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FLU D SUPPLY METHOD AND APPARATUS The present

invention relates to fluid supply systens for dropl et
walepess28Hn apparatus and particularly ink suppt/GB2005/003588

systens for drop-on-demand § nkjet print heads

operating on the through-flow principle. In known

FLWID SUSPLM IMBTRIORANDMRPPARATUS i s renoved froma print
head so as to renove dirt and air bubbles that m ght
bI ock the print head nozzles and heat fromthe ink
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he inK and so affect print quality.
apmgﬂuenaryh@artwutaﬁlyf inktsupely ByKens fon cﬁpwoapﬂarmrwl inkjet print heads
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Theibear s testishas with Seiedni =f o RRBIAPle: ARSOEIE Jok removal and
rep erisg‘!?ﬁér@styﬁﬂ:]aﬁh%l@ PR ARG V\ﬁfﬂdrénﬁ‘&%doﬂ{l@Bsﬂg filtered and

ence, and is reproduced in Figure 1
codléd defpreftieivg fed haclht;atheeplim gad. Ndhrrigraflawonay @egrestrlcted to the
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rerhdve smadiner sirsubpldsythagmbg haze iddyedan the tespactha iek ejecting nozzle.
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ap;ﬂ%‘éﬁt Qh&)ncoﬁs%rét%dmém Uyrrefé?énéﬁ tandQ@?émébtsce'ﬁ @ Flgure 1. A through
defined b | east one wall that can be dis

flow rpalnéb@a@;%m ©bthenlend REVH (g -rfEPM é&p§1b1f70(5ﬂe€@lﬁawﬁe|to the present
ap;BIE:%EF Q?‘db\ﬁr&b ;E«S]’%feﬂ ﬁer%fnegf Véf%réé‘ﬁ:\é %eélrr‘aﬁ@é?i tH i éHénhQ?array lying

anne nturn eftect t ejection from
hommualeand'ﬂtsenml¢$dla€fcéecﬁf@’pioaﬁwrd)ﬁjéﬁﬂt@ﬂc@ indicatas! at 2020 (although

nore-ﬁugﬁé Parr%%e%%@?%?é’%éxal ﬁ/oétﬁsté arejrmm(? |l§g<§\8|9}§1 @Iltge art, channels are

defireainpy ahlebbﬁom tvall Amatwgapere dieplaceditnan2@eiSelyderih¢ rgitedinal axis of
atnosphere via air lter 2041fed inlet.. .
therliArY ). ghoain o Bsherel BiEsRIE WatrRinnsaBls M. Hppas Shich in tun
eff6&S aropmtr ejze%tlbfﬁ‘ frohn tisd HUzzRD Thé hwalRK dré Obisplabedeby piezoelectric
reservoir 2050 by neans _of a 2060. Pu 2060 is
aC@éFﬂr&oﬂ’qV@ﬂta@FOHS@ doeried sothe Wﬂ"'ﬂi’@”ﬂﬁ?ﬁ)‘@s L APEIBLIng ”hShea" mode

as?%&lgo?(naﬁﬂr}?fheaaﬁtt o mintain the fluid | evel 2080

erein at a constant height Hu above the plane P of
t he Anouppessreservoirh204bapen rt@stéﬁvaimOSEOS@ viehair fflltgr 041 feeds the

cob st 3y B0 e Sy 380 L p LN i i
suppliza BB hkcfeorn ecloadr reseamoir @R50 by means of a pump 2060. Pump 2060 is
controlled by a sensor 2070 in the upper reservoir in such a manner as to maintain the
fluid level 2080 therein at a constant height Hy above the plane P of the nozzles. In the
Idwer reservoir 2050, the fluid level 3000 is maintained at a constant height H_ below the
nozzle plane P by a sensor 3010 which controls a pump 3030 connected to an ink
storage tank (not shown) . Filter 3020 serves the same purpose as in the upper
reservoir. Lower reservoir 2050 is connected to the outlet manifolds 2035 of the print
head by conduit 3050.

The positive pressure applied by the upper reservoir to the print head inlet
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storage tank (not shown) . Filter 3020 serves the sane

purpose as in the upper reservoir. Lower reservoir
wWQe®6/03@3xonnected to the outlet manifolds 203BCDEGBRGVE/003588

print head by conduit 3050.2 The positive pressure

applied by the upper reservoir to the print head

mein"\"ol%)t @@tﬁe‘?'vﬂtﬁ feehdiRtiviiprésduie aBSﬁlﬂi by %@kﬁ%‘-‘r%@ewow to the print

the ower reservoir to r| nt head
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neeessafy ﬁcbuelsemlar@ubpreylrrkepmeedvetweandhprreaervhmacand the print head to

%{W %ﬂ%?éha&gtesqﬂ?nl{’@%%g ﬁé ?ﬁ@qrrogggw éﬁﬂ%e ﬁ d’%?ﬁlghép%ﬁq changes in the

es b irs
pnhiepdttém ansluhes tthatarodunt g snk mctuakly fejested draamdhé paint head) do not

head sul from t he
unyy e el 2P RUES e et Boask HiRevac b f yeliitaents also restrit
thd rreanddreindwhidh herH) aderimtohesdndedry baf irktaliddieln particular, scanning
pressures at the print head. However, these

instalRP P b HHICH % 8o 8BRY 0% ARG B FATIREE CWhiShcRoves across a
substhte e{?@%‘i’!ﬂ&@f‘ tcp‘?m lt'r%ﬂum'n@ |H%rrtéll%ué %‘éma?%aﬁ‘]%bﬂgmsm that can

installations in c a print head 1s nount
maygrhdti e mtbeamﬁnéﬁwealok@m% substrate are difficult

to iWIBLefmENto o S LARY 9Ll Ahefdh GALE! A%rovided a duid supply
dOt‘ii]e |nIJ

mechani sm* hat™ can print ead a
appaés foAsupplyh_nggluithoaa ﬂrcrpiét membncofevtdeethmdmptét @eposition device

nayi gy 3 o EF s Rdneiltie st SCR LT 5P e shambef fpucommunication
witbrpjettisieResdd, £id dpparatusédthpasiag a Mli€reseoiP trl Ripplying fluid to
and i ncl udi n%r at | east one pressure chanber in

and JRAEMINGAILTGATAM the HioRlPk depesition Apparatusi an Apphpeassyre controller
adSERtH PaceveIil Woth 58 FEYSir BRE rSARRIY IHaGrEs4ird df Buid at said inlet

at a first predetermined value; an outlet pressure controller adapted to return fluid to said
reservoir and maintain the pressure of fluid at said outlet at a second predetermined
value; the difference between said first and second values driving a flow of fluid through
said at least one pressure chamber.

By controlling the pressure directly at the inlet and outlet of the droplet deposition

device, the pressure at the nozzle is accurately maintained, independent of any
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and receiving fluid fromthe dropl et deposition
apparatus; an inlet pressure controller adapted to
w0 eweise3f | uid fromsaid reservoir and mai nt ai PCT/682005/003588
pressure of fluid at said inhlet at a first
predeterm ned val ue; an outlet pressure controller

fluetdasredort distuedancas fih tedfidia sapply 16 @Hab \EPUrfretA thdTBENES|(Preferably a
m@?e ressure of fluid at said outlet at a second
e
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, toqpi\gdfromthe devhce(areferable/arr,ultl nozzl e
in (i sHRRdLAPRRIAIS CvRed Y deShrouemeRt op Fiuddive yadatinsedue to the
prifiQittfeph | ed i ndependently. The inpedance between the

inlet and the nozzles and the nozzles and the outlet
ar ePrefetabiy dluld isi dsutaéest eentiptionsly wrewyl theesupphypapraratus, including
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compeaé¢s perssinge ungotnhity eff ofieid i rthe sigblys ubiad antiniadiditlg problems

' t] f iati. in_th | ,
ool TR Bl BRSNS OB, e R i o
componeitiabiiise Susply @pphrati, istith Rahtigidus dycmiE halimised thdi gbssibility of
. Is cjrcul ated continyously around the supply
Inka GRAERAITRION nH (Rii PRIIEWANY e3dYandrgeoUsngIeRpeMeBhnghe reservoir is
mditaheadldt of patial VatuLRe shisdBhiSuP Rkl &@h%ﬁbh%{@?fé&? | of the fluid in

through all conponents ensuring uniformty o
ther BiePRIYIipISPbieghdo A mieaptivengrensuts ensavarsgei Suehl avnepative pressure

P i . troll - e
USRI prg e 258, O Rle PR W ALY reiifig g iinoon of
printhead ailute dumtesaicpubblag imiheiink.ses the possibility of

TR e B O S 8 RE A, e o i

caseibepressunel contndllensi ars advintadgouslydbes1ad ans diked sphiial9&lationship to
the fluid in t ative

the,Jehasiion sivte, & mias St eariigTREyBioh/B oy Wil dbe printhead in this way

evohEt badssMred banest ' i ' -
PENUIEE . bl ;g*’t 488 Gerbfel O folftilel MiRhent il affecting the

_ , of printhead failur
pregg@eoalathe piiBbiheadi imlathand mutletriandd dpissthe earreetsioperation of the

prirﬁﬂga&.[‘Ehi"se%egﬁﬂicﬁla@gyuggfﬂ % aatdg‘l‘l@ét}’ongo}’{cg@]g& s‘f'll@ MMt CRead to be

case the preSsure controllers aré advan
scanpedtrelative ta af $ubstratep alhieainlat elnalt duttes Iprgsstuoe tchatrollers are preferably

Y LRS00 59868 S ShabAS) Tl uri. T
propides essiggle enitivrictbyar basilyeeaimovatatioreaeatridgepad by flexible flow and

5 MR o8 RGP B0l B et veonee Tne). As ot
above, since the pressure is controlled at the printhead, pressures in the flow and return
conduits need not be accurately maintained. The pressure regulator ensures that any
variations in pressure resulting from the movement of the flexible conduit do not affect
the print head. In addition, the scanning mass is minimised.

