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APPARATUS 5 ~' 10 1 30 The present invention relates to apparatus
fBr. depositing dro /ﬁ@@” d and conprising an array of fluid chanbers,
each chanmber comuni ca h an orifice for droplet ejection, with a
common W@ P3§928 et nani'¥skd and with a conmon fluid outleﬂCTm@BHWQwﬂ
together with neans for generating a,fluid flowinto said inlet manifold,

t hrough each chanber in the array ana into said outlet manifold. in
particular, the present invention relates to inkjet printheads hégvm,ng ‘sSugh:;
a construction and in which the fluid flowis ink. Such an I nkj et pri nthead

is known from W91/ 17Q5R0OPLEPDEFOSFIONARPPARATUN erence. Figure 1 of the
present application is taken fromthis docunment and shows a sectional view

t aken al ong t he Iongitudi nal axis of a printhead channel 11 forned in a
base 12 i ezoel| ect erjal. Ink ejection,fromt n IS via a
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al so knovvn Ink may b Into one and out of the“other o mani f ol ds
32, 33 smamfotdalgmaehmlar Mnfkpfe&amturmemmgh relates tonimkjet paimtheeds haviagnozzl e

nt head ,operation. Thi cts, revent the accumul ation of dust,
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I nhi bi t ink droplet ejection. In the course of experinments with such

printheads supplied with ink at a rate considered sufficient to prevent
forei gnSbomafsunkyeimru‘gge@tbeﬁ km@wn rfrarm SVRSAZ1 2051, tinberpasated lden:aumbgr ed that

o} obt ecreptics; EiGURLES! (e a6t anitiatohis Rhkeh B &1 BeBlmetl 8RR, Sher
that thigowskiseictioRal view téleénllatorfgfth@ WﬂgllLﬂilhﬂrb)dI@Of aorinttséadeRanngGIn 00002’
WD 001 38928 PCT/ GB99/ 04433 ~ 6 , Ui L~ of the ink neniscus in each

chthrber1hifomed ireadiasgy12 ohpigroeiectric mﬁerlaiaumeﬁyowpnath%ﬁbanmeh he

nvent dRoR BoRAE 2 ST e BB €0 TR Bik < oiet St SHERARS S e
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runni ng "al ongsi de the arra§ of_ channel s which is equal (at, least at the
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inl et donexampie fiam GfEARKTT JQ%?"@(?R%\EO@JMQQ rﬂéef-q’%'ﬁc?m%ﬁt@very
channel S
o scnoref EHI@YboRMeR SIRUGERs fioffel SRO e SANBIR NS,
t @0 st agliectrierfiddsiapphied betweer electnodeson eppositedsides efieachivealbso asnd hence
e statl ?ssure at . t,he nozzle of_the c n anber .
cfefﬁac transversely in shear mode. The resulting pressure waves generated
in the ink cause ejection of a droplet from the nozzle. As is also known, ink
may be fed into one and out of the other of the manifolds 32,33 so as to
generate ink flow through the channel and past the nozzle during printhead
25  operation. This acts to prevent the accumulation of dust, dried ink or other
foreign bodies in the nozzle that would otherwise inhibit ink dropiet ejection.

in the course of experiments with such printheads supplied with ink at a rate
considered sufficient to prevent foreign bodies from aggregating in the nozzle,
30 it has been discovered that droplet ejection characteristics — particularly the
size and speed of the ejected droplets - have varied along the array. It has
been established that this variation is a result of a variation in the rest position
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Inits preferred enbodi nents, the present invention seeks to solve these
and other problens. 15 !'n a first aspect, the present invention provides
dropl et deposition apparatus conprising: an array of fluid chanbers) each
chanberwooomsses cating with an orifice for droplet ejecti ®cT/cB®O®ma¥E3N fl uid
inlet manifold and a common fluid outlet manifold; and 20 neanst&ijN cﬂ?%
generating a fluid flowinto the inl®t manifold, though each chanber In e

dintp the outlet fdthfdflh h chanb
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dropl e ej ection e orifice sinultaneousl thef ydflow
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bel ow 28 3 ~ ~~ a threshold can ensure_that any

Vi scoustoﬁhééﬁﬁﬁ\‘lgmﬁ)sgbgﬁml 'GBﬂBWcWFO‘th 5@%9‘]‘@”% inthearray;1946ton do” not
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the w e arra orm mage across the

print ecbweitrhamfolﬂheThishattum affestsnbhleesteaelpirgsamm atvitd inletSand oatlet
preferred construction, the inlet nanifold has, a resistance to fl ow | ess

t it t Hereagh ehamber é”gl'\ﬁé‘cﬁl the statiq Prassule atthenazzlp ok the ebamberpet ween
the inlets to any two chanbers in the array sufficient to produce ’
significant differences in droplet ejection properties between the two
chanberig itspieierred Erabodiynerits, theopiesenpirfentiondsesiasto sciviedthese hend
resistance to flow of the outlet manifold is chosen such that the pressure
at- a flethar prRRléMSe any chanber in the array varies between any two
chanmbers by an ampbunt |ess than that which would 15 give rise to
significant differences in droplet ejection properties between the two
chegrberin a firgthaspact,athe present invention provides droplet deposition apparatus

comprising:
an array of fluid chambers, each chamber communicating with an orifice
for droplet ejection, a common fiuid inlet manifold and a common fluid outlet
manifold; and
20 means for generating a fiuid flow into the inlet manifold, though each
chamber in the array and into the outlet manifold, the fluid flow through each .
chamber being sufficient to prevent foreign bodies in the fluid from lodging in
the orifice;
wherein each chamber is associated with means for effecting droplet
25  ejection from the orifice simultaneously with the fluid flow through the chamber,
the resistance to flow of at least one of the inlet and outlet manifolds being
chosen such that the static pressure at a fluid inlet to any chamber in the array
varies between any two chambers by an amount less than that which would
give rise to significant differences in droplet ejection properties between the
30 two chambers in the array.

Reducing the flow resistance of one of the inlet and outlet manifolds to below



" Preferably, the resistance to flow of each of the inlet and outlet

mani fol ds is chosen such that the pressure at the orifice of any chanber in
the array varies 20 between any two chanbers by an anount |ess than that
which would give rise to significant differences in droplet ejection

proper tWOL038928ecen the two chanbers in the array. Since PAEGRIBE44IBe at a
chanber nozzle is influenced by the §t atic pressure at both tae I nl et and
outlet to the chanber (it will generd&lly lie m dway bet weenk t U

chanber Satheptiold b aFiabfe, Bl ) Vibeihe Brepeihe B et Y Bk e Do 1
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inlet nor outlet pressure varies in such a way as to _cause significant
pr essur ehdradteristiceoverthevddth ofdhe @rraye A a resudlt aseniferm imagerquality t he

array. Variation .0, ] ' r o the wdih of the printhead is 30
t her eby aCtofk P e idin F"i%‘lr’ sbSYate 5 Fatd ghfw achieVeB T/ caoo 04433
Thegefore, in a second aspect the present invention provides droplet
deposi tion WO 00/ 38978 4 - apRar_at us conprising: PCT/GB99/04433 6 JUN
2003 anlmoneyprsferredi eonstrustien.dhe daleh manifald hasaresistamcertg flowHess: orifice
for droplet . ejection,  a comon fluid inlet manifold and common fluid
out | et ?ha%yh#tf Wf‘&% &'HH“@QW?JF&Q {‘Oo? YRLIRLIPR, 'Pn@taﬁc Ar ﬁ?ﬂ"ﬁeﬁaﬁf“‘f?ﬁ%tn%e i nl et
mani f ol rs ith t &i8hi i fol d,
The f1 e T o e et progueY IR P o
bodi es Wiffereaces lnodropleh ¢jedipmgroperties betweeoethewtver ahambers irhtheber i s
ﬁﬁciated with nmeans for effecting droplet 10 ejection fromthe orifice
|taRE@Ysly with the fluid flow through the chamber, the resistance to
flow of the inlet and outlet manifolds is chosen such that the static
pressure at the orifice of any chanber in the array due to the flow varies

bet weenlrmanothes prefemned sopstrugtioanthmresistancertarflovhaf thehputietwmanifold ve ri se

