.
ubg:)

|onaIIy, said air channel is bent or tortuous for
m rOpﬁbzaillyga witkh bbagedottihleatydn 200aniatons. i nl et .

o AP Rl s Fiomaarey B QTP Pt BOT el iy e e wideh of

the §16t, tHRfeby blvdmi AROMw Qsibtaiite in@ dipghahheyy, one wal | of
sai d chanber conprises an air intake plate, said plate

coritipailiygsaiq ﬁéclafl?elﬂsfﬁe@t or tpieous for TUREHARE InkrlesetH, rough the air
inlepubbl e outl et. Cptlonally, said plate conprises a
plurallt | am nated | ayers, said | ayers cooperating
to Omémlg/esaﬂmr dliapngl iy dimensionsd aygh teek arwrei men gartfray volume of ink
ins%&@ﬂ%ﬁ qyk&g%m1§gugp§hﬁpally, said plate conprises: a
I rst ayer aving an air inlet opening defined
t héingivhalyugrie vealtbfanidehonigatemprise essir thedkic plek, baid plate comprising
fir ace t her,eq a ss extendi ng
e i 80 R PG R meT Bl BAREST Pat “aperture to a
t erOntiouely, anrdplatesem@més b aluedlity afﬂnmataad ldyorss suidllaf¢rs sdoperating to

' bubbl t 30
(mﬁgﬁﬁﬁﬁﬁﬁgﬁ @%%&gﬂ?ﬁﬁﬁ%ﬁﬁvgﬁéhggﬂﬂgrgin gaygnbubble vent

Op &PtiBhallySsaxOplbtcicompdsckor fl uid conmmuni cation with
said terninus Opt i onal ly th of said recess

a de
t owar ds & it ﬁﬂwehamnﬁ&g aaé?lﬁtr@gmag E?f'mefi theretiyppghand 9p clopgate

recess defined in a first face thereof, said recess extending longitudinally from said air

rese

inlet aperture to a terminus; and
a second layer laminated to said first face, said second layer having a bubble vent
opening defined therethrough,
wherein said bubble vent opening is positioned for fluid communication with said terminus.
Optionally, a depth of said recess towards said terminus defines a critical dimension of
said bubble outlet, said critical dimension controlling a Laplace pressure of air bubbles exiting

said bubble outlet.
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sai d bubble outlet, said critical dinension
controlling a Laplace pressure of air bubbles exiting
W@ atod/obbl e outl et. WO 2008/ 006139 PCT/ AU2007PCDABZI7/000676
5 Optionally, said recess has a shall ower portion at
said termnus, said shallowe? portion providing a
cortipnadlyi i fepess hasch shMovedn prtien at @t tewriany, said gallewer portion
circular recess having a
WD%?EE%G&%UhﬁgggIkﬂﬁﬂrQﬁmgéld bubbl e vent openi ng,
th é)pablyalkyr ond @immgusis Idefimldéycawtrbldar defss heythgyydiameter greater than

iR S BT PR Sl LR B

fr @ptlaﬁul@ssav@ﬁﬁufacm@slamw adfined th.efeut Reid fidasprotithg said recess

ond | aye In a her as there is provi ded a
frompreut SRt G Ot B AaISTREE 14 g. & preoour e
r elieas@théads gect fiRfe & ehﬁaﬁu APreRNFE FFulRIo. ol cmﬁp@smg a pressure
headspace above ink in said chanmber, In a second
relegsg ;yéldf: forilegsine<srtss PRSI InGrhepispise aé%veanlm SAtdHE AR Nk
SURRh YecB) S hpHRt tﬂeq)rgsgﬁ@%‘!fe%'tl&gpro@ﬂeé Nfdirtheal ﬁﬂ%Bﬁ? dyster@N
ink reservoir; an ink pressure regul ator
compegingat i ng a hydrostatlc pressure of ink supplled to
head, said regulator conprising: 15 an ink
m“%ﬁgﬁ%@?kﬁ%ving an ink outlet; an air inlet opento
an ight wogpdier e; a bubbl e outlet for bubbling air bubbles
an 1nlp ]te/r%%sure re%uleaor or feggla{: ga l%ydlror%!flaglrc pres%u(%eo (g?)l{illf gﬁpﬁgeda tg) g?igrprinthead,
smdhmbmhawmumhahgbelng di mensi oned to control a Lapl ace
pressure bbhl es drawn into said chanber as 20

0
resul t ﬁ&ﬁ&ﬁﬂ?? VIRGR RS OPYSE pri nt head, t her eby

regulathmgnaﬂ&wgﬁﬂﬁh&mnpmﬂéessure of the ink; and an
air channel connecting the air inlet and the bubble

out | et : 25pepleoytict fo bulpling piy gul&l%s\}'pteitlpf‘gchpmgerd each air bubble

CORBMPIGAL 4PN REIVRESDcd Ristlic] ar}JﬂmQHtalbﬁay SNk, ‘%Ehd'bm)lﬁe outlet being
channel of said printhead. 25 Optionally, said ink

r eslépgpsioped o cgairel gddplgge erassurer of Rir GHBHEFedrawn Wt sagsheamper as
S a'réjsu gksﬁﬁﬁﬁ@;rﬂ?d tﬁﬁ ﬂﬁ&ﬁ tjhére fegﬂla@l‘fgeﬁ%ld?os dg@l% pressure of the

cartri urther aspect t e i s provi
|nmﬁsambly systen] further conpr|3|ng an ink

cartri dgneal a!nrrl]élrg:gnnse%tll d Qlélr r a/&l I;bubkf outl It ryﬁd
cartridge®havi'ng an n su rord”
a firstoniolind watidowg flvid dmnammcmhom hét@bermardtm]ofmtheﬁmcﬂ danriklet channel of
chaﬁge . 30 In a further aspect there is provided an
saidpgip ﬁLpIy system further conprising a second ink

|'i rmptiphaMi ghidigk fdseiveircodsmuad Badaidink Beinmeen an out | et
ch %q)r‘glgrllall?lf sa? 1|nlc<i prerséurllé ltegglgto?{]sda rgplgceetable ink cartridge.

In a further aspect there is provided an ink supply system, further comprising an ink
cartridge defining said ink reservoir, said ink cartridge having an ink supply port in fluid
communication with an ink inlet port of said ink chamber.

In a further aspect there is provided an ink supply system, further comprising a second
ink line providing fluid communication between an outlet channel of said printhead and a return
inlet of said ink reservoir, such that said ink supply system is a loop.

Optionally, said return inlet comprises an ink filter for filtering returned ink.

Optionally, a first pump is positioned in said first ink line upstream of said printhead.
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inlet of said ink reservoir, such that said ink supply
systemis a loop. Optionally, said return inlet
w@eoopidaas an ink filter for filtering returneblCIi/AK2007/000676
Optionally, a first punp is positioned in said first
ink line upstream of said prfPnthead. WO 2008/ 006139
PCTInARR 7420006 718:m16is Open andadle duringgiratihg, rsyeh thatrppidipsessure
[ e
o JRTYR0 LG MG LD A0 (LAY NSl a8 ] AL
in lOpltlnnetllyea prcomt hegdis tpusnilcngd o sait sengnd inlkhid drvalstrgam af said
. second punp is positioned in said second ink line
pﬂnglﬁﬁstrean1of said printhead. 5 Optionally, said
fi r(mnoﬁml@ &&Cﬁ)ﬂ@daﬂdl&;ﬁ@ﬁd@ﬁﬁpé ad eplepshdaitlyycoatnfratgefoapliming,
f.or n1ng %f|n1n purging and printing
deDEIBiERRiTEE n%mr}t RQPYHTO%ai d bubbl e outlet is
di mtishARechiEhibBletlduatt iadimedsiosddatiiCth S5t RHEObrekdike dfMink in
t he chanber is at | east 10 mm H20 | ess t han
the ghapbsipin at ieest pY Bext@ lesthan gimesphpric 8EsW HuUbbl e out | et
haiofdllyt éaﬁ?ﬂ)ub@lerﬂ%ﬂéﬂ HAB 2 €Ml @lchfiSh LdMerolAR Itlﬁ:‘leaplace pressure of
pressure’ of he air bubbles exiting the
the@ub@%&weﬁﬁmgﬂwévaeowéﬁd bubbl e outlet is conflgured
I}}lé}llagﬁ/ &zaluﬂé le‘%u 1&22?&31(%{1@ s 5 Iglﬁtelﬁagﬁl g leﬁ}]ﬁj&lbrlenm?thzénd a
w1dLhab1h1amB@np$L@h$hﬂ sild)fmdtlln dingnsion tantrolseéke Lapidce preadulry/of the air
bub dth of said slot is |less than 200 m crons. 15
ﬁ% |onaIIy, t he bubble outlet is positioned for
bu loiptiomedlyaa tvidohibidagisslotrid lesd thdn 200mhiaioned in  the

Zgglglaﬁl Yn@F E‘ét?bée %%Eft 18@951‘&%}%8 rﬁ) Bglli rﬁl&%b% Bléqt:%k contained in

the &Hﬁﬁ{b@r eg&chRir®abble dorﬂplﬁkﬁl@gsﬁtbﬁlecabﬁﬁﬁhﬂk@[nmd% UIbbBe6f ink.
conprising a pressure- release valve for rel easing

exded §ur}5%%s§€ﬁ¢ Ehersiis groiledl & PERE BT aEY ROk cQgpriping a prossure-
rele&AARE For rel R QR Bdsh Yresshidd a@ﬂeﬁdsﬁz‘i@ P& ihiS inRGTatchhber.

tortuous for mnimzing ink |osses through the air .

i nlQptionatyy sagrhail $hannel frebopUpyyprénays fqr enining zipg Bkl psseretlropgl the air
inlePubbl ing air bubbles into a headspace above ink

contained in the chanmber, each air bubble conprising

an Guitionddiybthk éubhieplpbdlslpnstld@defor Huubblmgwﬁr ubkles into @headspace
abo{geul% (?r;tang%cfrp ‘r%hesclhﬁrél[)gr I%agcp 1 | al:r)bqe ccggpr ?}n%ﬁaﬁlérr%u{)ﬁ? Fr ullopétg inside a
filmadiinduni cati on with ink contalned in the ink chanber,

sai.d ca IIar channel uppl ying ink fromthe chanbe

© o 15 T BisbaPEe ST Bpayited Rt heaier e KOS ity
chaﬁﬁ:pﬁlqtmd &tﬁ?ﬁﬁrﬁwﬁh lwlltﬁ\iﬂﬂddn&ﬁheﬂ glmh'b gheschambér) &1@&@&&5 &hannel

regul ator for regulating a r ost |c pressure o
SuPI?IWPEg St &t chamBe 1 Bk PU g@?tle E)‘FY%PY]%%’ largagtigir equl at or

COMPR kiidNGpectihe ;pfkléetﬁ li}az@m{ HEMERGN A hrBKuQUEd ko OF ro gulating a
fluid conmunication with the printhead 30 via an in
hydyosigie pressure of ink supplied to an inkjet printhead, said regulator comprising:
an ink chamber having an ink outlet for fluid communication with the printhead
via an ink line;
an air inlet open to atmosphere;

a bubble outlet positioned for bubbling air bubbles into a headspace of the

chamber, each air bubble comprising an air cavity trapped inside a film of ink;
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an air inlet open to atnosphere; a bubble outlet

positioned for bubbling air bubbles into a headspace
wo@tooBhes13zchanber, each air bubbl e conprising aPCEAD2007/000676

cavity trapped inside a filmof i nk; WD 2008/ 006139

PCT/ AU2007/ 000676 7 a capilFary channel in fluid

communi &gty ehanheliin Ruidsamaiunisdtiomwithakicotaiopdimses ink chamber,

sai

¢ o P ARl AR ARFle SHOR Wbl d AL SRR it

chamhmlmubnnectlng the air inlet and the bubble

outlet, 5. n_sai t anS|oned to

u {
contr Ol an al[%p geCl conne tl%tﬁ%alr fnleglalrléﬁl EBﬁbe%O (fr awn I nto
s aiwheeiragnbEsubak duﬂsuj&, ﬂm&flsﬁrwldpd) yor@l & Dkplic@ pidssure of air bubbles

oG e P S0 PSURLLE, B Y REL AL, BEESRALS

hydfo@ﬁﬁﬁy@gguref(q‘rtheamprl nter. QOtl onal Iy, said ink chanber
has an ink inlet port for fluid comunication with an

i niPortioppllyesaid ipbichambop s 4l 1epervainfoga piptsl-e outlet is
di TREshARCH ik Qhén%? hak AR Qs Hg&ﬂt for Fflﬁl?cﬁc%%{n?un@cfanbrﬂ%lth Bn ink
the chanber is at |east 10 nm | ess
fﬂ%ﬁmmspherlc pressure. Optionally, said bubble out | et
(ﬂkﬁ#ﬁ@h% b%ltégo*&g%ﬂ Belggetn%gefg%ﬁé%% kBrre §3§1§1H reQJuré Mk in
the dtamb@plh et eost yb@ essti@ lesslﬁalwmosp‘rahb yressiad. d bubbl e

t(#p%onaﬁ saddl bublb ﬁet 1% dlrrrneelnlgﬂ) O Ch%ﬁtoa' 11 ! Po%ta%l% Prgssure of ink in
ace [Xr essure alr ES ex

the &‘imbibbﬁs aulchset 00 @tﬂﬂhahd thian ambsbhbmbpdegumut let is

o DrueSeifluulaR fthing SREH MieaSo i i (HPlacE pressure of

the ﬂfBlﬂﬂ)le%xﬁﬁgEH&Q)uBlblé otebl es. Optionally, said bubble
outlet i s confl%ured as a slot having a length

di ety spirhbubbleaytlghigeonfignisd as # eircy 9%@&??ll@ﬂaélfch§%ﬁtaradms of

saldV&I%IE'r &Beﬁﬁ@%b&fblﬁﬁ@hﬁﬁh& ﬂr&@urb@@ﬂh@ﬁﬁ bEkigssure of the
air tion , dth of said slot is |ess

t h&wtioudlypsaid Bybble quietds ﬁqnﬁtgh@ri a9g jechavingerlgngtsdimension and a
r
R L AL

bubblent opening into said headspace 25 Optionally, said

bu ltignaﬁytl etb ﬂiaglgsglsdaslq bl[ b[lhan r}ltucr%%é)per ate such that
each ait *bubl reaks rou a neni'scus of ink

pi nme further opsct swirais provizlee a(ersl;lEé regnidtov,efitiser icorhprissi@d albubble vent

il g hupfe o EEr PLRE: Sl B pone il B adbincRTa o pl at o

co I’(|I}i’[1'loﬁiéllIﬂfgsauc%1 lblﬂ)lg&lg;lltli:trﬁnﬁkald bgﬂlgjlégadnt 6&@8{?@1@ such ﬁh@t dattb&il Bubble
utl et an t he u e vent t O Y, p
brea%é 5P SR @INSRISSHY PTaNK PYngskacroshiaidPblq traéld Vg%rﬁ amP %ayiaf@mber

via SRPRBLRNLICRY tO

Optionally, one wall of said chamber comprises an air intake plate, said plate comprising
the air inlet, the air channel, the bubble outlet and the bubble vent.