It is known that the temperature of the fluid entering the printhead should be
controlled, and should be insulated from fluid exiting the printhead, which has been

heated by the printhead. When the inlet and outlet pressure controllers are integrated, it
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printhead. This is particularly useful in applications

requiring the print head to be scanned relative to a
wGaavsos@sE. The inlet and outl et pressure contPOI/GBRE®S/003588

are preferably rmounted on t4e deposition device and

can usefully be integrated as a single unit. This

is PieRdfbELSedirabld i ehdlmidt fIf ;sa%h fPe fia8Idted ﬁ@r’rf‘t‘ﬂ@rbgj‘ﬁgt flild path.

a carriage, fed by flexible flow and return c
(andn gobieferspd pmbpdiment) theainlatandpeietiet irressure cootroliers comprise a
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Ier@ﬂ?slfsiérrﬁésta@ééYr% fH@%ﬂ&hﬁ@%@%’i"l#@& £\f58ﬁ1ﬂf.§#{eﬁceonduit bore

controllers to ﬁ aced at any hel rve
is advasitageats|yos elat&m aeomre, arBycambecsalertged bhe seatch the inlet and outlet

apgﬁ&%% f 9 a@'%p%qt‘%@ &pg{ewgaabove the inlet tank and

nega ove nk, the controllers can be

pl ad’léd sajtst&me'nawmn’rpensgm pamdhtytofldepaslti@hadéméésesupphed from said
072

el 8gh SuBB7L B Pl o Babbl D OB stk b comhected n prall f
saudqsresahbwegah&srnwmeﬁ rRAin&ihsORr ﬂdl@"ﬂré‘&?dﬁ@é at tH ISR outlets of
irectly on the droplet deposition

Sa'EléW'”@EtngrPf d@g%'&ﬁa Gevicagat H&W@dtw%l&%ﬁ kis ay the apprepriate where
mLﬁkﬁﬂ’e 9HH ﬁéadsTE?e EFr@ﬁéé’d %lo@r&psﬂ%r ASGabPtS w&?@é’% fhe print resolution

shoul \Mﬁg onpared to the pressure
ang/er B@spi’dfﬁé lei@th Mwn@bmcuﬁuprmtr@aps ehordssingblyi g ldtegrated with an

e 0, nore desirably | ess
mIél%dﬁ.@%Eﬁ{és)éu#e éﬁ}tltolﬂé’lnl{'l?a gﬁ%%ﬂdem fable for 1he
condocerding toea aextoddoampect tthe imvBAtion pfﬁw&jesommthod)ﬂfr%upplymg fluid

o BB ERRRTAL bl 2 ookl B0 i STV s e, o et ang

mcth!mglléDI@bett o€ PAsdsur® BhaRBEE By cdmupicalie N WY af YiditioR&hozzle, the
ural i, t|¥ of deposition devices supplied from sai 8

CIBPHSINGFRGEN) ,, atith inket tp gaid Qerﬂetd@p@gﬂpn&ewce a flow of fluid
froﬁ‘leé' @RI pPR; CABPMAIRG qflid Ho RIS af & first predetermined pressure;

receiving fluid from the outlet of said droplet deposition device at a second
predetermined pressure independent of said first pressure; and returning, from the outlet
of said droplet deposition device, a flow of fluid to said remote supply; wherein the
difference between said first and second predetermined pressures drives a flow of fluid
through said at least one pressure chamber.

A third aspect of the present invention consists in a droplet deposition system
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said pressure regul ator which maintains the fluid

pressures at the inlets and outlets of said plurality
wo@Roodepa3s ti on devices at the desired val ues. AET/6BP@YF/003588

be appropriate where nmultipg e print heads are arranged

side by side in order to increase the print resolution
compigingra ARBROHHIhHCWGRNAVIRE it .'S Ay ﬁﬁ&‘é) Brtigrans dlggast one nozzle
for B?C{ebléieéjbﬁt‘?cm;ya tf{?;rd %h?&{/aés%_@rﬁﬂl} Romprisinh s fRNA r4EV&F and a fluid

pressure controller 1n"a singl'e unit. According to a o
supply aainedit dspeittu)atingefluic rom baid rpsevpiicbreughesaid depesition device via

st B, 5 B DR RERRA R0, g pucn it o
aveR@ presbud ogerathd wadtframsupaes sbifleid matheesystem is below ambient

communi cation with an ejection nozzle, the nethod
Pregsy®ri sing receiving, at the inlet to said droplet

depagl iveRtidH WIlF fowdbé | eacHbed byiway b BxampRitd reference to the
supply; applying fluid to said inlet at a first

accpmpaeyiag frawngpriesdighs; receiving fluid fromthe

Fig&%t%g‘%ov@gaﬁgépaﬁhﬂp&& ‘ﬁ%ﬁ@@ﬁﬁﬁﬂ device at a second

pre erm pressu t of said first
Figureesshoves a aloded eecirauiatigg ik supphhe out | et of said

_draplet d iti ice,.a fi |ui d t i d
Figyeb eI AL U AR sRet e veen sai d
Figliies St a1 @ St AT eteiciiminedofthe s sesplvof Vigura X Ineluding inlet

of fluid through said at | east one pressure chanber. A
and ¢ijtief WelBect of the present invention consists in a

Figte®lsed sepostid diggrapy 8f STERIHRHINT M Bf AnASSSHrtiAg stystem according
a

a
evice having a fTuid inlet, a fluid outl'et and
to thepeasephigveriiofie for droplet ejection; a fluid supply

FigieSF é’cﬁé%{ci cﬁ%@%nﬁoﬁf ér’f‘éﬁinbbﬁ' nE I%gé P?ig?nhé’%é t?‘éidgle of the system;

Supply” Ccircul circulating
Figuresis\eocut;awdy deghof sqirdfedrepiosnbodimedtof the prinhhsad thodule;

. inlet and sai,d out] et ng. ha . SAj vQi L. the
Fiollpd bt e el ot BB e rhobPugBo e el fieSlap!
Figtjﬂr?g d eteadutfaves \ﬂéwfoﬁ@mréferrfeldLérﬁibddirlnlbhteong/ Eﬂsemdirsmbgthlgw

—anbi ent pressure, The invention w now, be, descr.i be
Figlp Tk aoroeRatsI daglAr ot MU te AR qlr IRIUIR TSRS S5t
Fighte®Vd Si5ws AR cibioainertti B Weinde SITMEHIRINY twef pritiied dek

“supply arrangenent Figure 2 shows a close i
Figuiec] ¥ ghave 2 ﬁg‘thqﬂ@r@wﬁgmnwfgb? éventign gilising by Rirtheads
FigBtePt s, T SHEoRnc A1 AR v BSng nifiie phlegas.
Figurect futiustgpte s bairesswte canireltuniigior gultipleypreintbeads. a

schemati ¢ di agram of an enbodi nent of an inkjet
printing systemaccording to the present invention;
Figure 2 shows a closed, thermally managed, recirculating-through-ejection

chamber fluid supply with sub-atmospheric pressure at the nozzle. It has the advantage
of being fully enclosed from the atmosphere (other than at the nozzle) so that there is no
issue with gas absorbtion. The system is also simple and so low cost. It is also compact
and is flexible as regards component location, particularly the height thereof. The pump
generates a positive pressure upstream and a negative pressure downstream with the
pump speed being chosen such that a flow exceeding the maximum printhead(s)
ejection flow is maintained. Flow is typically ten times the maximum ejection rate and
may be up to 30 times the maximum ejection rate.

The pumping circuit, including flow paths internal to the printhead, between the
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Figure 7 is a schematic diagram of an enbodi nent of a
print head nodul e of the system Figure 8 is a
waeeaosaseys vi ew of a preferred enbodi nent of thRCPGBRG05/003588
head nodul e; Figure 9 is a &chematic di agram of the
first, reservoir nodule of the system Figure 10 is a
pumpnand\myzlw iewbtftaatiqﬂﬁ/@‘yw@tdc@ﬁmiel ifloiglitt ingfedance bet toogenerate the

smaibAit-Bimasetit prisdibe FrATESTRLIE w3, 3 Suefon e drouit providing

the @ittt the pirintHeadeasi angliRghitly dighek impsdarget s potedtihgiads symmetrical
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e e 0 .
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ej ectlon r rcuit, includin
ooglaft HemaheohS RER Ahe ekl PhsSUER RAG 18oefs hgorrect nozzle
pregg;rél e is substantially symTetrl cal inits fluidic

i npedance but to _generate the small sub-atnospheric
pr e5REr BYSiRHuIsReat tPeheCHD 28| @kephid Hiej&lesiont ed manufacture of
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I n The paﬁ‘f@oﬁ‘ldmbe shwth dusineldt préssivspuisesesibiureBle to disrupt the
where the reservoir is |ocated close to the punp

NoZz} BENISCHE EPTPSSWR RMICTHEh S ORI PARIRSRIE R %’ie\%@et%é suitable type.
gasﬁﬂﬁ%t%eddéhl %%I%nﬁgﬁ@uﬁ%@teﬂﬂéeéd%n?q}/% ENGEY of :pTump type, the

the ink is contained within a col | apsi bl e reservol
resgpioit Wil gct as p huibies (dus: toctbathutit and raom@harm plimpiflugd within and more

S 83 B RV Bab S E S BBl G st

anqioessalereand/or heat exchanger) exhibits S|mllar properties. Finally, it could be the
conduit (or regions thereof) that provide adequate compliance. It may be desirable that
compliance/buffering is applied to both the pump flow and return lines.
Advantageously, this system can be configured to have no ink vulnerable to
atmospheric gassing (other than at the nozzles themselves, which are less problematic).
In summary, this first embodiment comprises a printhead, a pump, a conduit, a
reservoir and a thermal control connected in a circuit. In practice, it can be difficuit to
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Qobservation of the ejection performance (drop
formation) can be used to informthe condition of the
w0 ndoosysEm and corrective adj ustment nmade to PEEGB2005/003588
pressure applied to the reservoir, for exanple.
Addi tionally, should the system conponents need to be
maiei weuiied eletansgp sindeanghtfaciunag telaeances @éndgiamponent wear (e.g.
oo BB BLG B PR RS SRR LRI ol e

man Umastﬁugwecﬁ‘ sitompen altesating systainds mapdsechaherelrea feedback loop
fluj dance i s ad

uatel.y controlled. Since .
s vt G crisgT Bie Respuss L adnipite SB0UF AhbRSspiR S Rar(a) i tocated at
or ciBeda S pnhﬂhe@ﬂ)érﬂ&néiésddnﬂbl §ys‘t@'n @0@6@ td Afanage system pressures.
tenperature of flui d careful ly by nmeans of

