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FLU D SUPPLY METHOD AND APPARATUS The present
invention relates to fluid supply systens for dropl et
deposition apparatus and particularly ink supply
systens for drop-on-denmand inkjet print heads 5
operating on the through-fldw principle. In known
through-fl ow arrangenments, ink is renoved froma print
Ridaid SYPaLY METHRIDBWD APPARANTUSai r bubbl es that m ght
bl ock the print head nozzles and heat fromthe ink

ej ecting mechani snms that m ght change the viscosity. of

t he iTHe zpr&‘sesb mfeﬁ&m rglatiesttoqfiad | dupply gﬁﬁarﬁtﬁ@& dﬁ)plet deposmon

LR oL, B GBS ot s

oparatira) drythedhreugh-fiow pAadidle nuousl y, with renoved ink

being filterged a ool ed before.being fed back to
Che. P P RE e B Py OB DR he o arBEH TErLA i fand 50 s to
mmcrwe dirc ankd sl bubidésithat mighy blpas et ftindhedy washks I@hd Rbat from the ink

wh it

g fe R eaPa RGh B0 tieesrorty HHES IGepd o ATactpR avaly
The bémd81 g repIEElbllaed Gitle hlt?’r@d ?ﬁraﬂ%@mﬂ{pnaﬁfsﬂéﬁmwl‘mﬁré Ok renéoval and

A el 0 | 0 en a |1 C
RESDETeRY eproauy dRke BiroP onfafueR. Rty Rtk heba Thired and
Eoaled befbre Beinbfed vggik/ f1d7m‘5y1mmt> hltaadleﬁdo@llﬂbt tva'nathfé rektidted to the

] . . om el.on 0 esen
K el By s b2l 85 T et BB BR here it oan
Emavegey din ohaif bubbldsahatehayehiavelodgediig thehespettvd ak efping nozzle.
its [ ownwar . .
ns i oL £ MenBoRER oo IR HSRIGIERIED helgnaing to the present
applisagteanelincorporated qesdin hy mjsm'gbde,ea)wd isAeepirmidcedWm{l:iJQmeElh ? through
t

fioh A2 0 M end KodEe o HoR OB roP bglRina ¢ e present
@pp!tcemeanmaﬁcweoratqmmrebybyt refegenve; &t wr@rg@dsmthetta/\mmaell amray lying

hB%zohtd 'aﬁ 8 nBE%?escg'igéZ?:g%d fo}"@g\ﬁ rﬁ e&é&rtlgn a ac e%ta‘gizst(although

eectlon romthe n are
ﬁP'@'B@@#O@EEH BIrangefeenis ety equatyl vesaikigl deds yncb\m bt e artnchannels are

bbhetaly &t IdREBRE Wéﬁ hat %Qn 8p %‘Es%ﬁdc@@ taRswREAY 1R ?oi@ﬁlgdlnal axis of

is als6 known in the art er reservolr
apgelt W@fei’ﬂﬁwﬂ'l*@?@ RIPEEUES WaYes *néhe figid in theedhgnnal Ménich in turn

Gﬂéﬂtr@f‘oﬁleﬂ Le?éctlﬂﬁnﬁrérm the2 A8 | @ LAiRx LR 3#@&@&' B)h piezoelectric

3060 er reservoir Is in turn sup

ARRaloFs PAVATGRAUPY oAt i the siglko thyrselvan engroparaingrin shear mode

49 falsdxHaVnAA G5k &S, control | ed by a sensor 2070 in the
upper reservoir in h a manper as to maintain th

f1 ui o™ SPRFF %gf}"’lr i APeRy 1oqthepptosRberR g M ifer 396‘\‘/5995!3 the

bbﬁtra@hmat%mamﬁfld 2080 W@ﬂéitblel Boridit RB0l THETuppRS BdseRiokr is in tum
@ t\ﬂﬁ | d | evel 3000, i‘ntai ned at a const ant
R Wi o2 Iower Frsshris 206 pegfs of &BWEBR0G% Ftymp 2060 is

\Mtamttﬂﬁe@ optar gdn%oﬁ?@m;iﬂ the a@pégqlasmblg gz%&haé‘ Maﬁherhas to mamtam the
qr.a not . sho . Fi serves

BRI 208 heldihgt & GBant halai b1 2607 Sy piahe Bettoe pozzies. In the
i T rmmnﬂmo; ®d Ul leve 30@@ isarhaifinddodt EScof@@mt RéightHf below the -
print aFgI condwé %

nozzie plane byy a sensor 301 Wthh contro!s a pump 3030 connected to an ink

SiOfage tank (not shown) . Filter 3020 serves the same purpose as in the uPDer'Tm ‘

reservou'r Lower reservoir 2050 is connected to the outlet manifoids 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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35 The positive pressure applied by. the upper
reservoir to the print head inlet 2 manifold together
with the negative pressure applied by the | ower
reservoir to the print head outlet manifold generates
flow through the fluid chadbers of the array as

descri bed above. In a through flow printhead the

mataiﬁtbtogethpr wn ltes negatied ptelsym’e)apbh@hby ﬂ‘tﬁqgﬂé‘lﬁl‘éséﬁow e print
ni tude high

quH Fpke I% | Cal’cI flqﬂ@?@ﬁlt@%ﬂlﬂd cliambess gt the @rray gs described
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e @P ure di f]‘:‘
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Qs%uﬁaaélﬁmém rate Ef | nlﬁ %‘gﬁt ion from the channel
RhET 2T CiTEeheh M5 88 Malnteipod Peeeg the infst aindcoutipbimagifelds. An ink
fbplp‘lath@ﬂ“‘m@httg? Ch?ﬂﬁg Ggﬁaalllttm téhﬂtmféﬁtge |r|‘ri'a£§ﬁ“r1terbfé;bf |®< ejection from
i iV u [ u [
i gl ER entBtiss . VBB ERe5r 7 fourme et s vl (o the

peésmmb einyerttibar @by addison; | @gsﬂdhﬂ} ﬁ%ﬁtivé nKuE@ﬁ‘:‘l&?Héﬂd rbressure is
even when subj ect

e%%?lll%}w %jzétgrr\ grs?éez%’len (}te&ﬁﬁ E@gt headgjrcting ﬁl@pr@%, tharaby ensurang that the

injemeniatuestin e hogzlepessaidt (bﬂeakf oWl WhelQ @kt &S mild 'p §§qu& pressure
t ubes, vibration

nt .of ink su
relseb 88 e RN IRl mateheied ifed obisii of bt napdi e Patoedt o the
mdvamenhef iabsuﬁplanutmelg;ﬂliigﬂbn frogilthe P26t %ecﬁ@ﬁ!&rﬁﬁbtcoft will be
vertica S
?Er%c a)?/éo?@éfé rﬁl\%ﬁo&e GG rﬁglﬂgas q%qulo%\trol pk thg gelative vertical
sg@(eng Houlldof memﬂssmpgy reserusies art grint bes@ Mﬁf@oﬁérpﬁﬁas been found
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_ ep@ggﬂhatrﬁ-‘@afﬁgﬁﬁﬂn Itaitoyeto and ftdme themrirmhemtetsemng G‘raﬁdcﬁdnyés in the
| phﬁlgpjﬁ@g% '('énngofhuﬁ Ellgeb la%hfl;ff Q‘k %ﬁ&% pf ggag{?%r?g ht%) Rgntplpqaﬁig do not

uRdiAY affegitlas Bressyrae §btheemlmt heark Hoveabs thasestqiitimes also restrict

----- tﬁé‘ﬁﬁﬁmeﬁﬁn | phidiseBn Sé“ri:?m?‘ h%# r\%ﬁn ?é‘dm&%Pech' gﬁllttgular. scanning

gartl cul ar, scanni fons 1n
'rﬁfa}" {ongeinwhish r?oamteféﬁaénlsdneumtﬁﬁ AWea Wiariidgenwhicls racvesssross a

sabstl%t&ﬁier &#i@ulﬂi&an%lé&é:‘?tul'%ufrfﬁ L tharﬁ%\/ee%rbe?\ﬁm that can

%%r alia.a carriage nec anl can

th the Reniheathand He inkipgsi. pes. According to a first
as peAécoﬂimgj he d fikeishea Bﬁﬁ{eetdvéntpfnowepée g)rg\)ld(#dda fluid supply
yi urd et

ég arat us for suppl
@é%g %F‘?f&HP@g@E dluid tp gdrep! %PPS‘H%QQY"GQ él'me dioplet éeposmon device
hﬁnﬂng ag irga, an olitrk an@mcﬂjéﬁdgeét |83 ohé 6*&9%{%%@Fnblafeﬁséon%'(ﬁucauon

ESSUT e COﬁﬂUﬂIC&tIOﬂ an e ect

?E|eé9° 8'?;\!‘ R@f%wmeﬂﬁ*@ aflﬂqdweaerv@smrsupwiylng fluid to
aficb recoiybi fhiid Grot méididﬂlet %%Soélﬁcﬁ'?hyﬂ)digtuyp Hh (ilnlétr Bﬂébéd?s controller

g@ﬁ%ﬁ depfi{ﬁé‘ ai) aratus; an I nlet pressu
rpggive b’?'@cf' epever gad maitein ftheamegwrel of flid at said inlet
airaeﬂmt Mﬁdétem‘ﬁdemmé AnbuktiBEpREARE %ﬁtrd?lfer ébéaﬂtéjd fﬁtrﬁﬁ?ﬁ fluid to said

predet erm ned val ue;

d eﬁ?'é’gg lﬁ"g 'E%'Ht%ffbmeep"ea 21p 10k dluich at aaid ontiet af a secorghprgdetermined

valges ahe oiferoh b6l beRIcah 3hid ﬂr&earﬂr&%%h’& Gallls Blitthd 2 dbwSdindid through

é,lg et .at a second predeterm ned
said af léast 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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val ue; the difference between said first and second
values driving a flow of fluid through said at |east
one pressure chanber. By controlling the pressure
directly at the inlet and outlet of the droplet
deposition 35 device, the 3pressure at the nozzle is
accurately maintained, independent of any 3

fiuctuztions orodistusbancissih U AGE gsppmtd Lib9t0fdn'd'ff5n$ R &lick QptsRerably a
rE}Mtland from he devj ceﬂ%r ef erab a multi nozz'

nfREs FH '1 d"$Aid) t'"'ﬁhoafwupptlﬁt piessWas egartahe lsentrolled
indeyiandéntyd The I’rdpét&ahd@ Ibb’tvbéen'lfh@ m;ém#ﬂ 3RE %ggﬁééé‘ﬁﬁd‘ tﬁelhﬁozzles and
nleh and . the noz %ﬁ and the nozzles an
F"é’” AR kpewn t¢, Pé}‘ﬂ degree OBﬁC%%WrCA@Wcm%GIQQm@mf@cweng of the
memB‘aﬂp‘anlcl im@:b@fanttﬁlﬁr Soriatdnb blsrafle iRRJclE %f %’é’ﬁﬁ@ﬂééd&‘l'ﬂh\é nozzle

onstant o ecycle of the print

?{ ivra -3 "ﬁ'fi'@g%rﬁ ,néalnt@npﬁ eﬁ“@?té’ﬁt@"VrﬂFq?PQnd@@ﬂY oliBBY aressuarel variations

in rthlesem;eapdaatamfs cAD¥ed? bR SRHF, Snd@inddt bPRSIH flotl \H?%Ilodns due to the
qu g&?%appar atus caused by wear, novenent or ul