Optionally, said plate comprises a plurality of laminated layers, said layers cooperating to
define the air inlet, the air channel, the bubble outlet and the bubble vent.

Optionally, said plate comprises:

a first layer having an air inlet opening defined therethrough and an elongate
recess defined in a first face thereof, said recess extending longitudinally from a proximal

end at said air inlet aperture to a distal end; and
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define the air inlet, the air channel, the bubble

outl et and the bubble vent. Optionally, said plate
weowpniEas: a first |layer having an air inlet POEAUZY7/000676

defi ned therethrough and an el ongate recess defined

inafirst face thereof, sai8 recess extendin

| ongi t udserand layérrlamnateg taoseidiiaist fags sad secand kugrdiaeing a capillary

i nl: 08/ 006139
pcffﬂd%%§5é§%§g§@b%‘%h‘&ggg ggﬁggg%r Og ated to said
whekdin said fapdéyry st dp@m[gm doditapned tdvsawdsrsgldailated pnd bfsaid recess and said
nlet openi n e.vent. ap
bubb RSB So B e iR o i Fekeni ng i s
pOS{)Iihbﬁn’lkyda ﬁ@ﬂaﬁids‘ald&a(te@s zdlssﬁ@koxaﬁd eﬁﬂ defaleda cetas Sln&ﬁdon of said
b bﬁlla | eni Ashlline £02 ta@ B id
ube g% ﬁaﬁalde%w%}fdﬂg%ﬁs ncpiEling ?ca&)atcri ar?awrgo ar YRR @8%111% sai
bubBlRodildtecess at sai d prOX|naI end defines a critica
di nension of said bubble outlet, said critica

di rRnHenBly: wirheybslel veRiPraning da@gnsmnég 9 i a grenigpys of ink across the

qmﬁﬂgp*gﬁﬁggkhh&g said bubble outlet. Optionally, said
e vent opening is dinensioned to pin a neniscus

of (niiknallyr wékbublls veaipaning isndiasent g éubtémutk@h 10
QJ %Gﬁ'e{ﬂy ?alc?l%b%) ﬁ%ﬂlﬂgrﬁs ohEdto a&@\%@é ﬂﬁﬁéléﬂt %Qﬂdﬁérzrrz EFQSM raise a

I'e out tiona recess is si one
cdumnqﬁnWﬁdesadﬁﬁktmawbsmdmnhhaﬂwnéressure to rai se a

gggrll'l a ouITfh a]S%ect @1% presen?lntvel%d[h e provu?es a{l 1119( r][oress re Prergufaton%or Ore%ulatlng a

aspec presen Ven provi
hydﬂj@ta'tm}iremu&sﬁumlesulpﬁlgﬂ.dl tabo [nkje(b priniteepd| Bﬂid rR@ulator comprising:

hydrost at i re re of J to an

o7 ot hedinnk e Bt el oy e Ppyic e printhead
via &hiariies; having an ink outlet for fluid comunication

with the printhead via an ink line; an air inlet open

to at mopHEESt OBSHABHNSPRRIEI et for bubbling air

bubbl es , bifle &Rt R BHMERg o %ﬁﬁbl@k‘ 1ﬁt0t?15’eb&1|a§1betc &Tn rair%'uﬁlﬂe
an air cavity trapped inSide a Imor a body of ink

compHeing an gh cailly e pradrieyidecolredta h@gy phiskaind i nl et and t he
bubbl e gLl @ﬁammSﬁ&bﬁngﬁé Gy p#&*ah@th%htﬁé oltfet, |

di mensi oned to control a Laplace pressure of air
bubtdicesn sagtt laxhhlelomtlct isdingngoreadiie rordsl 1 beplide p@efssure of air bubbles

dravF'] S Po H %cp ?qtlamrt])er & Qeshil B R Brthngequlg ko tLhern%Péadr y reglglgtmrﬁ(a

ros C preéessure or tlonm
ludnhanbpmmmmaqﬂﬂwlnk reservoir for a printer.

RSl Bl Ay e gl o Pt T

OptopeBadilyysaidiak dndmteb he @uhlt @let bért eir MRESdcanRthiGUeRwith an ink
that a hydrostatic pressure of ink in the chanber is
TeSCR{OM east 10 nm H20O | ess t han at nospheric pressure.

Optionally, said bubble outlet is dimensioned such that a hydrostatic pressure of ink in
the chamber is at least 10 mm H,O less than atmospheric pressure.

Optionally, said bubble outlet is dimensioned such that a hydrostatic pressure of ink in
the chamber is at least 100 mm H,O less than atmospheric pressure.

Optionally, said bubble outlet has a critical dimension controlling the Laplace pressure of
the air bubbles exiting the bubble outlet.

Optionally, said bubble outlet is configured as a circular opening, such that a radius of

said circular opening controls the Laplace pressure of the air bubbles.
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Optionally, said bubble outlet is dinensioned such
that a hydrostatic pressure of ink in 30 the chanber
w0 g00amodigast 100 mm H20 | ess than at nospheri c PCEAB02/000676
Optionally, said bubble outlet has a critica
di mensi on controlling the LaPl ace pressure of the air

buintiesallyxsaid pipblcraatlpiuibeinéigoigt ket slodpingridengph digghgion and a
w1d91LH?tﬁLr?s ugdcﬁtthalt Said Qﬂiﬂﬁ S0 BonBo tﬁeclgel Rlece ﬁ&@ﬂﬁ&?ﬁ a1r
hat @& radus sal d circular openi g contro
mmbm@ Lapl ace pressure of the air bubbles
/OO 39 P 7/.000676 naIIy sai d
bub X naq%’t f g{cﬁr Sc%nS? tg%JlF%q hah 20@ g ré)fls having a | ength
di roprishaOly, thoulsble vatidt K pdslﬁmmfmubslmglmﬁ thbbles aitainWicoliithined in

i mensi o ntrols the Lapl.ace. pressure. of the
the gﬁgﬁ%ga 'ﬂa&% aﬁ?fg}pﬂ%nwno%caeslﬁy ] el +ihedy 9k nan

200Qn Hﬁﬁ‘fh@ﬂ& e tHARY s ?ﬂﬁideﬁ a p?d@@r@té@’@ﬂaﬁ)r Guithee Qorhﬁrlsmg a pressure
posi ti aned or bubb ai r bubbles into ink contalned

relepsq vabvg éoréﬁs%m@rem%ewssalrer ingdistisaace Shprei ek Hgaidhehamper.

c a\(jpttMnJlfya&ﬁ)@Qr LRRAA S BenPAAYrtRus K lfmmlnrﬁmﬁg ftﬂ{rl$§§€sr through the air

aspect there is provided a pressure regul ator, rthe
1nktonpr|5|ng a pressure release valve for releaslng

e
TR 2y SRS B Py RGRRARA o M yPlot S headspace
abov@ink gosnédoin thw ahiemmberi ergh iamoublds s@sprismgengh bublede aiapped Iide a
ﬁlidyi t. Optionally, the bubble outlet is positioned for
™ ‘ing air bubbles into a headspace above ink
cormi aifurendr aspedt frercihardveded a@mk’urafdgulhtd)b,kﬂlﬁheﬁ: oomptissiggcapillary

chafi) Py iy ARG A st vy Qb allapshamel

suppliink R fr&P MRIchShBlg t@the @@H)Hlé adthet byl&apahanagbni n 1 ui d
conmmuni cation with i nk contained in the i nk chanber,

sailli® EIBRT 45874 therain REIVIASd 4 PSR S IT (TR ERAT CHEPIEHbDIe vent

adjdcbnttilg bﬁ’ﬁmpdnﬁlep Whili %ﬁblﬁé’ V&@Q}Bénll@r 1Mt0%§1td'h@£lispa{c@ a further
aspect there is provided a pressure regulator, further

compf fi §th Bepeat theiplgsaat méﬁtﬂon A vidss an ink gpgiridsgsBitad|oler fegplating a
hydfoéiaﬂﬁpﬁé?s%eeof*{rt%ﬂ&pgﬁ%&b 09 1&;}% gnﬁﬁéaﬁ &?@%@ﬁg@cm{ﬂ?lg

aspect resent ntion provi
cart ri dgeingwharalisr baviog arr ol ohtht iforgluad cap@nimychtios tvathitles printhead
Vm’nlng§ure of ink supplied to an inkj et printhead, said
ridge conprising: an ink chanmber having an ink
out | et hodair filatioperctommiospat;i on with t he prlnthead via

out ot rousRRF G ol g BN Ry R BasBe b

con@h?mi@hhbb& &Vltgﬁgpﬁﬁﬁﬁﬁsil(ﬁd;(m@lnﬂg adjolly 6AMici aﬁdt r lapped [ nSI de
a 11 MmOor a (0] I N an an alr nne connecti ng
the air 7 #f @Hanaﬂ&%%émtﬁ}% pig l%ﬁﬁp%fhe%mﬂé? gititsai d

bukiMeRiPid BibbicDuttTEMiSAA6E 1O c5@A & LhplRoclsPRERE BF air bubbles
pressure of air bubbl es
drawn into said chamber as result of supplying ink to the printhead, thereby regulating a
hydrostatic pressure of the ink.
Optionally, said bubble outlet is dimensioned such that a hydrostatic pressure of ink in
the chamber is at least 10 mm H,O less than atmospheric pressure.
Optionally, said bubble outlet is dimensioned such that a hydrostatic pressure of ink in
the chamber is at least 100 mm H,O less than atmospheric pressure.

Optionally, said bubble outlet has a critical dimension controlling the Laplace pressure of

the air bubbles exiting the bubble outlet.
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drawn into said chanber as result of supplying ink to

the printhead, thereby regulating a hydrostatic
wee@ssuisd of the ink. 30 Optionally, said bubbpPer/auzdognoos7e

i s di mensi oned such that a hydrostatic pressure of ink

in the chanber is at least W0 nm H2O | ess than

at farsiphrdlyi sigbubdlequdet igpanifignegt lay a cisexlad obenyid, suchiihdt @tradius of

said; c?rcﬁih@%ﬁ%g ngrgr&slutglg {i%];l?ée ePz s@%g 89&% %%ﬁﬁ 5 gg StJ L Zn of ink

at apsiphedlyi &alcblmé)bk:wrudet 1Opnifigmat Iaw slehatingubdtigth diotchgon and a

widRlo@yfl bl B SRR P TRRE Rl e BRa GG une
bubblldi let. WD 2008/ 006139 PCT/ /—\U2007/ 000676 10

naI | e out s configured as a
@W%ﬁl &fsagﬁsiﬂ ity 0Q4PIGONSf ~ said circul ar
Openina@lgzomb lb@lbtﬁe bRt k%ﬁklﬁ@&dﬁétﬂﬁﬁblﬁ@ £ bubBRs @ktd ink contained in
ubbl es. Optionally, said bubble outlet is conflgured

the ﬁsamé?e% P alhib g camPrisig 41 i GREIS rated Hids 2 bagyye

di MRRSIRRr asprlG et Rbro3 Rl aﬁ\’hﬂttc]artﬁl&%ée ﬂx?ﬂh@trboﬁfbﬁgﬁlg la%retsgh?e

Lapl ace pressure of the air 5 bubb tional
releggecypbye &ir relgisthegixess prrsyuesia athqahpfz@@b@ﬁecnlewald chadiber.