In ihﬁe?ﬁ’@lodlf%?ﬁtr'ﬂﬂ's'frﬁt‘?d ey flowrsde ﬁwrawp?%h @ th@ Wﬁwﬁr@)phed to the
re%’e?ng?irgreoémdvﬂﬁaé Beﬁwg%oﬁ{rbﬁéﬂ = t?élgtclﬂgﬂﬁgs H‘l‘ﬁ'élr%lstémfrﬁpedance (e.g.

suc at o ratlngte ure Is achi eved
costhat diapwtéroda afr‘eehrlctﬂrmquldjpe appéedounp shoul d be snooth

noz AeRlaRoioN. 1, BELERR &% HOBRAF Risth Tl b 1o save cost
Thenthexaapkentedl cowdlideakdreovepand Advapurenen ot llgss precision employed.
HehveF JBRITuIoR P ihexel ceaal Baies Syabans WiRdNBarBodment

and T¢RMhpedHiRe8f bétheeh! thedsihddii Papd fHer flhlet/) and the nozzle and
significantly the conpl i ance of the container

betwess the nazzie end Mo (didheraitietiare Knpwat apd m&H/C@n?ro"ed this is easy
withofeChrepid/ rﬂéntﬁ‘f%?funﬁé‘mé"tﬂgﬁ% éxsg?.fhh %’nhﬁwe% r5“21‘0?1%at|0n) This allows the

ropertles I na it cou e con
pre&sgm’@ abthehwzalef tp hehdatemnioed ty aad aipselyecodrmiled aiacihe feedback loop.

e 08, SERLIACBelIRk SATBLABeBhR UL i8R hBfrate through

thé\@mﬂtwewsihyshdsdw sbes;igmfmanﬁm gowteomﬁarguhednan el]mmen rate. This

flo‘xy[ratpH% cﬁlglitgﬁtég {1% g%;grgﬁfggog gﬁp%wgknq) Balg(lg tejeec ec} P rom the nozzles.

pr olp&ipRE | Keling |30b%uf€aafoya sIn'ikhIlSnégétﬁ'b 9GHeMB0fd in the reservoir will
conpri ses a printhead, a a conduit, a reservoir

cogheue: te sl abPeIeIe IAREE: 50 MEVaNlogat @PeoTiiAN, Sub-atmospheric
pr@éﬁ"ﬂéé Infisst b'ets@@f;cé?ﬁlxq?\kéﬂ {rigt thd Qf@ét‘ﬂr‘i@éd?xeﬁ@ﬁ#éés%ﬁe (500 — 2000 Pa)

rances si acturlng tol erances a
regairgsbatribe weazlg. eThe presayye satdthearasarvain shaulfll b¢ delected so as to

B S B
de\pbadslamcmgfseetﬂmdhmbem ihe leagtth tfotheopipeoThe keembodiment of Figure 4

ing crgggrs esgcl:hgpﬁ% inﬁjegéi@ggoo%hég{gﬁqyn@h@ﬂgsgﬁ{gl%{ﬂsrevr\} ere( ﬁ'?e conduit is
sh%ﬁr(Wh@fe fesdyetan fs 6168sly irﬂe@f@f&ﬂ%r%ﬁlﬁ@&bﬁdtﬂﬁ%ﬁlﬁﬁherbﬂt is long or of
enbodi nent_ il | ustrated the flowate (punp s

Sn@ﬁ” dingeiere@stiria appirations yhemerrindaeadronie B@‘é‘egh‘éig’\ﬁﬁ‘"ééogether or in
chﬁh,ﬂg aﬁ)gﬁé%tf&'n%)ad Equal | y changes to the system

conduit dianeter via a restrictor)
coul/kﬂ\kaetmpmslgd the ink reservoir can now be subjected to larger sub-

atmospheric pressure that prevents gas absorption and can actively cause the fluid to
degas, while the pressures close to the printhead remains as per the previous
embodiment. The reservoir should now be of the open type with air (or gas) at sub-
atmospheric pressure applied to a free surface such that gas dissolved in the fluid is free
to escape. The reservoir is desirably arranged such that fluid entering the reservoir

remains close to the surface for a period of time eg. by having a tangential inlet to a
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Advant ageousl y, the inclusion of a feedback system can
be used to save cost. The thermal control could be
w0 etwomat3and conmponents of | ess precision enpl PYEGB2005/003588
However, the inclusion of thermal control remains
conpat i bI e wth this enbodi ment. The i npedances
cylinsisioak éesarveir,s eniegng FIUG (‘awirings am ke )sug?éaet Re furdhes | advantage of
t ne t :
oxoflfianTAsar np \SoBRE L AR trepline BIuEY (1S pgedus) fuid may
undprgecietainmidifich @t or drpiggnBohadts flidds) waterpvapwmsar@moved through the
rication sure at the no

zl
vac M e pEng g A arb et S e toftera cant fa accelerated by

cardf@ of BRMuiIdNew PagfsnsRetifthe Fedteeoib AswesiBrdltherad control is
POUT determ nes the flowate through the prlnthead

compgatible witibthigisysersi(Byti Tt SAAVNY greater than the max
e §§ u@nSr%&Ns Eh'flﬁ“trféro%%ﬁ‘lrdeﬁt CaN &2 Hvehfloh gﬁ ¢ Wwhich  buffer and

recircul atrng systemwhile no U|d|seecte
presshiee negithtion fubetgyistare lirgangoraitds) inta e@iey@ea;ogtmmmg a weir. Fluid from

the DR ot FRRSTIE vl teptelnai o FEIAA biMiskbgss fuig iguing over
the a\kmoanm 're:t[]mmgm} thiemvesgiveiri cA prmm & apisiiedb® the gas volume above
the éllr %8 6" Bl %r%\éﬁ\zﬁ;’ ga&et&meqq%gr?ﬂ tgqo%pge%éﬁf@gééaféee ink volume

resteéméén BytRE SeliOfcbds M bAniRead enhléf:tlﬁ;d ﬂ@@.r@smtr&ghvw(acarmhead outlet
the i npedance of the return pipe fromthe Fﬁél nt head

retugig fee SSRANE Weilmperia PONT: Fan PseeiEn ot/ cpsktic hardigapplied. The
werPQctH'Eﬁ ﬂ’fahn g'fgl ﬁrage IPG-a fT%@ s@ﬁ?@bﬁﬁgt%@%loﬁ'fﬂﬁ. ﬁ]h% gassing of

I NCO ora es addition a i npedance provi
fluid ESSmmlme@d sivier #hetinle voloinuuwithinsthe hvegit is(weimg rsmallh(eompared with that

of ta% é?gerpvélrc) ?nﬁ Z§ §M%¢grgcf r%sq%ﬁ?&) %Lfer Fﬁgiﬁer Fé?% %g 'chlf’f}lghlatlgﬁ eand the fluid

are@ pkpasaldi tonise pheare #so Btri’aﬂalds are packed cl osely
t oget her n scannin plications yant ageou
{ PRt clr oo Motaute BeSite SBplse IO IRDIGIRRERO is used to

draﬁlbfﬁﬁ’d frORPA e5fillreBEQEP, 1 SystBRt [cREINEPRDE ug@@t@@@ﬂfdvtal r@fill valve. The
and can actively cause the fluid to degas, while

refilh rases\Rileaa: be gldced abrue oF PRIVEK® inK faFeTLoikd!t Eewo"tthOf further note
thaP HEe¥hOfisid qype W}7"%{g%ed 5 Qhé %@F%@@r\?mﬁg éﬂ %diCist&nféEIy conditioned

t he open 't arr at nospheric
(degawdup@sapmededjea@décwi@leammlfqeé gligrtoshaplydashe printhead.

di ch. eéi coﬂe%&oehofs tél tﬂe'e?nlgcgoqﬁg}\g Sﬁﬁ@ﬁat tﬁl‘jpgudes control valves

rese esiraply arrange

and&m eiletrwetflmz thes mtwos ito thenaithet anosl;resummdnye iscorhpidses a printhead,
for a

i.od of ti, by h tial | et
2 PYPaE gPIGNIT Mtk iohiGDeggnse. ateErind BReshe Boyieiy®
on R&@rfrd lfaniQureAV far Rt pﬁﬁﬁ@é?@@nﬂéco@wﬁg it ehef bﬂébént invention

in the su to a ne ative pressure,

compises i Lrgyewmnao 1er@@ngeteeetmml%&n%%uﬂ%rm@wts 12,14 to a
secBhlf] gﬁéﬁsg%; redfifetoh ﬁgggﬁpep@t&%ﬁ@@%@ fﬁghgﬁggmhs 64,66 to a print
heaar %&s‘sbIatedepﬁsds dnlpeededisetedchiy) abrowsct@l As am@datbyl by dashed lines in
figure 2, the various components may be controlled from a further controller module 100.