15 chantsep68fen henBEST pletstie B & nihale B AHELREANLEF B SRl CC1 i ona
area of yaties petveeRcary twdehambetrs dydarpamaiint/Tess tisanl thaswhichwold t he
pressure varies between any two chanbers by an anount |ess than that which

wodbd goive rise dotsigrifigant diferances ip; droplatrriestiom nieperties beiwasrythe
propert;tﬁg ".’?’%ﬁ% iht}ﬁet%fhanbers in the array. The array of chanbers may

be Iine chanbers ' may be | ocated

Preferably, the resistance to flow of each of the inlet and outlet manifolds is
chosen such that the pressure at the orifice of any chamber in the array varies
20 between any two chambers by an amount less than that which would give rise
‘ to significant differences in droplet ejection properties between the two
chambers in the array. Since the pressure at a chamber nozzle is influenced
by the static pressure at both the inlet and outlet to the chamber (it will
generally lie midway between the two, neglecting any difference between the
25 flow in and flow out of the chamber due to droplet ejection), reducing the flow
resistance of both manifolds to below appropriate threshold values will ensure
that neither inlet nor outlet pressure varies in such a way as to cause
significant pressure differences between the nozzles of successive chambers
in the array. Variation in image quality over the width of the printhead is

30 thereby reduced to such a level as to be insignificant.

Therefore, in a second aspect the present invention provides droplet deposition




adj acent one another in the array, or may be |ocated renote from one

another 25 in the array. The array may be angled to the horizontal and the
inlet, m¥0PEI2%ay extends parallel to the array, the proB&TIGRIS/04433t he
inlet manifold varying in a direction lying parallel to the array in such a *
way as to substantially match the ratg of 30 pressure |oss al 5ndﬁNh%ﬂOGnl et
mani fold due to viscous losses in the'inlet manifold to the rate of

|ncrease re along the inlet manifold due to gravity. As a
resul t, adéhaéu ﬁnﬁ:{/ g# remai n uni formover the whol e hei ght WO
00/ 38928 PCT/ £R%1£/¢3R1i6 chbMbeds, dchothdrhbet bambsuniesatimy with aotifice! a
difference in head of ink between the top and bottom chanbers of the array.

Ther ef orfor drapletiaieetipmspeemmer figic indek manifelrt abA »commes fiuid puget '
deposi tion ﬁ ﬁaﬁ,@t us conprising: an array of droplet fluid chanbers
angl ed t Bafa ontal) each chanber being supplied with droplet fluid

fromsa Commnn{éansifdfvgéﬁérbﬂng@ AOR O AR ik ridififcld | Moughndadtpans for ©
generating a fluid flow into each chamber of the array 10 whérein

pr oper t i eflsaraber ke thelagrayrand irgo dhea:tgtliemgnamfcdddtheeﬂurdoﬂowyhrwgbaemh el to

ol ong. « nearnet BRIRBEERR 8 THUSHCRELEN todTRh R by Rul By P lodBini o °°°

i ncr easeinef officl;i ¢ pressure along the manifold due to gravity. 15 In a
preferred arrangement, the cross-sectional area of the inlet nanifold
varies per pendheneiar each chemhssgjstansosiatediwisl meansffor rEeglingroplet

h fluid | fald f h
b selekfn BRER % SRa0E EnBR AL Sy AwiiR T Auld # s6telugh i ehanthar, ?Llée.
may var yiheOreRfitaResi Its Ao oft PetiRRt Iawa%@ﬂ@tl rhahnfdldseistdr@seﬂfsdd?ﬁh%l ty of

chanbers. There may be provided nmeans for generating a fluid flowinto the
common f $tatid pressurel af thelarificgrof anyrchambeen the amay siuedp taﬁdlqmvaneme
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extend opelsidfificarth diferéRcds i inCaespleB Zejetiion Npidperties ebetwebry ahei twé
printhead for printing an A3-size substrate. w In apparatus of the kind

desd8i bechambees in the AFaYypi cal |y supplied froma 30 reservoir arr anged
above the printhead and flows to a reservoir arranged bel ow t he print head,
fromwhere it is returned to the upper reservoir b nmeans of a punp. Wen
the priniheré preferrict amadgehrentuthe crossvséctitaral alréa ofrdt [dast ose of e
00/ 38928 PCT/ (3B99/04433 s ,- .6 JU V 2003
inlet and outlet manifolds is such that the pressure varies between any two
chambers by an amount less than that which would give rise to significant

20 differences in droplet ejection properties between the two chambers in the

array. .

The array of chambers may be linear. The two chambers may be iocated
adjacent one another in the array, or may be located remote from one another
25 in the array.

" The array may be angled to the horizontal and the inlet manifold may extends
parallel to the array, the properties of the inlet manifold varying in a direction
lying parallel to the array in such a way as to substantially match the rate of

30 pressure loss along the inlet manifold due to viscous losses in the inlet
manifold to the rate of increase of static pressure along the inlet manifold due
to gravity. As a result, image quality can remain uniform over the whole height



“fromthe upper reservoir into the lower reservoir via the printhead (and,
sonetines, the punp) such that when the printhead is re-activated) the ink
| evel in the upper tank nust be re-established before printing can

. conmmencwo 00r#8%28can t ake sone tine, depending on the size PSST/GBA/033p. 5 In
a fourth aspect, the present invention provides dropl et deEoEi w,@;
apparatus conprising: at feast one drgplet fluid chanber c ' Up%g wth
a first fluid reservoir |ocated above the at |east one chanber and with a
second f e [AVFsY Ny o : i inie YRy f
conveyi nagfutb l@u(%@aﬂﬁgfnamé ge%%’?\%%f Iaglsi(g@r%ﬁség{/rgﬁ?é??tlﬂg fi r§§ﬁ$ ﬁ%itgﬁ
r eser voiand bottoneahantbers of dhemriayy the flow of fluid fromthe first to the
second fluid reservoir when the punp neans is not operating. 15 The present
i nventors have established that in ink supply systens of the kind described
above a | | Gh At r | : : ~Qf the
Flud 1 ereiein d d SR hE rBL OB Rk BloRaRT Bk Splef APESHOR,
The sippedpparatus/comprisingzner al |y chosen so as to provide sufficient static
pressure 20 to overcone the viscous regi st anc Eﬁ{ao ink flowin the section

of the chanbednbdirdked drePlehiidrchameers,an torihe herizantalheashne tine,
it t : nat .k h h
Sur T aoe CEABEr Haing RlndiBa withe PRSP fifd Horh "8 Cbiffidh A HEffaibne

nozzl e -ejtengind, paraliel WhtHeyarragabnde pressure at the nozzle is to be

preferred. The | ower reservoir nust 25 simlarly exert fficient negative
pressure at tmeapgdrRheENSIAtING at@'éﬂ?ﬂ’r ote WCFI%\ﬁvaﬁi&\e, agadYiwi th the