y f i

oo SRR D RHAE LS S RIS e s o i

inkthanber each air bubble conpr|S|ng an air cavity
%Pp? onal ygﬁlg \glelbclage 013%¥1s IPQSIJE%I} for u%blu?g:;atu{}h ﬁélr:)l%g glﬁop% heads élce
abo@e 1|nk e&smnm in e aheineas eackl air\bebtﬂe) borm&ise@smnrag bekicle ﬁﬁpped inside a
Al Pleegsur e in a headspace above ink in said chanber
! nally, said air channel is bent or tortuous for

m mh A¥EthePash &t tHeRSiS Eﬁ)vﬁd&ﬂ Qbl gt &hﬁdgﬁki furthi:lrﬂoﬁ{prlsmg a capillary
Optionally, the bubble outlet is p03|t|oned

chaighi ﬂ%ccmmrb%lsn adthiipl; eonipingd Ay dip Atech b iq fpillary channel
supROMRE KRS tH chitb& RAdke %ﬁbbl@@tﬁfét @y sapnm%bmoﬁonpr i sing

an air bubble trapped insid filmof ink. In a
f urde hénthasgseeqt therreip gravidep rﬂwlikcréaﬂ@a@ fustkercepipripigg e bubble vent
[ | uid
B o et s O AR e hmber
sailda Gahiet 4spec theheain pesivided ap pﬂqaaﬂgdgenwhmh o tehlecahigobdisposable
mkE&%ﬁWe bubbl e outlet by capillary action. In a further
ect’ there is provi ded an ink cartridge, further
C O ﬂ'l}Da Iﬁﬁ“[hlagasaed‘n thebd ie puosided a2 thkadjtadenfurthad @nipubiop en ink inlet for
n% d b%ﬁ |.e vent opening into said headspace.
mc??W%f @P ?pgg @t there is provided an ink
c arhﬁ b fdtgher aspbdt @ferd iS pvikphaakaated@l fslihsespbkiag ah Bk filter for
ridge. In a further aspect there is provided an
ﬁhﬁpﬁ%*@éﬁFPwﬂﬁéi further conprising an ink inlet for

r eqh VikhhshadK thk HRRdt e cRid i ¥rbaad- a Bahddof@edultinB@Mydrostatic
aspect there is provided an ink cartrldge further

pressgRpf inkisaRplige tq aidnkicy prigthepdsaid method comprising:

withdrawing a volume of ink from an ink chamber and simultaneously bubbling air
bubbles into the chamber via a bubble outlet to balance the withdrawn volume of ink, each air
bubble being defined by an air cavity trapped by a film or a body of ink,

wherein the bubble outlet is dimensioned to control a Laplace pressure of the air bubbles,
thereby regulating a hydrostatic pressure of the ink.

Optionally, said ink chamber is an ink reservoir for a printer.
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filtering the received ink. In a sixth aspect the

present invention provides a nethod of regulating a
whyasoediad i c  pressure of ink supplied to an iP&I/aU2007/000676

printhead, said nethod conprising: wthdraw ng a

vol ume of ink froman ink chidnber and sinultaneously

butipedlyasaid BB chamlist bss anrinlointdh gorg fradiyik copingnnacapoibiyltl an ink
1resep%tnl et to balance the w thdrawn vol une of ink, each

bubbl e being defined by an air cavity trapped by
a fQptiomaly, md:)lmdjvleafutlﬁmkdlﬂ@ﬁomdmutlht@atmtbfbt(mtauuplteefture of ink in

e uBras X EnaF ab M G Ber RS R BPESEE T o pr essure of
t h@ritiokallyQpiid ubdlel ontletdadiehensibnsdBacthit o igydatatitfsressure of ink in

res rvoir, for ri WO 2008/ 006139
i\péabl??%é%ﬁ'?% ﬁz?)ﬂeaotb%ﬁw HGRFEHUhk chamber has
an Opiiknd1y! &lid Pdble Julét Hak b icli OARALALI6@EIAD 1M i 1Uplacd Kressure of
reservoir. Oﬁﬁl onal | y,l sai d bubble outlet is
the it prhibiss swisae Ssdnbelpaitlss hydrostatic pressure of ink in

th Q)p%tiéa[ﬂ%zegald SutBle duBidst cc;InQitgﬂ?&i ROk &3S obglgxfﬁ) such that 2 rad1us of

atnnsp eric pressure. i onal y, sai d [ e out
Sa1d+ csrcwlﬁwgmé Hedrosibh Lﬁmﬁe pacshyrd pObE ax bebdesessur e of | n k

ﬁ Al NTPRbblcHufbe 1%})(?1?‘gna?|gs mﬁ%ing Eié}gtﬂbgﬁﬁleflsmn and a

iC pressure. sald e out
w1dth1at;mansmnl, tucb atlat ehiidrenth dimeosoon caitdolsrile Lpdack ppisaceot the air
bubRLESSUr e of the air bubbles exiting the bubble
out'l et . Optionally, said bubble outlet is configured
as quonerlbru:h ar[dtlopﬁdaidlsgqt islaghth4n 0 maicioadi us of 10 sai d

CI r C ?)adll g@e %&H? rsfpossigé{?e fglﬁﬁlhgﬁ]éngoﬁ{ tre@)fsfjg gltoo ink contalned in

the élﬁﬁfbblg UiBdirdsbRe ﬁblﬁfarlﬂﬁg\/dnﬂﬁr @Vitﬁﬂ@éﬁd disie A%b@nofink a
wi dt h di nensi on, such that said di mensi on

cointignaly the bubipt eutlst ismeyitioncd foyrbuphlinggin bubblgh B g headspace
abo¥Pihk 0ARAHG indhWheBerOfach @r BuSIOtorhstistigSd alrRABbI2B8pped inside a

mcrons. 15 Optionally, the bubble outlet is
filmed dnle oned for bubbling air bubbles into ink contained

in thtlgﬁal fary 88 Hel‘cs‘u 1BURRlS gpﬁa!nfb'epgt Whle outlet by
1‘f t he

cavity t app [ nS| ody o Opt 1 ona
Caplﬁiautytalceomutl et is p03| t| oned for bubbl [ ng air bubbl es

gﬁ)tlonal? dglgq%?e vents abao ;}/c%ntl sgllé buglg]te %{1 d%ritg] sa%up air gurij%wb Tmte said

e conp an-arr
heaalspsaede a filmof |nk 20 Optionally, a caplllary

u S in rom.the hanber to
C oREnG s R i ik TS e R b et o R g fn i
con@djn&ﬁﬁtﬁl_t vgﬁlﬂﬁldlngld)bbd:t%fﬁﬁj%l:&hb\éfrt S sai g ai |r bubb:c es
I nto sal eaaspace t1 ona sai vol une o i nk
i s v EneeaRm PRt Hpuipravdicern R esspv o fBF #hikisbRyintirad, the
resebVo c@rnprising.

a container for maintaining a quantity of ink at a pressure less than ambient pressure;
an ink outlet for sealed fluid connection to the printhead; and,
an air inlet with a pressure regulator that allows air into the container at a
predetermined pressure difference between the container interior and atmosphere.
Optionally the pressure regulator is a relief valve.
Optionally, the pressure regulator is a porous member with a first surface for exposure to
atmosphere and a second surface for contacting the ink in the container; wherein during use, air

at the first surface moves to the second surface and forms bubbles.
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25 conmuni cation with an ink outlet of said chanber.
In a seventh aspect, there is provided an ink
wo e®e/eaBy for an inkjet printhead, the reserRGI/AU2007/000676
conprising: a container for mmintaining a quantity of
ink at a pressure | ess than Bnbi ent pressure; an ink
outQneipn4liyy the geessde fekulp@r sohgabtdlonted oelative t@the nnkhedlgt location.
an n sure regul ator that
al Iq)\}\lghqal@ th@h%,mh?ﬁ%ﬁ%%}dn% glmgrélfwag "a predeterm ned
pr Mnaélydthﬁbenoemmembetimemsh he container interior and
e i ona t he ulator is a
relral) Bmﬁ/fé’l’f\l/lgpo t 61, g‘f%@an?q?ecel?gssq?’l%%?egul ator is a
po Optisnatgnihe threwhbla paesburt s¢ gradidrftiamel Ohomi. Hexposure t o

phere_and second surface. for nt act.i the i.nk
" n U B e Pe ea%apaaew@}ﬁ piingexdad the presteld hrestyifeds groater
tharf3(]0ﬁﬁn sy face noves to the second surface and forns

bubbl es. WD 2008/ 006139 PCT/ AU2007/ 000676 12

OptQrgaatiyythe pareupmegberiza papef eppeed mendringhenaged from each other
sucteihgViak RdctRb@bdt\ed Berh Iﬁechéme BHEédQB ah 9F §15a!09 Qrithin the reservoir.

Optionally, the porous nerb IS a nmenbrane.

Optartiaedliyythe phrupoesber lmﬁ@@bralns inga g tiall gighe epaerveiy the
e R R PR R 0T e QR AT B8] o AETPLAR s Beld betveen the
walll@lmfhld-iﬁ&nb@m byoralllayy, actibewper tht idkddvel drogs b@i@\@\tﬁedmtmbrane.

I'Pnllo?-ég %&){*tgrg%lata]hlrlse gﬁﬁomm&te% :rlflnrrrrlg arxélbaér ! St%g mlgénb%rang P

_o p m];meﬁiallyethﬂe iracres velac enddd mﬁ;arhyda@hﬂmtrﬂmemal such t hat

ink . is ret bet we themi.f they.are

ot OBt B T el B OGP Tes 107 GHBTH e e vl and
theﬂ@mﬁkéﬁeﬂ%ﬁbﬁfcelc@lﬂa ¢tonane in a side wall of the

reservoir, the rane being p03|t|oned cl osely

adjaeiepallyathe ""ﬁ‘iké?gr%ﬂte%llﬁ faBii mepih gt Paptilatesmpieriy)-

bet()%@i%ﬂaliyhﬁe 1M@le$erx%”‘1dfu¥tﬁ'§ cHﬁHM@@Q%lt@b’oxﬂ%ﬁ@ﬂe Lty action

when the ink | evel drops bel ow the nenbrane.

OptQréigedllyythe reservpiy iset igaioveghla ink garalp“se Eximtadlatiqn intorpminkjet
prinfipy fromthe nenbrane. Optionally, the internal wall

I's made of a hydrophilic material. 15 Optionally, the

i nloptiesalyyiic a@wntﬂreﬂsu@owmlos@srea wi cki ng materi al

Egtp()ly\l? nall;zhﬁe g cl)thletqin er comPI?ses a%qna élgl\ﬁt ag oﬂwg %EILTH ?ré)rrnl aérlnosphere to the
preskabrégnlatoresh or parti cuI ate material. Optionally, the

ink reservoir further conprises a filter over the

outlet. Optionally, the reservoir is a renoveable ink
Brldfwekcrﬂpdgleoﬂ‘tﬁé Diraﬂzﬁh@ lation into an inkjet 20 printer.

t he anbi ent pressur at nospher e.

Opt@ml easthl ntStoﬁ dheamverian wil Ry b cr@aﬁd%yl CHOTSBIE Qsith
refeftnbe fol RV dR&hPanky Rk &YiARS B\GKign:t 0 t he

Figure 1 is a schematic side section of a pressure regulator according to the present

invention having a needle-like bubble outlet;
Figure 2 is magnified view of the bubble outlet shown in Figure 1;
Figure 3A is a schematic perspective view of a slot-shaped bubble outlet;
Figure 3B shows the bubble outlet of Figure 3A partially blocked with debris;
Figure 4 is a schematic side section of a pressure regulator according the present
invention having a slot-shaped bubble outlet;

Figure 5 is a magnified view of the bubble outlet shown in Figure 4;
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pressure regulator. 25 Brief Description of the

Drawi ngs Optional enbodi nents of the invention wll
wmomwshesiaescri bed, by way of exanple only, w tPCT/AU2007/000676

reference to the acconpanyi ng draw ngs, in which:

Figure 1 is a schematic si del%sectl on of a pressure

r e@@guaft ofs aacsplpdidngrspectivi gicpraf skaviir infake platei showh anigeye 4:

o B E B S 13- TS o

3AHigiIras fscahelmlbda:i mespscpiye viewenfian @Wsroeﬁtlva tls-llayteﬁesl Iatrpadke plate;
Elugb ure % }3% a psgfu%matllcl & B?Ctlg% 8 thﬁﬁ\{)\?eﬁsu dee%g ator q)‘gwn dlrl Elg}floe 4 connected

to a&e@ﬁdﬁ@ﬂi&fcm@n&gleﬁe section of a pressure regul at or

accordipg th resent invention having a sl ot

bubBiE Hlisidehomese anﬂa B0 asprsssnf&d?ﬁ"?%w% b BRRTHgosioncd
For BUBBIhEaiPLLES 185 @WediPhcE gure 4, WO 2008/ 006139

PCT/ AU2007/ 000676 13 Figure is an explo

pefspEct § iy mazaifjed vieprd ﬂéﬁ bubbﬁtoaﬂ%t spevat @ Féﬁgwllo Apfing bubble
fornfdt@Hr € 4; Figure 7 is a perspective view of an

alternative air intake plate with protective noat;

Fi diguee B isg magnidieg IVWe(tip threubplsovildtehawein logurahl during an idle
pengglternatlve tri-layered air intake plate; Figure 9 is

a 'schematic side section of the pressure regul ator

shdwguré b3 iﬁiag]wgeiﬁ&d &@M/rrdcﬂueelmbﬁletootla sb@pramd?ci@rb h& during an instant
Whena[llliet I{ea %aée Y ltl hta in pOn%V 1 essu%zg’ ction of a

pressure regura i %u%%]l & out? &t positioned for

bu tFmgulren t¢ @ian ekp]@dﬂd@ﬁrspmloe sicheddrpadatakdplat rsEovs'hil.lnl ESgLae 10;

ni fi vi ew of the bub utl et ..sho in
i RN ER R I S L SPNERAR R
Vi enned 14 RQ stnephitie pautdcgte w0 WNar ik Chrgitipe addpidskiitggiddtor
.dle period;. Figure 13 is a magnified view of the

Conﬁ%fﬂ@ramlméi(m%#‘éme?on Figure 10 during an instant

€7 RAIESBRAGE sdcfioy SRl I en At RitivE dﬁﬁn@&edacordlng to the
pos ively pressurized; Figure 14 is an explode

PTGSS@trlg‘fﬁ‘élét’IFove view of the air intake plate shown | n

u?esji(é'and éré aé'ngfaF c%étnétﬁ%\é@tloiqji‘%'aﬁéjtﬁt}%é{b th@lﬁk cartndge

supp y accordingto e present 1 nventi on; Flgu
showsnaFlgmhéﬁhatl c per spect ive view of an ink cartri dge

anq? ures g 2§ el%%'&h?éﬂ? bic sec(t)lnflv e 89 a Iic())urb%e%grln%llle clza ]gid%e in
|gure I's"a schemati c Sectioh view o n
dlffalemt@mnthmom ink cartridge according to the present

TR angreGH O ERp R T o5 e e e PP
hydﬁipﬁﬂm int@nidivgir e 17;
Figure 23 is a partial schematic section view of an alternative to cartridge shown in
Figure 22; and,
Figure 24 is a schematic sectioned perspective of a cartridge according to the invention
showing the possible configuration of the tortuous air inlet flow path; and
Figure 25 is a schematic side section of a prior art ink cartridge incorporating a foam

insert.