Printhead head 20 is moveable relative to the reservoir module 10, e.g. on a
printer carriage indicated at 21, and to this end conduits 12,14 may be flexible tubing.
Pressure regulator 16, in contrast, is not allowed to move relative to the print head and
may also be attached to printer carriage 21. Per the invention, pressure regulator 16

ensures that pressure fluctuations resulting e.g. from the movement of the flexible tubes
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careful design of the fluid flow paths inside of the
reservoir. As before, thermal control is conpatible
wWowak/0sd285 system (but not shown) Figure 5 shom&I/&@B2005/003588
further enbodi ment of the itfwention in which buffer
and pressure regulation functions are incorporated
12, Atas the geini md:leracanmdwgraanmfansrrﬁilad to the print head dine fixed spatial
utlet flows into a weir at ,mai ntain fluid |evel
roiglegilp, es8Ep b P S5l For Tt Maed fudbe sfisieg fidigro pressure

ﬂudt@aﬁdh% drR2an e fubed 64, Bﬁ%bhﬁecttﬁw}g&ﬁ@"at&ﬁ tWo doffpdiRits. As shown in
ol ume above the inlet weir and/or alternatively

a
F'9§f%§31 RO d Srareprises sPie hege 20diaving. anrink ‘”‘ﬁk24/ Aruaay of nozzles
22 F(?fslhk %Lé%‘ﬁgn lé)‘tdtdqﬁrﬁ‘ﬂ’ﬁd SutlR s g'iéb?n | bBBREY sisq'ﬁ'a%t are' 184 to the print
ow ng through t rinthead outlet returns to a
heakbwiarehbigeR?. Whids elrcumaindahrg:alghrih@pémr keathal indicsted by arrows 28, 30

so 3210, BB 4ff pirc Boipa artEbRR i BRI thetvlik imefere witn the
opgrasisn nfthefprfnt hedd.i s mi ni mi sed since the ink voI urre
wthin hevvelr%sver red with t

t heAb b KT rSAISTZRIPTY SberRDSa B naS hoih dlfe PreseprEwithin the prin

heé@bﬁd He pRELURUIALIABe b@ﬂﬁeémwétla%u%uméﬁ@é cBAROERM Tohis end, ink
gas are also small. Additionally, the [|arger

is ﬂé@eﬂ@qi Ve ther Bled #defrepan detitank B2 hawingra Feeviok puiface3éexposed to
atnﬁé’sﬁeﬂ&v nla | fle i é’%ﬁoﬁﬁfﬂlier 58|e§ﬁ(§/ gﬁémtau%jdsk{ftaﬁﬁpﬁﬁswng weir 36

to control a refi
supmisdrwith coradihoriwi inkdead inlebeenduit H2) Mmh&mcalrﬂdjustment means (not

SR L e it SRS el BBl Pl e aciusted, @

- typidal ivaiuguof &blbﬁlr@OBHOmnﬂﬂ\AMe(éi&gwsethrdnf &5 dar la$@1l e.g. where it is

heat ed/ cool ed and _ filter r.to to
nogSRAOR S5 PO 0TS N 20 ORI OEIE RS F Tk Teguiator 16, the
res'ﬁ'lt%rr%a@ d?lﬂr‘ik MBg leitessd mpférr!auwgaiﬁr\éegzu@r}angélfd;rrths*pnnt head inlet 24.

overfl ow t hat returns to the outlet weir I n sunmar
In sychegiipymsianses. P AHPRRSEITe OVRITHaN ambiamimiay be eRPliadge the free ink
sulf FRAABRAE: oo 88 88 K cting pRiSaR b BRI e,

accahedipressuce ateutiet ééémalsprdeéenmmd by adraessisfagef4(ristqutlet tank 42,

albief pB0Ld 1SR bR SRSl YudiH -T0fbaf elBE g, vacuum fine

4616urfaafm$msed1dixﬁamadtHyeoverﬂmdmgthlﬁM%lpbbecafr?rsﬁ tﬁAeS vdetchead outlet
t . . .

26 Qi) By ehDaba K A e0ie B G BY 4N iRl Nig Rltiet conduit 14

COMPRMENtEkTBY MR &CGIat Valved5h reiWistiedht BERhe QUMiF 24! ©F maintain a
modul e 100. Printhead head 20 is noveable relative to

worlieg jeveb Pl BYid ahayeltbe dolet & gondyit 44 pﬁﬁdn@r@verataalr ieatpsing the system

an%%?nﬁ@rﬁ .‘B@'r@tl shouftMhat RveNbiHpeaE nsgn Sﬁescés%ﬂ wAeM B print head is
e eXIbf tu I ng. ressure f@gu | at’or

operating at maxirsumagjectionowtal Tihe fmmevaivel St i&mamlne@mabwt mid range

by E;Z%ﬂ{aﬂ%%d%}elﬂg &%@e@q’} c%{hhffrﬁ@e%éirni r%ggrv%ir]?o. The float
valve 54 then controls the ﬂow out to match the overall flow in to tank 42 (this being the
sﬁm of return flow 30 and inlet tank overflow 48) by falling or rising, obstructing the exit
more or less, respectively.

Overflow 48 from inlet tank 32 into outlet tank 42 is controlled by a valve, e.g. a
needle valve 57, which requires only initial manual adjustment. Thereafter, flow through
the valve is maintained substantially constant by control of the head of ink above the

valve which in turn is determined by the amount of ink supplied to the tank from pump 72
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ensures that pressure fluctuations resulting e.g. from
the novenent of the flexible tubesl2,14 as the print
whemd/os@3scanned are not transmtted to the prP@l/GBe@d/ 003588
The fixed spatial relationdhip between pressure
g;;l ator and pr| nt head further ensure that no
vnapnn s\ eSpeaificallnt fleaisdZain sempinatior Witliheensey 56 provides a signal 56

md'?_cl%ﬂogcotf éﬁ‘lglet\% \Mﬂ{ﬁ%% Lgnta\N% ﬁqmofé%% @Tég"‘fqg {b2 WhICh controls

onprises a
theaapeenk of rtiheeﬂleéup;ﬁyl pa:mpa?an‘s dleaus!sed lﬁznbmr detal below This avoids
ection.and. 5 an Q%tl et 26. El ectr,i act ati. o

enGBRATE S Fearan Blefat mner Ol angdeesy of Pl B8 (and thus

incfédseUh ah& dsédvidte@ Muidra-al emheftﬁﬁ@r as indicated by
arrows 28, 30 so as to renove dirt, air bubbl es and

heaf® $iFHEr SEESAT BeY devingialledparthe cstiol ink teRk 4pes sbewn at 55, the
sefiort BR Btk %nk@%@ lnﬁ t i When 3 Akt @E\h/%réf f%?[fédt%ﬂe its range

requires that bot pressure withint rint
andmarmmepﬁ)@@mnméadalﬂlfrersmai@rbetween i nl et and out | et

nelpBBUAPL o8y B el B8 Gl B i o

levelicHarges3fbr sxpbepdnt shat-dmsmher i ¢ pressure vi a

i 735 26,55 42408 PR CEHER  PETRRUS RgUIBr 0 WG ogether with prin

he&@ MUinkakée up“@ﬂh%a@ahoédleu% RS hofRPASod) Gt 1355‘&41*33)01e to thermally
all ow t he hei H of the ink surface 34 above th

'nsﬁlﬁiQ (eaplnlet & éora&yvagnbwtleélrtkym el aranosaestt dﬁsgrebwg bypass flow
fr@m"'nl 16 %ﬁHétr afqtio tll?éaret]o"f‘é 91%& 8 pr%ble\P@eritﬁNé\}er it is noted

|s neces ary t oca e the print head Somme
theh dhrake P eeélﬂlﬂe— eepedizityowhdré intedratadeasub tsingle eid- siiouldke provided

ti ressure range for the print
Wltﬁaé:%&q Xﬁ?@'geéﬁﬁ'ﬁ?ﬁ%@ﬁl@ E@P'ﬁcums?ances gan air pr egsure
| owdio mhﬂmse][ﬂzllneﬂdbnm'gythbqarew]re eliffdrenddsehdtiveenith regulator and the
Su ace .vl.a | r 0O as t co ect ressur a .
reSHBFS R e inlet 3ad opfigis sk s ool R aldranl sranged atixed vertical
districer abdRdtHeY pintl KR 20 hdemtddbduRlyoséduplyidg?a ksmhaar footprlnt to the

al beit exposed to sub- at nospheric pressure, typical %/
heaq orphapugiaufer \arigniatientndie mesaile aﬂfaaerrmnss of differently bent

colRedtibAL) égjm*ﬂéérl)f’vt%rrg (g\‘ﬂ‘ﬁ‘l&%gth ffecggwf fIHR/pvérPa%of‘uéqm eré lnEet and outlet

prlnt out romoutlet ta
preéssetis, ecgonnectiors 64 land é@dwaiween végulaiot hed priohtledd atdpreferably of

lar%t attef‘%%égl r}?é‘%ﬁ‘? gomgﬁ\kthﬁﬁrra%@%ﬁl %"9@% llr a%og{?etrg%eresults in a
typicdl drik B@e%bnﬂan@nﬁ?WMnr)pewemorail an@gb&e*lsm}w%miga dynamic pressures
stem and vacpgum n t hat \ op,
and TGHEY ESRTE CEaRS hAGUNEIES SRRk MRk eanechay ol fisgaavary by + -
59418 ithe! kel e vhieds batie- 5%hes féstibed albeRe DHolW&ver, such variation of +/-
maj nt ai ned in about m d range by manual |l y ad] ust | ng

75trpisrabesy ishedligible NaForVBRIRAN mdher@@ RAhPIEss e $iop bmween the inlet
anE@tI%ﬂv @‘rég‘f(l‘fla% \62 \Evt%ﬁﬁﬁlrﬁ\g{latagﬁwiéfjd? L\}Iégagbﬁ‘é!f ﬁpttotépmgﬁ]; qh:, +/- 7% of
the pressuref dropy tBOweert print leead btk an\decmitletb,wszt&)leb@d tabeipogsible without
ha\cl)lrngral%'/ Q)%btgﬁgﬁsr %%teicp %nt thee %)f)ieFation of the print head. In the limit, the
regulator/print head connections can be dispensed with altogether by integrating the
pressure regulator into the manifold of the print head itself.