! _ g .
@R [ hetl hivherditCoiBBitis Bf MRS ReC il Aaling, Fk ReSfodl (80, 00 font
the appasathlie! tmorthei sreay nnpuciord vedy 3@ teaubstantialipnmatdH ithg rate afunp in

dependence on the fluid | evel | r] tcﬂje first fluid re_segvoi r.. " WD 00/ 38928
PCT/ GBoresaurs lossplgng the manifgidiquetq V'Ppﬁu%licpfé@ﬁ inHeegpaaifeld todbent i on

pr ov des of BPirireE0 o3 St nUARF Hiond P Riahifel gl fosgtalipne dr ol e

fluid c €r conmnuni ca reservo otat ed above the
at | east one chanber and with a second fluid

15 In a preferred arrangement, the cross-sectional area of the inlet manifold

varies perpendicular to the longitudinal direction of the array of chambers.

The apparatus may comprise a common fluid outlet manifoid for the array of
chambers. If so, the cross-sectional area of the outlet manifold may vary

20 perpendicular to the longitudinal direction of the array of chambers. There
‘ may be provided means for generating a fluid flow into the common fluid
manifold, through each chamber in the array and into the common fluid outlet

manifold.

25 In a preferred arrangement the array is arranged substantially vertically. Thus,
the uniform image quality may extend over as much as 12.6 inches (32 cm)
in the case of a vertical printhead for printing an A3-size substrate.

In apparatus of the kind described above, ink is typically supplied from a
30 reservoir arranged above the printhead and flows to a reservoir arranged
below the printhead, from where it is returned to the upper reservoir b means
of a pump. When the printhead is idle and the pump is switched off, ink drains




5 reservoir |ocated bel ow the chanber; punp nmeans for conveying fluid from
the second fluid reservoir to the first fluid reservoir; and pu control
means f 8YORYMIY| 1 ing the punp in dependence on the flui dP(F'EIGBP%)ﬂ% he
first fluid reservoir. ~10 The punp control nmeans nmay conprise a fluid

| evel sensor located in the first flugd reservoir and is addptJedl 2803 ont r ol
the punp neans in dependence on an output fromthe fluid | evel sensor. 15
The appat@int SheBYpsaTPEseTo0I EINEE Ak Ulovet ORBEAIOINMERN$hé OprifidadC{dndl t he
tenperature of fluid conveyed fromthe second fluid reservoir to the first
fluid reametimes, the purap) suelutat whenithe printbpad i defaclivateds thepinkat us at

t he optinum i enper at ur and_.t.heref . opt i num vi scosi t regardl ess,
of the a{ﬁﬁgLthhFewg% ra‘?ﬂké‘.“gﬁ‘o&rhﬁgg{%hgﬁg‘ﬁ EEFPTESHS@'P%‘F@ ﬁpggé%?c?'nvent ion -~
provi destig0ddretakds B! firhg, aePéﬁ@ihgsomﬁaogizéld’theaiurins.ast one dropl et

fluid chanber communicating with a rirst fluid reservoir |ocated above the ,

at |8%ast one chanber and with a second fluid 25 reservoir |ocated bel ow the
chanmber;, neans.,for conyeving fluid fromthe second, fluid.reservoir to the
first fiimaiquits Aspeet e prasent iventiB RIoHeS Brailghdeposition ARPErTtUsy t he
tenper at 4y BnAking: ui d_conveyed fromthe second fluid reservoir to the first
fluid reser80|r. 30 The tenperature of the ink may rise as it passes

t hrough t he pat heastadnedudraptethBiaid ehantbed d¢oromumicatimge withuia fipstofluidhe
printhead. Therefore, in a preferred W0 .001 38928 s PCT/ (GB99/ 04433 - 6 JUN
D0 edesaNRInioCAtRY abae.TAE AT UBSH ong| CATRG" ABRpMItEca SRRRg Huid

red‘l.qi ngre%?fvdi?l&%@&‘brefowfthé'dﬁbﬁ'lt?l?gveyed fromthe at |east one chanber to

the Tirst urd reservoir) prefera fromthe second reservoir to the .
first reservopumpThieansdaor ensnvewnghitid ifram dhe secong diudd uesetvioirterthehan t he
optinmum tepperature i.s not 5 conveyed to the printhead. The apparatus may
conpris 'ré{TBH HSeYQr: veying fluid fromthe first fluid reservoir to

the at |east gRRndrRPR!REventiHFItHEAGRS AN Frdnk THE FirdtHoStheP8éEdtd NBRaNS

conprising a tenperature sensor |located in the conduit and being 10 adapted
t o cont rrelservair whepcthst pursponefngiisl nobdopesating.r om t he second fl ui d
reservoir to the first fluid reservoir depending on an output fromthe
tenﬁrature sensor. In one preferred arrangenent, the apparatus conprises

means f orh& pryseritiavédtord Hiade fdstablished thasin inkWubphEEgstephs of the kindsecond
fluid reservoir when the fluid level in the first fluid reservoir exceeds a
gi ven | edescribedi abeveapd dn avhich the reservoirs are open to atmosphere, control
of the fluid level in each reservoir is critical to operation of the printhead. The
upper reservoir is generally chosen so as to provide sufficient static pressure
20 to overcome the viscous resistance to ink flow in the section of the chamber
between the chamber inlet and the orifice. At the same time, it must not be so
great that the pressure at the nozzle overcomes the surface tension of the ink '
meniscus and causes ink to “weep” from the nozzle — indeed, a slightly
negative pressure at the nozzle is to be preferred. The lower reservoir must
25 similarly exert sufficient negative pressure at the chamber outlet to ensure ink
flow. However, as with the upper reservoir, the negative pressure exerted must

not be so great as to break the ink meniscus in the nozzle.

Therefore, in a preferred embodiment the apparatus comprises pump control
30 means for controlling the pump in dependence on the fluid level in the first fluid
reservoir.



