PRI NTER W TH GAS BUBBLE OCCLUSI ON RESI STANT CONDUI TS FI ELD OF THE | NVENTI ON
The present invention relates to inkjet printers and in particular, the
fluidic syetemwfiswsi4suppl ying the printhead with ink. BACKGRADINB/OK33THE

| NVENTI ON The Applicant has devel oped a wi de range of printers that enploy
pagew dth printheads instead of traditional reciprocating printhead
designs. Pagew dth designs increase print; speeds as the printhead does not
traverse back and forth across the page to deposit a line of an inage. The
pagewi dt h printhead sinply deposits the ink on the nedia as it noves past
at high speeds. Such printheads have made it passible to perform ful

col our 1600dpi pPRAVTRG AT FLOASIRRL ERCGH LSRN RESIS oo\ pRGROBES i nut e:
speeds previously unattainable with conventional inkjet printers. Printing
at these speeds consunes ink quickly and this gives rise to problens with
supplying the printhead wth enough ink. Not only are the flow rates higher
but di st ri BIRLIDWQFtTHE IN\KERIToONg t he entire | ength of a pagewi dth printhead
is nore conplex than feeding ink to a relatively small reciprocating

printhead. The TRk,cQAMMVERi08NaREIhRICKShtQY afd fn JarRBI8She MildidRyBhgs: can
formin the ink conduits when di ssol véed gasses come out of solution during

peri ods of _j >t ) Vi he. bubbl e is big enough, it can conpletely
occl ude tth@§%§ﬂ¥%5§ﬁg&%$%@§H?he ink flow. The bubble can pin to the
inside of the conduit such that it requires a finite force to be applied to

nove it, as if it had a static coefficient of friction. The bubble resists
nmoving with the ink flow and can starve areas downstream of the bubble, or

cause a deBAUKHRAVNR QEJitEINYENEKYY upstream of the bubble. SUMVARY OF

THE | NVENTI ON According to a first aspect, the present invention provides
an inkjet printEr spnhowit dandeveloped a wide range of printers that employ pagewidth printheads

10 instead of traditional reciprocating printhead designs. Pagewidth designs increase print speeds as the
printhead does not traverse back and forth across the page to deposit a line of an image. The
pagewidth printhead simply deposits the ink on the media as it moves past at high speeds. Such
printheads have made it possible to perform full colour 1600dpi printing at speeds in the vicinity of 60

pages per minute; speeds previously unattainable with conventional inkjet printers.

15
Printing at these speeds consumes ink quickly and this gives rise to problems with supplying
the printhead with enough ink. Not only are the flow rates higher but distributing the ink along the
entire length of a pagewidth printhead is more complex than feeding ink to a relatively small
reciprocating printhead.
20

The ink conduits can be blocked by air bubbles. Air bubbles can form in the ink conduits
when dissolved gasses come out of solution during periods of inactivity. If the bubble is big enough, it
can completely occlude the conduit and block the ink flow. The bubble can pin to the inside of the
conduit such that it requires a finite force to be applied to move it, as if it had a static

25  coefficient of friction. The bubble resists moving with the ink flow and can starve arecas downstream

of the bubble, or cause a detrimental pressure increase upstream of the bubble.

SUMMARY OF THE INVENTION
According to a first aspect, the present invention provides an inkjet printer comprising:

30 a printhead with an array of nozzles for ejecting printing fluid;
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a printhead with an array of nozzles for ejecting printing fluid;, SBFO

1- PCTa conduit connected to the printhead, the conduit defining a flow path
for the pwonvéwmigigihui d; wherein, the conduit has an int @maU2008096333ect i on
configured such that the surface tension of the printing fluid favors gas
bubbl e growth al ong the conduit |ength over radial bubble growmh that fully
occludes the flow path. The invention is,predicated on the realization that

the i nherent tendency for surface .tensjgn to,a .the,| owest. energy.
el ouraeton chfoREH shBleRiLRE BobGaRh AR R Bl e S1a ARR o TR s
| i ne instegagidofvhéd@i al ly. By preventing the bubble fromgrowi ng across the

entire flow path, it may constrict the flow but not form a bl ockage. |nk
can still flow thRcensyl hapan inteyeal \grashsretion perdigurpdsueiythaigthe yeface fansiop ef the

resi stance - - ' j - [ -

mpor t ant 1§ RHERNGr 3] b LE0S] At AMORGN ool PRI B BE LA s
equal i z& dfilliyngclpddésnheflospathdby periods. A pressure build up in the
pri nt head because of diurnal tenperature changes can flood the nozzles.
Preferably the internal cross section has a first area and the second area
adj oining the fi¢st : i r.ea. hej i t will
al | ow radi al grggf%‘%?ﬁﬁﬁg&gggaﬁﬂﬁ%?%rﬁ%ﬁ?ﬁhﬁ?mggi%gﬁg?gﬁgﬁgqg%gﬁﬁggg, and
second ar egniien tigpddef the bdveascnargyaoefigurhtain eanlbe usalsngte gastildilesigrowusi on of a