% ations due to the prlnt pattern. Preferably,

f 1 ui dPréferabiy; ﬂmH&é eitbufened btﬁ}tﬂuﬁu&lsyy %Qhﬂqfi’)e@ugp?%‘b?kﬁétus including
ar at us e reservoir

tﬁgg?seﬁfc’l"" ?'i"{ﬁﬂﬁ W’?P’F%Ea's‘i}'s@@lm te ﬁ@ﬁq"ﬁ)tﬁ resicdigalepassed throigh all
ddnipougits aler’qsunﬁ@nili]ﬁt’ﬁﬁ*t‘lffqi5 SN | |H9th|én bu;ﬂfl)f” bd Orf\mflﬁlguhg problems

n e, su m. sin assocl a
ortig oD oAt b emiare. B coursing! i fuidneorktionsl i cach
avorpbhenta she Wp@qdppafalm)%Uaﬂborﬁfnublﬁhecﬁlﬁ@hﬂmﬁ%@ﬂﬁé #:b%ssbmty of
Iﬁlycgbnga%}] AUoys cycl ||r(1‘gI g)ué c[n ses the possibili tg

KGNt SoHat Tof. PRACYaNY -3qvantegreyp éﬂ@ﬁﬂ‘?’ﬁ@'@od @ reservoir is
malnamdmatparﬁdh eaceBmerand dontisuclis iNEIRURLBE @ndire@ all of the fluid in
tﬂ? SLEE?W %%ﬁ?ﬁ%ﬂ and eco tinuous ink circul ation ensures

| B 7 e9pHYe BRSPS 9% alRIBpRcPUGHh agnegative pressure

subglaniially prewesisuges bacaviayagtrainBdah the TRERAENRINTY #RSKeBhood of

_ ﬁiﬁﬁéﬁg?ﬁ,lh?d% ol F\Iég%%ﬁg‘ﬁ%ﬁ%ﬁ‘gom ng entrained in the

printhead failure
due fThe aiepo%tmbﬂewece and Hee iredervolihmag eeossidtively ewda®R, in which

c%@é‘ tﬂer]:ﬁeés%ﬁéeédﬁ‘?f‘oﬁerg%)‘e Q&véﬁ%gﬁgb&? @%tgg\ﬁgﬁf%cb@ﬂ?@w#a%onsmp to

case the pressure contr ers

- fh%éa@@awn ifledice, A @ipsspee tatitroie witiclomokepwith thd penthead in this way

ﬁﬂ@\%ﬁé é:ﬁyDBregﬁ)He C[ﬁrt eé éHr%?aﬁéﬁ %yctﬂgtrélg tiv ano\Ghr;?%htr égrguqsf@ctmg the

c1nt head
pﬁ%ﬁsg@ @‘e rﬁ'f"gdhw ikt ard auileteandbYirseitte tomest operation of the

piihihead. mﬂistigeparﬁ&t@aqr@uhﬁulafn %Eﬁlo%bﬂ?st g@ﬁwe{”eebﬂr?tnﬁead to be

outlet and t he correct operation o

SoRmrHEkve tF’n? §UP%trq§%rTheclulehﬁn9 oytisfaessiure amitdlleast arempseferably
rﬁ@.ﬂm&d brﬂﬂ}etd"e%oﬁihbﬁlﬁeh%‘@nﬁ %aﬁ%sgéllf Bélrmsgra{e?il g‘e %mt This

bstrate. The inlet and ressure - con ro
pé?" asra3iagte, upif which Gan éaslb(rbet lﬁ@urd%tb@rs picRgiRgd cfed by flanute flow and

retarn okl l(a/ncbﬁptidhbmg At lﬁﬁlblf?c%! %xsbtﬁgél.ﬁe '*i{)ﬁ'dt conm:l ﬁraesg As noted

rovides a single unit which can ‘easi
aﬁogeapﬂcg ' PrEgRirg iB ¢qnbiplies at the printhaad, nreaasures indhel flow and return

OOMSQ%U Qﬁ)ﬁ'cl))ib)éado%ﬁra‘kw Inhdift8ied Ofhd bR red It UNELRY that any
vaneruhon in pressure resulting from the movement of the flexible conduit do not affect
the print head. in addltlon, 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 printheéd, which has been

heated by the printhead. When the inlet and outlet pressure controllers are integrated, it -
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above, since the pressure is controlled at the
printhead, pressures in the flow and return 30
conduits need not be accurately maintained. The
pressure regul ator ensures that any variations in
pressure resulting fromthe novenent of the flexible
conduit do not affect the print head. In addition,

is ﬂmra‘omﬂnsﬁgblﬁﬁﬁﬁhe RISTHIRG HaBas be 'aﬂsuk—;x?edgff% e&l@« i chﬁ%;h

tenpratur e fluid enterin e

%ﬁt?’&ﬁﬂr &g, erﬁ?ﬁﬁ"ﬁ%uﬁha iplet ands autiet eessuenednitrollas comprise a

taﬂk havigg hffmaosurfaca R Huiq M2k
%rl nthead. When Huidld nlﬁig a:a‘iat e decéﬁtuﬁhzgtstﬁg érﬁgt and outlet,

1 and, g{, Brespires can duther pezpontrglleldhlw tﬁeopressure in the space
albese Itiadd Ffree]‘@lifabél eCd)rﬂ}oﬁhgfthé“pPesEﬁ‘iteQ Jb;BvQ Ghé ?%ﬁbs%a‘e Grshgllows the

fluid erred

th
R’%Sé”r %F@I‘P gﬁf& tgibey i&@ceﬂp@é@gm helgbiislativé kethe dropipt depesition device.
Byestledtiay Itmefprésfsﬁﬁas%‘ bk %@rﬁoé}fngﬁé Hﬁcﬁxeﬁﬁé 5%2&?%@ n%gﬁ@/e above

at the inlet an
t@%PP‘é‘%q ‘B’P"égé‘ﬁ cautrQligrs ‘If%’rtf%ﬁlﬁc%at@ﬁtaaﬁlﬂ belghtyartdhatill maintain the

rpizEs essurd at bes!igﬁt%ﬁﬁeg'ian@@%ﬁet lﬁﬁ%ﬁnéﬁﬂts 8'%4@2%8 Surfaces in the

' troII|n t essures above ree sur
- t%Cq'Is ?ﬂ'@ p‘?eé%’glﬁ‘?eé‘ Ry overfioming weir.be pl aced at any

hei gitte naiketceu ®etriodnbRl difeen) &Lth@%ﬂ%éf%%@ﬁ@gﬁ; go e rﬁy a conduit

ve?

%ectln hSE ressures to
(é?nr\eg %51 rfggtg? iivel ansh outlet: e @masgte ﬂ@pkacrd:-stsethls conduit
should rel majllg:btbaﬁbrbﬁaréﬂi 8 SHosdRS diFp %t F”%t e ?bé conduit is

i | e ssure at a negat i
‘%@’ r[fhhée RFDIpleSs firg 2oPee and F@é%éewabwess thén 100mm in
letr@ﬁkstt Jam})sﬂéssurablﬂ fyr thetcondline beibt RihgaY g%@)‘?’in?%h lohduit bare

ung ed dlrectly on the
deposﬁ:{blgé%&@g@ai%qg HHRMe SRS GRR eﬁ&FC@é’rﬁﬁéﬁﬁtch the inlehiand outlet
aperturgeof ﬁlbeirometdiepomﬂm\tdev'Ebe pressure drop across this
cond u c ared to the pressure
dro wé%:? g'%t 'lﬁgy %%U‘pgge %ﬂ E%r?ggf ogiton gewees awpjied from said
d ;9139405 Merrbvee dhe abirglity efsderobition 200i0s8 AR lﬂ@é&mected in parallel to
t Is t
S8 FreSBI9 reeton th it Bhefhic §iekeiingent e iiets omshoutets o
S#‘H@"&f@mﬁeﬁ dengsitien devcasdatding desired valiesr Fies ﬁfaytﬂéadbpﬁgm}ate where
R IeC I ne inlet and out|
Hﬁgr t Wég'% g? § aﬁ&%ﬁ&’rg{ﬁ‘a %m%le%os {1 SO Qi lggeasm@eﬁ@f gfelution
O B8 PpRt swath Wtb{%humemf rdietheads cam desirabiyas integrated with an
:nﬁdﬂﬁﬁdﬂ bagkt pfé?;lgu,%aéd;lltm]qe@%ﬁg gﬁglg .unlor eover, the plurality

osition device conhected in parallel to
9o pecond @ﬁp%ftt dhe wivestiormpriovitias asnéthed fok Buﬁbfy:ng fluid

tcm @Bl 85paiitioh %VkQ ltRd Eroﬁ{?eﬂ S%e Iit‘r%sdgg cg"?%glgg %?umr@ %guﬂet and

Idde position devi ces at Sire
ingly 'HBEFZ%SF PR Pigfsree chember ji eopminicatinravih an eejectzon nozzle, the

mathod ke Prisihg Qec.kéYVirfd @?th'erim@lr tS%"atot ﬁbl@? éc?[zosset rﬁ@ @qw of fiuid

resol ution nd/or the print

frofp %, trmgtgssqpﬂy da@g[yfn@bﬂlyd e aant lgtoated finstt heaéterm;ﬁé@'pressure

aaidingufiligt frbine r r el aq
ks i nl to aqggcgﬁ{é?ggpgéid d{‘?ﬁht éﬁ%{mﬁh %IVWI aéf asecond
P"ﬁé?tﬁf&a"? pr e§%§|lmq@gncﬂqrm tisaid first pressure; and returning, from the outlet

- of said droplet deposrt;on device, a flow of fluid to said remote supply; wherem the

difference between said first and second predetermined pressures drives a flow of fiuid
through said at least one pressure chamber.