Detailed Description of Optional Embodiments

Pressure Regulator With Circular Bubble QOutlet
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Figures 20 and 21 are schematic section views of a
doubl e nenbrane cartridge in different orientations;
Wor@anes122 is a schematic section view of a capCT/AUY®T7/000676
with single nenbrane and 25 hydrophilic internal
wal | ; Figure 23 is a partialldschematic section view of
an Figuret phamisvle sioplesifonn efgbe phspRhiny entio fguthe pRrposes pfigxplaining
S p
the geisg:ucﬁaglgang gﬁnc rlezlgﬂﬁg'?}ehs?lﬁe r%?t%l%/tgﬁ %Flﬁﬁlj’eéh%\%}e nléé ﬁ%oﬁ\fél dpressure
reglpaiels](lﬁloempnmﬁg gum&tchzmﬂoeoﬂOI heyittgomtinloorgleal ¢2 dndlagtinled A. The ink
chatﬁ&gﬂ’()é IS oglgetsrxgvlisgi% etgr&tl"gei (IJ'L gut?ertég? %o? H %ug%lg{ng%%kzﬁﬁttlo g?)rigtfhead 105
via ilmﬁiE tihe 102 AzbubBd oe&dni pidoﬁﬁbc&fd teptciagriglkt E3hadinwndhannel 108.

200HG0B S5 PETMALBOD P IR FEOLNT by ST heg 4 hepfplaced

vohﬁmemﬂ i@t oe mll@ﬁceﬂ RethRh @§ENAleit W RRHel 0 Bir, WibEh fshigawn mto the
pur poses of expl ai ni ngl?l t he basi c oper at | ng r| nci
B

Cha@PertVl*?ethE) Pie 183 g bublle putlet AOEvgifhds nositioned elpy ﬂseﬂemhof ink,

ensﬁedotﬁﬁsﬁé"zﬁ?ent&?gfélcﬁﬁr%er 1@91&9%%f RY bEBbIEsHHO Oﬁ?&rﬁ?ﬁénsmns of the
101 having an ink outlet 102 air inlet 10

bubblg utle H Arpetermineth sizeefibe oir b@abéf@dp% gnterppgthe ﬁlkamhﬁt l(élt
10
LA B PR B B P IS0 A
so that ércdiubbl niitddt IQDB dvﬁmeddry aamlrcukahmmmg al @8.cnd Whtha cylmdrlcal

cha%g AC{J(F]I%I alI'epcflSSII\ll% hro n‘gﬁh*e ine r91 §t% tn%%ognﬁlgné %ed by a
liquiad mkfw:rmﬁmadma beqirvarat Uﬁ@reaftera]hafn tha\memtal ralivd roﬁvha chmnel

th hanber via the air inle The .bubbl e

10 PUriiRPER TS s DRrA T sdte B twﬁﬁéefffeémly Bt ap ﬁpump= | Edwing ink

frorﬁﬂﬁﬂﬁl@@qafnﬁ&t 10t R@thedath &dp @feStldnh & tediaRBRIMBLO W eteneft REely open to
formof air_ bubbles 109. The dj nensjons of the 10

atmespREIE & 1 0 |2H Vel 7S WSPBF Riipfet IRk cafridgeysthe Rudregtatic ink pressure of
the Mg@ﬂﬁﬁ%d gfptge Eﬁﬁtﬁédd%uﬂ"@e i ghb% kheldddermMed 8§ &%lévﬁ,‘tlon of the ink

igure 2, ai r channel takes the form of
reseé\r%qubevq:tgrl hehwr the mmtbwdnﬁewever,% thetyals chamdeplPd btash ame laet
micflo(-s)? pIICSVOquﬁIl %Rydr fr&ﬁ e aﬁpﬁryO'ﬂ 9t ﬁhst%@@rc@tﬂg thgfé)résglﬁe inside

|ndr|ca ann Accor |ng any air passin
an anﬂrubbllg 109 Fremirigan thelbubbls butkt 165 idmcp thie pumpmglstioct d€ thelmpzzes

genef‘rﬁt% Cslle’lr{tlfg)?‘egs?e%\eﬁo nr{atg aﬁiﬂe %ISCfSSOU{F%I(%llSJIE% atﬁﬁagerl u[)l@g I%F %tmenrg at the
bubple iontlétn g7, thdnehaaz blll‘té)k cnan ctdape jard tht hesadloit 66inkfl 04 altd ivlekan flow

, draw ng . i fromthe i nk chanber 101
ﬁo‘ﬂ\&?ﬁﬁfg%]%%qgfglﬁ%ﬁ@éﬂug%{]%f the ink chanber were |eft
f r ek iR et dlﬂbubﬁkﬁ@@fdﬂhﬁgw't ihb bﬂlb’bl@bl[tlev E(thr()ﬁﬂe 51 Back pressure
sone prioQr a}\f ink cartridg

agaigptdRGRHYIRg © etCh%f thrringhesd PP@ieSt Iy qﬂr?é WBMS ‘?‘ﬁ & ift WE)%}F fubble
outlB€1 0918l Yn e L AE %éﬁil% ﬁ&dﬂ)sﬁzﬁfé iRy ;tn%ﬁﬁreqh ahik QppBisytbs.
a

ink reservoir ove or bel ow ri nt head. However,

i n Thaercswke @pderdesphaital agduhbles HRY 1adqgnﬁ11®rhystbwpléknown
LaMﬁéH@Bﬁ&f ink is drawn fromthe chanber 101, it nust

overcone the pressure inside an air bubble 109

form ng at the bubble outlet 107. Once the punping

ef f ect g{,:tffr nozzl es

where:
AP is the difference in pressure between the inside of the air bubble and the ink;
r is the radius of the air bubble; and

y1s the surface tension of the ink-air interface.
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generates sufficient pressure to match the pressure

inside the air bubble 109 form ng at the bubble
wouiBe06131907, then the air bubble can escape i nPGI/ALZ007/000676

reservoir of ink 104 and ink can flow fromthe

chamber 101 via the ink outllet 102. 25 Therefore, the

ai Thpsigbpethe 20 YulfbdgsniOp garape taied by by ag that dimensiq@y of the bubble
o (B SO & AL ISl 07 PR p Rl by Blihing o
predehaemmg&b bt@tiv@h&drmtatﬂ: Piessse bf:mg applied ® thxe p‘tﬁg]a?taﬂ\l% Smaller bubble
outl t¥ag rélgrhs s Iprnoglu{% & | rﬁgrsnsegé{levlglhggrostatl% "E BEsS ‘B/ylxéléu? gt[%eneratmg
smatlet i tubbies hddyngd dieigh [Lap lkexopressureapl ace equatlon 30 AP

= 2:/r where: AP i he .difference.i e
beﬁmrmsﬂge reﬁgﬁfé 13 3%8&@% L%@s i et B 5 Waﬂ pored
cylih@er (D€ hipslickicatedld)@ading a I@m&ibire)pexﬂﬂgidéiﬁmgl tﬁe bilBle outlet 107.

surface tension of the ink-air interfa
Hovoqyeis £ gigsiis ont propisaypeih i deyesnds thifstherﬁécuéﬁr ?@bbﬁ oytlep 104 has a very

smah%%'(@ﬁhél&%e@mb% O\’(ﬁrrhﬁ 2BY iR hie Hﬁo%ﬁ@%'c@ﬁ\ﬁm&fants in
t he bubble outl et . Therefore, the dinensions of

the miselt Fabldibe déutabl@tto mlﬁamtb@ irgeef the hebbhsousit WSsahat dhs mere
i Mg ydrostatic pressure of ink
10@%&88{ gkto t e prlnt eaoi31 5. Smal |l er bubble outlet
di mensi ons provide a larger negative hydrostatic ink

PrePUESRA Ll S5 0L BERF Bldd S s ler alT bubbles
mavT g nmrget Lap1 ace pressure. In the pressure

r egul sadsm inlldQurd8acir ingtovall dvdgn dfftabBle buttddOnedes 108t 1 9, as

orvfd KB PSSR TBDOR Y LI R LY. Sor € Glipeon W. The

air tiBBles 1 090M@URIthe JotS@BdITyi Haadd cﬂfn@b&a@ ok etxtbnﬁiﬁg %CI@ﬁS&h@I&ngth of
is that the circul ar bubble outlet 107 has a

the dofg4s cxplaiped Belowhae gyryipreof t@ﬁmubblemo%w)nga%slmand hence, the
Lapisa%ﬁ[%psuetﬂf%hé e Mb%k 308& YN APHLAR RS widih dBhdhfisn.

I't woul d be desirable to increase the area of the

b u E@t @)Ibmhpmal hdrples ghe haitlagetprgssurprisrgavenbyithpsexpresven i f
there are contaminants in the ink. Pressure Regul ator
Wth Slot-Shaped Bubble Qutlet As shown in Figure 3A,
an i nmpr avedridesirgn of bubbl e outl et 107 uses a sl ot
h110 as 15 opposed to a circular opening. The slot has
Whege"engt h di mension L and a width di mension W The air
AP Bl #8edl ? pebdub Wt &8 t8d iatidd ythe @k bybbitannd the ink;

_cylindrical tront extending across the length of the
ri 1S§?‘/?)ltadluA§f expltaiimeasipepiohe aif hebWir vat ure of the air
r, iSQHORURS O%Q%ngﬁsIdﬁﬂlalgloh'a@ﬂélaﬁtbuﬁmg hence, the Laplace

pressure of the air bubbles, i's determned primarily
71s By stitfgewerdion oflibvemsaiomterfaoe. non- spheri cal bubbl es, the

Lapl ace pressure is given by the expression: 20

In practice, the length of the slot is much greater than the width (#, >> r;), and so the

Laplace pressure of the air bubbles exiting the slot with a cylindrical front becomes:

AP = yr; or 2y/W (since W= 2r;)

It will therefore be appreciated that the width of the slot 110 is the only critical dimension
controlling the Laplace pressure of the air bubbles 109 exiting the slot.
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AP = y/rl + yl r2 where: AP is the difference in
pressure between the inside of the air bubble and the
WO ndog/0041B9 i s t he radius of a w dth di nensi on oPCT/AB20@i17/000676
bubble; 25 r2 is the radius of a | ength di nension of
the air bubble; yis the surfface tension of the
i nkigire 3B shca\rSfadxyeothﬁwabicamOc@eret fieicteed gelirisolfl 1 hhebaspme stuck to
C > ;
o 3, GOSRAET! APELLUP, ALl Bl A o
the wnttclal ca;rvaydrﬁ nipubbleb cfitiomthe blot dwest buddlcARY hawitg & cydind@gel Yont can

. ' f ted t
stllltﬁegfé Hl\%l (?0 #s %H\gn 1I}V\ﬁlgurftligeif1§us?{l118 sféﬁ } @P@?Ylﬁ?saarfelore ronoust design for
the diﬂhsg:mmleml 07p®1m1s{t atill ﬂnmlgtahh@ ma{/%cgagggbﬁglébi lgygdﬁstdhh énkapréssure.
es Xitin
87(39%%656‘6 %@Cl%i%; i %‘u s d@%@@wmf fge AV snRe; 108 gpirror the

dlmgrssﬁﬁla bf B BhiHl€ow@lcPl ®C EhRfis tR bf bserkiblfB@se &em@gulstbﬂﬁiﬂ in fact,
to the slot 110. However, unlike the case of

maycgdverisels affeqs i officacy picthg reghlatpr.pparticulagly pf hlalbﬂ@w%es The inherent
VlsCGQﬂltJf‘a r cal BR1sCE bl%ﬂuﬁ@alnt QLN dge 6f hﬂ%ﬁb Bfag @ﬁ(ih(e 'aﬂghzirﬁgl 108.
air aV|ng Cy indrical front can
ACCQl’dng tod: sawﬁeltlmee@aé@n flop rats th@Nh rq:lﬁlqn,slgg mathpRe rafysy. Hence, the
f 5 the

o oF A% re SO By A RePUBnh P inES B RS2 | on

cont ﬂmlprezsf:nttlmnmu rostiai fiensikn pff‘rbs bulrbée outlenl (17hE0pt10nally less
thanaa%?u g% jips Ete %nsl 6% 8‘?1118 5 eﬁj Isé§snt£an %)o%hlﬁs 8.”88@“%85 ]pro {)11% 10n%1 LPblke)fs than about
100@itidoed, ol Optiondlhy 18ssi tBandbuteits reisS@M b @itloﬁzﬂ@tltﬂs ehanfabbdite&0 microns.