gas bubbl e, t hat ..compl etel y..occludes.the first area. Pref |y, the second
area 1o shIBpERUEERTE fnmb G QaEEisbRay R bredc U Re e al P kN 5 1 rom
the fif[et ANEA thd¥ilird NGw HPEGORhad B8R A hd 18I BUSRE RIFFh AB16Gkaks MRicth afll
printing fluid, would require an internal gas pressure greater than the

i nternal glewpiresghithe ling wetheuthuithieing toevesemathe rsisgnened algpbblesiutfadsy

outgassing, Preferably, the internal cross section S star-shaped..
Pref er abl yt,en§1ﬂ% pLInHefcg tro ﬁdg}ﬁ 1n(t:eln(1)asl gurgaécgt i&%lplor?aélﬁy, il 100 R pressure on ARES side of

the bubble to equalize during printer standby periods. A pressure build up in the printhead
because of diurnal temperature changes can flood the nozzles.

15 Preferably the internal cross section has a first area and the second area adjoining the
first area, the first area being defined as an arca that will allow radial growth of the gas bubble
until it is completely occluded, and second area being defined as an area that will resist radial
intrusion of a gas bubble that completely occludes the first area. Preferably, the second area is
shaped such that any gas bubble capable of expanding radially from the first area into the

20  second area until the second area is void of printing fluid, would require an internal gas
pressure greater than the internal gas pressure of gas bubbles formed in the printing fluid by

outgassing.

Preferably, the internal cross section is star-shaped. Preferably, the internal cross section is
25  ftriangular. Preferably, the internal cross section is ‘T’-shaped. Preferably, the internal cross section is
cross-shaped. Preferably, the internal cross section is ‘three leaf clover’-shaped. In another preferred

form, the internal cross section is "four leaf clover"-shaped.

According to a second aspect, the present invention provides an inkjet printer comprising:
30 a printhead with an array of nozzles for ejecting printing fluid;
a conduit connected to the printhead, the conduit defining a flow path for the printing
fluid; wherein,
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triangular. Preferably, the internal cross section is T -shaped.

Preferably, the internal cross section is cross-shaped. Preferably, the

i nternal woose/”gesi on is "three | eaf clover' -shaped. PaTaROIs®00BLef erred
form the internal cross section is "four |eaf clover"-shaped. According to
a second aspect, the present invention provides an inkjet printer
conprising: a printhead with an array of jnozzles for ejecting printing

fluid; a conduit conpected to the print.head,. the canduj. efinin fl ow
eth or Thacs e ESRRRTE it 2l SRR Bt o RE AR b Rl gork
i nternal ca@ssios &alek@RICRNihBHEIEHInSHE ecbh@lirdctisn dorRM s @8 fitdd dRedtion Shich
direction far exceeds its dinension in the second direction normal to the

first diretefbpaukubblegewngevidisthes gprdudt witldwgakgnigistgller seprsate gavbibblan | |
break into I . f t Jwid facl udes the flow
pat h becaugég%ﬁhgﬁggggﬁggggFelSﬁg#%g%%E%ﬁﬁ?@¥&$ﬁggﬂéé%g%?bgﬁythe i nvention
recognises that the phenonenon known as Pl ateau- Rayleigh instability

(naned after Joseph Pl ateau and Lord Rayl ei gh who investigated the
phenonenon in 18W8§snespige lag%ﬂw%l&cga%lmséh%t%sqph&n%ﬁwéna% apblseE- i s not

| | ; i i h
conpl ete yRﬁ’ﬁ&gH%ﬁaﬁo'ﬂﬁy E%%d%ﬁ%xl‘]ogéﬂh: magalpa)ﬁdm@ﬁgglblgp “%g%\%gﬁteﬁ th% hg

cross section of the conduit 1s an el ongate rectan tion

cross sect plomowmendrhie 1873 ah dadsalan chavethsenvengdt gantiubbkas botrgmplstay gedlele
rectangl e sections, I other preferred form the cross section of the
condui t is%ﬁﬁhﬁﬂﬁﬁlgﬁﬁﬁggﬁﬁfo? “radial width of the conduit is far |ess
than the circunference. In a particularly preferred form the printing
fluid reservoir is a sunp positioned at a |l ower elevation than the

print head, the Bugfgpabavhagos shewagp dicecopfluibisian gloogate réstangtei Mdntiegaliyl, thed, and
t

an inlet Iocatedﬁupiﬂ elﬂﬁ %/pagﬁa t he &quui%hpeHn_agqnq%Eted 9 e inl et
such that 0 Sﬁ& 0pr? nF%? S eaﬁ(%y pvgrsF%eés , Ttelhsgc plgi’ %?]?g’]ge MR %e PH Phe Condui t
hangi ng fr aistiida@rderkdit foeadhe os Retidkagahd somdhiy traastlat dueh that the radial width of

the conduit is far less than the circumference.

15
In a particularly preferred form, the printing fluid reservoir is a sump positioned at a lower

elevation than the printhead, the sump having a headspace of air above the printing fluid, and an inlet

located in the headspace, the conduit being connected to the inlet such that during printer standby

periods, the printing fluid in the conduit hanging from the printhead creates negative hydrostatic

20 pressure in the printhead.