A third aspect of the present invention consists in a droplet deposition system
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to a droplet deposition device, the droplet deposition
device having an inlet, an outlet and including at

| east one pressure chanber in comunication with an

ej ection nozzle, the method conprising receiving, at
the inlet to said droplet deposition device, a flow of
fluud froma renote sup gtylngflwdto sai d

aiiig gutiey gnd at leagh e nozzle

er'dib[S’etf iefhohhe fﬂﬁé |s%bpl9fas§@r‘nglyddo9r$n§'h AL RORI feb&Roir and a fluid
device at a second predeterm ned pressure i ndependent

sigpplyseiicyit ferrcireulatings Hyid frompsrid Feselvoli Wepudhrsaid denosiion device via
s irftdt hd Yard et SRAQELK tPEaid ?é@e%rr fﬂtefs:y&ﬁ’np&rréﬂg% duéiPihat the

said renote supply; wherein t ence

RGP Pressyre Qver de dntel fp?‘feé@ffﬂé’ren‘?frfb@ By Bessistam dy |b9'@¥¥ gmbient

plek@eof fluid through said at |east one pressure

charrber 35 Athird aspect of the present invention

conslhg verion Wil gisvebe dlegeriied; ynway of exersplecwitth referengp to the
aSeopRAGhE HRMIMRY IGiliaving a fluid inlet, a fluid

outI et  and at 1east one nozzle for dropl et ejection;

Figura Lislpveipprioy agdaieriply AHRgEMSing a f1ui d reservoir

- FRUE .@sk‘ridv&é'éjclos:éd%br}’cu@dtrh HIIJS&IE)BIE{ circulating fluid from

said reservoir, through said déeposition device via
Figared3 isianeanhaprenaant of 6'9%"[‘3& mciarirag fedkagko sai d

FIRRRTY Bhd b shB® FEXSSUMBYHAASAE f F1aGHK &Irﬁd:¥ bhE; ﬁreay fcRdfg inlet
pressure over the total free surface of flu g

- 28¢ oyt WeS.pel ow anbi ent  pressure. The i nventr on vv| I I

F@)@Vé &R 185eMale dialbam\B arPémBEAMBhE! bhlifkistQhiffiR §RtshPaccording
ccorrpangl ng draw ngs, in which: Figure 1 shows a
t%’thdS’FES&P't’"YerIW Qupply arrangenent 10 Figure 2 shows a

Fi?gjuﬁﬁmi g @h}eh@?dz gifag% bk Shbdintedticd Idfpﬁnﬁhékaiilzrﬁéﬁule of the system;
ennapncenen 0 acC | res

PR § STy e ot p B A s o hendf tha prek gt
Fgugs® & asthemIaucI diagrannbithe fr&ﬂdeMdrr&hoMﬁ bbthelsygume 6

d
Flobr T 0 ob e e del A S e Paaiet e, Sapdor modle!
Flgmveem is@schéinglic éla@rarrsofaa thirthamatroiter diceighesohtiof syatem;

f d " t.l yst .
gur e Ssa%aengtl)f%)&"jnv\élt e‘%@%HQEB‘?&E@e‘%ﬁ@ﬁ%@%i ment
Figfure heshmwsra furtearden‘rmjirrhent drittuineerdion stilisirgctvemsintheads;

' el I tem
RIS e et  BRPYSHEn B8R e bSned T
Figurea 1% Beddralesi @ preealurleeg,ontrcz@miﬁf@mtdtlple_ preintbeatishemat i ¢

diagram of a third, controller nodule of the system
Figure 12 shows an enbodi ment of the invention
ut i | Fighreg 2t o iehtdinseds thermliy reanegied h sogircalating-teygh-ejection

cRARBSH AFSupBly e shdAsh ARG brebdurs Qgtht_evﬁ:szI%'. RS ¥ advantage
of being fully enclosed from the atmosphere (other than at the nozzle) so that there is no
is_sue with gas absorbtion. The system is alsc 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)
gjection 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 circult, including flow paths internal to the printhead, between the
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Figure 14 shows an enbodi nent of the invention using
multiple printheads.] Figure 15 illustrates a

pressure control unit for multiple preintheads. 25

Figure 2 shows a closed, thermally nanaged,

recircul ati ng-through-ejecsion chanber fluid supply

W t h sub-atnospheric pressure at the nozzle. It has
pémp apd narzie igesubsiantially symmsidopl lentslflusie:dmbemcbrbat to generate the

SO t here

SRE SR GRoh e (st Be el B (RTAEAE UG B gt poviaing
theiinigl to tha drlrstbeadnhasm)dtghtly highar :mbedam:eﬂpamote’iﬁhaﬁ’tde spmmetrical

) . |

ol st SHRls ok BB B R3hosy LB BevE SR Giole from the

PWMr@tu pen-swamekicd ambediatentse cpm es woafiglosh stithe @ conduit
&Qn?ﬁetn@ﬁa@ecﬁ?&%% ,ng chosen such that a flow

‘inthead(s) ejection flowis
mai nthe mtd'es@wmmns main,&zpnenlalat ¥ fressutd apsopiute neuits mmmtlon in the

c
CIgéuch g‘[né %@bgdﬁ%gt he | urrprﬁéhhgv%clu %mst req ﬁ#ﬂﬂ?ﬁg hey rgwwonr is
qua’qens:lqsmtg tivea pump iniéke tl'ps isnitrivaado Heeadmmagédus ﬁncemﬂmassmg of

(942, SURSLABH Al RIS Bopld ' el

rqsee@s‘mueh theat @lrrc@@s aot chrdactoale ingthe tphmpsugd.ercoit It kefeasible to have

o B o 11 B S BA SPlaFene

Obyem@ttqn @fathe %mt@ng@afém‘!ame (oo farowatien)i @t beiusee tb tinform the

CHRIBRS S 58S 00 TR Ol o aoles

theoresrEyaire forviample eAdditnnally, shomdethensysteeicompoherstecheed to be

l0R&tea dl ipatickiar FBRhisheh er‘ég%lr'p?eﬁﬁf'enéﬁi ﬁ@ qls@ﬁ t&‘cor{ect nozzle
pressure appropriate to its posit

PI8§SY¥"Re enbodi nent shown a srrall vacuumis reqU| red

wher phig N stehf @éd(ﬂ*e& that cbi%cﬁ eskef! ASfhe! Bedille é?\ﬁ”ﬂwanufacture of

inlet; this is known to be advantageous siTnce

chRRSIeH P % ARORCAL Bl TR FaRRoanee Soedraualmboapebalsd. Since

. uhiforfnltg of Migid ﬁscﬁ‘z@w alsesframtd tHeNfiddié MnbédicB! R may bﬁ desirable to

reseryoi r sucF F{h %‘ doe not contact ink in
M50R%T MG RMPEIgiure of the;fuid eag E\f &9t By mgoes O%@Wéleqamiplr It may
aBoyelvesieabldtd herethd ouume\mtrlk @meamn@ deﬂie?]cé BR798! Mbss, small
ectio

ser
[ hef 0 b Bare i R Bls S Berensi R S8 P « e
con dTne pump Shouie be l$h1c®}4'8§lﬁjﬁﬂ taéltobrésﬁur@ ﬁbls&!@al&dmnaﬂd@mlsrupt the
némg ISt he Frsessucte @ g to 15 the rese q
i mp st PR TR 2R BEFP s s 80 Sranbin g Roieste type.
needAdvantageolshy; aoealloatngpargréater fesedoai Bhihe dhbre dfpaimp type, the

BB 9L b BRSPS P B G n o

sighificahdy ity campliamas of Het containdr/bag dimal@)n Fhe Shetﬁﬁl Ebrttotlanit (heater
aﬁégﬁﬁ?o&hq?tagﬁﬁg hﬁ% e;%hgngen})e%ag]t% S|m| ar%gg qel_e ies. ﬁ(mally, 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 iines.
~Advantageously, this systém can be configured to have no ink vuinerable t6 =
atmospheric gassing (other than at the nozzies themselves, which are less problematic).
In summary, this first embodiment comprises a printhead, a pump, a conduit, a
reservoir and a thermal conirol connected in a circuit. In practice, it can be difficult to
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20 wuniformty of fluid viscosity also affects the
fluidic inpedance, it may be desirable to manage the
temperature of the fluid carefully e.g. by neans of a
thermal control. It may also be desirable to have the
volune of ink in the circukt, and hence thernmal nass,
smal |  such that operating tenperature is achieved in

raalaiaof teqpiesd tmtéraidee fsirgk mnatnuﬂﬁ:tur‘ﬁb folpranpesssdtsmbishent wear (e.g.
th suc re unabl. e to disrupt

R D Yo dt hal hEESe Ended f Y EndteBs isylech pressine.
pun’p§ has Eigane 8xhOWS en afterfatiel dyslehels tpy@sed wherein a feedback loop

'%Aﬂ%?cg{ga%r'gﬁﬁh% bEe_%g%Tgls {rhtg‘e ngg'gl"aa%?‘g‘ﬁh L;ﬂri‘gﬁ%?eo én%rllsgr(s) is located at
cblddserto Qﬁ&lmﬂﬂﬁeddhamdbhé ¥ congbl @9stai 9 0&&1 Pf mamgyef Rildteﬁw pressures.

liance o

re i fj ant ly the co
IBubR aMbarmsny i eled o ARERe BHR FPESIAr 3he Brespure applied to the
reberadieare showh@s bell htrailRe! EquliBahafyes e gL systd hpddafice (e.g.

erties. Fina ould be the 30
‘E’B‘%‘L&?"’%ﬁ’el’"é’gm&“@qm% p(phg provi de adequat e
corrpIAd&ﬁmegedLlsl ee elusies iof abfeediidiRtsystem can be used to save cost.

i ance/ fy is applied to both the
R e fontiol, a0l Ak, e B RG] G RaRPLes L BEhPracisor gmployed.
leondveguhethclusioh @zmeﬂﬁallcﬂktrm lﬂérﬂéilhabd):ﬁﬂéﬂb!e ﬁﬁtﬂﬁ@érﬁmdﬁnent.
assi other t at the nozz S, |1 C
I R Mo PRwdon ' SHEGLPY (e Shikfioend e hozzle and
isstivech thentozeiengidi Bes (& tmé lonﬂél)’:‘a:@ knowh W, well anrdlied (thig is easy
i B4 P b 1 e 0 BR Fo “Tis anous e

prassurainthe eqzile echd dﬂtenﬂnmblsj srideeselyeuntraliddiia tg feedback loop.

var drboorand CHRRRS RRlya el aur SBRRE gyt trove

tha wintheach whicts sboeld beheignifcanily egréateh divan the alak ezjedtivh wete. This
% b%‘rhsﬂn? E%Sgeéﬂtaﬁléf?H]?ﬁtefn?%ﬂm&ﬂmg %De] été%ﬁgﬁa‘nqhé Rozzles

con ressures In ¥

pres sﬁﬁsﬁlt% @ﬂ@grsw)ectesi oot amell nagatws massur@sfbnd tn theereservoir will

S
éﬁ;/rglﬁﬁe% ?tgglesgélger \é‘:lgrﬁo h%ﬁﬁ?%@éﬁosﬁé}sh%%ﬁtl ?ﬁ ?s ;? eugagﬁ@%ﬁnosphenc
PIESHUr A MISt pel AignEpal jowsr thatdhp seisgtmasphplit Pregsure (80— 2000 Pa)
feBRéd/ At thedhBzA0 0V e FroRfite gt wwsgwo%dsmﬁgv B! Yelacted so as to

hanges to the system | npedance . 0.
oA ey mRedE G <t rthQ:f%tfm Rﬁzmir@n e afiphead outlet which impedance

Aspenns @myal Mhert Rfgh A tHé uéﬂg;twa fhef ;ﬁs@' bﬁ%eﬁbéé.ﬁ.@hpémgure 4
be used to save cost. hermal control coul