Ongpfe QP i aBar G srEata Gy B Py RSty otip ghmicrons or

15tbab ﬁﬁcroﬂ-sh By i“Bit@s Pdinen oSG OS infelntQhic @ihlen$@oftBIUBELR outlet
significant flow resistance or hydraulic dra | n the

detegimining{he, pyatyiggnd, honcge s Laplags Rresswg of digiajrbub

equath @thendib@Wrd Acsshidso ﬁr‘&vfdé tHeQie@ﬁ*éd%észE ?@iﬂoﬁaﬁ?@ iBR pressure,
radius r. Hence, the “problemof flow resistance is

whiglhyis optionatleat [rast EhmAkeOs omfampmjlywé t@;?sts?»ﬁmrnHr%mr pptiqoglly at least

| |

0 B US35T PAATA, ol ke SRR AR
hydms‘@tl@mk proysuro prapoolly yt lees 404 tmatHzéb oueptivsOlymt Eagi?90 nmnHzO, or
opthrpatllgo P egsr%%g %—I %6%1%1}aomthe %eoggtrl){zg lgfr(]ira sf’a‘tlc I%{ess% e%llﬁn%éel 1ln¥he
rang@leGuoo | ansomname(Sor 159 t&950 oDy, the critical

G TISLOhy ek, BSOS IR0 By, L8098 S
flovelcRBasdedBr ait éntdriigRadhanddnaf gt FRASHIO IQIES thhgigh telthgémel 108 at the

out | et abﬁéer m ning the cur v(%t ure and,

samg Flgvpte dstpaligsito theeprigftiead, iy, fhe a C@ﬁ%’??PB’iCﬁ‘EP%lP%ﬁ%the

prinfie®d W8EI8$SAIt Mt #iSh Erﬁlﬁlébge%st he desired negative
hydrostatic ink pressure which is optionally at

| edseordoehmitzoics pbostcrbhes (icat chask 10300 fhitroh cgs-sectional
dlm%ﬁdn%%el r (Qltanﬂe?@%r e12c9an5tge M%ﬂ% %31&1 (ﬁfrﬂi’é Ql'b%lezogl%t 107. So, for

prln For an -sl zed prin desire
the ﬁetg@talpadéauhlyld oot 407 dlqwmlkn Preassifr.¢hd &r dgnnad @Y $hpulgtoptionally

hav!: 2R crojsg) Qecﬂm Qfmegglog g}eat%pf’ﬂ 1'1 the %Jldth%%% th% Qgt WO or

However, it is important that the volume of the air channel 108 is not too large. When the
printhead 105 is idle, ink may rise up the air channel 108 by capillary action. This volume of ink
must be pulled through the air channel 108 by the printhead 105 before air bubbles 109 are

drawn into the ink chamber 101 and the optimal hydrostatic ink pressure for printing is reached.
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optionally at |east 300 mH20O. Optionally, the
negati ve hydrostatic pressure nmay be in the range of
wao®sna1390 mH20 or 150 to 450 mMH20 The air PCEANZI07/000676
108, having a width of, say, |ess than 200 m crons,
generates significant 25 flldw resistance for air '
Hengptagioluney affiek dhemn med the afr chinnel K8 hyabpidlary gctirasiring idepgiods
t sinkis
will b@%va?@ggﬂ%%g 1t]c%§no‘ﬂ)e #Jﬂﬁ igrﬂfirg%tmlaﬁ 1{1 Gl tgt ast r ophi ¢
de ;Trha nqn]d)efry bleme pf 1nﬂinmmemﬂi tic ra&laulotf t}atalrl’uhthel Accordingly, the
crosg S%qlloaezlglém S1on f Cor%%%g%%/ thi Illanngelg% ShOéIC optlonally not be so large
that@lﬁm&lmemtda@ﬂ&iy votlintemsdcdfatafut 0.henlavfrink, Ferehelk cifsctively a dead
| ar ger, than ecrlthaI nsion of. the bubble .
volsi it FROnas: hf Gk inen capuliey g a{fa}a TR by chBghitess than
abodt @0V} opnodiug WsethdMabdu @ 0&infT, 6hefidghilylied tBmabbet 0.03mL.
optlonall have each cross-sectional di mensi on great er

t h&#g%‘éslw“ﬁtaﬁ alpgragtive ek RrpsrerqgylateyARE\aying p pulbde outlet 207 and

air dhﬂiﬁ)&[ Q(W‘\Mtﬁ fatibd e N a8 Rn doi§d@htionS RABR fko Q&§uﬂt sT he pressure
not too large. Wen the printhead 105 is idle

regigtgr 300semppises e inki ghapher PR haviggarhipk enidt 1102 rQneé@teW@lﬁ of the ink
[

o0t 50, i B YRR 5B Ly e

layet0l lane 285 Tde dwwh andhicoortdieydrnkl Icind 22 havk@dspegicre ffilne and second

el 2L N0 9080 s 56 BBl B0l A8 <l B aga g buvot

outletd0d MEhedir inlek2 @Brmaynoitiohdlyt doepaikd ancliafiinee (not S way for ﬁlterlng
tion dyuri. i dl e riods wll be wasted,
par@f s TR HiEdTE e T itaibE B ontt el print gual ity
Therhe &k dhbiabt 200 laldBBordpridetk oh@&ﬁ;e@@@arewdehsetvb&e naglivihSch is

of the air channel. Accordingly, Cross-sectiona
norgallyegheses Auringengratipn of e pregurg IﬁéulétP’f ZQQn Ahselverdlg iserudistred to
rele%tahfp@slltll\bé eQburb & SRah@aser aﬁoB@J thé hﬂ% lm)gvmbﬂ'?n , for example,

capi vol ume exceeds about 0.1 i nk, ichis
resugdf f%@:thﬁwl yxrengerndl 2 vanneel af trapard m@bﬁt lpf@ﬁmapeydurma dypical

I
day)ﬁggsﬁg &ﬂﬁ’é gﬁ&ﬁa)ﬁg)}f@ A%m@fe Pfeg%lrél 1?_} r%%{"lfe dﬁ’%pé%egh@qyﬁ{deklﬁble
becab@utforof:scﬁk mthe gir bepmploaw lahg) olitend ﬁletahtanleawu teadin® Breppreciable
1m§§ ungmﬁhegl a%1alternative i nk pressure regul ator
00" av ng é outlet 207 and air channel 208
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20 day/night tenperature fluctuations. A positive

pressure in the headspace 240 is undesirable because
WO 200B006a8s i nk up the air channel 208 and out BET/ALZ007/000676

air inlet 203, leading to ap reC| able ink |osses from

t he chanber 201. Referring t ure 6, the first
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Fl oyoRate (1 /sec)idynam c| Regul at9 ng Static 25

i Pressure (rn' H?ﬂ)
Pre%%ire (# H20) -1%ss (nm H20) -¥ 05 -203 - 1781625
0. Ogfgz 196 - 175 -219,0. 03 -[194 -17% - 16 (.02 -189 - 173
-16 0.01 -185 -175 -10 0,005 -172 -165|-7 -174
(Av@eﬁhge) Tabl e 2-84 70 m cron budbl e out|l et Fl el Rate
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H2O) 0.05 {110 -84 -26 O] 04-811Q4craged - 25

Table 3 - 105

micron bubble outlet

Flow Rate (ml/sec)

Dynamic Regulating

Static Regulating

Dynamic Pressure

Pressure (mm H,0) | Pressure (mm H,O) | Loss (mm H,0)
0.05 -65 -38 =27
0.04 -65 -44 21
0.03 -56 -40 -16
0.02 -51 -38 -13
0.01 -43 -38 -5
0.005 -38 -36 -2

-39 (Average)
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0.03 -100 -84 -16 0.02 -91 -79 -12 0.01 -84 -83 -1
0.005 -80 -76 -4 -81 (Average) 5 Table 3 - 105 m cron
wheibles1sut | et Fl ow Rate (m/sec) Dynam ¢ ReguP@r/ATigno7/000676

Static Regul ating Dynam c Pressure Pressure (mm H2O

Pressure (mm H20) Loss (nm H#O) 0.05 -65 -38 -27
0.04 -65 -44 -21 0.03 -56 -40 -16 0.02 -51 -38 -13
0.01 -43 -38 -5 0.005 -38 -36 -2 -39 (Average) WO
2008/ 006139 PCT/ AU2007/ 000676 20 Table 4 - 140 m cron
bubbl e outI et Fi d]haum#eléwrhﬁs@n)oublyhanﬂet Regul ati ng

:nnm

o e P i e S B o
0.04 -56 34Pre@ﬁ1re (8 31,094| Pr3Gurekthm B, 02 |123s mdd H,O%

001 38 34 [aEATAI= 34 31 3 34 /A\ er :\nn\ 5

AT~ A arpm - A~ A~

Exc®Pt ent control 6P i nk pr essur & %/vas acl'l evabl 97-8

Sinphy Dby varying kge di mensi ons _§f the |bubbl e
outlet. Moreover, the pressure nmeasurenents confirmed

t ha®.03 he ai i bubbl€4 were being @fenerated in -18

acc i.ldllbe wth—the taptac equat {pm. The—avera

static reqgullati ng pressures were ~found tlo obey the

equadi on: 10 P = -0880067/ W+ 18. 334 -4
0.005 -34 -31 -3

-34 (Average)

Excellent control of ink pressure was achievable simply by varying the dimensions of the
bubble outlet.

Moreover, the pressure measurements confirmed that the air bubbles were being
generated in accordance with the Laplace equation. The average static regulating pressures were

found to obey the equation:

P=-0.0067/W + 18.3

where:
P is the average static regulating pressure in millimeters of water head;
W is the width of the bubble outlet in micron; and

18.3 is an offset pressure due to the level of ink in the chamber.
Substituting the first term into the Laplace equation, the surface tension yof the ink was
calculated as 33.5 mN/m. Independent surface tension measurements of the ink correlated well

with this calculated figure.

Ink Cartridge Comprising Pressure Regulator

As shown in Figure 4, the pressure regulator 200 comprises an ink chamber 201, which
defines an ink reservoir for the printhead. Due to the simplicity and low-cost manufacture of the
pressure regulator 200, it may be constructed as a replaceable ink cartridge for an inkjet printer.

Hence, each time the ink cartridge is replaced, the pressure regulator is replaced. An advantage
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where: P is the average static regulating pressure in
mllimeters of water head; 15 Wis the width of the
whoBlesisutl et in mcron;, and 18.3 is an of f SeRCT/AU2007/000676
pressure due to the level of ink in the chamber.
Substituting the first term3lnto the Lapl ace equati on,
of thifdestanris theelongtesindoulingfof theerdspike vagulatos 30 islazieider, hecause it is

I ensi on nmeasurenents of

pen? ﬁcaﬁlﬂ%&l@@gﬁl r(jl gﬁ%’ @gﬂ%@h&‘f%ﬁﬁﬁﬁ this cal cul ated

figure. Ink Cartridge Conprising Pressure Regulator As

ho | re4 th r uIator 200

Re? Lodl CFZQ% 4 ,.f cd 18 re 69 defl nes an ink

r ese o dlteinaftios erhbkﬁilmntmlh ﬁt&dsurd)ld@ulﬁt@r nhebsi mﬁnhﬁ‘dnt yorﬁmﬂhent ofa

cast, manuf ac e of the ressure

pﬂ%gﬁl thip alfpenatiye berkEpicte area%lrearegw&ﬁ%e s %l%érfr conncction o &
repl6@hbIE ikgQrifi@e. BBndeNftRS ertiddith@ii shdviei i €iguedd ihd pre®uleteulator

ink cartridge is replaced the pressure regulator is

200 ﬂ%@ngecé@i to ARenigpgats 515 ng@@@ rocerg@f connectors. An ink connector
281 Pgt‘(e@tlsj%g %Sgﬁlg§ %Qrt 284 0f0he In@'c%ﬁ@g%@g@ W'lt‘ﬁ ah & 1n169&9‘f 38 dPthe ink

fouling of ressure regul ator I's avoi de

chaigbergQs eltictink sipplyarort@d? eed m}reswri@ee@ iglet mrg2&3r%e positioned
t £bisT8¢ B iliNGrREL 3568208 L GGl fim f
Owﬁi%ngcsgg M{;%esg T 8% egu aét or ﬁglﬁlo rés ]l%grt%ggalg(velze 1sage o
ink &mcoiﬁdrmﬁle catrtmlgpr essur er egul at or rray be a per manent

C 0 o}grg%gl%et e%u%lﬁzénggcroggescﬁorr g8$ 18 Slsm?ne% t%t) g(ﬂua lallz raslf}née jn Fherheadspace
240@@1:11&&10:1{ ¢hambti20d and e hbtaic@abb4el ofitke Dl chitdidige@ 80 Haeeponiding

t he embodi nent 0 in Figure 9, t ressure
PG ST GInE PO o e tnadl P oyt s Bebt B¢ Fghamber 201 and
ink Eadridp IR redB&tivéla. @ pair of connectors. An ink

connector. 281 connects an ink supply port 282 of the

i nRViearthe ink gertides 268 iSiemphy» itk diseanaeciqldFem gigdnkygonpegior 281 and
the pr&sudlecfr E'l?z”itged'on’&)&!or 280 enl R BJOMI tROPlint&SA n%@lan cartridge can

corresponding ink inlet port 283 are §03|t|one
thery bonayielsdan tha panist by e r¢visiee percess falg@ug onlynbowihgehematically in
o EH) L SSRBEL gl ok Bl R015A08: Dbl onein
portg é&hmﬂt&ﬁﬁ »@sh i Cpld*gutedcfnesj:ahmg @gegeinicaewitlh the snkr @nngytor 281 and
prestﬁurg palélen %ﬁ enec%ﬂ?%ﬁo respes 1ve1?,t(v¥ § hggb]ﬂ% 6;%‘98&? %seltslsg%l}] éi m the printer.
Con315cqon @esusuita el g fialsiati s&glu;gcang%eﬁﬁﬁt andel2Brovar i@ the art.