The high print speeds require a large ink supply flow rate. This mass of ink is moving

relatively quickly through the supply line. Abruptly ending a print job, or simply at the end of a
printed page, means that this relatively high volume of ink that is flowing relatively quickly must also

25  come to an immediate stop. However, suddenly arresting the ink momentum gives rise to a pressure
pulse in the ink line. The components making up the printhead are typically stiff and provide almost
no flex as the column of ink in the line is brought to rest. Without any compliance in the ink line, the
pressure spike can exceed the Laplace pressure (the pressure provided by the surface tension of the ink
at the nozzles openings to retain ink in the nozzle chambers) and flood the front surface of the

30 printhead nozzles. If the nozzles flood, ink may not eject and artifacts appear in the printing.

The Applicant has addressed these issues by incorporating non-priming cavities into

the printhead. A detailed description of the non-priming cavities is provided in the
SBFO011-PCT



pressure in the printhead. The high print speeds require a |large ink supply
flowrate. This mass of ink is noving relatively quickly through the supply
i ne. Abrwipt2be9/amidng a print job, or sinply at the endPofl/A2ps/00038ed page,
means that this relatively high volume of ink that is flowng relatively
qui ckly must also conme to an i mredi ate stop. However, suddenly arresting
the ink nmonentumgives rise to a pressurg pulse in the ink line. The

t Ki t t head tif d I t
o T1 ox s PRegor tipte st o @ ﬁffﬁkﬁ&%@%ﬁgﬁt& ErPRLp M hout any
conpl i anceincrpbiaeed Hekeih by ﬁbfer%ﬂit% Brﬁﬂg Whe st btk naadthecdeiad tehgk Liaphaae air
pressure (the pressure provid e surface tension of the ink at the

nozzl es opkefikalgslistributes langthe rlﬁélgmpﬁtthepfﬂﬁh%‘lde Acpraspperrysean ghefiplowd! eqiepressont
surface of tht[e QE iR 'Eﬂer&tdb]_?}a% Eggsgésqﬁe%t punt T{Ftﬁ ﬂ%z)lﬂ i Cat‘x{pg)%gmg g{(}&l{ﬁﬁ%é&&‘vhgl ect

and artifacts appear resse

i ssues Hy dnm&nmdﬁa&ma@sﬂm@mﬂmnemngeaa%mkh&&ﬂmﬁbomhge printhead. A detailed
description of the non-primng cavities is provided in the SBFO

1- PCTApplicant's co- pendlng USSN .. (our docket RREOCA US), the contents of

which is incor pﬁ{l l??l 9 Elnodghﬂeﬁftl?erlﬁ'ﬂﬁ& 18 Eét' Eﬂaﬁn%??%né;cﬂeﬁi d%fnliémt ures

that define the In ave alr pockets dlst |but l'ong the length of
t he pri nt heagherafurp Wﬁ%lunecqmﬁt the airnn theenon+pkinving tavetospe egwnd kel @intragtn Thhe

cavity as |t passe oint .in the ink I e air i.n the
Y Soen8RE Gty @ﬁ&%?%g%@#@%% g Kamsiee aggd % F bt
DUr i NG 16t APRRYirPRY di0SkPatiRETddcd BoRRLRLEE J SoddThorPRRIBLIRY HhcvaR a®xbeipded
tlITE tenperature Varlatlons Causethe alr |nthe non-prlmng Ca.VltleS to

expand andogdrtanggthe dovenstréramigikrige ceioéranta adlockage strang prougbymper@dhel i ne to

t he sunp k s th ad at a | n ative .pressure ansi on, does
not cause THHEMESORIg %fnflp Bam e oSy M heba AP1O% i ‘11%1’“%5 PSR in the
downst r eamyirfakiohd. N@stealN thele@pdndlirdy abfl k&g purdp Ih;;mglt eNvUebzAle. Mhev&atinghe
hangi ng col um of ink from accomo ating the air expansion during diurnal

t enper at ur food on the nozzle face can cause color mixing and must be rectified before printing can

15 commence.

Using a conduit according to the present invention, prevents any outgassing bubbles
from completely occluding the ink flow path. As the outgassing bubbles do not form a flow
obstruction, there is no build up pressure on the upstream side of bubble. Any expansion of

20  the air in the air pockets pumps ink into the sump instead of causing a nozzle flood.

Furthermore, the hanging column of ink maintains the correct negative pressure at the nozzles.
BRIEF DESCRIPTION OF THE DRAWINGS

25 The invention will now be described by way of example only with reference to the
preferred embodiments shown in the accompanying drawings, in which:
Figure 1 is a schematic diagram of a printer fluidic system;
Figures 2A and 2B are schematic transverse and longitudinal cross sections of a
conduit during bubble nucleation;
30 Figures 3A and 3B are schematic transverse and longitudinal cross sections of the

conduit showing maximum radial bubble growth;
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variations. Instead, the expanding air pockets punp ink out of the nozzles.
The resulting flood on the nozzle face can cause color m xi ng and nust be
rectifi eawbebevyaigmi nti ng can commence. Using a condui t PETAIRMKSNH0I30 t he
present invention, prevents any outgassi ng bubbles fromconpletely
occluding the ink flow path. As the outgassing bubbles do not forma flow
obstruction, there is no build up pressure on the upstream side of bubble.