P@?fﬂ%&?saﬁ%#*t@@ﬁbmmag%fpmvwg by acliuid sestasipr whee the condmt is
éﬂfﬁ%ése thé §yst@rﬁ|:$1 slb&dly pie dcﬁéiéﬁ)"ﬁ' bﬁ@é‘&éhﬁuntﬁﬁ@iﬂ%é;’e it is long or of
tible wth this enbodi nent edances
HERhEEmeIRde YeRsERPliptiqne yehere, printhpads) BTG rRRCKSH clogaly tagether o in
SixtningeppmRAodd)e nozzle and POUT (at the outlet) are
known_and well controlled (this is eas wth the
pr eciAPaREEEPUEHE henéf"l‘né'??é!ﬂr UE8d "PW hei Subiesigd to larger sub-

étﬂ’&fs Kl :ﬂ@ésurJ e p?édeﬂtﬁsgééqéasb'ﬁptﬁh%ﬁﬂuéﬁ adtivelyecause the fluid to
nozz etoﬁ_’gpetermne nd closely controlled via

t¢R8ss Sl E?&ﬁuresmesepr’t%stgaremam remaespes iegnthe previous

Ebb@ment>Offle #6Seproi dHdsid Réw blodtaé SpbR " 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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the printhead which should be significantly greater

than the max ejection rate. This flowate is constant

in the recirculating systemwhile no fluid is ejected

fromthe nozzles. Despite being subjected to a snall

negative pressure, fluid gn the reservoir will 20

continue to dissolve atnospheric gases: To prevent gas
cylingsicalr faseonir, soteriag rMivish fsairling’ @ dws sudaceudt flsther advantage of

oxo ST Nl oo SR P SEAREHG

‘undergotdebumitification or dsyiog fabr lsacrsmh(m; mtiarsrapms it @movee thraugh the

vaoh AR Sl MEHERAGRE Al BILAIE B boacn oy
carefu ctels'@nlcémgmwd)ﬂow bethpiinside dfhbe BrsbORbir s befofe, Hieputlecofirol is
confrRbIBHRHRAL 84ism YU Wbl Gy | Pedance provi ded by a

ul

restr ere condU|t is short (where
t h&igys theshows @I Gstaky emliodgmem eaf) ther intyntibheincwhickuiuffer and

el 01 ik S FRR R i T8 ARG ol o
the pogeotiet flows iinto amﬁhatngalaﬂapblafhnd lenshwith excess fluid flowing over

the SRFALAGEANES Yo gk NEedrlln " RIFENOIL s SRBIAPI B 2 Jbfife bove
the tndat wﬂtrmd{nr ﬁbﬂnaMIy@mah@heaMeygruaas etchefidured. dtedink volume
rest%%%%' Jteﬁr &Q?% tHe ﬁ'\lt’ﬁe%ﬁ Slﬁfgp Ik é&u&é&&rgqﬂﬁ'@ﬁigww rouﬂet
retugisolgl alsenond b@iro@hetrm 8PP 8 yas pEssuiet mcﬁtbrrétzéﬁmrhe;dss apglied, The
weiui%’r%:ﬁﬂg ?{L%ﬁﬁiﬁ B |Cpsrs (ﬁ%\ﬁ/% gf &1@B Ehﬁ%@a &fgheacgj"ta{:t?o% fEIH{ RS 8assing of
fluwé@d'alﬁ@"ﬂsem%nfree@e Afkoyatume wﬁbmu thaiwejr iaverrageall (sowparetatith that

surface tTor a perio

of the Hés@n)%!?} &hting cﬁil’%eg ‘?’é@lé{rw Hu@% ﬁ]@"FQ’ﬁrb? r@&%ﬁatlar? drld&he fiuid
- aregswpoRed Wl the ﬁP%@T&t&bSOaSW“ cyl i ndrl cal reserv0| r,

entﬁ@fdluﬂﬂalfy' tHedIarg‘éWnébétﬂg pr@iisu?é" ﬁPﬁlléBft@Gcﬁe iefh :fe%ljilgi? ks used to

advant a osin he su
dray digig aﬁ?féls@ﬁﬁ if, @ %ﬁan keMeJrﬁeaaferé@ﬁg )to fcprs}rqhaw@fyl valve. The
refilREENEIP cae by Fizdbd hﬁ@lel &beMiw tHe)ihi0 Beseflr, & CRoddyirdSther note

ol e ARG fdnel sy o Bk Ao g b BetgBY cardiioned

(demsa@ q&é@uaéew hbMeSicosle® bid filtesd q:ﬁloﬂfo édﬂ:ﬁiyf’tb @H@brfnkﬁé\é/d
Ies
Do i B "ea%%ﬁa?? feSapesiment & E*gg@éﬁwum G contol vaives

' andemmla) oferfg:w habrefiras\® the butidt heir, Rfél@m”ha’@nt c&rhpis2s a printhead,

= ol sl e e e AR o 2 S B g
veiReferfihgitaFifurer, ah Hrekjgt pmptiog sy stém fabemvding é ¢hedpradnt invention
corfGps 30 B50HE0T master 1 ierisuy FRESFE oule sPoduiR 12 o a
secpndgBesserd segafation emdule 16 eogasstad by ferthab @vaduitsea,doMced print
noafiil 130 SeBler I HR st o Pl G ASGReSef b, ied fnes in

figufec,dbe vdrimup comporsats inaly dt cohtndlietilfmm agurtHer leléﬂ'l‘ﬁodule 100.

2 GHRORRE s AL B o R BEFRIR s sl 1073, on o

o printer carriage indicated at 21,and to this end conduits™2,14 may bé flexible tubing.

35

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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weir acting to maintain the presence of a free surface
of the ejection fluid. The gassing of 15 fluid is

m nim sed since the ink volume within the weir is very
small (conpared with that of the reservoir), and is
changed regularly due to tlge rate of recirculation,
and the fluid areas exposed to the gas are al so

1 Emw ds. thé\ﬁﬂ’mttﬁe@ﬁl & dconnédarel rdt B8RsnRERb theSprdtt ﬁ§§d14 rT‘F’:e flxed spatial
k reservoir is used to draw f

: to the in
r %E@qnsamrwqu PrEsRg spqulater apsprinhheed Airthseprwire Jseé@omﬁessure

ﬂQ@tﬂIaf ds aalsé &f fhkltune] &ees E&%ec 8 idtlet hﬁ@é&ﬁﬁ/&ieﬁtsc A4 shown in

aced above or below the ink reservoir.

FW 5 Rymedule {6 coraprisesicPrink head 20 baving Jr ok inlet 841 @reanramf nozzles
2adeerk b}écﬁ&ﬁaﬂuﬁk ah @aﬁ@é&ﬂé‘t D6 SiieQridd %&tuéﬁon' S ér%q%éf to the print

condi ti oned ( assed pressurlse heat e€d/ cool e

head vigrGalle 3y .'r&r!s ptsc%sﬁ through t‘"‘ﬁé‘-""ﬂ?h&ﬁﬂrﬁéaﬂdmtﬁﬂ §uegogs 28, 30
s605d @S RONEVe WRt, tdhe beRMEH B Mepfthdr r‘abhﬁ ofhelMbe | lﬁ‘tﬁhé‘r‘éeﬁnth the

control valves and an inlet overflow at returns
opgetign ff Be Peieady n sunmary, it conprises a print head

25 aABl\H%omﬁ: s&ReHdry WbdrBtidH &Qm‘ré@iﬁgﬁfb@lﬁhe%ré@% Wdih the print

ressure requl ation. Ref errlqg ure

AR B T BRSO gSrEmPaSen dsl i uinbeppasyreliac. To this end, nk

id Bk RtheGRIBIIA 86 gh ihict Hnk J28%RMYQ FreéTP\qléluﬁ‘aéé)M exposed fo
connected by inlet and outlet conduits 12,

- alEpyRgc ;Bfeé§§rﬁr\éa P@@Qﬂa&tfilfeh5%69|rea@eme6mye@1 @uerﬂywmg weir 36

sfupﬁltgglewnrpmubh& ﬁﬂ(lfg;g?ﬁmetacdhﬁhzﬂt‘!z M@é}ﬁan%l Ié&r']jﬁftgnaente means (not
Bnahakadhe HEEE P 46 ok qurtoD st Bheva s roader g4 e Adssied, a

. typagal balueostt Hoﬂaéueg:l 2fsomm avheret Hag r@quetiqbl 9 1&5@'%@ where it is

S novega atlve to

qﬁgg%ﬁawg o fgt eepri %egggio Sl dtsgqnpﬁtbg wcar,eﬁng@éeguiator 16, the

' reMllrrgatead oalnk ﬂfay exatel the dpbiging pfbsﬁmdahgesfor tlﬁ pHfit K&\ inlet 24.

'lﬁgu{ I asfJ J%Sféga% ot %frlpé%g'%f’%‘%e i5/13‘9} ra@l%é?{‘{ vay Pg aPHléedptPlt?ﬁ free ink
sudfack via titerrh@ysozs 30 cmecatlteam’essi:ré at @rint héal inledp4. age 21.

Per t 0 35 ensures
o THE LB et B 48 Bl SN0 42 p G St ez,
afhﬁﬁe&mnse%fo wwtmloemewiceprem {gpicall®,-T@nbar gdugepriantacuum line

t{?ﬁ | xe fsér]ﬂﬁﬂtaﬁ'feﬁ Hy) ve?ﬁﬁpﬁrlv%{g%g s'i.xgpl elaefrcﬂé o pnﬁe}%ad outlet

atla I ons
26 Huedp Y50 ér@m piiehtank éadeédﬁrhahbto ba mreserhat Vta@utlet conduit 14

Pr es kst taH( U@H&f%.t éCﬂE:%t %I\/é 354' Ho&ﬁh?re&fﬁb&‘sth%"‘wglﬁM to maintain a
connectlng he | atter onpo own I n

waring devel ofnfir pleovesthe dmipfr i%@@dutt gfiant pnevent 200 antaringghe system
A VabBlfurh anﬁg uo%ﬂshm Nt @M?IQ{roﬁz‘gaéZr@FbeSthg%a%Q thkh lfhe print head is

ejectlon and an |nk ectrical actu
opegriag St ﬁ\a@m@uejta@ilqnﬂ@tep Ahafioatisive 54 ig meinpiaed n aipqmt rmd range

' uysfngmraw Iaajhﬁﬁhgttné cmhqﬂah %oﬁﬁﬁa%aaﬁﬁ#ma(ﬁe hgﬂb @%%R%.rb@ The float

arr ows SO as renmove dirt alr
"ﬁé’ﬁts"tth@i C‘?ﬁt@'ﬁ thetﬂﬁéfrqm femanhethe everalifiow in tretank 42 (this being the