EAISES NS d %urﬁéghe 1$]é gg‘% @Pﬁ\;g gr?d I%ﬁ%sghr%{qeﬁg;q?m%%ﬁ 2%8 glre defined

in aeﬂemul dgﬁe B&Qhalﬁbee 7pt y/hlchtls bpposlica6 mraeqhteﬁe Iﬁlﬁtemw MMbwever, the
i nk. connector 281 and%_t g pressure-equal j
eHoE

POrtE girh@h BP> PBEOT RHC P i T e g LFS0 B ek
con§fiRlctibd SHORe frafurctiBiltdeconst al l ed in the printer by the
reverse process. Although only shown schematically in
20 Figure 9, it will be readily appreciated that the
Bubb O RF &SNS 780 /@Y, have suitable connection ports
282 and 287, which are configured for sealing
eng@g@msurwqghlatoh descnhkedoo et b rthe28bblgpgtlet 207 is positioned so as
onnec t :
to b?{ﬂﬁé 2 yk&ébge(rg?falb gee QIQ%G%/I OES fqg ecagtg%e% Lnetﬁg ik %uéﬁ'ﬁﬂ)éf 20 M@Blcally, the
bubble outlet 207 is positioned towards a base of the chamber 201 in order to maximize ink

usage at optimal hydrostatic pressure, with the air inlet 203 being positioned towards a roof of
the chamber. A problem with this arrangement is that ink 104 contained in the chamber 201 can

easily escape up the air channel 208 and out of the air inlet 203 during idle periods as a
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Connection ports suitable for such sealing engagenent
are well known in the art. As shown in Figure 9 the
w0 ndosioedias port 283 and pressure-equalizi ng poP€T/2BB07/000676
are defined 25 in a sidewall of the ink chanmber 201
which is opposite to the air?%ntake plate 210.
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define an air inlet 303, a bubble outlet 307, a bubble

vent 305, an air channel 308, a capillary channel 315
w@pasaoqaapi | lary inlet 316. The bubbl e outl et BOTAEZ®7/000676

bubbl e vent 305 are positioned above the |evel of ink
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plmﬁﬂ Aol tRe tHE LI GRESPRAGBAY le)fwn ih @1@% 1 1 GRaMP]iowddr, ‘hhe bubble

Since the air nust break t hrough an ink meni scus,
veng}( Sb@ﬂj@) hetdeaoomalt thagjigfsi SnwptlhiﬁytOdﬂOCéﬁage byaf»wiﬁwlattqsa/ﬁa ;beb.ble vent
305 & ?g dﬁn{‘e{e& B’?:]t(ﬁg ofd@%(of %@ﬁthler{lmtﬂagﬂeeﬂ fx\{nﬁl t§ bp ng%.b]]%f i nk.

egar dl ess, sanme Lapl aci an pressure control is

st ilh pragtedei davmgllcéﬁ persodd edhem thioeeds adwgmﬁcampﬁb@@t& m@l&llﬁgdspace 340

PCT/ AU2Q07/ 000676, 23 .T api | l,ar t
of i ik SRR B s G AR ARt Bifihe BaGes Pt GRicaty
1mmﬁhﬁﬂb&&eﬁ@ﬂwandhéh@cmmpﬂBD&nysmhanmehgﬁaﬁzdeflned

e R N2 P38 o a1 P

13 6804 Tht ditYatiph @S a§osSiHCIprehate iab@Rlup mh@ theadspiec Sﬂmdurmg an idle
rises up the channel at |east as high as the bubb

pene@,tThéﬁ)reg@rylze(% zﬁéfo&?? apyak I’flfoﬂbthF A ﬁga(np@,lrgog apg thgjap escapes from the
cha@ya@b¢s1a39@alpbﬁ1@303 N B&EIngT, Bﬁlg aHallc %Ja‘ﬁﬁﬁéssd?lﬁﬁ( QbapeMom the
The capillary pressure is ‘sufficiently high
chanlerf3g} mhan ﬂa@ miatspase 469 beromenpreuppidedug in 16@&96130176 B
bubpl e 2leSheseRd uaht £ 302ndias 38 Lfhtivel
|ntolﬁﬁlgﬂ‘1§§%55e gﬁﬁe ﬁﬁ @hLBPe ven? 305 Qﬁ' tively
shordj therelsi omedizgigehy flbwtresistraice ol thermir ofanneiknd @Movhag high flow rates of
ok FBAREU B RS0 AGH R8Py N8 YK S HEL AERIEENS By uch as
thosv, elastanﬁBab@h@uﬂ cﬂnmtlolbmth dle&l’rﬂ)btimteha{howh in Bigsiesio etthdvbfere
bl ockage by particul ates. A bubble vent 305 having
Q’%laneter of the order of about 1 mm has been found
to be suitable. In practice, during idle periods when
there is no significant pressure in the headspace 340
Ink gupphpysielc chanber 301, the col unm of ink 304 rises

abgigiltyagedaub Iab]ﬁ‘e&é{&d @it tﬁgzre@ﬁga &%ﬂht@@'d'e%rib@d Reif GlaQ B
t he entrance the air channel as shown in

incoppagfp@inipan ink S‘A?Plr}{ e fedit nkjaipitagEheokpnligent base%ﬁlpped

e S Rt ST B S o B B s

configuritic fonerihérd dereirenS4c! mintticagpereing @b@fatlcgn@rﬂusjmkﬁhmoly System is
.ai. r

cesGET NS ARt (BLEERSAMY Kok RN hesb I otea by

1e&ampeinlet 303. Accordingly, only mnute quantities of

esc fromthe chanber 301 when the heads

54 B bhabews e tPreddd SHelees Pl RBRaviFe hiouektinggn jok

presﬁltut’é rdp@lat@dveandiage oé plekat mﬁaﬁﬁﬁtAﬁﬂf@Q/dllﬁTEighrel 13, thBadk pressure

th i r. channe] 308 is relati
regulator 300 is connecte(i to a replaceable &ni cartndge 280 via an ink connector 281 and a
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short, thereby mnimzing any flow resistance in the

air channel and allowing high flowrates of ink from
wao b@sobdsber 301 with optimal pressure contr ol PCHAY2007/000676

fl ow resistance problens (such as those descri bed

above in connection wth the4enbodi ment shown in
presmrg@malmng&p@leme%i‘ bloweveiyip wWilbef copse ba kppgtppqé«rcythsyhﬁt Bk
preslsﬁre\p% él%aéégg Og ggg }b/ncg‘l[bﬁ{a‘tee%n 19‘&)%(1 yﬁl%%gbllg ﬁgkoo?%tg(? dalreac%y described
aboan i nk supply systen1for an inkjet printer. The

'SAEB[IFI} yggq gecegx\l/ng?,n(l) I‘leSﬁS a grm%h aﬁl@# X(b %F{::tl { ‘%ll'laltn%tggt@ém ump 150
and ]ihiewpumaﬁl pan® 130. Tierifik Wﬁ@é 28(f it plﬁssn@,reg:{ﬁmn Jo0rRgmplete the

and print head purging operations. This ink supply
circWstemis described in US Application No. 11/415, 819,

t heeiRphemi:$ pﬂﬁtlﬂghthé Ripsdt&alu/ipn 50 RCSH Bﬁdnainﬁ hda)k pressure
r ef er ence. gure 15 shows schenmati cal a circulatory

regylaier 09pntye %%ﬁémﬁtﬁ%nb BRI thESYSSR. ~ pressure
regiilak %ra%e,%ﬂ%dﬁ%stlgo LRE1ArLs ﬁﬁ& off'ﬂ)/ﬁé‘lﬁﬂe% pr&%heﬁ@ Qu4)
in Fugure , the |nK€§ressure 35 regul ator 30

Pringipg akide prnthendd 0p eyl bcashisved yhmngang ink @gfée zemheqdalswg the

t .
sl AEB069) SuE0s AT ELEHRLINE 1 ken be achisiod by pumping nk
fron2 8% pl‘ihﬂlﬂﬂiﬂ@pk ta the ikl olartncﬂgeCZ(BQ nusieg Idewmqupare piapddl.tThatink cartridge
280 t}ﬂatlcalllg com f s:egéa T | it elnqltg%%# 3 Oretﬁ%%% ?oa t 'bn ﬁl%rd oé%%efl up 151.
abd%epnmhamumﬁnmymnbwe@yqﬁeﬁmh@ﬂnnmﬁmsﬁampmmnthﬁn%&Qang

e oS oL 8RB SBT3 i, SBLAPL 8

genér@@uh ab@ror $6h 60AP hﬁh@pﬂiﬂi@ead (féd’e C\lvlliut:h 1s B,‘déd ﬂagmamemhce Operatlons
rlntln theustreampu

as dF%?Rlbifirléé’é‘U?Oé’en‘F%ggUﬁ étp@}w&ésle@l\%nltlﬂgﬁélé Hé/%ééﬂ%gltdaw@ 817, the

confelM§ oPWBRE dfcheldh tBSpSXRE B refBhdNg St Orage, both punps
150 and 151 are shut off to isolate the printhead 105.

10 Primng of the printhead 105 can be achi eved by
Mi k,L9 the printhead using the upstream punp
‘Jﬂgéggg%%%¥?é¥%L, deprim ng of the printhead 105 can be
achrev dd thygpogpi widl hemkpreélmmltah‘éle prasswrhegadatoaeid/eronk cartridge
cartrnid si.ng d St 151.
are {eﬁwreéira][? A gpeluragtgd)% e u&easl ?yor%%r bug)gg] D RHEP ‘[r Pressure re’%ase valve,
ink fetdrh carletraeg: yaBychi oft Imeseeqtepfesmnis e potedhablyaﬁagep(ﬂmﬂlfOSﬁlk,%mCIally if the

ore et PP e 18 B4 et ol oty o

1nktb&hé/§mik5&da®dle@rwfﬁncﬁgraﬂ3&.e dovvnstream punp 151 in a
reverse,dir?étion. The, air enerates a froth or

f 0AYPFYingHKk g PrIsHHES frehidton Orfl e‘éarg%ﬁ? ghpujdbe degigngdgp such a way

as té‘ﬁh{‘ﬁl% ANERirSNE a8 Gia, foa&a&gwhle Esblé HutRY ICHRRQIRH LN Sriteria
US Application Nos. 11/495, 81 11/ 495, 816 and

are mypigisie:gfithe bulbhde owslsibeibles asantaHicdpk. sk iteyss bppositioned towards
the b43€ BF O f! c%gmpéf, e FRMEEust also be positioned towards the base of the ink

chamber; the pressure-release outlet must be positioned towards a roof of the ink chamber.