Any expansi on t he .a kK into the sunp instead
o caubing a nosErE o Raskbtue: M@Cfmé@ PUREEHM ol rm of -1 ni Tt ns
the correct negrizine iPheR&EH 6f PdiahdiBart@Rs k&sion Bhiidaft; DESCRI PTI ON OF THE
DRAW NGS The invention will now be described by way of exanple only with

reference to th@gbﬁéﬁéﬁﬁﬁﬁdewﬁﬁﬂﬁW@ﬁ@§“§h%mhm1ﬁ“@ﬂ%»acconpanylng dr awi ngs,
in which: Fi gurlglé e Fis @ E:Jtlfregfeg@ﬂ@\;&qro% Pét [oRtBhqyfid, ui di ¢ system

Fi gures 2A and are°s¢ ransverse an ongitu i'hal cross sections
of a cohduit duF@m@Ehﬂbbk@dﬂNﬁi@@hﬂ@ﬁpbﬁ&gUﬁﬁ§ﬁ£ﬁ0ﬁﬂﬂﬂ3& are schematic
transverse and Iongltudlnal cross sections of the. conduit show maxi
radi al bubbl e gFigwen>AdpRbare sketeles ofhuablg grawth watbin & ppidpit gecordipg g%lﬁé%p
cross sect QRGP RMULbontibA.GMAEE S5 is a sketch of a triangular cross section
condui t; E’gure 6 is a sketch of a T-shaped cross section conduit; Figure 7
is a sketch ofi&gmmﬁﬁeemkﬂaﬁenmOMBEhuﬁhamsmsEmmDEM%nDmdaumﬂaHMQUNEhe is a
sketch of a | eaf clover' cross section conduit; Figures 9A to 9C are
sket ches oPmﬁﬁﬁﬂpﬁn h within a conduit according to a second aspect of

t he i nygntion; and,

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figure 1 is a schematic view of a prior art fluidic system of the type used in the above
referenced USSN ... (our docket RREOO1US). The operation of the system and its individual
components are described in detail in USSN ... (our docket SBFOO9US) the contents of which

15  are incorporated herein by reference.

Briefly, the printer fluidic system has a printhead assembly 2 supplied with ink from an
ink tank 4 via an upstream ink line 8 and waste ink is drained to a sump 18 via a downstream
ink line 16. The downstream ink line 16 has a shut off valve 14 which allows the fluidic

20  system to purge the nozzles to correct colour mixing or recover clogged nozzles.

A single ink line is shown for simplicity. In reality, the printhead has multiple ink
lines for full colour printing. The upstream ink line 8 has a shut off valve 10 for selectively
isolating the printhead assembly 2 from the pump 12 and or the ink tank 4. The pump 12 is

25  used to actively prime or flood the printhead assembly 2. The pump 12 is also used to
establish a negative pressure in the ink tank 4. During printing, the negative pressure is

maintained by the bubble point regulator 6.

The printhead assembly 2 is an LCP (liquid crystal polymer) molding 20 supporting a
30  series of printhead ICs 30 secured with an adhesive die attach film (not shown). The printhead

ICs 30 have an array of ink ejection nozzles for ejecting drops of ink onto the passing media

SBFO011-PCT



Figure 10 is another enbodi nent of a conduit according to a second aspect

of the present invention. DETAILED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

Figure 1 We2a0%daaati ¢ view of a prior art fluidic sysPEmAIR2068/000339pe used

in the above referenced USSN ... (our docket RREOCO US). The operation of

the systemand its individual conponents are described in detail in USSN
(our docket SBFOO9US) the contents of, which are incorporated herein by

reference. Brjefly, the inter i dic tem has rint head .assenbly 2
Suppl + e wiEnRY ThoRorklel Al TEMe tibB S FD Rl kA RO AE AR o
ink is drai6uedipi fsalufieiTRhdk8s, vindzAc PRMSETIBOAADI),Vf gtdaite. The fabheatidawngt r eam
ink line 16 has a shut off valve 14 which allows the fluidic systemto
purge the #oEMreal suiable prinbeadls] Ha agidesarigedm qetdlond SN ogebdofset| es. A
si ngl e i nkyhi [ 0 L eShimli.ci r | t |

multiple in |I%£§) of%@ﬁ%ﬁcég%gﬁfﬁ%?%%?Pﬁgﬂlgﬁékk%g'r£§%$¢%E%Pﬁﬂgzgﬁ%§§ a
shut of5 vahinechdfhel 04 estending baretbon ths all@bngd tHeeupet 3% @@ dnazs siemhel\24Zeddsom

the punp 12 and qr. the ink_tank 4. The punp.12 is used to actively prine or
fl ood the PPsIse ﬁg%e g@%ﬁw%e@mdlﬁ%@ thewgslerside;of thy LGP a@Ldan& - eBedbici sh a
negative p [ I I LOL\ : : |