The pressure regulator 60 in the print head module, 16 allows the inlet and outlet
conduits 12,14 to be chosen without regard to the pressure requirements of the print

head 20. Small bore flexible pipes permit easy movement of the print head and can be
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nore or |ess, respectively. Overflow 48 frominlet

tank 32 into outlet tank 42 is controlled by a val ve,
we@2@s/03028%kedl e val ve 57, which requires only iPCT/GBR005/003588

manual adj ustnment. Thereaftiéer, flow through the valve

is mai ntained substantially constant by control of the
incomadatet] intoka abgl\e&dﬂmowamwlcmmogbthen withrvacusm line 46 and print head

inpbE SANBLAPI9 2 2 R Teecidpk ot BSiGrT Ortao xeive ool signals and

theCORB] MElBLPoNiY IritbrmSQfoaﬁﬁ; iRV i dRBedtofd 9N8Y ako gonveniently be
i ndi cative of ink |evel, which signal is in turn BI

incerpozated drtpdhe eFinthRRdMEdWAI ch control s the speed of
t heMo?é(o PR Yi| B égs Qﬁs&ﬂé%ﬁéﬁﬁggﬂo@tgﬁ ﬁ\kd(ﬁé% Ao{ﬁ/ high increase

bel ow. s avol ds ‘entral nnment drain
thedheonal thnoémpansb fimedohtwgensensors aBthd printheadisnlet and the heater

t ed d h t he, ot L A
i RS RlhPisa RGS ket o rierche LR ePh i on average
veldéityais thB@ondait obd mdthepsranipates vebchiesiyréaeksr é@ué/l't@ tpErox1mater
to jndicate when a f|oat valve or float is outsid

16 raplges £%0 Ve tr?ﬁéﬂtomenairew eRndyits Hf| greatey; ﬂ%‘?‘l'fdnbetter suited to

sca?%ﬂ‘idé Rhtivi@ ves - possibly sol enoid operated - may
rovided to cope with extrene |evel changes, for

st artourm 94na cstraay oG ofrarmz@,feazdaammbacmﬁog@tmennt head module 16

I
mcgflﬂor%}ﬁwatggr%§/ eré&ﬁg gﬁ’ h M‘@b\%ﬂguog\?(ﬁ%%rm\g ptmnt bgad is 200ml
perabmuhe (+ t- 5% depsindiaploa the ah’ﬂmnnmf Ink djectad #reugie oad bnozzles) typical
arra

vailEs B thE re ) B B, oS ity o gk arean the range 50
to 80rhbaet, noamanysmmwremﬂ@ tn@homnﬁm@mlb%nnd\%ﬁn@r\(@étdnb préssure at the
,__hated that s 32 and 4 ecially

noffe G i it A BT GPRaS &+ oiben). SIMSYER RSRSTSD Ak @t BOmbar have

be&PBRING 8 MRPKk SlicdeRsfuny! i nsul ation. To minin se
variations in the pressure differences between the

r eglileittank 84 ds surplipd yitdnk frenpiniatcondaiti 12 mhish extands below the ink
surpégel gla 34@9%@%9[%@0 \}) ﬁne%cﬁ? §é aR! eag(ﬁngcggﬁ\% the bRt is provided

rtical distance a the
Wltlad&fmwtoagreouslapedctasp)’iBngbw&sunh Isarfatendbmll whichoalldve any pressure

rechigbosoh! B0 EBpBHF o8 SR £ ARG ARESH L tend beiow) 1o

dlsﬁi‘pa’lemaad ihbeefeife‘ elot affect ltieav s\(@ipllyﬂ&dn ang prntt h@adi nh@brtures 33 can
ut | et re he connect j ons, 64 and

adcﬁ@qn lgrperr@a ﬁ]@ %r@cﬁ@n RE fs flows- H}eelp@glg.[ﬂug,al@ms of the conduit

12 L 363 W ramﬁh%@ thé Bé\%&ﬁit loy tlﬁmt@%&ddh(t)rhg Wtﬁéﬂ‘ESﬁ[é&g:Pét on detailed

detai | ed above. This results in a typical

abqyeg (il iNbds MPeRad oeberair imthecenacesanvsi the lamaufece 34. Moreover,
any%@%? %% Ak leW‘fﬁth/ﬁlB{ %@Wbﬁt QH8s alc%sl?éootﬁm‘@% tﬁg apertures 33

respectiv i s¥can vary
inta the Weik pooldowrstreas d!fywew 34. 5% as descri bed above.

l_bW?P{ee bove' %ea%@rre'saér{s%pe %Hat none of the benefits of the ink degassing (or at
Ieast prevention of gas absorption) that takes place in the main reservoir 70 are lost. As
discussed in detail below, ink spends about 60% of its time in the reservoir at a typical
pressure of minus 400mbar and around 35% of its time sealed under pressure in the
heater or pipes. The only exposure to air at atmospheric pressure takes place in the inlet
tank where a typical quantity of around 10ml is exposed over an area of around 10
square centimetres for about ten seconds before being fed back to the main reservoir via
line 48, outlet tank 42 and outlet conduit 14.



10

15

20

25

30

35

75 mcrobars is negligible in conparison to the 60
nbar pressure drop between the inlet and outl et
worewe 0285 of the print head. |ndeed, a vari at PORGBR008/003588
to 4 nbar, i.e. +/- 7%of tthe pressure drop between
print head inl et and outlet, is believed to be
posdn e expmpltsuef lﬁavr end thayedelpter és positionsidf suth that tthepper weir is

oGR8 508 Gredli B0 80 ek b0 A e L fpas betweer
regalllatmganldepnrbwaadtagreqiprwgniatﬂy Brreses. UT ke meds| b adisd Rizdie narrow in
t head itself. The pressure

e SfiselpornGEN PRoPErY Feahaaedbdal 6, b GCATBARSE e to minimise

actslepritionnsifeets, |Livelk andi dSadebit hnirR 168 ﬁn%nle%ltIHCiHé entre of the
reg ard to the pressure requirenents of t print heacf

re%vmgﬁwlqssgaa@ 5fﬂ"é>@q}4"é3| ge appeaximetelsH fﬂbﬁfé wpder arf acceleration
of ohgy print head and can be| ncorporated into a single
n unbilical together with vacuumline 46 and
pri it wilkde Lngerstoodgthat foatblhce \mraanﬁ tlﬁeurprbﬁuré a@galafmr to operate

oo 8. 2 BB BB BB VA B e i ncess o

thabmu«nbnﬁmklfmw"hg/trbeugmw pmta’ceadj ard Qre‘fé]@bﬁrbyﬂét IBE&0%. Higher
bore pi pes ensure t

no uI Mor eover o
ex(:/%sfso'a ¢S pngSlBkae\{e@e 4‘1 feduge dhe fimeriaker erHEet'%Fh*ﬁ‘B print head to
reSEHHeOtorfeR RPBE:inG  tBR p@%tﬂ%efb"@ﬁ/ﬂ}@oétért %@DW n{é’y\/@ﬁ(? &%econds to

inlet and the heater in the ink

traygl &ptanhe reigdier of Ltf'éin%etoaéhmehéald VRQ at dhe aflew agtes given above,
f t

cof 45K 05 08, AT by S5 E AT TALH B e porio o

th@tzﬂmmramr@ cortsoll & systemanay e sendal trinutes gndahewarm-up time (from a

t [ I t
e g ister B EhaBiA g o a3 P AR et BB R o ment
of &hjw watmh&aldnﬁmwll& ﬂ@umddjypmtﬂﬁg ROqUdMityABPMEat - about 60kJ in
noni rate rough the print head

the §y53§@r§f %%Weﬁ]%ﬁ'e%%( +qv'cw5%taéﬁa%ﬁu$tﬁ ShSEHRIRRARL0 Warm up all
théthhérﬁkal ehast edtHes@iah WlBoROZGERS ko Iédé@'t%be@ur‘éeévershoots The

for the pressure difference between print
cirgifgting, tnkegoonrdispaises they berjearslh onge dosbEint heashisreidseyto its operating

teriPERaire, W écﬁ*ﬁﬂﬁ%xé‘t@lﬁ Bescril- éﬂd‘{}%osf%[)é(‘svﬁttcﬂ% %n. Specifically, the

pressure at e 0zz I'S M nus
Ca(tﬂ¢gelﬂﬁbat67$ Il‘aILmitoQ@Iar@rlelsath ewitalsed ow fas a ®mstmmnhmwd thereafter

co3d Pt SRRt Db S Bl speeretore e

ex&:@dsmrtehepeemkng uefmperatliey ef tie! print drebiar $9 RedtodRlidWigor heat losses
he s conduit is provided

OCer'Hgo?lg 6’1‘ t rﬂgr%@”&? BoPE Mk reeryiaseln dhelarrangement
de¥étibeld abbwy ﬁfﬁé’ t@r@@ﬁ&éﬁ@ef’étw‘é %lb@&sek&éﬁetr@%%ﬁal print head

(and caused e. di sCussed bel

: unp 7
opgiadigg JerPeriare: h)ér%)r"/erqf et teameéa,tur@ eifferapes ;betveseerhéwe print head

opBratify AASratiRe 4y &fnBidnCaBay 48°C heater temperature for a nominal
operating temperature of 40°C and an ambient temperature of 24°C. Once the
temperature of the system has stabilized and the print head is close to its operating
temperature, control is switched to temperature feedback from the print head sensor 94
which rapidly brings the print head the few remaining degrees to its final operating
temperature, allowing printing to start. As discussed below, this regime may be
implemented by a separate controller module. Moreover, the controller may be self-

teaching, recording the various temperature differences between ambient, heater and
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additionally be nade short in the direction of ink
flow - the longitudinal axis of the conduit 12 - so as
W0 200qi081283 se t he anount of tine (to around 20nBCT/GBRIVE/003588
configuration detailed abow&) that ink is exposed to
the air in the space above the ink surface 34.
privbhead &n, ordey tbat #r mighfeadopbithe rdppropiete riie@tethdoty aysle on future

ool A 4 58 P Py P LA P8k on e

typa;easy lt@acraewtrea héctssayriek oibcodiy. Viveed tHesinkfs & Baspenision, agitators
SSi or at | east . pre ent absor pti ong
caf PR a0ER LA 1 Bk feRoriol ARG SUSBPTUPTS SR OLRET Sons
di SN&)‘@@%t iiths datial fo GIre, purik 72%‘??@&10@6%«9@@6{19{@ iR viscosity -

time in the reservoir at at |cal pressureo m nus
whighogisigpeadentanoink dersserabire;- tl% nearnrts epasaling valder It will be appreciated

theﬁ %ﬁﬁ léﬂ%db@tl&ﬂ%d?]%@& e Rlte BY %ithsﬁ%? lsoglkéﬁl%ﬁ Qﬁﬁ]@g%@t the system

tnospheric pressure ta ace
andahdrt \Myleioeekeratyw ﬂ:rel ingeant iin ywkoiferrmemtncb tBerlabioge control regime will