Figure 16 shows schematically a combined pressure regulator/ink cartridge system of the
type shown in Figure 9, which is suitable for use in the ink supply system shown in Figure 15.
The system comprises an ink chamber 201, an ink cartridge 280 and an air intake plate 210. In
use, the air intake plate 210 is fixed to the ink chamber 201 and the ink cartridge 280 is

removably engaged with the air intake plate.
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20 M nim zing Ink Leakages Fromthe foregoing, it wll

be appreciated that the pressure regul ator and/or ink
w@2008/006dge are required to have a plurality oPCI/AU2007/000676

apertures or ports (e.qg. bubble out | et

pressure-rel ease valve, ink¥xeturn inlet etc. ). Each

of Inlviesepplieremdnit ghaalbpbz(lémm ik opidey IZQZ:; endoigk ptrefumed jtbe ink

cartlggéét glle!eﬁ{ll{ gturlh hlﬁet 02@6 e@ﬁi&‘}? geg sgggk A ﬁeﬂg‘g ?ﬁeﬂu{g(%?l in the air
intakehﬂats @fb@ byd iofo a 1261111 C’d(ldtll@ ZQmect@ﬂlngtlmddmalgr mltl@rela@space 241 of

o BRSTEAT A SESTLELTR g LPRTISE T ROy
conﬁit&midatewﬁth mheZk&adedﬁsMﬂ abthe 1ﬂk&&1|&ﬁ§&3713\/p1&ssufe@d’quﬁxzﬁi’fgqioets 286 and

257, i B B ok R G <O PTG BL ViR g 252

comntbicatifewith b cmpoﬂmgqms inldt @B 83 WA B& chirfi®r LasBk Qfipply
the ink chanber; the ink outlet nmust also be

condisiWicsiraes loasinidinslly pang e dassrof thydnk eetridee eayplics inlyfe the ink

outlB &MQ el’Htes@ @ﬁl%n%’t’htd rfal cJﬁHt?l s 108, IE@%& '291‘1'%{& Mﬁl@@dg@ minimizes
roof of the ink lgure shows

mkB@h@ﬁhwh@ah¢yﬂﬁwgéwﬁmﬁ@3 pressure regulatorllnk

cartri keh

Co RS I YRR 0 LN B
prGSEmrgwcleaSQ Salve THensy sppmitec srrprd eescraln ordek techaurbee ifkQdakages via

the guq:)bie Q(Uhlg[ é)%;tlhd gltl” arkegt(}O? il dpoglglglgeldrat Itl}%tsgckoe d %o atﬁe]an%:lthekalr Shannel 208

is b@h ajmds tROdcamiobve. Itlhéwmaalpfdsﬁg@re?&@e ¢leeBE6rlepmmimleg/ at the
en ed with the air_ int | ate. WO 2008/ 006139
s SRR GO OB T e ShHi S Dulficr Vol PR vlve
219298enVionvatdd kheOfitkd ®Ene202 and ink is returned to the ink
cartridge 280 via ink return inlet 290, which feeds
ink to an ink return opening 291 in the air intake
AltePh ANE BRRRe PO PRLD BREGIMDA conduit 292 extending
fongrtudinalTy 1n the headspace 241 of the ink
caftguresgd-2gbow Altgpess gmbodisgatsiof ihsgrase dueptignomnploying bubble
AdlAGE0 o 1B6d NK return conduit 292 5 conmmuni cat es
pmvﬁu ﬂeg&eé)space 241 in the ink chanber via
pr ds Eigue- léqmallembramg liblﬁlts so@Bicdnehr a:_fmr 1013kof sartréixe 1001. The
hydrosgl{nc f%rlge Eﬁi 18 tse%% bélggle %gl(cl))lltr%)rﬁ%% Elg rane ?6] ﬁb 5 the S 1lled|person will
be awarer éte;bobllﬂe pgnl oﬂpordmls edatqmar ik tH2QM3s pmsmftethatnieectshahﬂ‘aqj’phed to one
su 294 extends |on |tud|nally
s i R B an CPTRE s  REorE it PRGBS Lol e i nk

t 0 Wihe thdar@idid ﬁﬁnsﬁﬂ)léﬁ RS zz[EH@anUHE irfdd a bmﬁgn drlﬂlch In@lto lower the
condU|ts 294, 293 %§ 292 in the jnk cartr
PresyyTR ithihs sartridgs. When theresgws alheantphevel éPHﬁ*ra@@eto ithe bubble point,

smallibRPSE: 1015 6viRkdrm JhttBKRtdRhALGT2Rd Of O ARAILEAS 10 addURBRo the
outlet 207 in a first corner and the pressure-release

headygage] Pto This shehtbppasisesths srcower i@ dharertridpgangthrhubblgs 1015 stop
fornriﬂlg' bmh%‘?nénmfadeel@lf@g@ﬁcevﬂu@ble§ Q@rt MQ%%nQHJ n&ile 64 e mteﬁlgrane

al I nl et 03 is p03|t|one econd corner and
1016.11be @rdrosma mressur@ @gonirg lb@htOItS owarodg. tthievgse drdiifferent pressure
regqu&n ? Iu%erc]lédg%gm ;ﬁl’nth%gc&) fém%%f? #glgro{sﬁalgﬁﬁl%g &%gg(!lu%ted %gchltllvg pressure, the

onmlés@lj i @3rketmasengia hpéiost2presmeiieyue kb ithegre gl dthr thivshold

pressure-rel ease valve 219 is bent towards the first

Prest§fher . Alternative Bubbl e Point Pressure Regul ation
As ink is consumed by the printhead, the negative pressure at the control level 1013 (and

therefore at the outlet 1003) will remain effectively constant. Of course, if the ink level drops
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Fi gures 17-24 show al ternative enbodi nents of the
present invention enploying bubble 20 point pressure

w0 e@sbedidon. I n Figure 17, a nmenbrane 1016 i s PCT/AU2007/000676
posi tioned near a floor 1012 of a cartridge 1001. The

hydrostatic pressure is set %& t he bubble(P0|nt of the
belavethp cerrite! kyale 01 Aghe membiang | B¢ iper wogerwpydred yeinkwed e cartridge

Venlts I?(? at&%%ﬂeﬁ‘h pl%' a@bldgfus RRL gtlﬁﬁetrgﬁ{nﬁﬁ gt%{) Bht?tn{ %fcgg‘ﬁle 1nk level reaches
essure S to
the éomltroblewlq pre‘#aramrb he rhahcgis §¢r lmepim@dhe pmrnn de when it is exposed
e, |s |nstalled t he
o TR el e, BTt Boe R R bR fHRohRe o 1 over
t h&@he pmesdamm showi heFigae g ugisga smWn elock bedpregrucell famal 017

. nt.r.ol vel 3.drops.to t bubb

mst?f@t?é |h$s:n %-309% of @F iput FFB et ﬁ? ﬁlﬁab?ea@ém&%ﬁ%am scts
he FRRIGNA0 PrebQkS atdRlcdntiSEleldlt 013 iR thdh@@eidsPBone opSirks inRysas the
slightly increases the pressure in the cartridge and

‘ﬂmﬂﬁéﬁﬁ@HWﬁ6§m1015 stop forming on the menbrane 1016.
ONac RSARDL Genset AR thhOfsBd R%oRR phibfart B8t dEesQb thdithe bubble point is
menbr ane 30 1016, the hydrostatic pressure at contro
high enpagh teeeeaerits theresinred npgedivg Bressuret Rovdiver 8ebsorbspees dikraad will
n I
stay; vgetg gtlb@%xgtﬁgi t hb%ﬁ?ref (li]tf.lllgl c E(%lgcé g{el a\%ﬁ g?eglsegﬁs ade Ihlt’]\*llﬁ b|e¥1pprec1ated
that¢lomfbaro|can ba/ﬁilsﬂﬂaf_baseldeepi@ a@ i dnwlancﬁgervyﬁ@ndmmnﬂtcad 18 moved or
tran%);es§ure (equal to the regulator threshold pressure).
'k is consunmed by the printhead, the negative
pr és ghgseecnaiodinatsadlier iovenkiow,ah airGAl3t 10aNHas a315111t1h&reefrm‘tﬁre. If ink

hap s LB YOS R PR RS B 2808 on 380 tou clement

101?@#@%2%&&@9&71@& td theaglcadr bhBe @@@Mg@l THeaMIEbut kD 1803 rnay have a
rane 1016 i s no Ion%er covered by ink and t

filteg J0Prqoueens 1o sip &ir PBOUETIEP RETRSE OTR° BRraicY Ay Sen tﬂr?eﬁlter should

not BichtRh §fgn SO I wst QR R B hO ghkb ahobiidi 1603 i0Kod dBYRlcted by a foam
reaches the control |evel. However, there are net g

inscfiind reeani SBPly Fek ave frighdleey st Apssyiquslyj discasspbdigh spt:%i pagewidth
. f ce 1014. These are discussed in
pn%ﬁ%@ﬁﬂﬁ f%m%gk §ﬁgagﬁbodlnent shown in Figure 18 uses
a ditraeinbélimekt Sbcbwm ariggurop@ s ayeh bimpeam the 3chse thnslt dexd nofneed an
mIGLal zenf%'b?n inte @ E(i)SfS tehcgvé%e v 2(1) usm %g qule 0t foarn e?ernent Instead,
bbre p0|n{ fmﬁﬁ ¥E5am se 9’ t'Re dros at I8
a pregsesselic€ vate te io drtwabl of Itlﬁz\mftrld@b’j)emm attll[rEshoBiﬁIESSuig gvhich sets
perate rane emnbodi men
the B Sdeer T dve v 11 TR EaRE SPo R e e vaive is
exp6sat td thelgie n 156 ﬁzirhﬁige tlh@)eg ubhlett thatoidsph@e lilda vy GRenthid@R foam.
to nerate the required negative pressure. However
It opeps gﬁ@bﬁhs greéwﬁ%dlffﬁ%n%aa%% fae S&ﬁ@ﬁvgmsiekd&% 89 BRinfainsynegative

preslsﬁ@%{ ‘r)ﬂe 'cﬁrtricfge leSer@RPHE thit s Hfb? & BeldwteREnthe @@%pﬁﬁl @ {although
preci ated that Re f oam can be easil

the @rﬁﬁ@seeaa thecsmtlﬁel 083 will flighthedecagess dsdbeleviplelrons F@élomthwq«\@awl?ﬁ)
! S T%Q}SFegsu% relibf x@tﬂ%ﬁ@ﬁé & be arkltbfﬂ@ BAlI- %9%&%@&@ 3} is®Hed into its

i nvention, an air inlet 1007 has an
seatdo keepttha @it dobt t plninitiBinh dlp pembkelp togeratreaeetheing owglranker foam

I r 9]t [ ? f : e
elerk %Efr?%\iz Vgp?[ gﬁé;%m\g%ea ?ﬁ?enl’ ]egrgofglé in r%% ly %l?ar f glet%%gljldges with ink
and eMovey tho carofdgt tcebec\&ry cangget. The ink outlet 1003 may

ha\ﬁeetu%ning to the membrane embodiment, Figures 20 and 21 show a solution to the
problem of membrane drying discussed above. Instead of a single membrane, a pair of

membranes 1019 and 1020 is used. The membranes are closely spaced so that the ink between



10

15

20

25

30

filter 1023 covering to stop air bubbles fromgetting

to the nozzles. However, the filter should not create
w@2®8g0i189 cant flow restriction for the ink. TRer/auzdogn00676

1003 is not obstructed by a foam insert and so can

supply ink at a high flow r ade. previously
therg deesuetdrdin dvi fithespeadeepagesiiaiet sucmhq@ thetredadhe ared o keadspace

f [
1011?&5%91: g‘Els) &%Moﬁgﬁseﬁ? hngé?gaelg{é@&tg ﬁgtﬁl%%l%g&g@bhﬂ ’fd% %‘é‘iﬁgﬁl\%t, the
cartndvgeelt00&|wnllnwtwentJtG@ﬁhomphetrmter nal passage covered by a
r fo .

o2 082 oy R S S P hERL Db PRI avoias

the mbmarah& digfRqireblgh e She k& tridie ONFigatc 2 liaheniayMamstlaIG i@ the wall of

ressu at_.th ontr | eve] 1013.. Furth L f .
the 4 GHn Gloshgd aa?nt?*r?énwab%l @%@ ofgheRpy af [ §6pan internal
walRi021] Rort WiRerGkddrihidgthe intbrneloR8] 101 st bd @)paixﬁﬁa@lbe M away
i ke a dry nenbrane or foam It qgpens

frO%Fhéé%qmbéa% fiheindgind walldORb Y maqls 0§ béféﬂirpmlac liﬂhtﬁlé%lﬁe thyt ink is held

betvf tl%qzva[melnﬁtﬂ"i’é rﬂ@m@raﬂeeﬂﬁ% 'by%aplﬁirgﬁﬁk%fnewﬂeﬁ thdT8k fe%ltcfrbﬁg)%low the
even after the ink has dropped below the control Ievel

memyarg:. (Taeting ai F@ubhltrﬁel Opp egrsgrignghropplethg grambrang g Zisqup through the
eas | drops bel ow the val ve
ink %d%%gtvl] lg)gg?essﬁortgéﬁ&eﬁﬁ ‘lf ?%lgfl ve 1018 can be a sinple
ballh thy@e%c W@tkklg\n@dtwl 1 0Pt 1s placdsli ‘tasmitn nhvt\mali 1021 aBdths emimbrane
101%90 e grgf:etél?eeq(aﬁl ary.¢ acl(.) g’rg fhgenvglclgrrlg Flggé%d 4p léer:riarl?{lc,hr%esv\g oePEtu}g%ulate
matelixSBp emamdeg meccaplumylaemttn themRsevicbeanidnopt fusthéribeminathgimagbrane

thecrtrld and al cartridge to
befag i GRR L SHE Ao L HERTe TG AT AIS "B A Faects o the
prinfegdihe@smPBt @netwsk dsdisae aleSﬁli Bb1h ®Btwicen thd@nenfbrak! 1016 &fd the wall

menbrane drying di scussed above. |nstead of a single
102henbr ane, a pair of 35 nenbranes 1019 and 1020 is