SOREHALIANAGE 30 RAd HIENENR 8sHIoWSIg) %¥ mgn% rﬁ',ﬂ'{dh%Bamc%éf the exit

operation requires that both the pre

_ W@ﬂ'esirdemﬂ"%)hd the pressure difference between

Il etovaidwaid #&h ifle: ©RIEE b Stiet™@nk Bb Ss EHronLd Ky a vaive, 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 int turn is determined by the amount of ink supplied to the tank from pump 72
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Is supplied to the inlet 24 froman inlet tank 32
having a free ink surface 34 exposed to atnospheric
pressure via optional filter 58 and mai ntai ned by an
overflowng weir 36 supplied with conditioned ink
frominlet conduit 12. Meakani cal adjustnment neans
(not shown) allow the height Hof the ink surface 34 -
ViaHolek 12-hepeniicallie Sloab 52 dn lsembidpticnt with sensth S3yprosides a signal 56

| ‘“}”S?*&Eﬁ &‘;mlgll&/\%‘ﬂ 2\?1&6%5%&& isMASLA el rtc? a{c%ﬂft‘él!%agﬂ gbﬁﬁg%ﬁpq%@ntmls

necessa
theespged ®of gmm@mmm Ry qhscessad B mewdeuam tbelbb, Thiseavoids

SAFHheA ey ST, e R DR By gofona

mclaae@ mhanawlat%ﬂlad heqni)(asmaromelr ower than anbi ent may

o CRBRNEF sbkcr W 08 Polalis o ] 8Bl 255 FoyiHZs. e

SeIIseEsUT koil tanks Eblertnngﬁtm IEBdledtS whereh doativabe dpyioat i ofside its range

42 I b d
aﬁ&@gﬁﬁﬁe 6€%e{r&§% kazlé%ehﬁggt’({rypl cgl I ;I t7§)r(r‘ggfegahge Vi a

Addittonalnvélvese- pdﬁlblﬁaoiéa@é offératesi nmiEybaipnevdddiyto cope with exireme

d fromthe print head
Ieg%iﬁh &@2%9 @erq‘ 88%‘"]\"gm outlet tank 42 feeds back
t o tTanks 3R anééértwgﬁﬂner\de&neaapressure oegluator 82 whleh tefettierlith print

| hé@d 5?%1&@(3@ lu‘ﬁ%m\’%é@ rr?o‘hlu%\? rﬁcﬁ% ?iéo aeogl\/%eq%gatﬁﬁttcélthermaliy_

lrﬁ@iatedﬁ@nl) inled ink Ao maeménmﬂeamk larveairagenient sysdribad, bypass flow

| 4N RSEED bR | f#6m ..cagf toscglﬂl‘é ‘?awﬁh@ihelreﬁ&%l nd" O&om%ﬁ} 'E%%eewms noted

.the case ead 0 er

_ tr@} tanks 8a aﬂéﬂé q?rp@clﬁfixowherw iftegsatsd af @ smmlmualt reghoiild be provided
' wﬁlb@b%e%&eé%ﬂﬁﬁrmgxnmlﬂﬁl l'y adj usting the -450mbar

nom nal vacuumin the nain reservoir 70. The fl oat
val vE? Bunimiseyadgiang dn thet pressure difeigncesobetween thehesgulator and the

reRPEERL |prtﬁt| a4 diiMlet ghd cﬁﬁl@ts”@eg(ﬂa?ﬂr%ﬁ@ F:%@erB ? aﬁ%nﬁé’cﬁa Rfed vertical

return flow 30 and inlet tank overf _
diganee é‘Pﬂ‘{f thsyir e g: fAENBgepuslgraiRying egimilar footprmt to the

héRp m@tmouglelmeroesﬁéﬁthﬁws4§ref rp@éalmal @b tb@nh\e%%s' <5rt Qifferently bent
out | et 5/2#1 i,s caontroll eo&e

connegiiqns l;r,]gar Io mnigyse; QQ& ofOfMV\i,vqarpﬁtlpp%pnﬁgﬂ dnjet and outlet

p@éjaurtsﬁ ﬁmtonnﬁb@jrﬁéﬁflté?’l{dl 66 tbm%mfetgwgtbr ahb ?nMﬁﬂ\ééﬁl érﬁ preferably of
nai nt ai ntia onst an ont r.o

B e RN HEra b (21 Enrmen e abovs. THs rosuts n a

tyﬂ&alemmspm:ﬂ bfyarbhm A0 unh pef sediblnd%uﬂwforréﬁglac?r@iﬁ@@yﬁaﬁﬂdﬂpressures

ecifica

I S 52
ofd R s e Bl s 055 5By 5 o b -
Stonati thatinkvitove ariaskoyl v 8%, as\iesthibed givade. Howeer, Blch wf/aﬂétlon of +/-

74 iR b Ao S s SO s G5 Bt

alk butlet mﬁnlfddaubthdspnnteheacb|Indmdl a oéruealbn of Ripdo &l mbdr| DYV +/- 7% of

oy 0 A M B o Bk

havimg laay dedmteriousneffedbeor ttet apbratorof tihe mrirt | iedadi Nk therimit, the
eI T L0 SR Y 5 oo

~ piessure aggydator 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



10

15

20

25

30

35

and warn the operator of a failure situation.

Addi ti onal valves - possibly sol enoid operated - may

be provided to cope with extreme 10 |evel changes,

for start-up and shut-down. Tanks 32 and 42 together.
define a pressure regul atofy 60 which together wth

print head 20 nakes up print head nodule 16. As noted
lrﬁbﬁp‘émted intd & sﬁk@l‘e' dofPhch tﬁrﬁblﬁcféﬂd% Heywnlﬁ UaQ'él'JluﬂF Iﬁxe(tﬁnaéﬂd) {print head

inlet ink fr (warm outl arrangene

| "@E&%'Bnﬂé?@b‘%%?pa@%ftrﬂheweaa%qud@ebeosuwnwata. ofmvemoetroitalgna[s and

tHeutiket \Eledidnics lrké}%"cﬁf Ebﬁdgoénd’ RInRBL&D Ffégw\%ﬁg:]cbﬁveh%ntly be

..hoted 15 that tanks 32 and - especia

'qcﬂwe&te?l@\sof@epan%hqaglr@dwﬁt - shoul d be provided with
sone r D
CorEAt R o Bl 584 5400 10100 YR B o s
thedgarmaal sPnigel despeese tirag @@quméepstprﬁtat theantinthead tinleirand the heater
irowe! gk %upﬁl?%d@l@orvvﬁﬁ)st'a%c tsh18 rc%mréﬂ c%ﬁﬁ%ﬁ*ﬁje\/@dfvht)ﬁeéh average
vertical distance above the print
velaGivip AR ernsiul obt Siaypi Re Minwe aleefties gerateriantequal to Bppratimately
L Fin0 r
1%32%?%%@*“ il B nphrRt Tohalls, & o Lokt Chdher Hitea 1o
S?ﬁ’l‘i‘i"lﬁ%@'%ﬁ@”@ffect of flow variations on the inlet
and Pigh}eeé is @étﬁ%ﬂé&@/ﬁaw 6f®?@%ﬂé§%%&§né‘ﬁ oﬁQ g)lnmefad module 16
ead are

bet ween regul ator and prin era

"\CQWQ’éat@Séh%P%Q"e et'%rb%emv B dlow raﬁa thwegeiheamge hreart is 200m
péﬁhﬁﬂuk@@- laB%V@pe?ﬂilhé oh ‘E%Jé%%ht'bf fhi eﬁ&&é&ﬁb@dgﬂ@ﬁﬁ&%ﬁes) typical

er second cor

ound
V?JP%%@“@%PTE’SS% difiprsnee P%W%P@ﬁ@h'ﬁ%ﬂddﬁfe doqiutlst #enia the. renge 50

~ t@80mbaryBaminags Peabary %Ve th@%cﬁmﬁélnsuﬁadth‘lo%efc tstatlé %é&3ure at the

the i.nk.flqw varies 5% as descri bed above

BB NS 0GR g Ui Taibat) Athey o resssiRess lgw as -30mbar have
beagfdugdl&beonkrsucaa”spﬂmyson to the 60 nbar pressure drop
bet Nl et t ni f ol ds of, the pri

head' ?elt ﬁ%\é(esg is gu%tp? é{uﬂp gﬂ( tjécrm i 8 i}rﬁ%\whlcp egtencls belq\%the ink
swfacet laes! 34 essistemitedbylibé m&rBGpF\t the :ﬁa@um@ﬂﬁé c@{lﬂilt is provided

YT, e A BHRLE, 52 RVBER et R im0y oo

flecsaetionsnint the tandiit | (atdh ecaused) w.at W fiper |p|utnph Eacﬂzscussed below) to

SRR YA Ty PR L T S0 e, 55 o
aﬁ‘ﬂlt'@l?ﬂﬂy pe Wﬁdelﬂlad in th@e:llrfec:tl(‘il’i*llmc i Biove uthe !m@uﬂm&!mmaﬁﬂ thalconduit
15hoRsd tBt AR i éﬁtgﬁé \;\At%"% :{bezérﬂé %tth? opﬁqélratlon detailed

conduits 214t regard
abeveg doatdni é‘quNPpé@ﬁem t@e@ﬁr inHbe space ab&é thedrtk Qbface 34. Moreover,

 anyBliter fé?él% ok iRl ﬁiBRNH?&ISa[Pr% o‘iﬂl E[ffﬁ?ée grergﬁ\éﬁ 7581 git t;petg%grtures 33

print héad and can ora 0as
'%Fﬁ?d*’le'mﬁﬂ’ fowegtrepy@tfed 340 t h vacuum | i ne 46 and

pri nind8asle rh@ést‘ﬁ'essﬂ'%ﬂ?é th%?ﬁer‘?e 8f7th?r5gpeﬁ{§ Bpfﬁr lhlfﬁ%sassmg (or at

for float position ve con

: fqaﬁbpnewﬂeionaf gas pbearetiany that fakes plareria $heam|alrtreaeremt o0 sre lost. As

dl’s’&\(ss%ﬁi’n‘? dEféﬂ‘b%W K 3heBs abBGBRE R HE UrethIhd PReRbI Y a typical

pressure of mlnus 400mbar and around 35% of its time sealed under pressure m the

heater or plpes The only exposure fo air at atmosphenc pressure takes place in the 1n|et
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.
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5 Moreover, small bore pipes ensure that the velocity

of ink therein is high increase the thermal control
response tine between sensors at the printhead inlet

and the heater in the ink supply nodule. Wiilst . .. .
acceptabl e control can be jachieved with an average
velocity in the conduit of 1 netre per mnute, .

vel odh theeexagpiefdrigwe BeﬂMegU!atoamamtmnm glioh thaits upper weir is

I(?EFieXI %5(1?1‘% J%&W%oro(zg Eﬁ% érmt hga 3_1%:9 %sgq?ﬂ?idtﬁatlglal pipeg R between

regipator and on@ hefaid gare @pproximaiely ambamymewaw @t a0 made narrow in

d: t h
88 S WA, 8 bl el 98 420 Bt o gt minmi
acgeleration eﬁgiiS.tEhWeip midth oheheliti 25ni0 wkring the BIEIUA the cenftre of the