"overflow ng" of the first reservoir. Therefore, in a seventh aspect, the
present invention provides droplet 20 deposition apparatus conprising: at
|'east 'one droplet fluid chanber comrunicating with a first fluid reservoir

|
. lacat edwébwg’(she at | east one chanber and with a secondPEFT{HBIP483, voi r

| ocat ed bel ow the chanber; neans for conveying fluid fromthe second fluid
reservoir to the first fluid 25 reserdoir; and nmeans for cprﬁlgjﬁigﬂg w ui d
fromthe first fluid reservoir to the second fluid reservoir é 9 e fluid
| evel iMThus in esfifthl aspectethe \eserixirwedtiom provides! dveplet depositims f or
conveyin qu{d fromthe first fluid reservoir to the second fluid ., 30

r eser voidPRAGUSHYNPEEING: conduit ext endi ng between the first and second
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reservoir, and fluid supply control means for controlling the supply of the
fluitd t gesaeollogated Eﬁ‘%g" %@s@?‘% Elidepending on the fluid level in the

second 1 uid JGRTHBANs 1dNEnVding AR For b ddUontehal debBRRIVA fheloes ot

5 overfl ow. el ght h aspect, present 1 nvention provi opl et
deposi t ifipst fyigaesenig@nar i si ng: at | east one droplet fluid chamber
comunicating with a first fluid ~10 reiervoir | gcat ed above the at |east

one chanber eFHH"R/iCPHtr9|' geaps dok eontepilings iR dependense anthe flaishmer
nmeans f‘i’évéﬁﬁ.‘fﬁéiﬂ?& ﬁL'JiHirQséNB'iPthe second fluid reservoir to the first

fluid resServoir; neans for supplying fluid to the second fluid reservoir;
#dOlS fluid supply control neans for controlling the supply of the fluid

t he cond fluid reservoir depending_on,the fluid |evel in the second

ui d r €8 RPP. COFIER! SRR E\AYAQMBHSR @P'%@ﬁ%s%@t’%‘eﬁﬁﬁ%@ therfirst d | evel
sensor i : i U e i trol the
suppl y APRE{ERervdlr BAA I8 RAplec foba B Hiin RBEns Tn BERBRAENS OB, \ ot put
f r om t heutputi flormethel fluid ievel . sensonne arrangenent) the apparatus conprises a
third fluid reservoir comrunicating with the second fluid reservoir) and
means for conveying fluid fromthe third reservoir to the second reservoir

i N qdepenfRnsSpAatiditndy EothgrReelerdperature 6o ARBahk Yot copBliifg the | N @
ninth aspect, the present invention provides droplet depositionf apparatus

conpr i stempetaturegs fluisheonieysddrom thedseseaciiiiid cesemvoircta thegfinst flida fi r st
flud r EeSyely rhiEel BRrds Hi R RousSRRL (AR Be"BBRoaiR At I & From
t1 ge_ SgC?BﬂNm‘éJg?l)géinbéﬁmm@iahdttﬁeﬁéTQré at'thé obtiriui visdBsRP/ ré@ardieESof (Hg99/ 04433
ambient temperature.
20
Thus in a sixth aspect the present invention provides droplet deposition
. apparatus comprising:
at least one droplet fluid chamber communicating with a first fluid
reservoir located above the at least one chamber and with a second fluid
25 reservoir located below the chamber;
means for conveying fluid from the second fluid reservoir to the first fluid
reservoir; and
temperature control means for controlling the temperature of fluid
conveyed from the second fluid reservoir to the first fluid reservoir.
30
The temperature of the ink may rise as it passes through the printhead due to

heat emitted from drive circuitry of the printhead. Therefore, in a preferred




reservoir; a third fluid reservoir communicating with the second fluid
reservoir; and neans for conveying fluid fromthe third reservoir to the
,second MeQe/3892& in dependence on the fluid level in the BET&GBIYP4433 d
reservoir. 5 The apparatus nmay conprise neans for conveying fluid fromthe
second fluid reservoir to the at |easg one droplet fluid charpegyN 7o, in
a tenth aspect) the present invention provides droplet deposition 10

apparatu bat BB n?é’é mgg}%r ng with
a first §| wg rgéte'ﬁegité?ﬁ %%g'?'teed ove e %érh 25%% one a%er aé;?i.}é th a
second ftemperatsey ebiluidl cmwtegddlfe&mvﬁhehat lebsitbre; chamh»emmaﬂrm fist flaighveyi ng
fluid fromthe secaond fluid reservoir to the 15 first fluid reservoir, and .

from t heres&nuein praie@biviam,the seeon @%ﬁw@léégsh%ﬁéstdfew\@ar mescp%hanberh -
I
RN ST g 'ﬁ*?%?%hpéfgﬁﬁéﬂﬁﬁ'ﬁ Wiarf HPopERRrTTeRpst sty RBLL 10 (e

20 dsopl Ebnf/éyedito:ttw‘pantheﬁtle or each chanber may conprises a channel
connected to the first and second fluid reservoirs at respective ends
thereof, and to a nozzle for droplet ejection at a point intermedi ate the

];la;f)fac'?lng e#(yygﬁ&tdﬁ" yz%anneéaa @g%m%gmﬁbﬁdwa @%e@rsﬁ II@'% hannel .

Pr ef er ablesdriisir 16 cthiedat mt \oler diwetaﬂhmr gRamber Pitig ternperdtacs contron
conpared 30 to its heig t hereby enabling it to accommbdate | arge

vari ati omeans £empdising an‘@mmatwm §easgmqateﬂang@a fORddl 4nd heing dept h)

chatfor - S08PHER fo cBflsdy A BRERRuITEr TG R ByBE O R SR huid EQZM.

i nvent i oregurvbir now the diestc flide debyrwaly ddpending! enwahh outpet drom thet he
accorrpanél ng drawings, in which : Figure 1 is a sectional view of a known
pri nt heateMBRE@tUA §ﬂ@sqrhe longitudinal 5 axis of a printhead channel.
Figure 2 is a perspective view of a "pagew de" printhead incorporating the
first

in one preferred arrangement, the apparatus comprises means for conveying

15  fluid from the first fluid reservoir to the second fluid reservoir when the fluid
level in the first fluid reservoir exceeds a given level. This can prevent
"overflowing" of the first reservoir.

Therefore, in a seventh aspect, the present invention provides droplet
20  deposition apparatus comprising:
at least one droplet fluid chamber communicating with a first fluid
reservoir located above the at least one chamber and with a second fluid ‘
reservoir located below the chamber;
means for conveying fluid from the second fluid reservoir to the first fluid
25  reservoir; and
means for conveying fluid from the first fluid reservoir to the second fluid
reservoir when the fluid level in the first fluid reservoir exceeds a given level.

The means for conveying fluid from the first fluid reservoir to the second fluid
30 reservoir may comprise a conduit extending between the first and second
reservoirs and having an inlet in the first fluid reservoir above the given level.