. osed er an are f . around,10 s i metre
brifg oS N e Bl 2b T P8 B btenG ARl Ul SHeg hroughout the
sys®i) fhielsam neauting el syaterd Bvaraiitip eimd. am{@rﬂé'nmgd 0P la@Hition, a time
conduit 14.1n the exanple of Figure 8, the regul ator

switgh FpaY PEovRed skt H?ﬁ SysteMuppe Swath?t itshaspowigfregd up by the time
pnﬁ@r%"”iﬁ fB [f@!t bacabayanking #Hebler N§ad RPAE 8eng b Q?e Iprlnt head or

total e | osses betweén regulator and print hea
pr@e@prebsa ten will dgminfluaniee theiwarmave parfenancgeofibe systeim

the el LecubOnd i1 WHiEthe B8 didtheliRas HBILLELP BB 10, which s

d’'so as to mnimse accelera ects
praﬂerﬂbﬂy péckegedt in2& smdlloeck, guitbhie foe\sédcking bheaa}entauetmg Tank 70

st e o MRty B TuhGal 2TBE B Godel e ofecyuy vie vecuum
cohhiedtiohl 862 en Wadeiost odtatvival inkasut tdf @hav@rins head isdiule 16, thls vacuum

pressure reg uLator to operate correctl t he m)unt of
a'SOane(SG MSe9PS RPBRIGHOR I?é‘dp?‘@¥s%ﬁ“<¥e'we‘g‘?ﬂa§go‘hedﬂ§ apa rgsult of the ink

sp@ﬁéﬁﬁé%r&jnd 862 EMETin 'tH§<tafnk‘7W &% Eﬁﬁ@%b&%ttﬂé'éﬂd pressure of
and preferably by at |east 20% "Hi gher excess

34r@1t9@§ ,Mipes 4bBMpae gange FpRechivaliic b alsecaliowseresikiak (frem bottle 82 and
flltélh§4 @kbé Bré\/ﬂ? P ihfd! th@e@ﬁ LR £8868d WaRCPE I\Aﬂﬁéh opens, Wi whenever the

pera aturefo OW ng start up
Ie\&ﬂ) oﬁﬁmiﬁd‘:s aScselnsadé)Iy sansat B(Bl,dahs delow sz:edanntle% Tank 70 also has a

rint, hea n, abov
it A& ot N0t Hikih 3¢ By TRisRey Be ehanged.
m nuiieis Asnmped é@sul the tahk 70 i tho@ddﬁmﬂztmemeans of a pump, e.g. a
t enper at ur e _cont r ol stem everal m nut
ARG LR FEu DoV MBI TEE et Aongloal DBt Sdo & mipron capsle
filtbe TP &rt aH ﬁkWea%ﬂé?)coéFr@*Mt b2 Thé‘l‘éttBPH{a?/ c-EPrhyﬁls‘éeé Staitiess steel coil
time can be reducéd by putting a quanti -

90apahedertkn ian alenisiuel dipcks 8&iand égrrquam@lg awo @@rtra;dgeyheaters (not
shb@h ANRcBHG IERALoR 1A bl eftbedTed In WRE AIHRIAMN, may be used for

cooling water if desired.

Unit 92 may be controlled in dependence on a signal from sénsor 94 on inlet tank
32 or supply pipe 64 of the print head module. However, for the typical arrangement of a
print head module connected to a reservoir module by an unsheathed inlet conduit 12 of
4m length and 4 mm bore,

Controllers for the various valves, pumps, heaters and indeed the print head itself

may advantageously be located in a further module, separate from the reservoir module
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the thermal mass of the systemw thout regard to | ocal

t enperature overshoots. The circulating i nk soon
waele®peseses t he heat and, once the print head i BCTGB2®5/003588

to its operating tenperatuné, the control system

descri bed above can be swtched on. Specifically, the

10,0 Gépioee depairetisallyinWFigure 92, @bﬂtrblﬁértm@ddmwewrta@megleamn 102 that
for ag{eset time and thereafter controlled w

procestRs Hiaufleat seapiEcRo ot @N0hNEaG INeGHIS 1tGaF‘bé?t the appropriate
gl f

spAITBANBIHI, T23hd WERAUR T0ISARELSLS G 1LATBRIAISSIENAT4 to contro

theoizater Qa@y@@plww stitablropowen The copitrabet i mﬁg alssecenitol valves in the

l r
p”&ﬁ?%@&%&ba@@?%ﬁ%ﬁkﬁ giéledégﬁg e \r/]ag‘r?l %}aﬁla SWlth} outputs for
inditidn ol alarmgplrpopey. dt uiay b@f\/éa%wﬂwecmm tee fapstomyt air supply 112 to

di fference between the prl nt he eratin
driye i efasiiiie SipdOaniIPerftl, 88al- Yﬂéj’g‘f’ efgdyf manually or

elebfbnidalMREbi v culReFeRulR@ st ‘RJSPE’(O&WH'I“I focf pﬁé%@ﬁrealﬁﬂlo@ﬂon for supplying
anbi ent” tenperature of 24C. Once-the tenperature of

highheaceyiet Bypipally Rinusi4507882narNae do e FRseReitans 1@ @rdlow vacuum
’ t r:at : t

(ty{blga eﬁg@tﬁfzafﬁégg g&ﬁﬁbﬁ 18 tHé ﬁ)élng?flé"ﬁ{i C}hoﬂ ez’l‘éﬁnsggquﬁ?lt of pressure

beinlgi cdntrodipd dhgividuithg i each prlnhhea\@a@bdbﬂ% $inglerresaivoirrand controller

ol e o4 i s6H e %37 b eBIRBALPIST offe gBhliOhymay contro
selfral rREAANheduley, SuppRiMaY ikm albwith thd ssmetwallevels of vacuum.
Mor eover, the contrgalsl er rrgt)é be sel fteachin

{ ocARIFIRIR s FIGHS s the SYaPm MY TP AdaLralit ket heads 20
supPiRiceftbm Bedge rasebir Hodlgad ol '?héféﬂ?rre&h‘tﬁrﬁ? ithe 'ﬁuﬁ’fﬂer of reservoir

adopt the appropriate heater duty cycle on futur
mastidess resiredTirartbpenere; @gSIﬂ@lﬁp@rﬁa$Wﬁere@alat@T 1@cmaxééewéate the fluid

pr(t?!%'e WY it s‘é%@ﬁeﬁ%@g h88qd b, bak% Wﬂein Gre ﬁ@ ?ﬁlg'rﬁgf be appropriate

necessary ink viscosity. i nk
wrmnspemlspkenprnatghe@da)aee @ananped amidﬁed)yt @dehle @rraien to increase the print
serv0| S , ,
G Bhdor S Bt BB i BT APl ension o i
coﬁ@ﬁﬁds \$hioivin W‘EQUWWI imowisich \ar+ intdti pressuwe depeotient02and an outlet
ink te ur ar_its operating val ue.
progBs SRR PFTed0f 170E SRich CaNPERIBRPoR IPHAUCESS e ys( 6. Pressure

coﬁfrol%”s Cé“rehfé@t by Sniet el QitRE gipePUOBOsd D8 FEpkeied)dand optional

by accel eratlng the increase in ink tenperature,
COﬂ’ﬁ@' and\REesRe 1BeS r(BOY FEOWR): ThSr PIegSYHST Qs &hPHLSi Reye large cross

se?ﬁoﬁ%lﬁd%ﬂqeaﬁhé‘@gt t?@nficf %Hétﬂ‘ge&@&ar{ﬂéw n%oﬁt%ls/ureevanatlon along its

rou e syste furt r redu0|ng
lervgiin mAuwnnbemmf pmlrutlmadatnﬂean;e ibeniaenadetiedi @lang &e langth of the bus via

Sh?)\ﬁn Ctr?i‘g U&gy‘,—}gd a[ﬂﬁ&&}ﬂt ﬁﬁsﬁﬁtheéé}r ageng}IaQQfdeV %oc’rﬂ'netc?@c} directly to the
bugl Rnie. prémde@gldmgn;mdn@ﬁhtennodhlesimvirtg tlihect peessure contrdleat the head for

print heado gls reregulator will also influence
a pyfgb %\‘?ﬁ?ﬂ'ﬁcﬁ%ﬁ? CRBfrice of the system Figures 10 and

11 H%A%ti%ﬁc{lld dbeuridersteodpIent predent ftfvehB6e hesidechitdbdcabed by way of
exam'ple only and that a wide variety of modifications can be made without departing
from the scope of the invention. In particular, the invention is not restricted to the
particular pressure regulator described above but can utilize any suitable means for

maintaining fluid pressure within predetermined operating ranges.



preferably packaged in a small bl ock, suitable for
stacki ng or rack nounting. Tank 70 stores a working
w@e@nsRys of ink (typically 200m ) held under BCT/aGB00F003588
vi a vacuum connection 86. Nf addition to drawi ng ink
out of the print head nodule 16, this vacuum al so
ClpAI®Nt s gas absorption and may actively degass the
ink (as a result of the ink spending around 80% of its
time in the tank 70 at a typical tenperature and
pﬁesﬂufdes@rﬁpl?%a?é’tgs rfblnléﬁpﬂ@ﬂ fliid 4BUS&roplet deposition device, the
respectively It also allo resh ink (frombottle
82 adfrapiet |deppsita) qealcsehwmwnumlatnﬁa quilet eadkingluding at least one
soI Y e f
ot S5are Sl LR RREERIONTRNE (] ifphEaid said apparatus
cert-mpmsmgel. Tank 70 al so has a nmanual drain valve
86 to allowthe ink in the entire systemto be
changed. Ink is punped fromthe tank 70 into inlet

condui iy fididreseRairsiopfsuppRANEP fluRl & afd dieapRMFOfLIEUABM the droplet
72, having first been conditioned by a filter, e.g. a

5 m@%‘t@ﬁﬁﬂ?@tﬁl ter 74, and an ink heati ng/ cool i ng

unit 92. The latter nmay conprise a stainless steel

coil 90 enmbedded in an al um nium bl ock 88 and

sur r ourdi intgt tresstEe contigiter rdapted tq¢ rereiwh ) from said reservoir and

e s by LR TP FISE e

be controlled in dependence on a signal fromsensor 94

?rgdLPL%tn,_é%eﬁ?r%s?%e rtxﬁﬁrc%fl BE@QP?% { tgﬁkﬁ d;%o g%?dd reservoir and

pri nfaftead the pidseueasTiRid 8idi@ oatiétes erseeohd rpsaéudt@mhued value;
an unsheat hed inlet conduit 12 of 4mlength and 4 mm

bore, Controllers for the various val ves, punps,

heat er%h@raﬁfér@ﬁ?@ee%etv&&rpgmat fula,te%@hdl ééc%hﬁ VBies driving a flow of fluid

advant ageously be located in further nodul e,

sepaﬂWml@hf&’c?dfhﬁt|I$éSTr@§ele\$§SWerﬁ5@mt@IO as depi ct ed

schematically in Figure 12. Controller nodule 100 has

a section 102 that processes the float signals 56 from

t fze ApparatmeamtordimﬂoeCnaﬁntb vdereintteiriap piroget @&m)s:iipnaeﬂuid circulates
a, se t ion 104 s t he

© enmpeiPHPESIL e By, SFiR SRerae $tufelelBioushsgjd reservoir and to

suppaid idetsiresabb eoppusr. The control ler may al so
control valves in the print head nodule to deal with

high or low |level of the floats and extra switch

out pﬂbéarfaﬁfs AR ARY IO IR B @ﬁhpﬂr\ﬁ?ﬁér‘éﬁx sdill ifBY pled¥@re controller

a connection to factory air supply 112 to drive a

vacul[miré?l@%ttb? pressurerofafuip natbgaidt ln{ﬁﬁduéﬁ@ﬁtﬂﬂ?pﬂy aidany variation in
l; set vacuum regul ators

108 q}%% (%fflﬁ[d ﬁlﬁ%ﬁ%ﬁ g@éﬁ'?e‘“ﬁdl cation for supplying

hi gh vacuum (typi cal | y m nus 450 nbar gauge) to the

rese voir tank 10 S ow vacuum ét égl cal Ly m nus.