R hof B ol VR oot Rindfp R eerd e e sseeteraton

db8tdgeen print head inlet and outl et are |n the range
50 1 70nmbar he nom nal
sub- gt‘lr;vr@s@%gB ?%:mts? gml Lolr g u"l‘(eérsa{)f epres%ﬁ Zpgulgigr to operate

ceirectly, te aﬂmrnt ginly ﬁurﬁpéd H‘Iﬂdiliyh)the a}ebmagéglﬂﬁt@l&ﬁwt% iRexcess of

nd .t
o R AP Fonch B8 ol R o PEr RS R0 bt vigher
emeama@h, poasibhosvenel009, réduce ke tise nélameforl mwhk 34he’i§rlnt head to

ST B Dbolt hiry e (il sr oh e 20 saconcs o

t@M@vgomnlhesmﬁd@cef uei 32 whipdht hbadROaatythpr &6 Uates given above,

S0 1 O sk BAUREA, s e e s o

thiotemperatene qontsoligystem may tiesseperishiniruascandApe warme tHd (from a
tfokial aﬁ‘i%hi $taRab 'téfnaﬁa %ahe;%rgh@? L%]ﬁarp%ﬁct ion of

| ow - the longitu duit 12 -
so a§ B JVaRriimiine C@%@eaﬁd}m kyf putiingea gu@ntw ofineht 2Gieut 50k in -

thesyshisin &P PigudrPEAPE - %fcﬁwliﬁg t@ésgsgve dqgs #o warm up al

ex osedtothe air 1nthe“space a sur
4 thefBrle@aes of thensysiam érfﬂhpas/@@grcbfo ioqalctfematwammmhts The'

cﬁtd:matmggﬁﬁ s@brf dlé{f&@s@rtﬁe $R8dadd ro%'& fhet [h’ﬁ’lé ﬂesq_[?% tgq‘ts operating

into the weir ownst r eam of

OBl U contEe Batem Amerion SieiseRia $idtabd o Spetifiall, the
cdmmsmweréqh L@ﬁt 92 Q@hltl@ﬂ?\éﬁﬁt&h@o@fforgé r@&‘i%@ b(’?@i‘sereaﬂer
%r eé &\55%" i ng{gﬂ N reservoir are

coypralied W Satys fne gem F‘Wk"@b@ﬁo@ ansiet Gupasature that
ektendsithe dperdting terapeaie: rof &he Prify Bbadlso ML &S Wiy Bdr heat losses
N\ 400nb and .aroynd 35% of hts ti me seal ed unde

BBy, £ TR T cConglh o Capheting che e BiaFyiomn ot @eagement
desaribad adione,stlﬁmrtargeﬂotaﬁﬁemtaré ami[W@@:@edsﬂ tﬁé"fhoh'm#tpnnt head

bRt WihipudteleBu e B lileran®® Sifneo Cemaenctheaaint head

operating dempéreturs eanain ambleit 0 say bﬁ"cg hégtdr hamledaturd ht%r a nominal

e ‘ ir via | ine 48 let tank 42 and
offefhd EBheRIe ™E " BneaRkih e R g e 26 C. Rece the
tergppndtateoof the gystent hasietabilized dndathe i grivt HEAE s WRLS té Rs operating
temperature, control is switched to temperature feedback from the print head sensor 94

‘which- rapidly brings the~print head ‘the féw remaining degrees fo its final operating

temperature, allowing printing fo 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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| ocated 250mm directly above the print head nozzles
and the total pipe | osses between regulator and print
head are approxi mately 3nbar. The weirs are al so nade
narrow in the direction in which the print head
nmodule is to be scanned sogs to mnimse 5
acceleration effects, a weir wdth of about 25mm

ﬂrmt/\/lheam dn tdneerl thaelit might Rerlopie ther eppbpridie hets afiOicycidYon future

T t
dofaeisn dhe PBtRE tetRcrete % BPEMP3E, BT hiitieRePaiisban the ik
tyat. g; (311 actH!mfeWB? héc@?a@hrﬂ( @s@tswgnmdr@w iAk @[ja éttﬁpensmr? agitators
ra oL T ec e ampunt, of in rou
BhFeHGed e A st spaRr Bio-(asen s B Mfowh ey e
armumoteg?"nat ks ﬁét»u’éthmq;drditg Q})u@ﬁb 1&g redudet shead #ﬁtﬂ the ink viscosity -
er a eas 0 r excess ra
@1@5 a%f) %flﬁ@ﬁoaem‘o}emps@ g-fs SEPREING valus Tiilbbe ARpreciated

that SUBR aredudtion @adlides the BRs bt \mlﬂeh ﬁéﬁtrs?@”['cm&d airwgﬁout the system
start Uu

ture fo
0B BY e A e eRhet in 1R temeerafiva, i SBoveconizp} rggime wi
Ehi?@d‘oﬁz@aratthé hbenrﬁ Itawrr@t gsatg?a\nene abeugted 2 q0K @gw tird\hout the
vel, oCl netre

SBtef e SSeag Thetbustire S, Be- Almehtiel & 8 adeiten. @ time
évu&yaﬁanbmebao@ﬁgnm tsysmﬁtetmlyamdthbh& w?rmmfdt u;ms the time
om a | € ST ar U erature o

BRI 1o kB b, MRS < hat HBsq FHELS4HEE of b S head or
frgsqued tagniptax willialst irflyende the aarm- uEllm@tfbmﬁéi'k:é r::lf the sybem.

Syst 0 [ C to the .sys

oY o FRys 1o 858 53 i€hePRE Be pfBofatts of B Rt HSdaie tficwnicn is
peraily paddaged im eganall blocK, eaidbld drpetacking er mek msduntihg . Tank 70

_ %’Eﬁ%(se 22}0 \A}B'rl{lﬁqu ﬁ?]‘;‘ Eg djf Irixgk Z&@g%lg" 5(&5?[5 z%glgltelﬁliﬁhre%tvagunum via vacuum

- CECHSHTp@lOat&ﬁ’ én addiitore tndrawingsink tehweidibs qrinb beladh bevdete clén thie vacuum

are itnitia
%imdm eFamdt &Y% of ﬂmtlm@lrm tir@ twnlt RO ebaiyice m;:efretgcebmpressure of
t t.
g ottt Sorfidr Rl [pEBvl T TPAANE et FLRPRIN: s2.and
tlier 5t foore di@an mmm@eztsnm@mqrﬁ@ el 78 hvmqlﬂeowomuhenever the
leded o?ﬂ@é’t%t bé‘ JehdtR BWnEBdsd, 83Is delbw HReRLMABEE "ﬂ?& 70 aiso has a

descri bed above, thi's target tenperature typl cal

BaeAl deain v%&%%%%l%he i I moenﬂwzﬁm tqybe éh%‘@ﬁﬁ{ ure

by 5Qpk i%fplkﬁt%dtﬁmﬁﬁ@falﬁkQ’Odhtﬁflﬁléﬁélﬁﬂuhe!tzvﬁﬁﬁehﬁteofpé blthp, e.g. a
head operating rgJerat ure and. anmbi ent

alrag ™ Rt ARG i BEFDARMIORo 551 & itelg +.9. & 6 micron capsule

aﬁ% P&%%Htsodbs Q%%%t{o?‘nc dl |¥1 ta@fr‘Ve cf aéé)e(ssdtgg |HI? g% e% %eétn of the ink

fiRAme fﬁfdtﬁrﬁnl@ﬁeétﬁ}@l@@%gﬁ\umm T8 latic? RS cOmirRe @fsteddi€ss steel coll

ce t te eratur ystem has stabilized
&n}q?gg?jf jman %Qalqugn eéq &n tsé""'BH@‘i“B@ltWB cartridge heaters (not
I Atdgbend 0Otk rddkl 935 R &mbeaHddOInt BBPAURIANIE, may be used for
fe?_ ack from#e print head sensor 94 which- rapidly
B‘?Q'H%W £ d8FSH headt he few remi ni ng degrees to its

fi nal umpes mby BE coh®oRanRtstehdentd @N\fe%ﬂ;uﬁ! fr&h'é@zﬁsér@4 on inlet tank
ar ed belé% this revgq %@
5361 wieehitriee B LSt head wmesiip dre verdaLine. YaigH agagement of a

brire h’é@@hfo@me&fonﬁﬁéte@ﬁ) & fddervoir module by an Unsheathed infef conduif 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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di fferences between anbient, heater and 13 print head
in order that it m ght adopt t he appropriate heater
duty cycle on future occasions. The operating
tenperature can of course e adjusted depending on the
ink type, e.g. to achieve the necessary ink

1, 'a%cdé‘iﬁcké/d séﬁéﬁfaﬁcéllb% Filird ©. @oﬁﬁ‘ﬁﬁﬁﬂ}%ﬁ@l@ 10@9135@5@0§m 102 that
can added to the main reservoir and

p@gesaeéstéwlﬂat §lga§!S|5§ feorpvifie peint bead mosvelﬁe1ﬁ krmeet thej appropriate
sb{?e‘dladf tﬁé’p&ﬁ? Wétaﬁd B%&iﬁ1 Oitwﬁi@rgh'é“e%dchéfé‘ﬁ%ré’(ﬂltd sl.lgﬁeh 84 to control

Vi SCOSI I's dependent on i nk tenperatur
the hegteﬂ@é’r by %@P&yﬁ‘@r%ﬁtia'ﬁ'g PeweL d heconiplier may adt‘i‘;p(PCé‘éthYQi‘(:BS in the

plift#ead ‘t'x%]:llﬁe fo%@éﬁvitt? ﬁlgﬁ & Wi@vél he tl‘fee\‘io%tsaéncﬁﬂtl%%vﬁl%ﬁtoutputs for

I's circul ated roug ut t esystem and
indicadiore pad iatRm; H@P@S@ér Hesey hava Akconaegsien 4o dadoryt mésupply 112 to

dﬁ%"ée vS@tmtﬁ oégeétgtg"lﬂ@ o 'eln rrpﬁdlﬁ‘gwafcﬁ!]xﬁ’i’ageeﬁd,hﬁnﬂ’%t rr?’a‘i'nually or

circul t hr oughout
e[emorg@aﬂy;sgt ¥AUUM egwatory é%‘c%\gﬂh losalspressers gioatiapior supplying

h hr{%cutﬁ% t(fgbﬁéﬁy‘ Mfﬁh%’l 486 it %Q 't@fhe r@s%r\réf?tanﬁ"’f'oté%'a I8 acuum

e use start t St e
(tYpieatydMinys 0P mhar @&me) merﬂrm@ea% mqsiuteav&: A% adesult of pressure

b@ﬁ-lb %ﬁirﬂl%damaﬁﬁhﬁlf |ﬁ|é23%ﬁ ﬂriﬂt h@@d ﬁfo@ﬁl@r sﬁ;\g\et J%@eﬂ%?r %Ed controller

pressure regu ator 1 also influence

nwaims @9'1 Peueed rpsrrdceseverd P@Vs‘teéﬁ?’ Mpreyee ong @oamlemay control

sédréréﬁbé@%@r FnB&ulEsP @Qﬁﬁl?iﬁb %eﬁf all \R@h fREBRMLWD lé%%f%a&&m
whi ch preferab ackaged in a small