B R R A A R R A
assenbly 2filng an LCP (liquid crystal polyner) nolding 20 supporting a

series of printhead ICs 30 secured with an adhesive die attach film (not
shown). The printhead ICs 30 have an array of ink ejection nozzles for

ej ectin@ drops Bbovdike ABINThERR] PARSI R cd B Hod-priatif ait cRHAIGUBS tThalcadidics The
nozzles are MEMS (mcro electro-mechanical) structures printing at true
1600 dpi re&alcursipred(to lrap aipgskehofmrdurmegpmiringisad primgo Thpiair podectygivather . The
;2?;: fait Lo%éénﬁlds.o.%%er c%g& :,Iligle Oeg{% élﬁs%ir‘tg a?nbo! (?ang)rﬂrgstsgr%as%iklescgr Ig’y%r;ﬁﬁi% sﬁioeci(s: {nl t%g gnk' n
The printers are high speed pagewidth printers with a large number of nozzles firing rapidly.
This consumes ink at a fast rate and suddenly ending a print job, or even just the end of a page,
15  means that a column of ink moving towards (and through) the printhead assembly 2 must be
brought to rest almost instantaneously. Without the compliance provided by the air cavities
26, the momentum of the ink would flood the nozzles in the printhead ICs 30. Furthermore,
the subsequent ‘reflected wave’ can generate a negative pressure strong enough to deprime the
nozzles.
20
As discussed above, temperature variations cause the air in the non-priming cavities to
expand and contract. This can be problematic during standby periods when the printer is not
operating for an extended time. The ‘hanging’ column of ink in the downstream line 16 to the
sump 18 keeps the printhead 2 at a negative pressure so air expansion does not cause ink to
25  flood from the nozzles 30. However, a bubble occlusion in the downstream ink line 16 can
create a blockage strong enough to prevent the hanging column of ink from accommodating
the air expansion during diurnal temperature variations. Instead, the expanding air pockets
pump ink out of the nozzles. The resulting flood on the nozzle face can cause color mixing

and must be rectified before printing can commence.

30

SBFO011-PCT



MNNOO US) the contents of which are incorporated by reference. The LCP

nol ding 20 has a main channel 24 extendi ng between the inlet 36 and the
outl et 38VOTh@/1me81w channel 24 feeds a series of fine clramal2808280382t endi ng
to the underside of the LCP nolding 20. The fine channels 28 supply ink to
the printhead ICs 30 through |aser ablated holes in the die attach film
Above the main channel 24 is a series of ;non-primng air cavities 26. These

cavities 26 are.desi ned f air durln rlnth pri m ng.
e i e ok TS SRt R T BRERS ?ﬁ% R R 4 R
spi kes or fyhisadhrh GnlSIRCKSS Figurtd A bitk2B TR&kpEhdof fie tRnsydiedind $¢paddinal
pagewi dth printers with a |arge nunber of nozzles flrlng rapidly. This

consumes i ARssEYCtEomEE thecgnduil Bwﬂ@ﬁlsgﬁt@aaf g cangnif ko has o argps- %h@éiﬁstj ust

t he end of f ugh)
t he pr|nthégﬁgggggﬁgﬁé&gmﬁgg% %e brou h%mfg&ggs &éﬁggéfm?%gﬁnafﬁﬁ%%QQ?

W t hout5 t hébrelanipk ﬁanOatgpgsmg tiddlchy rtubl@atas, on thasideiof shedbst drdvel 2rapderpanas of t he
ink would flood th s in the printhead ICs 30. Furthernore, the
subsequent ™d V@%@ﬁ@&”ﬂévgy’can generate a negative pressure strong enough
to deprine the nozzles. As discussed above, tenperature variations cause
the air in the non-primng cavities to expand and contract. This can be
probl ematic durhﬂﬁgmtsh@bydbﬁﬂhodwgwhmgbmmdeﬂﬁmmigDWM$onmnmd@@natmdgﬂkor an

extended tine. T " colum i nk i he. d 16 to the
PRI oty e Ly e S R B R i e A
not cayge blﬂgasmgﬁb\msub Eﬁ@fh&?bi‘fhé%écﬁ@s B ot{qaw@yseareaazaﬁ@meena%hml on in
t he downstreamink |ine can create a Toc kage strong enough to prevent

t he hangi ngoselblamdnu@Rmaxmkthﬁ raganaica vt @ @fgh@ ebbdg 40. e&lmamsowraumd faeg 46
diurnal te r atio l,nst e xpandi n i nk
out of t henﬁg ;ﬁlbl{)le 4 111 Il;laé raﬁ¥ ten. tqvpr@ dt’h enr% ﬁtatg g%cor 1n%y§léeur§1 1u§§:f
m Xi ng curvature R« of the unconstrained face 46 will be the maximum that the gas pressure within
the bubble 40 will allow (which corresponds to the minimum surface area that the bubble face
15 46 can have at the gas pressure). With increasing gas pressure, the radius of the bubble face

46 reduces, and the surface area of the bubble face 46 increases.