AR Sargs” ot o | S SRAEsThG JBirG” Wibrh 88, Putiet pressure
Of pé(ﬂﬂﬁjﬂéﬁ maintains the pressure of fluid at said outlet independently of any

variation in pressure of fluid returned from said outlet.

5. Apparatus according to any preceding claim, wherein said inlet pressure

- controller is spatially fixed relative to said droplet deposition device.



being controlled individually in each print head

nodul e, single reservoir and controller nodul es can be
was@dos3servi ce several print heads Moreover, POREB2005/003588

controller may control sevdsal reservoir nodul es,

supplying themall with the sane two | evel s of vacuum

8BS RPSAUSN Acterdiy @’aﬁ)hga@é’eﬂi | d1Eh, CRABIIP E&said outlet pressure

plfurality of print heads 20 supplied froma single

r eseantsiller iscpatiellylfixedtratative jo said deoniet deapositionisievices

reservoi r nodul es required. Furthernore, a single

pressure regulator 16 may reqgulate the fluid pressures

for Apparetusl goconinghé@deny? @receslirgh ahaimi, nwivergir ealté.inlet and outlet

Thi s may be ropriate ere | tiple. print heads are,

ar r BEGReo TRt G Lt alopated, Hles RblARLY S sBnec o istve to the
r es@logldt @Bpasitld®bpParbfi. print swath width as is known

per se. A Further extension of this concept is shown

in Figure 15, in which an inlet pressure controller

02 pEES i Ol
SornBRirel®, BLoRInd R, DraRh i, peRlF S5 iet and outle
conpreskiirereontnodersene ntegnateast inangingletunitt pi pes 103 and
105 respectively, and optional control and pressure
i nes (not shown). The pressure bus should have a
loar gppaaassaceeding to s preedingtsimaihdred) sdio peesiuF€ controllers are

substantial ly, essure variation along its |ength.
A niiRyBIeddp S&ﬁ%ﬁ’ﬁ@éggp‘iﬁ'@%?%‘"?%en connect ed al ong

the length of the bus via short conduits 112, although
the printheads could equally be connected directly to
t1ReABDaratuphpecqsdingi taeanya PEaseg et clpin.nvhersiiusaidhakgisagre controllers

repri SARASHEEIERRA gettoel 1B (AR O S HIE Lo

present invention has been described by way of exanple
THekofrenistoaBidlid fog B ohecRrEo st vpfiEn “&ho et pressure
I nvemitialier comprised b dinstatank tcbanecteend isaid intetpatiree surface of fluid in
QestABE aVOYRITIRE 2 cpto i S EUR g G PO o means for

mai ntai ning fluid pressure within predeterm ned

operating ranges. CLAIMS 1. Fluid supply agpar atus for . )
siapbpparﬁgﬁf aefopding ta Claigp (1 & whelisds the Beiohkof said figeesurface in said

dfOﬁr!sﬂa]ngg@eéiefrm{éga vér?své}%@g Whrinlet, an outlet

and inc I ng at t one pressure chanmber in
conmuni cation with an ejection nozzle, said apparatus

i si_na: fl.uig.r i | Vi died t . .

SERBAZIE bt do AR 9L B S B S e e i s

appfirsaitank;is aabject tetatrposgysisaricepressireol | er adapted to

receive fluid fromsaid reservoir and

14. Apparatus according to any preceding claim, wherein said outlet pressure
controller comprises a second tank connected to said outlet, a free surface of fluid

in said second tank defining a static head of fluid at said outlet.

15. Apparatus according to Claim 14, wherein the height of said free surface in said

second tank is determined by an overflowing weir

' 16. Apparatus according to Claim 14 or Claim 15, wherein said free surface is subject

to a negative pressure.



mai ntain the pressure of fluid at said inlet at a
first predeterm ned val ue; an outlet pressure

we@owbai2Ber adapted to return fluid to said r eBEr/GBRI05/003588
and maintain the pressure af fluid at said outlet at a
second predeterm ned val ue; the difference between
said first and second values driving a f|OMIOf fluid
t ugh said at | east one res ure
A AP R S e RO I AT iC B e PSP SRl BFRSpHS: controllers
depafiner @Bmptibeiadespddtive i&b@gh mowmrﬁdrrrovmhgmumatses
outl et pressure controller, through said reservoir and
to said inlet pressure control l er 3. Appar at us

of es?g?%\g%go %zt:éar?mg‘ta QbinfH \mugrern"‘f?‘n%rr%’renoisﬁfur(?i ﬂPw sard first tank

mai ntal’ns the pressure o
sal @ cohteolleidnihedepeiaency uiorathe level of ifloid im serdeéatrrtenk overflow
of I uid supplied to said inlet. 4. Apparatus
acc Qlﬂg to any preceding claim wherein said outlet
pressure controller maintains the pressure of fluid at

said outlet inde endeﬁ] %‘ g_; anq¥ varl at i ntqrjéessure

ot APRPERIYS AGPAIBING ofiali & &iclatm §iipg e, aVbass passage for
acc i Ay fr8madbid ﬁr‘s@?é?ﬂi'd’i/@rffdv@tr%%h’\fbesﬁd Be&aHdkahR lo9érflow trough.
pressure controller is spatially Tixed relative to

sai d dropl et deposition device.6. Apparatus according

t l.ai [

EiPhp e e @l REELCRIAS P, Bk 30, RHERTHIR fovel of fuid
depdsishidoseatendi aek o‘z(xerflq[yparoaghs:oatrobrﬂmnr@te of dlow from said second
pre in erei,n said inlet and outl et

pre %fﬂ%%‘%éﬁ%wfg’w@h%swée?%é{%ed at substantially the

same height relative to the droplet deposition

afﬁ%ﬁ%%ﬁgs 650 r?éj 6’}%) gq\sr&a%g%gf E,L?qr g? ﬁggéﬁ Csv%eregfn said pressure
Contcbﬁirbre"rsnau@eé At66dA QShricbting 848945 toedid irfet
Appar at us according to any precedi ng clai mwherein
sald pressure controllers are nmounted to said dropl et

Ta\ré)c[ls gs&fér‘aﬁr\%ﬂj%larﬁpﬁrr\ﬁﬁé@w@%@ cHhadt Is@uBBikntially rigid
prec ereln said pressure controllers a
said droplet deposition device are integrated into a

PPt achdhRER et 2F ERCIARP 250 PRl sBRF el o toss that

CONPIDDARS irlehptrst tank connected to said inlet, a free
surface of fluid in said first tank defining a static
head of fluid at said inlet. 12. Apparatus according

to4 Q&Ha%t@lé ackbRii®) b bAE dnel Gtlafths 2ai 1@ 23, eRhérelif Beepressure drop
in said
across said conduit is less than 5% of the pressure drop across said droplet

deposition device.

25. Apparatus according to any one of Claims 21 to 24 wherein the pressure drop

across said conduit is less than 5mbar.

26. Apparatus according to any one of Claims 21 to 25, wherein said conduit has a

bore of greater than 5Smm.



first tank is determ ned by an overflowi ng weir. 13.
Apparatus according to Claiml1ll or Claim1l2, wherein

wa@ 200d/030282 surface in said first tank i s subj eRCT/GB2005/003588
at nospheric pressure. 14. Apparatus according to any
preceding claim wherein said outlet pressure
e ppphiatis @@U@fdi@em arwepmddmgndxlamnmmwetg tovaaiuwin source for
outlet, a free suhpzce of fl u% in said seco

def MAIMgINNGs said '€ SICHVIN G @ RIFSSUPIMBR pggatlvjefséﬁan either said
gfs@b%eé’&fﬁ%r@d@@rrﬁme bdButds, Wherein the height of
sai

free surface in said second tank is determ ned by
an overflow ng weir 16. Apparatus according to Caim
r | | hacecl ]
t]%.g\pﬁgllg %écsorgcrile §6 ean? @% (ﬁpéléﬁgst Eg& AQC@F (;'I@ r’%}’g 8%Hp for pumping
d a'ﬂmdlﬁétweemsaldmeéérvowrwdesam émpchletme@esuuoe device, the fluid pressure

i Eh SB5Et R, CPISTT et c2'd RARB i [ iddaRce between

accgpe ;Slﬂ'nF%n@ ey, arth@hetdin thid inkt @rée‘sufé dbstrdlledwnonitors the
into said first tank is controlled in_gegendence upo

| n S
theflu@v@lre@r\m | &l §aidn indel @ndli Fptrelankal vao\R?tmaﬁn&W said first
pﬁﬁf@éﬁlﬁ,H 4 a5gerding to daim17 or Caiml8,
| ncI uding a

ypass passage for fluid flow from said
first tank overfl ow trough to said second tank

ngrfl o%?xé %%ggrrdi%’to ﬁg%?ﬁuﬁ%@eﬁ:?@c@: nﬂlflﬁo;?rgg%urgngt Qéld outlet is
sai deteraimst u)gtnkneomegétr\mmptessu@ at oseid alesndtb eresatveiroénd the fluid
i secon over fl owtrou h, t.0

flowf ' , .
resdraeti G heuERE Baic s ite v arniel” Fo AR Bt 3 ehersig seia outet

1 tRelire WoRfrEldt MBhibrBr ths S @ peesHure | dt edaid utiedasd aontrols said
condw t connecting said tank t gal d inlet 22.