" aspect of the invention, ~10 Figure 3 is a perspective view fromthe rear
and the top of the printhead of figure 2. Figure 4 is a sectional view of
the printhead of figures 2 and 3 taken 15 perpendicular to the direction of
. ext ensMSN0ORBIM t he nozzle rows XX Figure 5 is a secti ofT/GBBM4¥en al ong
a fluid channel of an ink ejection nodule of the printhead of figure 1. 20
Figure 6 is a sectional view of a se8ond enbodi ment of a pri bt H@Ndzm]gken
per pendi cular to the direction of extension of the nozzle rows. Figure 7 is
a schenmt ore ienbodiment, dheapparaiusntdmprses owatisifgr sopplyirgs fididttodhet he

present inveption; and,25 Figures 9a b, 10 10b d 11 are schematic
Pl Fust rseeanou Tep s BB UL SapakreoatiebFisaRs Toboantralias tha Suemy of 't he

i nventi il js ; j, s ' t: i nd
desri pOa ARREIG 14 8ol Syl TEERIpin BEpEhd o i M THAE 1ol IATNEL"S 1 st
enbodi nsgdoraf flaidreserheind THis amroedsurg thattthe fdcost, resecvoid deed ridti r d
aspects of the present invention. The exanple shown is a "pagew de" device,
havPng eV&ITIP¥as of nozzles 20,30 that extend (in the WD 00/ 38928

PCT/ G-9~~4~~433 _ ~ (X1 3 12 direction indicated by arrow 100) the w dth of
a piece of paper and which allow ink to be deposited across the entire

wi dt h ol amagightm aspeictigltiee ppiesenk imvention oprovided rdnopietndepbsition achi eved
by the application of an electrical signal to , actuation neans associ ated
with a #PRAT@EHERBENISISmuni cating with that 5 nozzle) as is known e.g.

fromEP-A-0 3 P1 A 5 i - l'ication
nunber s 9710@17386%5%05%2(1@8%%@& g@?@%& @E%@in?g@{rﬂe%cg&T@&sai mplify
nof actegeevainibdated estzevey thed @it lebst dpeaoehardbér modsyithf a reeconesfioidy be made

of a nunber of ul es, one of which is shown at 40, each nodul e having
associ a&eéewq'm%a&r@gﬁb%%&hambﬁt uation means and bei ng connected to

associ at ed dgy } i f 0 t I ik il reldnDAG ns e.g.
of ot exi bl eansdot Ebdving NRIARE Seckhid restoi 1o e B flgRS
respectiegenmir,es (not shown) in endcaps 90. Figure 3 is a perspective view

f th inthead of fi 2 _f), h d 15 wi t.h 90 d
Lo revenl t HBeEdSBF SHAGHIG T oneoR g R ERRNRIE A hcor por at i ng | ni
1w passag%iaﬁgggcaﬁﬁ?ﬁm'fw ddmtrotrily fh@%ub?l?f@frmétﬁ\ﬂa% Hea a bore

in one of the e 90 (omtted fromthe Views 0 igures 2 and 3)) ink
ent er s seévondriiuid hesetvaindepeoding«os thpflyiddeyebigpdhe 3econd fluibresenvoin 15 i n
figure 3. As it flows along the passage, it is drawn off into 20 respective
i nk chanbers, as illustrated in figure 4, which is a sectional view of the

pri nt hepe Rakesupply B6MPOIGHEERS hiay B6mPrised flid 16Vel ¥eneBs icvated irfthe nozzl e

rows. From passage 220, ink flows into first and second parallel rows of

i nk chesaseng {luiddrassreeir and3i® agdapted dor eapiset theesypply £f duid ttarbes2o

seefng PGl PEerBia REBHDBARAEN pp b o OB A, o' O
8e_ ink flow along respective first and second ink outlet passages 210, 230,
i ndi cated at 235. These join at a common i nk outlitt_aé3 én,ot shown) fornmed

in the lBn@gp %’Fﬁ:ﬂ%ﬂ"\@ﬂt’nﬁ b8PPaEafHad C&t”"l?'l*n_%esop%og? pids JRESBIRN of t he
print headnhRinid2@hg! With thE'sEBohd fuid' rédertBIre ahd rh85HEYor conveying fluid

from the third reservoir to the second reservoir in dependence on the fluid level
25 in the second fluid reservoir.

In a ninth aspect, the present invention provides droplet deposition apparatus
comprising:
at least one droplet fluid chamber communicating with a first fluid
30 reservoir located above the at least one chamber and with a second fluid
reservoir located below the chamber;
means for conveying fluid from the second fluid reservoir to the first fluid




30 Each row of chanbers 300 and 310 has associ ated therewith respective
drive ci@cué(}éiaﬁ%sm) 370. The drive circuits are nounted in substanti al
thermal ¥&h "' WD 001 38928 PCT/ G899/ 04433 13 - 6 J-DGHGBIY®43 t h
that part of structure 200 acting as a conduit and which defines the ink

fl ow passageways so as to allow a suld$xantial anmount of tHh§ BgHt 28§dner at ed
by the circuits during their operation to transfer via the conduit

struct ureservaifie ink. To this end, the structure 200 is nmade of a materi al
havi ng good t her. 5, conduction properties. O such tfmterials) aluymnium
is particul ar® &'E&h?’@rrﬁéﬁw@dr ?%"&%‘Fﬁiﬁ@ \P’ﬁ&thq second fggdé%?rl\’?%réﬁﬂ cheapl y
formed by ext In@nN i blisa3 3 ri@at oy t si de
surface of th@lé?tnrgué?ﬁrcgﬁg%%ﬁgoﬁglg t?rgm?i tz‘ei r?ﬁﬂgg%wo?gﬁt?a@{é vt\snlét% RR he

st r uct ureseniuir madependenice bnvthe faits lavel aul s seeomd flog rgsdreoinl | y enpl oyed
to reduce resistance to heat transfer ~10 between circuit and structure. To
ens®re effective cleani ng of the chanbers by the circulating ink and in
parti cul f i b es il hee | i &1
art ol ddie BPREftisinky Toriitie Mesh@oppohyind nbidtrom thesdtord flid, |\ ¢
rate thresgivair fththehatieast omet diopletifiiid chambexanpl e ten tines the maxi num
rate of ink ejection fromthe channel. This requires a correspondi ngly high
flowrate in the manifolds that feed ink to and fromthe chanber. In

accorda Wit ht rgsfﬁ'a el e) IO <O, I s are of
sufficien sér'bsg-{ség'é't?i ona ’aﬁ%%?%éégﬂswghﬁégta& gg@gﬁ g%d@%tcﬁggb%ﬁéﬂ rate of
i nkOF | owppargtys essiprisirigosses 20 al ong the | ength of the chanber array due
to viscous effects are not sigpificant. As expl ained above, signjficant
pressure | oss%tsfqaﬁteP'f‘ﬁe&OBfetbﬁlﬂ'ﬂ GRAMPST commpnicaling: With & gFﬁqf flgignt

di 1 er encesndi Riced SRR HE o Iebliconazdldhnber WREWAR &IddcBnaniyighanber s

in the array. s Inturn may result In erences 1 n the rest position
of the irekervain located belovethe lchabdies; which will in turn give rise to drop

volume and vel ocity vari.ati ons hetween _channel s. is well kpown, these
variat ons w PIMPCARANSITAT GATHEVGHELS Jralnihe, Segand fuic Josemen 81 the or t he

| MBGe b?fré\gﬂﬂfdnj;ése&voﬂ[‘ anaefrBRl tﬁeh%b%ora %i&'r@@éi‘vdﬁa{% tN&'dtofeasl opgt ween 30
successi ve chanbers I1n the array or only between chanbers at opposite ends
of the aroplet fiuidy cbamtasri ceable. In the present invention, the properties
of the manifol ds are chosen so as to avoid such defects. WO 00/ 38928 14
PCTI (B99104433 6 JU~1 ~~a3 For exanple, a printhead of the kind shown in

fi gures |RzAptefeiredl diraRgOmenetnetipbatatutscompfiSes atedhd St didbrtifgdheum
ej ection frequency of around 6 kHz, corresponds to a maxi numflow rate
t hr ough conveyanee eofofluish awayhfiape theffirst fluid reservoir to the at least one

20 droplet fluid chamber.