Us @ertrid )18 . FRINLARAE: Rkbntioh@ aytlo%m &t Liakitt e ApBKcant’

bet ween WO 20087 006139 PCT/ AU2007/ O 0676 27 them does
ranggef paggeatiigih printhpgds Rleese ariptheady evill &yppsaldy ginsrad! 290@mkithef suction

hidnl higher DR 2 f tifthead. A

prosp bty S B nfher (1R (R EERPAGE R hikERPe prilncad. s
the presrint mmentiv0 Loessheaymtiwed to etshléllslnagatmeqbgfesu@Ollthvwartrldgeta strong
suctlon 1ilmg)v% thca?%tlgttg% ohaﬁ%rﬁsglrlrg r(])g H1re nglva of an qur%zn%at{ Q W Sel(a)llc:i]]gf/ Ee CFlatléfely high,
whltlhm tmantioene sietmgemgegiveprasare iﬂ‘the ce&tridge dgetroﬁgei:n@anﬁ pressure

1 16 | h trid
in 4o g ot (e AT ACARE PIE 9 PR sy R g TG petfs of
pag Vi aihehed Dbt is &10&&1 frévh e dailzontivalrikentdfahl . Fub@Ermaad, @€ discussed
based i nks, the ntg&@aa1 wal | 1021 shoul d be

aboyh BSRP AEPERS Ol igh yg flopHate /R IS NFSS: The

I NtFes @b 4 M«{%les hdW 2 dlﬁnféﬁﬁﬁz&hgﬁt @Nﬂiﬁ@ﬁﬂabﬂldec TRBE&T AR 1008
so that ink is held between the wall and the nenbrane

holds@rgansify ehigk |10 H}t apdseelpssn theralst mive 03k theyieexpapsipischamber 1027,
1n1epﬁl:fi:ﬁ“falié1 £ 1%%5%{{'?9& ﬁﬁﬁr 105!7»1 elntlét %getﬁ‘ﬁbé 1()@'5| k?sbcl 7 t%Q:r‘h%s here and the

perrreatlng th roug nbr an rse rou
outlptnliQOh &drahs e lvenl eeefluid mmctemdvﬂhrth@pmmbeadlwhes ﬁ@@ertll@ms th'ﬁlled

The callg:%lj&g% dgﬁll ::1(1%129 ?f%%%;ﬁ}%gﬂd%g(%é {n ﬁle% a%lg e’P?%e%Fe colhﬁﬁler 1008

can bapgid| oa,rgartaof tho pontaih can b«ﬂmblm&nala:b lavaam nipgerfabilzoste., For

exaff R el Sigk bl Al an RS D o ol R BB TRetIE Firg gl to he

peripliey 6BagidMall middle section.
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15 before its internal surface dries out. The w cking
materi al al so danps any jolts or inpacts to the
w@eisiaad t hat m ght ot herw se di sl odge the | PRI/AD2097/000676
bet ween the menbrane 1016 and the wall 1021.
Cartridges according to the 3¥nvention are particularly
suiThedir trdetiiale M2 followe asgrplone paik tosthe mgmgeane fl0 j¥a gdwitertugus path
I t
has %éggfapaag%es 113' Elgeac?to? (Ejdn{lllgtha?)@% é@es%h%{n}.{cpﬂhg ﬂlbe% 0966\1\{% Q’lélﬁ u%hkely to
leakmue bf the gﬂm op¢rign] havergié ﬂercaﬁledgebyroaat@ttamuglm glfﬁegepeOrlentatlon
dung% trnts?)(g r%l%lﬁlélhtg I \r/esie)egﬂ )l I’Hﬁ hg ?%ngtg gﬁi,a%ﬂ?ﬁla grgenrlltt%lg ﬁﬁg the
cartfifigearrgds t6 lgG throlrghaal preois sEd[lEn&d‘b’fesﬁﬁ)dyrd ipdi€s st dircofiodsh&he risk of

. yalve. o r meabl e mat to be.r. Iatlvely hi gh,
tnis i@y EhneE i ot g hiyaling Syl Bl pressure i

t herhe ar idlbtd@e:- 1026 SlchbPoGRIs ah B akhGioR ERESHEF €027 ITht B&rtridge is
cartridge nmakes the nozzles | ess prone to |eakage,

expesidtp SeiPEons o RevifloRess ofrienpqraiurey - appToN M3l Q« {iny ink trapped
in tHRM1{nBY OEANtHR 3 rcd Bto MRS InhE 2024 Ey e 'Iﬂc?e‘awd%ln pressure. The air
orientation. Furthernore, as di'scussed above, the '
expyebsharnlar 462l tf¢1@t\@IYdMg9\ﬁprapqﬂi¢cgtﬁ theniieb 1 Q5 apg sehasgnarp eapacity
hows how the air inlet maze m ght
toa&%r (ﬁgmsgagg&ﬁmg%?ﬁe container 1008 holds a quantity
of Thnlnld@idntamd 1OhE huktbs atshaated reimbam K29 1026 et ﬂh@n thiat of the ink

outRRESIEpFLRORE A oGl AR BE P SRRy reuies by
the pdorwiithiket pmdhetahewﬁiﬂ)st algd ﬁﬁérln%&%lﬁk@lidﬂk&%SSB@h@dthé butied 1003.

The R GRmear it 0o L i Rlagieddambetidad Peps i e 188s pi e orca s

higH ddl thathigd @itck OBk dep atsﬁh@ll pOB sivakd rembhiealeditiimentEQBh@niRhts, without
1008 can be rigid or, parts of the container can be

belqgwewﬁweeﬂ%@%nsﬁﬂévowth%%%ﬁuw erials costs. For

exampkBtubliCait AlDBath 1 G WalalrxpB3Rn AMHL? 3@zmﬁc@&1@¢&vem ink
and ink inperneable filmsealed to the periphe

leakpgyudingdanspait@ad halsiéeg ivaH. MW eddrooepgity and cost, The membrane
is afit gﬁ&}lj%@%%/ B0 (ﬁgZ:@o tl?agthy’ﬁg 'VE 1 rﬂr@s@ur% ldptﬁ e b7 l(ﬁ(%l \Jvﬁ% the

a tortuous pat rane e tortuous
bubwamhmth%benmn@gmb&gm@ham@ﬁhewnmdmﬁémtHﬂﬁtbnh&menamyunwd
Fu nk O%Ge I ng)r(i) L Fglte 11%( will %ZC%E%M%E%TCU@% Irr][lé%lb}(ante % exposed and

openi ng even
vens altet mledgle‘.o Iaﬁndspheaé edt thisrpoimy thecablaiftfflmeenédsao berplttdiowever, only a

i tr t i nk.j ti f th
sl o S5 R iy o LSl O s RS Lo Ol e

neadsilll 6f @arst.UeQippiiciateP (REIHS @resaq iR ndfas b&in&iei;c@ibéd bLﬁely by
dlfferent direct] The ri sk this haéfenln

way{grerleard hy r{lqdaﬁ?ﬁe?%oféiﬁt&ﬂ% Finge Mahing %C@owéhe invention,

whidhg d@ﬁﬂed'bghﬁ?é ackbtBFandeRldigor porates an air expansion
chanber 27. The cartridge is expected to be exposed

to a wide range of tenperatures - approximately 35C.
Any ink trapped in the line 1026 can be forced to the
openi ng 1025 by the increased air pressure. The air 10
expansi on chamber 1027 is relatively large conpared to
the tube 1026 and so has nore capacity to accommobdate
an expandi ng gas. The inlet nmenbrane 1016 and the
associ ated chanber 1029 is smaller than that of the
ink outlet (1023 and 1024 respectively). This
accounts for the high rate of ink supply required by



10

15

20

25

30

35

the pagewi dth inkj et printheads whilst also filtering
the ink that |eaves through the outlet 1003. 15 The
wo a00geodsanmeter filter 1023 and associ at ed chaP@BEAU1D2400676
means that the filter surface area is high so that
the filter can keep a small ¥ore size to renove al
CLAJMY i nent al contam nants, w thout being an undue fl ow
constriction in the ink supply. The tortuous air inlet
path 1026 and air expansion chanber 1027 effectively
1. pr éwenk picpdure degdktagfer digniahgg & hahieyaictprasmde hbumk lsippdied to an inkjet
rmg%EF %jgégﬁ(n mrlSlIcl:on'plexuy and cost. The nenbrane
P -8 gt FPOBYS'BF t he cartridge so that the
n egat i ven inRkchgnies suvigg at ink betle dir fiid ddd@Buniedtibn beéthttiveprinthead
nPhe poi nt of the nmenbrane regardl ess of the anmount
via gpink ipe1010 that has been consumed. Furthernore, the

vast nah@gﬁhﬂagﬁmiﬁaﬂhmﬁh&tll be consuned before the
menbrane i s _exp and vents the interior to

at nosphéPebb @A?utlehfog byfhiling air RubRerripipitrydhameagech girfubble

conlpRRh@ &S hr WYﬁﬁpedQﬁgl% e?ﬁlnrc'émlﬂodﬁgpﬁiﬁtangf ink wll
remain in the cartridge when it 1s discarded. 25 It

wi ||, ofingibehasecl coencatypsrtbe biatnéd anthie bublde prtlssent
PR SIS BVt P LS APh R
drawmmt(ssaapcélambettds ecsuhvéntppymg inkvol thhpmlsh@éfuhﬂebt' tegulaties a
hvd@ %PgEaQ%gn%th%kns WO 2008/ 006139 PCT/ AU2007/ 000676
YAPSHEA “Af%ink pressure regulator for regulating
a hydrostatlc pressure of ink supplied to an |nkJet

pr t head, said reguyl.ator conprising: an in
2. DGR TGl SaeiRol wEGTrcOhb st Fah Ty e ygor
pnnpﬁlnthead via an ink line; an air inlet open to
at nosphere; a bubble outlet for bubbling air bubbles
into the chanber, each air bubble conprising an air
3. cavipt )6refs§1§@1f%§ﬁiaﬂof" & A&, WhkriVai dnlP S¥ntRf hdsnak inkaiRdt %(91 for fluid
an air channél connecting the air inlet and the bub
comgpfcation it pieink resgivéirbubbl e outl et is di mensioned to
control a Laplace pressure of air bubbles drawn into
sai d chanber as result of supplying ink to the
4. prilht peasire Itegelmebyf qifa'glull atherg aid tupblc ostlietis dﬁﬁpmélsssmyepne of the
Tou fcotrnlr]:[elsfnnk an gn Ethe 1r epnrng FU5Gu! & u raaBé) ra rI(l)eIshCI %Iano ¢n cell foam
SO herdi ' sal f nB FSPaAn" T Nk réservoir ar
bloghr i nt er. 3. The pressure regulator of claim 1, mhereln
said ink chanber has an ink inlet port for fluid
communi cation with an ink reservoir. 20 4. The
5. Pr g% gfessure@uhiatonst @ddimCl, aihBieih saltt@ibBle Busdiickibidhided such that a
outlet is defined by any one of the roup conpri sing:

hydzgstatie, gregijurg ¢fdokgin thecﬂlaﬁlﬁ%n is ateqsh QR g SyriRan afmasphgric

pres@itd. an open cel | foam

6. The pressure regulator of claim 1, wherein said bubble outlet is configured as a slot
having a length dimension and a width dimension, such that said width dimension controls the

Laplace pressure of the air bubbles.

7. The pressure regulator of claim 6, wherein a width dimension of said slot is less than 200

microns.
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bl ock. 25 5. The pressure regulator of claim1,
wherein said bubble outlet is dinensioned such that a
why@soedias i c pressure of ink in the chanber i SPEI/AU2®IN00676
100 mm H20O | ess than atnospheric pressure. 6. The
pressure regul ator of claim3 wherein said bubble
8. outTheprasgresatlipguekdaias!. avhsieot thgbulibdasutlgt ia ppsimgper for bubbling air
bubglemﬁbsfng @oﬂﬁg c?ln%edéhﬁmgétj@aﬁﬁ af?%ubbcié" 8&11 rﬂﬁ{ a‘?&%ﬁ%a%}g‘&’ﬂ)ped
rensi on Controls ace press &t
1nmﬁnﬂﬂmds$fnm; The pressure regulator of cla|n16, wher ei n
a wdth dinension of said slot is |ess than 200
m crons. 35 WD 2008/ 006139 PCT/ AU2007/ 000676 30 8.
9. Th ahp PRSSIK @giilegubadlgm fvheledi e bubbih@itiei iv pbsh)eodad lﬁcblbabbling air
ut] et

bub Iﬁ%m%an]!eeﬁfi ggelq ,one cfehgté%(g tll%&%ﬂl%g]i Paog 21 Egle cornprlslng an air

]mmB@m@pyﬁhﬂ@wﬁﬁﬁmi&ﬁﬁaVIty trapped i nside a body of
ink. 5 9. The pressure regulator of claim1, wherein

t he bubble outlet is positioned for bubbling air
10. b u bﬂ% %?eséuﬁ‘é R:ﬁélaﬂ'&? éﬂc‘lﬁfé}@ RRRRY &mﬂ?{sln%%%ﬁ'llgﬁ%hrﬁmt 1'ﬂ€i‘1u1d
each air | e conprising an air
Corrtnmwé@n Witk iréréoatampqi m tb¢ inkgRambqy, sarﬂrF@pllblw@fs:b@rrr@l supplymg ink from

I , Lconprising a capillary
the&ﬁ'ann |AQ%P%igﬂ%ggbgéﬁﬁkggg%lon with ink contained
in the ink chanber, said capillary channel supplying

ink from the chanber to the bubble outlet by
capillary action.