AppABEYrS SRLIEGSY 19 rﬁ@'“fadﬁ @'Qufﬁﬁ’t?f? etgrRingd yalig d condui t

is substantially rigid 23. Apparatus according to

Caim2 1 or aim?22, wherein said conduit is |ess

t BRALAPPEOatS aechisting to LiaimgBaeatlrimag.owherein seicflyidic impedance

one sl i B4R P B T EBndliOBonmeciing trose

dr ogoaonestssai d dropl et deposition device. 25.
Appar atus according to any one of Clains 2 1 to 24
wherein the pressure drop across said conduit is |ess

t BanSyshatls Bordiipas algisn 26cor digig O, angreinesald fluidic impedance
Claims 2 1 to 25, wherein said conduit has a
between components includes the impedance of one or more flow restrictors

between those components.

32. Apparatus according to any preceding claim wherejn the droplet deposition device

is moveable relative to the fluid reservoir.

33. Apparatus according to any preceding claim wherein more than one droplet
deposition device is associated with each inlet and outlet pressure controller,

34. Apparatus according to Claim 33, wherein said more than one devices are
connected in parallel, the pressure at the inlet and outlet of each device being

maintained by said inlet and outlet pressure controllers respectively.



bore of greater than 5nm 27. Apparatus according to

any preceding claim including a vacuum source for
woraioen3i2es ng said renote reservoir at a pressuPEr/GBR@S/003588

negative than either said fi)rst or second

predeterm ned pressures. 28. Apparatus according to

agy. Apsarafus @ogording td @Ial@n 34,negtherdinngpid nfsreRh&®one devices and said
[ bet ween sai d reservoir and said dropl et

punpi fl ui

depdﬁ{é??‘% OHERt RIBSSUW R SORIrolleds preipiqaratedinta & singlgIuatt.

bei ng determ ned by said punp and the fluid inpedance

bet ween said punp and the inlet, and wherein said

i a6k nmté@@ inresupplyindoiluié to autipplet depaséion dgvicey ites dtapdet deposition
at s saj d

i v e aifhe BRe0 BlfecSBid B Rgl & JBBE Preg8Ys chamber in
Cl ai condunichiorewith taheejédtbhdquzlesmerreetabdmmbnslug et is
deternmined by the negative pressure at said renote

reservoir and the fluid inpedance between said renote

r eseie¥givinga 8l théenietitd &hid arshinh@sisiionadélics!t & &low of fluid from a
pressure controller nonitors the fluid pressure at

sai deBRi¢ 8UPRIVA control s sai d vacuum source to

mai ntain said first predeterm ned val ue. 30. Apparatus
according to Claim28 or Claim?29, wherein said

f | ui appdyingrfleiddn seidipleheta ficss ppedatemsnéd prdseuieypedance

of the fluid conduit connecting those conponents. 3

1. Apparatus according to Claim28 or Caim?29, wherein

sai dretéivingdi ﬂundninem:hameeob&é%ﬁ@amﬂpmmnﬁépdmm@emcéh@t a second
i npedance of qne or g ? r ctors bet ween

t hosf® %‘:‘FHBW@at%eS%Ee' QF‘ et SR} RISt Y eaRyd

preceding cl ai mwherein the droplet dep05|t|on devi ce

is noveable relative to the fluid reservoir.

AppdeBriiegatiedy erpyitied ohagidareslel drgowiion ﬁev\;ﬁ@f aiflgw of fluid to said
”DrQEhﬂﬂﬁ ydroplet deposition device is associ ated

with each inlet and outlet pressure controller. 34.

Apparatus according to Caim33, wherein said nore

t ha [ p .

or oA REIrE Y FrdteS, SANREH Bk Pancne, biBetaamippo pressures
mai ndraves edfidwy ofuid throligh saicht dedst @he pressine ehamber.

controllers respectively.35. Apparatus according to

Cl aim 34, wherein said nore than one devices and said

| B eA rasfodUddcetding a6 StiaRn GB)twiRdrbRY Saidl fow rafemr@tfﬁﬁh said remote
into a single unit. 36. A net hod for supplying fluid

to SUPPBpIiet rerebes atosalllevniel, 2t e PRESBYISE &5t tfrem said first
devi &g dé\%ﬁhﬁ\%d??eéé?}r t, an outlet and including at
u

| east one pressure chanber in
38. A method according to Claim 36 or Claim 37, wherein said flow of fluid to said
remote supply. is returned from said outlet at a pressure different from said
second predetermined pressure.

39. A method according to any one of Claims 36 to 38, further comprising circulating

ink continuously through said remote supply during droplet deposition. .

40. A method according to any one of Claims 36 to 39, further comprising maintaining
said remote supply at a pressure substantially more negative than either said first

pressure or said second pressure.



comuni cation with an ejection nozzle, the nethod

conprising receiving, at the inlet to said droplet
walepoems2sdn device, a flow of fluid froma renmtEGB2005/003588

supply; applying fluid to g&id inlet at a first

predeterm ned pressure; receiving fluid fromthe

outlet of said droplet deposition device at a second

predet ermi ned pressure inde dent id first . . .
D e Rt duia i oy oM EB RS 31a 8 \Ghérkley gppiving fuid at said
dr ophi6t cotRpRsEst namtdising eestatit Hdaavofaluid Atdaid trietsai d

renote supply; wherein the difference between said

first and second predeterm ned pressures drives a flow

of~ f Ui . S ai r . .

2 Hiethod GeLArEbrar o EPEDIERE I 2P G REbVING fluid from
of fdaid dutfat compaises mamaipingLaptatic head ot Buid &l said aulet!

inlet at a pressure different fromsaid first

predeterm ned pressure. 38. A nethod according to

Qi3 ANmaéthed Sdcdrding to Bledmedn eraCthifl 0%y evhefeini shiti ofirst or second

said renote, sypply is returned fr said outlet at a
prescga@%teanmﬁér@ﬁ@svrﬁan%@aﬁi%regawsﬁg%ﬁ@aﬂeﬁ@fﬂﬁi hedd and a pressure
ggefagnwisd t38 fref TRl &f AGIEUefhing stalw SBic aesd.of C ai s

38, further conprising circulating ink
continuously through said renpte supply during dropl et

deposi ti . A d cOr cH t e : P
CFB08 i, sty bR 8 A 202 flgin i
r engiredstepplngdgiressype s ssinblishedtyam plaipl gumping fluid from said remote

negative than ei.ther said first pr [ y

eadHBpr 88aa Be TraSutr o Seeb bRy T e Bty

Clainms 36 to 40, wherein applying fluid at said inlet
conprises maintajning a stati ead of fluid at sai

" Apch metbod Rcer A GBIk hg L Don A9 MBHENG MenterTig G pressure of
to 4yld aphereilet 8% Mjusting |sb\ldjﬁinﬁ19n‘ﬂosﬁiaﬂ1té’iﬁtéeﬁ@ first predetermined
conprises maintaining a static head of fluid at said

out |esswW8. A net hod according to daim4 1 or aim

42, wherein said first or second predeterm ned

pressures are determ ned by said static head and a .
pH6sA unethegplecearding to fanyeosardfaCiaims B6uiod 4Qefwhareig said second

id i c.head. 44. . : i _
& o RSl i oqid if RBR L Wit Bp R/ RA foft said remote
pr essuppdy, ispdestiddicimbedanne setpeen spidnpimp aht wai! dutken

said renote supply, and a fluidic inpedance between
said punp and said inlet.

47. A method according to Claim 46, further comprising monitoring the pressure of
fluid at said outlet and adjusting said pump to maintain said second

predetermined pressure.

48. A method according to any one of Claims 36 to 40, wherein the remote supply is
maintained at a negative pressure, and wherein said second predetermined
pressure is established by said negative pressure at said remote supply, and a

fluidic impedance between said remote supply and said outlet.

49. A method according to Claim 48, further comprising monitoring the pressure of
fluid at said outlet and adjusting said negative pressure to maintain said first

predetermined pressure.



45. A nethod according to C aim44, further conprising

monitoring the pressure of fluid at said inlet and
wW@eoassi28y said punp to nmaintain said first PCT/GB2005/003588

predet erm ned pressure. 4621A nethod according to any

one of Clains 36 t 40, wherein said second

predeterm ned pressure is established by a punp

pu ing fluid fromsaid renpte supply, and a fluidic

droriel dapogitien sysiem PIMPISIRG sai d outlet. 47. A
met ho @érfpb dfiHiet, REfuig UMEL Shd @t least one nozzle
nDnlt%r % %@Q%?g%gg%ghgkﬁﬁw ! at said outlet and
adjf@sdrcrpgi}et@eajlopurrp to maintain said second
predeterm ned pressure. 48. A nethod according to any
one of Clains 36 to 40, wherein the renote supply is

mai nt & Mad sabply éﬁé@ﬁiblweombagagratlmelmelsemhelr end = fuid supply circuit
second predeterm ned pressure |s

t
oo (G gHeg i Tam SR PG VRN Fo LAt IR PYige via said
| TPRIABHE ARt YRR SR BadkOBRLAI BBRGY, and sai d outl et

A met hod according to C ai m 48, further conpri si ng
m)mtorlng the pressure of fluid at said outlet and

adj ust,j i d i I j ] '

ot T Su2Pir o st A ASAERReRRS TR YT ot ree
sy s @facooffluiciniye aystepoisi telanm aodiant réssureng a fl ui d
inlet, a fluid outlet and at |east one nozzle for
droplet ejection; a fluid supply assenbly conprising a
fluid reservoir and a fluid supply circuit for
circulating fluid fromsaid reservoir, through said
deposition device via said inlet and said outlet, and
back to said reservoir; the system arranged such that

t he average pressure over the total free surface of
fluid in the systemis bel ow anbi ent pressure.