The or each chamber may comprises a channel connected to the first and .
second fluid reservoirs at respective ends thereof, and to a nozzle for droplet
ejection at a point intermediate the first and second ends.

25
There may be means connected between the respective ends of the channel
for bypassing fluid flow around the channel.

Preferably the second reservoir has a large footprint (surface) area compared

30 to its height, thereby enabling it to accommodate large variations in fluid
volume with only a small change in head (liquid depth) in the reservoir. This
can reduce variations in negative pressure in the chamber.



300 picolitres per second. Multiplied by the 4604 nozzl es necessary to
provide 5 a pagewide printing wdth (typically 12.6 inches) at the standard
resol utiog 8} '..360 dots per inch results in a maxi mum ejection rate from
‘t he nozZ\99038924 printhead of around 83 m per mnute. FUPEHEBIYHII | of
t he chanbers and nozzles of the particular printhead of the 10 exanple is
given in figure 5 which is a sectioppl view taken along a -flﬁuijchzlﬁﬁber of
a nodul e 40. The fluid chanbers take the form of channels, 11, fac ed or
ot her wi Fpefpregedt inveatibasll powrsnasscriildl 19§ way oFf exbafplé withfeldtehak SO as to
define g;aezoel ectric channel walls which are subsequently coated with
el ect r otiethe agepPBRRNYING BrawinasiiReVhighl't actuators, as known e.g. 15 from
EP- A-0 277 703. Each channel half is closed along a | ength 600,610 by
" respective sections 820,830 of a cover conponent 620 which is also forned
wi th pog i94@etiOnkh WA Rinthd ' ith® i¢kyitiHha} 20, 230
respecti %réépf.break in tﬁgqglrggg??oge@ﬁg égjl%dkgwag?vsﬁgttﬁg l(g:iirﬁgz;nnelaqwal ls in
ei ther axistofod prindheadgshannelo be operated i ndependently by neans of
electrical signals 20 applied via electrical inputs (flexible circuits 60).
Ink ejection fromeach channel half is via openings 840, 850 that
comuni cate the channel with the opposite surface of the piezoelectric base
conponent to that in which the channel is fornmed. Nozzles 870,880 for ink
ej ect i ohigure Xisa petspeadtiyevigwrotiai“pagewisie’ Ipsintheadingotperating tieel fitst t he
pi ezoel ectri.c {:t%rrponeng. 25 Reliability considerations demand that the rate
at whi cASPRR PINE IPENUORy ¢ hr ough the pri nthead needs to substantially
ter - up toten tinmes greater than the ejection rate: as previously
tioned) this neasure hel ps confine ' any foreign bodies in the ink to
t he mai higuig 3 is@, Perspeetivr) vieve flonkdhe weakand 1Be tapofi thenprintkegd .ofAs a
result, é@géotal flowrate through the printhead of the exanple is of the
or der o? 0"m per mnute. Ink ejection fromthe nozzles (which will vary
with the image being printed) will of course reduce in a varying WO
00/ 38928 15 PCT/ (B99104433 6 ~~od ~~a3 manner the anount the anmpunt of ink
f1 owi ngFigure of isha gertienalaviens of othea peathgad, of niigwesudt asd 3 niakenowi ng i n:

i T e BRS¢ REFtr BF Bracrtion, R SEHESAIS /SRR DY CayThat © e

fluid flow rate through each chanber is 5 substantially constant. It wll
al so be_evident that the rate of fluid flow along the_ inlet manifold wll

decr easige 1P d§ & gRetional ovigwt laken, alapg( a fid@aanneb of 3k inkeiactiedr e i n one
f th f ch I ini to b lied with
o] e ﬁ'ggg?é)af% Eﬁﬁg}% Qf@%tﬁ channel s remaining to be supplied w

~10 fl ui ecrease e rate of fluid flowin the outlet
mani folds will increase as the nunber of channels exhausting ink into those

I, 7 HIBUIO B BoBreoians) Hiew i # SEcoR PRRaMAtolA RaNEad fpen
q’gni fi endftiulat icPthe difedtih bMBgREIGH of thePhb228 o, di T T erent channel s

the 'array, the inlet and outlet nanifol ds of the exanple given have
crosssectional areas of 1.6 x 10'i n2 and 1.2 x 10'i nR respectively. This

ically gi |, e d he | er f inl i fold of
he o debuth 1188 s el UERRHh P 8ThriniEeed Pecnit h b ebbeflal TR (/e °
ef f ect,preB8nf InénBiBhnand0 | am nar). The corresponding pressure drop over

theslength of each of the outlet manifolds is typically of the order of 161
P

Figures 8, 9a, 9b, 10a, 10b and 11 are schematic illustrations of fiuid supply
systems according to further aspects of the invention and particularly suited for
use with printheads of the kind described with reference to figures 1 to 7.

30 Figure 2 illustrates a first embodiment of a printhead 10 according to the first,
second and third aspects of the present invention. The example shown is a
"pagewide” device, having two rows of nozzles 20,30 that extend (in the




As indicated above, the maxinumflow rate - and thus the maxi num pressure
drop - %{)35/3893& the inlet and outlet connections of the inlet and outl et
25 mani fol'ds réspectively. In the exanple given, the pres?@r{éﬁ?ﬂ”@ﬂ‘!}”at
these locations also did not exceed that |evel at which diffe ew’é‘ﬁis?ﬁl}.? t he
i mage qual ity between successive chatel s becane significant. A further
advant ageous characteristic of the configuration of figures 2-4 is the 30
subst andirettign indicatedyaarrow d9) tlee width affa piecenafmpdpardmdvivhioh alldwws t he
sufficient, fl ow are utlin abgve t.q . be achi eved, but not at the expense
of ki MK 1018 HePhERed actasadne St gt s PPgs.na Endle Pass. iacton
(per pendkc / oy Vo h the
Qo GAlk Fork & noﬂ?gqg é’&?a?&'q"cﬁgﬁgﬁg%n [CRfiBR0f af eT#t(gT%a@%%&E?é}

3
dropl et “ejection direction and array direc 6 shows ~

a secti agalatinemernsaasssmaddewithda il cHardbeplodmmiapRtingOWitAPIh@t at us
taken perpendicular to the direction of extension of the nozzle rows. 5

Si nPl ?r NOGZieh @S isr KROWRagH frem EEhbolh 477 FO3uEE-A:0 278 5@Ppand.i mgret r uc';]ur e’
wtat n oP ey, ER ARiEAR Hoel: o7 a0 At AR TR "D as cage

920 as pleesin dy Feéferencéd. Jw esitnplifs iManUfaoterell ang irttepss sgtd, ithei s drawn

off into respective ink chanbers 925 via aperture 930 fornmed in structure
900. HavPagewder rewés) eineanes May PamadeMiePER nymbekof snadulespeneur es 940

and 950 [: ' I ' : L ndicated at
035. A Pl Hich T, Scwh H 40, R4 e hablld BhediaRECAId b ahetd 2

al 4gi na actuatiopaneans andrbeli@ cofinecied &y assiatedydriveddifcuitry{irtégiaaddy bonded
to the 15 structure 900 using thermally conductive adhesive, approxi natel y.