In order for the bubble 40 to continue growing into the second area 44 and eventually
occluding it, the gas pressure within the bubble 40 would need to be enough to form a
20  semicircular bubble surface 48 having a critical radius of curvature R.;. Knowing the internal
gas pressure of outgassing bubbles 40, the first areca 42 and the second area 44 can adjoin each
other such a way that R« of any bubble surface 46 formed during the expected range of
ambient conditions is greater than Req. This will prevent any bubble 40 nucleating is the first
area 42 from continuing to grow radially into the second area 44. Instead further bubble roof
25  will be in the longitudinal direction of the first area 42 (see Figure 3B). In this way the ink 50

always has a flow path around the bubble 40.
The ordinary worker will appreciate that the second area 44 can also the configured

such that an outgassing bubble 40 nucleating on its inner wall will never grow large enough to

30  occlude the first area 42. Furthermore, once the printer has come out of standby mode as
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and nust be rectified before printing can commence. SBFA 1-PCTThis can be
rectified using a conduit according to the present invention of the
downst r eaWpDI2009/11181¢ 16. Fi gures 2A and 2B are sket ches @®CTAR0GS/@OBSYEr Se
and | ongi tudi nal cross sections of the conduit 16. The cross section of the
conduit 16 has two areas-the first area 42 and a second area 44. Both the
first and second areas 42 and 44 defining a flom/path for the ink 50.

Qut gassi ng bubb] e 4 tes .on the si of .t he ar ea pands
Cacia Ty oitedleS: R HEmBE P iR S EEE D oo tbga e S e a0
has grown gewveeanhetielise @csHibdsutidignd bislesatoea 42. However the second area
44 remains filled with ink 50. The shape of the outgassing bubble 40 is

defined by the radius Rnbe of the first area 42 and the naxi num possi bl e

radi us Rmax at £ ﬁregg(fcg?ﬁ{e sﬁétgﬁe%bolf gS%bblfgm%% ste ur a? Ple%oﬁ(q)ut Té]eﬁlglge 4 sﬁows

unconstrained fa ten

| owest ®nes gﬂr-ﬁtapécbcroma[diﬂ wigh y cdnltral foﬁdbﬁtﬁng)fhe (fmst\a&ram:zewm’mhe pdintk lb€the
unconstrai ned face 46 ﬁ% be the nmaxi num t hat %B ]ﬁ%s pressure within the
bubbl e 40 W MTORAs ARIEHKY ehsceond Bepda S n YtgasengPrhti #e Wihs Besbasp 42 Wilhat

the bubble, t%ﬁﬁtlrg\@ 16 SRoWRYAI tmt%'ﬂf% piis &1 SRSt dcﬁlfurth\é\i‘ Bﬁb(ylé‘%g%ﬁ%ﬂﬂb&as

pressure, the radius of the |'e ‘face 46 reduces surface area of
t he bubbl elohgitelizkd. Imihrseagedimdnn iDthd entghomgtiubblodbmiuel catEs mmneoﬁtherpumts 44

gr ow ng |nt the C area 44 and e ual | y . occl. as

o essure Wt HE HaE AEAUBHE SR b diea Rt GaTED b B Ui i eprnete

sem ci [gul AHwBHRhE rhHifRE 6 A8 phaW Wil (Rovld § NERIpathad} e i@ sccur vat ure Rent -
Knowi ng the internal gas pressure of outgassing bubb es 40, the first area

42 and the second area 44 can adjoin each other such a way that Rmax of any

bubbl e surface &qlfaﬁ%nﬁg trga,lfllrgllllalg?rtg{}gﬁ&l&l t e bnbllé égrle?éo will i1 nb{ en atnélco% Sg%ltg%.'llégop ;sr Ists

greater than Rc

area 42 fr piBbBADIiN Y ceGral Gred ﬂDWhﬂade@béSYM dﬂtl@e friaggls e@mﬂs fa[eaewlﬂﬂmk lkostead
further bubbl e roof o o )
figure six, the cross section is T-shaped. Bubble 40 growth and occlusion in one section 42 of

15 the ‘T’ will not extend into the other section 44 of the “T°.

Figures 7 and 8 show cross sections having a three leaf and four leaf clover shape
respectively. These cross sections are particularly useful when applied to extruded, flexible
tubing. Not only do the leafs 44 have a relatively large surface area to provide little resistance

20  to any flow of ink 50 when central bore 42 is occluded by a bubble 40, but the clover shape is
resistant to kinking in a way that blocks all fluid flow.

Figures 9A, 9B and 9C show the cross sections of conduit 16 according to the second
aspect of the invention. These cross sections extend into one dimension X for more than the
25  transverse dimension Y. If an outgassing bubble 40 nucleates in conduit 16 it will grow as a
single bubble 40 in the X direction. However before the bubble 40 can extend completely
across the conduit 16, a phenomenon known as the Plateau Rayleigh instability will cause the
bubble 40 to break up into separate bubbles 52, 54 and 56 (the Figure 9C). This will ensure
that the cross sections is never completely occluded and the ink 50 has flow path between an