Sui tﬁ%ISEOWBr'” §!%'E¢<|1ﬁg”€r5yﬁ*§8k Wmﬁﬁ'@e aTB‘HRG"'WOOf print heads 20

sEbEE8 Srotn \BOSiKGIE Sestnaiit nbiule 10|, Meréty Rideaihl fhe mmb)er of reservoir
hel d under a(ﬁ@a‘?um Vi a vacuum connecti on

86.
moghfles; reAuires APk Shgle gesse rpgyiaer H@dﬂahﬁ?ﬂh‘llaée the fluid
pldEsuieBifer Y@@ PrinBh&atis I \¢eEhowhds Wd@ﬁ@ rmt Thig rﬁé}ﬂb@%ﬁpmpnate

VBt T, P Geasoaar STr65¢ S PK 9521 aRler 13 taresgse the prin

régonutxoalantlmehatpuntesmm widtR&SlH Rn®fn ﬁé)' s @ fuRtlendérssion of this

PR IR ERESS. i Rt ash el bPslte Gl g an outet

prdssuteaodninalier 404 emeiahch adonaedt&d thi x torgp eresswieebas d06. Pressure -
e I f f l, gat by .s aI I .

oHFl S 5L 2 A ol B 5P SIS e cponat

cdntzdl ramia;breests@ fines fndtahowhe Thekpreasurh dousnshioull Byt erarge cross

%{c}?\e sﬁg\%1 Qﬁgheégéggl lﬁeﬁetg %@% %Jb%ﬂgﬁgglﬁeﬁtgfﬂ%gg%%r%ﬁm along its

et condu
Iengﬁrph& a@nbm;prmmeaawn@] gref thestGODe@,qied: elodp tthe kewgthogf the bus via
shlénlé :".8'51" B 2|, %ltlﬁ)lﬁh%%%ﬂﬁ@ﬁﬁ&% S?l%lé Ir qhi& )y ¥é coﬁ‘f&te%nd#éahy to the
bysalhis E@yldgs @eqom@pt prird onodirisdRying dmechpreawmcnmmhat the head for
d t tridge heat t
R B o O o1 | 05 ol so enbedded | the
aI uniirshawd beayndeestonscibial ibe pressol Invgnticn kas baenddasorilad. by way of
? h’(& 5nl?%n53%atb§“ﬂén3%r%w Sﬂnfoggéaib%edc%ﬁcﬁe %d@ @ﬁ%ﬂ?hepanmg

sensor or supply pip
frome ther iseepeh ebthenbreniéon. Hovpartiaularf the trlventhnou&abt restricted to the

" RHIARP PRl Tediator described above but can’ utilizé any suitable means for

maintaining_ fluid  pressure within . predetermined operating ranges.



print head' nodul e connected to a reservoir nodul e by
an unsheathed inlet conduit 12 of 4mlength and 4 mm
bore, Controllers for the various val ves, punps,
heaters and indeed the print head itself 35 may
advant ageously be | ocated j;n a further nodul e,
separate fromthe reservoir nodule 14 10, as depicted
schematically in Figure 12. Controller nodule 100 has
a section 102 that AmpndmieSt®isust he fl oat signals 56
fromthe print head nodule 16 to set the appropriate

S DB B L 108,91 A 4 e e

suppl groplgt sepdsitiohedgvimechavinphan doett eoldullet amd, inghuling at least one

i on @psii, PP b SofutilcRliorl 5B AT Helod fofR oot dhparatus

out pueengrizsing: i ndi cati on and al arm purposes. It may

have a connection to factory air supply 112 to drive

‘a vacuum ej ector 106, or an in-built vacuum punp, and

two manaafltig reservaid o tsupplyingl fiuid detandareoeiving dyid frowr the droplet
108, 110 w.t h | o¢ pressure indication for supplying

hi gh (\% é’%‘hﬂ??@%&é‘g‘l |y mi nus 450 nbar gauge) to the
reservoir tank 10 and | ow vacuum 10 (typically m nus

70 nbar |t . . .
Fosul o 1BEbiefub oPhld? agdfRl, Gk, A (8 Beld, reservolr and
each meingin hegoessodbfdluicsatrsgldenietater firel predatermined vaiue;
controll er nodules can be used to service several

print heads Moreover, one controller may control '
sever al anesdlet gressuisd adrdeliers agantod g retwemildidl tonsaith resrivolr and
SaIe | \hidi & BfHtRt <3R1 SRS d Secbh@ PFeRieteininkd Salue;
system nééyﬁgr?n%?%é gﬁp urality o pr'lgbnt ﬁgaeg]s 20 15
supplied froma single reservoir nodule 10, thereby

reduci ngud RfrePsHERSSetRbor 85T HEH Snd BBEHHISTaiiViRfa flow of fluid
Furthernore, a si ngtgl e pressure regulator 16 may

r egul Hireughraaid atleast ope eesavreShemPesever al print heads
20, as shown in Figure 14. This may be appropriate

where nultiple print heads are arranged side by, side. .

i n &r Aeparelisiageyidingdo pb Mherein dugia qrralRt %P@%@P“'g‘“'d circulates
the pchbminusué froml S4ild cafleti Srelsdrcopslics cthralighaidh dservoir and to
extensign of this 20 cgncept is shown in Figure 15, in

whi ch 81 IRl REESSHFREUWO®Scont rol | er 102 and an out | et
pressure controller 104 are each connected to a | ong

ressyre bus 106.. Pre re, contrallers.are .f
P Es Kot acaprane B OHhS1 of S pElelal by et Sesyre controller
opt i opadintainerthe Qressack pf @sidluatesaid rialet {mieperxteotin)of afipevariation in

pressure bus .shoul d have a. l.arge cross section (shown
dashe&rﬁsum%uﬁosugﬂl g sgﬂd@{a ntially no pressure

variation along its 25 | ength. A nunber of printheads

110,are then connected along the |e h he S, i

shobt APBHIRIR SoaSR 216 Ablchtebming, i oBiprb ool Soutef pressure
equal Igpnbeliec ongirtalngdihdi presdury dfcfividiat daids ouflétiisdependently of any
provi des_a conpact print I L. l,f ect pressure

contr dﬁr'ﬁtfont'ﬁ EP reuq qu\”d rélrt%ﬁ%ﬁﬁ'éqlm%#'a %ggéftaceabl e :

. heads.

5. Apparatl-Js according to any preceding claim, wherein said inlet pressure
- controller is spatially fixed relative to said droplet deposition device.



It should be understood that the present invention has
been descri bed by way of 30 exanple only and that a
wi de variety of nodifications can be nade wi t hout
departing fromthe scope of the invention. In
particular, the inventiongs not restricted to the
particul ar pressure regul ator descri bed above but can

uki |4 kNt

0L ool . BEP sl T, A S et e
Ane rodatlolier & spetidily fikbdiredative pangad dpat depssitioordesiogpl yi ng
fluid to a dropl et deposition device, the droplet
deposition device having an inlet, an outlet and

[ hclApﬂ:iarajusatacbmd&g neny [pressiinge claim,maderaim said inlet and outiet

comuni catio an eje sai d

comp st Sl bl Tt Sl ety SRBRIEE to the
and dreglei depogitibn appdrdteam t he dropl et deposition

apparatus; an inlet pressure controller adapted to

receive fluid fromsaid reservoir and mnmaintain the

p Be Sgipaeatod a‘cbmridmagato any Cbriad:dcﬁa’(g ataira, Whesdin said inlet and outlet
predet er m ne resstfre controller

D arrair Sty 4 s o FOEDRIN o1 g

mai ntain the pressure of fluid at said outlet at a

5 P S DB P BT Ol TR R B G R Birgoters are
t hr cugimtsdiodsaid drioplasdepmsiiopdedsar e chanber. 2.

Apparatus according to Caim1, wherein during dropl et

deposition, fluid circulates continuously fromsaid
oum Apppapates sucadiog o oy | eecediriyr daigh whereinraegkpressure aodtrollers

58] S (el BERS UL BofR0bIOhoBlach infPPBRAL WL

acco I ng ern sa
pressure controller mai ntains the pressure of fluid

a d n ri
ptr'léss ijarétn% Sggp{fﬁv d}\‘ oc? Srg é‘{l rﬂ v@ﬂe'rém é/'-\%d m!et LPrc-‘-,ssuree
accowitrﬁ@ert@rrmﬁlyeqoa diesd denkgeaonastay tq\ﬁé'fienlﬁt s%ﬁftﬁ %mtar:@tof fluid in

Pr €Sl first féﬁ%ém{: ag% st38e Héz—ﬁi m!uftf‘ﬁ Riaagure of fluid
at said outlet |ndependently of any variation in

pressure of fluid returned fromsaid outlet. 5.

Appas s aistud aesirding %o CRIRAM, Wh@?é?r@ tHOhdiitl dPsalRScLiuiface in said
said inlet pressure controller is spatially fixed

rel afirst/fgnk is delgrapingd by iagovaEioBEI% Welh device. 16 6.

Apparatus according to any preced| ng claim vvherei n

” danpireeis Bmana oA HopoClanoi! GReran shd ek Surtace in sad

first tank is subject to atmosphenc pressure.

14. Apparatus according to any preceding claim, wherein sald outiet pressure
controller comprises a second tank connected to said outlet, a free su_rface of fluid
"in said second tank defining a static head of fluid at said outiet.

'15 Apparatus accordmg to Claim 14, wherein the helght of Sald 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.