100 mi cetayit (ihim) ORMBY sneaneed, 198 @ ipdbleatirasl 6 Ink supply kvagddran t he

I nt er po ; {0, :4S] r [\Vi Y Chi ps 980 of the
drive cﬁ%&?'ﬂ&%agglgﬁ%?g%g%#@ Wﬁ%@%@%ﬁ&%d)éﬁi%ﬂﬁsgﬁ)ﬂt 20 board 985.
To facilitate manufacture of the printhead, and reduce costs, the portions

of the circuit board carrying the chips 980, are nounted directly on the
sur f ace Figure '%PLﬁ’ﬁ’rﬁﬁe@de X‘fe?m.prmﬁﬁ%lé’nf?ﬁb"%&oﬁe%m KRk AR of the

drisge clkaui n ' + Of [ Cj it, such
as 1FvJesi g{“g‘r Serngggé)@g‘?()e'}%ﬁm%gd?é ﬁftég% lst(::t ggﬁ?gﬁa‘%ﬁg&nﬁm&lﬁ u‘gt6 Ovmb[ ﬁH?hat part
of the phintheattincorpd¥atingaik flowgassagesd®i(,220,230 extealingvthe widthtafnt i al
amount of the heat generated by these ¢ onents 990 .during their eration
ot anShe Piothsath YIS 3rbnrenn g, ot e eRcas S0 @miftad THim terviewsiate

al um na ' ] ' I seNMDUNt ed
fo The- fHfes 2318 PN K BARIDHE bringiedd anB e ifk BapPhrbasddde 290, asOTL

al umi ni shownr alc2 15 dn Jgoreut3. tAs # fiows talong thaapassageubstsadrawnioff istevent i ng

bo%ng ?cfas;gehc ivcsetirrlﬁj%gﬁ'r%egslieas} fﬂugprg{ergi{n létﬁ)r%ntf,' which is a sectional view of

the printhead taken perpendicular to the direction of extension of the nozzle

rows. From passage 220, ink flows into first and second parallel rows of ink .
chambers (indicated at 300 and 310 respectively) via aperture 320 formed in
structure 200 (shown shaded). Having flowed through the first and second
25 rows of ink chambers, ink exits via apertures 330 and 340 to join the ink flow
along respective first and second ink outlet passages 210,230, as indicated at
235. These join at a common ink outlet (not shown) formed in the endcap and
which may be located at the opposite or same end of the printhead to that in
which the inlet bore is formed.
30
Each row of chambers 300 and 310 has associated therewith respective drive
circuits 360, 370. The drive circuits are mounted in substantial thermal contact



_ wo 00/3s9is 17 PCT/ G B99/04433 - 6 JU~d 2003 Figure 7 schematically
illustrates a further aspect of the invention which applies, as
illustrated, to printheads in which the |inear array of droplet fluid
chaiber sW@0Hi8P8nged at a non-zero angle to the horizont alPai/GRISG4433 (i . €
at a non-perpendicular angle to the direction of gravity, |nd| c ted b
arrow X in the 5 figure). For the sa of clarity, onIyaS|n Ui adllsr
array of chanbers is depicted by arrows 1000. However, the analysis that

foll ows w ng a@Tbf ru@:‘}%r%“ﬂ?q*%e&nﬁfasa Lo ard éﬁl%%gbg tﬂ%aﬂka”d

doubl e ou Iet ni f ol k|n shown 1n ure fol ds
1010, 10Xbwipassageways soi ashtoaaitbvd masulestanfiali arkoant obtheebeabgeném and 1040
respectively. ~0 In the enmbodi nept shown, _inserts having a tapered shape

“are . plRCHE FircuitsOynnG: eé[rRPedaF‘P'étto #&nﬁf%\a%t'a%cpn Wit sirugtuze tadh® and

1060 t k I
Cfi ndss'ltJ ﬁal( hﬁa@%%gragwén@%rté ?@ t%fnodﬁb{)%rn?a%bat ﬁgwh dsg%? rg]%/ t he
manig ol dsorfuctior profpepthess ©f @lmmmdienélﬁ i, ISSMVQCQfaﬂ'yt ief@rned out war ds
via the channel s 1000 to the outlet manifold 1020 such that) by the tine
t he bot t@mths QM@ dgrthal it can heeardly and,eheaply fauned byrexsmsion.i RircHEs i nner
f ol
eachi nP R BTT AR ERFIBREE n IAIESIEATider BE e, PucBle 2B B i cn

i ncr easegot ms\andthetmml tointaeh Wwith vibet serucfurklithermnallyapenedctide ipidy os. By the

bottom of the array, al] the ink (except that whjch has been ejected for

pri nti n@adhesive &&ing qrtiopally |exPRieYedalte raduertgsisianas: 1 aeat: ransiereach

Md ol Mé@nvdlm%d)éﬁﬁam@ drop per length down the array is balanced
i'hst THE gravitational ‘Tncrease in pressure by arranging that the 25

cross-section available for flow at each point is appropriate to the flow

t here. Taki ng th@rgje th of ,the arra of chag}bers as L and the nozzle

resol ut i Kh 6REHrE,  Spaping o ttlli'@n hambess Y HesEcuGingoink ardiif a two

row pr| séﬂﬁy\g) S r d i nk

ej ecti o ?@la?io telﬁ gl%pp%rh a r?@ ﬁqffeg l\?hzrgr@eh??' gr% @Rarr)éellﬁ% e vo{aurre and
mexi rrumlmegqt@rgw past & opizele Bdthef ¢hanoimto d pihet inkelflow Tare thubaghf dow rate
t hrough t ri nt head [leg t he ot her eeds to be

han f -

Ly oareber PSS f%rremﬂ'ettﬁﬂ%@%% & maduritae q e st
3 6

§pnst ARty BhafREL! PRECIERAES o ddRdipordiialy HIDREASWY e in the. ©

cause t lmahifads rtha’e feed tink torard fremi the @hambﬁrcrleaa@cudancdwm@w ttbet he
om tto of the ar raa}y) and

e o ket ifel SnydF stk PREToIGS Bte AF sifcleticabed;Beefidp

r Vi n(L-grealtd eheDke tiedti evemiat buﬁﬁ@ higifaté o¥fink @BW, nyypresslifnbgsas
cross-section) they w I also t ypi caIIy give a cross- ' section available

f or20 nk glongy the lengthpef tbe achambencatByaguenhia viscous teffepis aare moti ng a
rge déﬁﬁ %acm d (perpendicular to the plane of figure 7) and a snaller
nmensi "E' -"T(x)) for the inlet manifold and (wt(x)) for the outlet