30 around the individual bubbles.
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will be in the longitudinal direction of the first area 42 (see Figure 3B).
In this way the ink 50 always has a flow path around the bubble 40. The
ordi nary workevi1wdi#4|l appreciate that the second area 44PCAARDESH0IIR
configured such that an outgassi ng bubble 40 nucleating on its inner wall
wi |l never grow | arge enough to occlude the first area 42. Furthernore,
once the printer has cone out of standbygymwde as SBFAQ 1-PCTstrong fl ow of
ink fromthe prjinthead assenply 2 (see Figure to the sunmp, 18 will clear
the dovnst r eam PRIOTTRA 3P Mords GEFGATuP orinButartf B Bay 1o s are
sket ches ofirqu@sichéceX 6f 98 ansE6s is FirSrdtertihg BOWM v oFhe dringalfRvApARODECA
star-shaped cross section with a central for defining the first area 42

whi | e the psitheBy sngleputegssitg tbbles gall aveprugtha bpeojnegmseblesnd splitarie infaviduy

out gassi ng I i i 4 i - i gr ow
radiary T RESRE. Sodss Jpob i bR ERAC bt SR EAN LA ralh 7 e
longituglinal. In this enbodinment, if the outgassing bubble 40 nucleates in
one of the points 44 of the star, then bubble growh may extend further
into that point  RhRRSCAhVEtiopnhas @fteﬁéiP%C.“%Fﬂb)Rfé@@&’? wayefegirapla sy &H{eﬁe

poi nts w | |, pr.avh @6 ﬁelﬁlvﬂ}@’r&ﬁhg récB%nig@ﬁaﬁ%régons%nmnll&ﬁt*ic}étioﬁshﬁhit:ﬁ bangul ar
cross section shown 1 n Figure w 'l cont’ai n any outgassing bubbles 40 in a
central ardgatIronhihkepviertd epe dethobroptherventiwgheept.enmai ns filled with ink
50. In figure six, the cross section is T-shaped. Bubble 40 growth and
occlusion in one section 42 of the '"T" will not extend into the other
section 44 of the 'T'. Figures 7 and 8 show cross sections having a three

| eaf and four |eaf clover shape respectively. These cross sections are
particularly useful when applied to extruded, flexible tubing. Not only do
the leafs 44 have a relatively large surface area to provide little
resistance to any flow of ink 50 when central bore 42 is occluded by a
bubbl e 40, but the clover shape is resistant to kinking in a way that

bl ocks all fluid flow.
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Fi gures 9A, 9B and 9C show the cross sections of conduit 16 according to

t he second aspect of the invention. These cross sections extend into one

di mensi orw@ 2b@wv11mgine t han the transverse di nension Y. | PCRAWRMSYAGIENY
bubbl e 40 nucleates in conduit 16 it will grow as a single bubble 40 in the
X direction. However before the bubble 40 can extend conpletely across the
conduit 16, a phenonenon known as the Pl ateau Rayleigh instability wll
cause the EE% 40 to break up into separate bubbles 52, 54 and 56 (the

Fi gure 90). will ensure that the cross sections is never conpletely
occl uded and the ink 50 has fl ow path between an around the individual

bubbl es. SBFA 1-PCTOptionally, Figure 10 shows the cross section of an
annul ar cohdui t An&kictientr eeupHsEi%ence X of the annulus is far greater than
the width Y of I - 0. iyhgl e out gassi ng
bubbl es wi | ev%ﬁ‘?ﬁgﬁgﬁthe{:no%y%ﬁ?% ?gggﬁed%q@%?flfl@‘%?%hi ndi vi dual bubbl es
52, 54 &nd 56. Bainderwoineese tdhbpligthead, e donduibdefimignd @éwpath fod tavvpihaing. The
pr esent inﬁe]ﬁti on has been described herein by way of exanple only. Skilled
wor ker s i nflbid; Whee® g wi 1l readil y recogni se many variations and

modi fications Wai ehh @ HOhn BRRAL tordsk KBibA gor?f%gfédtsuapﬁﬂatstﬁé’ REFRE tdniPn BF AR
PCTCLAI M5 1

i nventive concept. SBFA 1- . An 1nkjet printer conprising : a
pri nt head witngdhiidfavars ga$ bulbtzgrewtlf dongthe condug lgrgtinovengadidl bubble grosaim that t

connected to the printhead, the conduit defining a flow path for the
printing fWBP]&!}uUQE%%Bldﬁ?hetpreWB%}hduit has an internal cross section

configysed such that the surface tension of the printing fluid favors gas

bubbl e growth al ong the conduit |ength over radial bubble growth that would
fully occl &de tAeifjawriptet pccording to claim 1 wherein the internal cross section has a first area

and the second area adjoining the first area, the first area being defined as an area that will
allow radial growth of the gas bubble until it is completely occluded, and second area being
defined as an area that will resist radial intrusion of a gas bubble that completely occludes the

15  first area.

3. An inkjet printer according to claim 2 wherein the second area is shaped such that any
gas bubble capable of expanding radially from the first area into the second area until the
second area is void of printing fluid, would require an internal gas pressure greater than the

20  internal gas pressure of gas bubbles formed in the printing fluid by outgassing.

4. An inkjet printer according to claim 1 wherein the internal cross section is star-shaped.

5. An inkjet printer according to claim 1 wherein the internal cross section is triangular.
25

6. An inkjet printer according to claim 1 wherein the internal cross section is ‘T’-shaped.

7. An inkjet printer according to claim 1 wherein the internal cross section is cross-shaped.
30 8. An inkjet printer according to claim 1 wherein the internal cross section is ‘three leaf

clover’-shaped.