7. Apparatus according to any preceding claim wherein
said inlet and outlet pressure controllers are
| ocated at substantially the sane height relative to
the droplet deposition apparatus. 8. Apparatus
according to any precedi ngsclaim wherein said inlet
and outlet pressure controllers are integrated in a
single unit. 9. Apparatus according to any preceding
cl ai mwherein said pressure controllers are  nounted
t d7sApraraius gceardigago Slaimol? ereGiptee 15.1\wiespip el prgssure controliers
acc ls as
or corenEo bR BHERAL BGRIG Phich AR posses.
device are integrated into a single unit. 11.
A?{S#étu@%ﬁ@&gfnp 9o R, Q!f\@l%ﬁldthél Fat iR ﬂmqﬁi@'sﬁld first tank
sal d et pressu controller conprises a first nk
connisceadrollest nrdepentienee ugon ithes leyal pfafit@d dn seid, figgt ’tank "overfiow
sai dy an ist tank defining a static head of fluid at
said | 12. Apparatus according to Caiml1l1,
wher ei n the hei ght of said free surface in said first
taﬁ'-j‘A argﬁxtseefdgbrgﬁﬁ QVC% (’I‘?eérfdllg?m H8 ?ﬁ@l‘u&ma]ag bypass passage for .
us accor aim1l or Caim1l
s ai dﬂraid dewdipnt sl fi rshtasl& oerfipw trgwgft tqrsRId secepmhijask 9V¢rﬂow trough.
at nospheric pressure. 14. Apparatus according to any
preceding claim wherein said outlet pressure i
c 0. Aepgratus asapidingds aay sae ohglairani?, ‘tﬂ:%‘& aherain ig; igve! of fiuid

out | of s2id sEEGRI ﬁa‘r‘nkfcﬂ@ﬁloﬁf trédg%' d%ntrbl@ th@irske SR GRAAMSANSIG second
defining a static hea fluid at said outlet. 15

Appaﬁﬁiﬂ(@eﬁ@t’}’df%l‘ighéo?%dﬁsﬁﬂﬂrl4 wherein the hei ght of
~said free surface in sai d second tank is determ ned

by an overfl ow weir ' ar at us accor

of &l Aoparais @ogrﬁvqéo we%% ﬁf Chs; Tod ﬁ&@éeqn $aid pressure
'subj @eftrollePindluB&da ChNRIItIoARSHIRE said Tankltd saidper at us
according to Claim112 or Caim1l5, wherein said

pressure controllers further conprise a respective

t r opIgipphite adabelingoteerldibodd, Rgefdinsad parsiiiss sulBtantially rigid
Appar atus according to Claim17, wherein the rate of

fluid flowinto said first tank 1is controlled in
deperigeactusipanrdiing td Slatrh 2f orf Claind 2Rnwhaieth $aid sonduitnik less that
overf1l ﬁw 1 rougg}g 19. Apparatus according to Claim17

or | uding a bypass passage for fluid

flow fromsaid first tank overflow trough to said

) _ i
o HMPPRRS RUEFER S Fh G o i G Uit B BBure oo
of flasrabsisrids apnduicisorss thank5Bvelr the awessuse grore @moss) Issld droplet
t he ro%gsi@gn &dww from said second

25. Apparatus according to any one of Claims 21 to 24 wherein the pressure drop
across said conduit is less than Smbar.

26 Apparatus accordlng to any one of Claims 21 to 25, wherein said conduit has a
‘bore of greater than 5mm.



tank overflow trough to said reservoir 21. Apparatus

according to any one of Clains 11 to 20, wherein said

pressure controller includes a conduit connecting

said tank to said inlet 22. Apparatus according to

G aim21, wherein said conguit is substantially rigid

23. Apparatus according to Claim21 or Caim 22,

V"hﬁrﬁb r8k e BRfhy fo by |p‘?e§3%d¥nlaaélalm1qmlﬂlzd' a %&hh $durce for
parat us accordi ng to any one of

vvher ewaintainiag ﬁﬂ@ggmoae EﬁSQB’O'TE?é [BORESHEE AR ﬁasﬁttveu tBarll gisher said

t hanf.é%&fecwpreaa%@gﬁsd Hleggurasr 0ss said dropl et |

deposition dev Appar at us accordi ng to any one

of Clains 21 to 24 wherein the pressure drop across

3 s lacl Irgs, # B 1ERRARNG'S for pum

a?gf\g?é}gfﬁ'tsgacgﬁginf % ah‘?a@‘f g?@rr% 1o 25, V\heerelpHmp ard Ping

condflii¢l betweea salsgeeenyeir gre aaid drapied seposition; devicaythe fluid pressure

AppaLaLig iﬁ&@@éﬂ# 'agtef'rﬁm@@%ypsra?d: ﬁgrhﬁganel e Tuid Rfedeh@Obetween

a vacuum source mal ntarni ng sald renote reservolir

at aspid @y @Mﬁgniﬂb@aﬂuwrw éﬁldéﬂlﬁh@ﬁs%l&ﬁ &onwlleéfnqaﬂors the

S€ecoy dp %@&Ir@rﬁ' Q& ﬁ’]! Cﬁﬁﬂ’ %ntnﬂ§ selftP R naintain said first

accor any one o to 10 Ing a

pun’ppf&ﬂﬁtmlﬂpﬁwgiuefl ui d betvveen sai d reser v0| r and

sai d dropl et deposition device, the fluid pressure at

said inlet being determ ned by said punp and the fluid _
i nfb Aaparatuseacoeriing &niipipush wirreinrbe fiyidepresgyrg at said outlet is

wher gb@nﬁ%@ By et nBGARE %r%s&.@é‘tdioéah@rrerﬂ&@' FeRBRok hefhd the fluid
fluid pressure at said inlet and controls said p

nai nirapefagss Beiweps said p@gia wpaRvaieand fieputieb gnd wherdin said outlet

AppaiatddSred&rRoibraobirEm Mid presdiey Qt QauB heutibd Hhdl controls said
pressure at said outlet is detﬁrm ne ‘{Y% t he negative

pr es ¥YasWINg BOwes 9 MaAFINesaiblrst FsP¢teImRed YRVS-| ui d

i npedance between said renote reservoir and the

outlet, and wherein said outlet .pr re .cont

mor? M%ratt%ea?‘ﬁ"ﬁf g i g&%’l‘}r 8t %%\'?‘d%g PN *‘tﬂb‘I i impedance
cont fehfeepiacdnpom@atsuin Helimpedatcenal teafluid sainduif icostecting those
predet erm n(id val ue. 30. Apparatus according to Caim

28 of°BPE¥R*29, wherein said fluidic inpedance

betvveen conponents is the inpedance of the fluid

gﬁ%pﬁrga l{nsngf(c‘:ﬁtogﬁsl ﬁg %%%Zﬁimégrgﬁ]%g%m g?f e\rﬁéerﬁﬁggﬁé Phidi impedance

fI ui dietvéempectapentsbiativees) tipirppedants df muleudegore flow restrictors
'| n'pedD %een%os%n&n%mg%e flow restrictors

32. Apparatus according to any préceding claim wherein the droplet deposition device
is moveable relative to the fiuid reservoir. '

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

34.AApparatus' according fo 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.



_between those conponents. 32. Apparatus according to
any precedi ng claimwherein the droplet deposition
device is noveable relative to the fluid reservoir.
33. Apparatus according to any precedi ng clai mwherein
nore than one droplet depgsition device is associated
with each inlet and outlet pressure controller. 34.

Ap 1%, ﬂﬁn;ﬂﬁat% GRESHHIRG td @Ieﬂn%ﬂv&ﬁ%renﬂ"@&ﬂ ‘?ﬂuffe ?ﬁéndm??)&&lces and said

t han one devices afe connected I n parallel
pres siiieband oytiet piespwre caniiollemr Wétlnt@@fa@d(sfﬂo Q@lﬂgdﬁsum@ ng
mai ntai ned by said inlet and outlet pressure

controllers respectively. 19 35. Apparatus according

t o 38 Aimgthed forpurrlying Huifl do asepletisignosinn dryitecthe dapplet deposition
sai d t I

sal egtrléautmgj h%@o&gtﬂﬁn E@tﬁer'i] 4he i @n@]&rkoét IS;E}S? éﬁ%j)ressure chamber in
suppl SerguRication with e emacépn @pZZi%rib% methed cdepiisiag t he

dropl et deposition device having an inlet, an outlet

and including at | east one pressure chanber in
comuieceingoat et iwlehto el ioplet Wepedition demicenet fiow of fluid from a
conpr ipddidstigpei ving, at the inlet to said droplet
deposition device, a flow of fluid froma renpte

supply; applying fluid to said inlet at a first

pr edesiiythd\add B @a‘?@We? at éﬁ%?bwd@%rrﬁin% grefséﬁ‘@, the

outl et of said droplet deposition device at a second

predet erm ned pressure independent of said first

Pr essyceiving "Blid ok %é‘%utlétrméiﬂedr%éﬂ 8Ly %ﬁtioﬁa&é{lic at a second
dr opl et deg_‘gy tion device (?

r enot BregeigAniped REessWe indapangay pEsaidh st ar@-fsw@,rfa@au d
first and second predeterm ned pressures drlves a

flow of f] UIfd t hr ou%g3 ?I d at | east one pressur
chamb®&UMag. from fhe adtet oF s8if dirorjet depepitipmigece. v phiuid to said

sai d fenwte efippiy;ui d from said renote supply is

received at said inlet at a pressure different from

said first predeterm ned pressure. 38. A nethod

accor ¢hergint ine GittérenSbetweth b Hét andeecind sraietefrhigd¥d pressures

f fl t d f d
o | ks SR R pBER 1S o AR Sl =
predet er m ned pressure 39 A met hod according to any

, her. ar , fi
i TcaneRbd Berthad, o it don efet BeeCh o b ' S remote
dr opleupphferifbsnepel@ad &0 saill .infet hadd aapozssdien gliffevertn froonaaid  first

of C élrl nk® T”é SL"_%urt her conpri sing mai nt ai ni ng
sai d ermte sup at  a pressure substantially nore

negative than either said first .
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
rin_k 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. |



pressure or said second pressure. 20 41. A nethod
according to any one of Clains 36 to 40, wherein
applying fluid at said inlet conprises maintaining a
static head of fluid at said inlet. 42. A nethod
according to any one of Claains 36 to 41, wherein
receiving fluid from said outlet conprises

mai ntaining a static head of fluid at said outlet.

43 r di [ rel

S o008 PGB et oo A B el Congiy fildar saa
det emnfat ceshphisessabiticitiag 2 statiebehdoi duid qbsaqésm]ete appl i ed

to a free surface of fluid defining said static head.

44. A nethod according to any one of Clains 36 to 40,

whag. Ai metbad cictondisig to png det ef Ciaias 3prte did ywherein receiving fluid from
est abl.i,sh by a punp. punpi nqg. f.l uid, f aid r te
supp o Slfch comafsPe RnRHIR: A fele Hedt IR B A o
sal d inlet. 45. A nethod according to Caim44, further
r|3| nDnit ress e 0 fluid at.. said
el B R 8 oA BT bl 2 atefell §g s for second
pr edat@iemrmdnéd prressl,frels @are ﬁéterrﬂmafetﬂyoelalamimrodhe;@ tued @nyressure
cond

or eapeipnareheBes o 1l B LG PRI

punping fluid fromsaid renote supply, and a fluidic
et Pands ARSI o A B8 R E R o) py fpefdin saia st
noni ipordetegmires pesssalisestEblistfedliyds pams @umpmgtﬂuei framm daid remote
d

or e et AR e ReREL ALl BB SR S e

one of Clains 36 to 40, wherein the renDte supply is

ma AL} gaécc% g)t Edsfpn REERFMES corﬂpl‘?‘%ﬂ{? ﬁﬁ)ﬁé&g@%g pressure of

second pressure 1s es

negatﬂmﬂeatpﬁrae@k dnleteant a@wtmgrsaﬁ)pemﬁ Uppngintaiingaig first predetermined
flui é‘ssh,tgaedance bet ween said renote supply and said
outlet. 49.. A nethod according to Claim48, further

corrprl sing monitoring the pressure of fluid at said

Oukb g n@éiﬁo@cyca%iragtosahw JRBOSE CHAMBT $5 38140, Iherein said second
mai ntain said first predeternm ned pressure.
predetermined pressure is established by a pump pumping fluid from said remote

supply, and a fluidic impedance between said pump and said outiet.

47.A inethod according to Claim 46, further comprising monitoring the pressure of
fluid at said outlet and adjusting said pump {0 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 outiet.

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.