SBFO011-PCT



2. An inkjet printer according to claim1l wherein the internal cross
section has a first area and the second area adjoining the first area, the
first aresokedvigigiefi ned as an area that will all ow r adiPall/AJr0wt00332 t he
gas bubble until it is conpletely occluded, and second area bei ng defined
as an area that will resist radial intrusion of a gas bubble that
conpletely occludes the first area. 3. A?%inkjet printer according to claim

xpandi ng Taai sl g% SHTCREPRPEE S8 T B Nl R e r e Aty ehe

second ar edoves'-shaped. Of printing fluid, would require an internal gas
pressure greater than the internal gas pressure of gas bubbles formed in
the printing fluid by outgassing. 4. An inkjet printer according to claiml

wherei n theg.i nt gh AjctQFHARS aGBELNOR dlHmSt wRcrsiRaRebw Path ARtchdhcdledarthart er
according to claim1l wherein the internal cross section is triangular. 6.
An inkjet pintheadrandepspdrsmguidseservgilm 1 wherein the internal cross section
is T'-shaped. 7. An inkjet printer according to claim1 wherein the
internal cross section is cross-shaped. 8. An inkjet printer according to
claim 1 wher.ei nAh hekjdtprietenadcondins® ckamtli0orhdrdan tHe prigthglfRafresevolt &2 sumpaped.

SBFA 1-PCT9,. An inkjet printer accordi to claim erein the interna
cross sect PEHIOP! @t ¢ 9T ql@affonéha&\}@ermnﬁﬁ%fggﬁa .Sm&rol?avmﬁaﬂlim\g?péfe Priraeerf Yecor di ng
to claim ].:LFlwtﬂigg &irif, sl en ﬁlleomaa@timhemk@gpﬂ&, bRty béihecophdcit hﬁtﬁﬂilnﬁsﬂﬂlclaglat
printi ujd reservoir. 11. An._inkjet printer. according toq im1l

wherei 10t h&TgR PHRPTRG™ ﬁymeaodf%éé%v%m heig inffhe gy st fg%gle apnliead giigips

el evati on hdpativeth@odticpth@adn thelpandesap havi ng a headspace of air above the

printing fluid, and an inlet |ocated in the headspace, the conduit being
connected to the inlet such that during printer standby periods, the

printing filuid Apidke peeRdtdrbpritag@i ng from the printhead creates
a printhead with an array of nozzles for ejecting printing fluid;
15 a conduit connected to the printhead, the conduit defining a flow path for the printing
fluid; wherein,
the conduit has an internal cross section configured such that its dimension in a first
direction far exceeds its dimension in the second direction normal to the first direction such
that the gas bubble growing within the conduit will break into smaller separate gas bubbles

20  because of Plateau-Rayleigh instability, before the gas bubble can occlude the flow path.

13.  Aninkjet printer according to claim 12 wherein the cross section of the conduit is an

clongate rectangle.

25 14.  Aninkjet printer according to claim 12 wherein the cross section of the conduit has

several intersecting, elongate rectangle sections.

15.  Aninkjet printer according to claim 12 wherein the cross section of the conduit is
annular such that the radial width of the conduit is far less than the circumference.

30
16.  Aninkjet printer according to claim 12 wherein the flow path extends between the
printhead and a printing fluid reservoir.
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negative hydrostatic pressure in the printhead. 12. An inkjet printer
conprising: a printhead with an array of nozzles for ejecting printing
fluid;, awondwtiigitennected to the printhead, the condui PCHAU20081090332f | ow
path for the printing fluid; wherein, the conduit has an internal cross
section configured such that its dinension in a first direction far exceeds
its dinmension in the second direction no | to the first direction such
that the gas bubble growing within the conduit will break into smaller
separate gas bubbl es because of Pl ateau-Rayleigh instability, before the
gas bubbl ejzan agelkjderihkeaddoritnd@dtdbimlid. witkeih MejpahtinIul @8k & dinpg t 0
claim 12 wherein the cross section of the conduit is an elongate rectangle.
14. An i nkpesttiopgdiaht bwendeation thig theprothgidaihe sunphisvse A headepaes 98 2bwgtheon of
the condui fidias nSiGMAH &l inleNfoBt @8R the RehdsBbO NP b:RIuTt 8GhANGhLcd @Fthé ANRSsuch-fat AN
inkjet printer according to claim212 wherein the cross section of the
condui t° i sduRAATAPT sendty Perets. tharrintiagildd intharonduthapgies Eumtgptinthed prptey ess
than the chdoe@RfeaBRER prelire iMheiphkingld. Printer according to claim 12 wherein
the flow path extends between the printhead and a printing fluid reservoir.
SBFA 1-PCT17. An inkjet printer according to claim 16 wherein the printing
fluid reservoir is a sunp positioned at a | ower elevation than the

pri nthead, the sunp having a headspace of air above the printing fluid, and
an inlet located in the headspace, the conduit being connected to the inlet
such that during printer standby periods, the printing fluid in the conduit
hanging fromthe printhead creates negative hydrostatic pressure in the
printhead. SBFO |-PCT
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