mani fol d. Accordingly, the velocity v of the flow in each manifold varies

along 10 the array as 2rvinx/ (WT(x)) for the inlet manifold and as

r Vi n( L->8§ le@loﬁ?)amcye, significant pressyie Iessesdn sithes or botremanifolds mayr op

i ow vergeyfyh sighfitat Ye@nbdS o HlbiekbGle Bt I HESRd DelGegh™ "o >
equd i Orduﬂféreat ghatfibess tim¢he esrant, aFttie indafd | lmaye meshit dx)diffedemces inltet | ength
of pipe dx having a | am nar friction fact or =64/ (Reynol ds Nunber) and a

hydr aul irestpesifianee! thepk aieniscus betwegnch ame\rﬁcwawdmﬁn&ur@gvg@@e. on) is

t I th
PP i dreY iRl A belorRy VaTiaHRs, SetwadERbARels: As il Wl Wl i
this asprede Ohridtiths Wilbrdsuttnin privet &eféwslWméﬁsdupéndhgpmweélleﬁoﬁhﬁét
el ement of length dx &dem sely bal ances the increase In static head due to

gravi ty image beiag pentedn @!‘th*@quhQI‘ therggisd ) signifigantnyariaiommtweent i on due
30 successive chambers in the array or only between chambers at opposite ends
of the array, may be noticeable. In the present invention, the properties of the
manifolds are chosen so as to avoid such defects.



to gravity. Applying this balance to the expressions for viscous |oss given
25 above yiel ds expressions far the variation in manifold di nension
necessarvy Q% eve such bal ance, nanely: {WT)3 = 16nrf \BOV/GB/@EIX or t he
inlet mani fold, and (wt)3 = BnrfV(L-x)N pgd WO 001 38928 1&,

PCTI GB99/ 04433 ' - 6 JU~d 2003 for eacfy of the outlet manif @l 8sJUNHM3; n
turn requires that the insert in the inlet manifold has to taper in such a
way as t E%R t t 1/3

whi | st trﬁ)e‘4 | nseP F Yﬁ@{rﬁéﬁaﬁ?ﬁ?@éﬂgﬁ%&ﬂéﬁ'ﬂ Igm;f‘sa\gg? QY&H ?B}sﬁﬁxﬁﬁre§ way but
fr om t hébQpdpireps aviich, at at typical mgfxnrrara@uegtlomhﬁrequamd:)aof aroun/ 6 kHig

mchi nediPTERRAASy (6 2 /BaRimRO 1k SR Hrabar S mozelsn 6 5RGh cbambes Ofpy
series CﬁBicGﬁtrEQ SR8 naCKRINiFiRkSy thed 6 nétﬂéﬁ?ﬁecfseé ﬁttgfdtrg{ghgad of

the kin own 1n figures 2-4 and dlscussed ~0 wth regar I rst,
secdd anpagewide mnp‘ﬁogsmdth (ﬂypnoanﬁyelr&B mncrmss) a(t\thé)staﬁdaardnmsemtibhmfi nl et
nl et qld 101

t 30 t l ,
(rorer 488 bl Dot ndhohlREI o BB, Bochobriah T he stiesibbion) enc
of eachdd}fmﬁggdqytérghnaegg hal gy e, These figures assunme a manifold
depth, d, of an ink density, p, of 900 kg/nB and an ink viscosity, N,

of 15 0.01 Pa.s. They also consider the flow through the channel s to be
bst ant ne cting_,an ff nce in flo et the t wo
?r;n;sf ol dés“"y?% 5 S‘n‘Ra{]é]eeEtPg‘@ﬁersl‘rﬁgdAMI 5@?\? |péﬁtL'%L|‘?bRévm H° tﬂ')‘ﬁr opri ate
oy at i g mbiet iaeﬁm%w irplﬁgép ) wmbﬁqég%edéz%hanvwr@ﬁéﬁraﬂé.fge“aSﬂﬁ% be

obtalne across the arra ri nthe arranged at an
hor i zontcldamber o6 armodlumv'& a'thedﬂmd dhmgbwsdekedbeu fpnsn, ofatham\ejsn, 1he .

tenti al | t t.h y that
houta r auartingd, of (iBebieciariie, dha givss: BaRsat AT ol igrederfle '
enpl oyeqnaietial ot &S ltbaﬁéﬁ/né woénébtﬁa%ﬁdenwﬁdﬁ/huﬁﬁaﬁ stbsed @brﬁ@xnot ed

that whilst variation of flow resistance has been achieved in the éxanple
by meansoated withy emmersmherewato dapm tqhuasmelswautaqtuatoos\lqs koW €.g.m

el artem R0 e e, B Gl TRl 15554 BRI o SndtR GOEAERY ol by
30 a Varrbspéemré)sabﬂ@ﬁ§ 82083M8f acoid émﬁpéﬁéﬁt 650 WHIER ¥ afso fd?ﬁwe%pncept
may be e nor e t han oncelnasm le array - the channel s ma

separ at ewth rnomtsx A80H40,660 thaticommenicaie gwith ke \ipenifolds6210,22012 V\/m ch

System rongefikslA Srek fieeipsftonss as BIP A1BHs &P Al lials T Hifon, "

ci rcul atigifofthe charHelnd béldperawmhaabehbémlyabylméawuf éleatrival sigpals from
the situation Wnere substanti al | the i nk chanhers were ejecting ink

subq antarplieg via elegtr 'Fﬁle'nPPFﬁa(ﬂe?rYb'e Ré’PgW PRy Infosiectoniftim sagh chaapel i s
e i P
i ncor porurfave of mmmezaﬂleetsxpeMsze cOmpuonent docthiat iimwehiich dhe dNannel is
Deunt 6 e Hosre Beadeblot itttz BhealienbutSmoso e Bcsmi d bo-
e di sculatsBSp BB © ffBre-eee BBt T P 0 2050 0f The
pri?s head from an upper 15 reserv0| r 2040 open to the atnosphere via air
filter 2£élllabahty é:ct:r?selldferatlopr% demand that the rate at which ink is circulated
through the printhead needs to substantially greater — up to ten times greater -
than the ejection rate: as previously mentioned, this measure helps confine
any foreign bodies in the ink to the main ink flow, reducing the likelihood of
30 nozzle blockage. As a result, the total flow rate through the printhead of the
example is of the order of 830 ml per minute. Ink ejection from the nozzles

(which will vary with the image being printed) will of course reduce in a varying



“with ink froma |ower reservoir 2050 by neans of a punp 2060. In accordance
with an aspect of the present invention, punp 2060 is controlled by a
sensor 2070 in the upper reservoir in such a manner as to maintain the
.fluid | Vveloo2888 t herein a constant hei ght Hu above the pPEr/eBS/0f433 he
nozzles. A 20 restrictor 2090 prevents excessive flowrate, so that the
cycling of the punp does not disturbqghe pressures establi S'hed#%‘ 3008 free
surface 2080. A filter 2095 traps any foreign bodies that nay have entered
the ink ¥/ theY Birfolint thei anidwsbpwem .ot Bf'tﬁbh AAtHad! g kind

di scussed above and firing droplets of around 50pl vol une general l'y

r equi resompiarleldewmmdme aﬂnbUnt ogmhoﬂowmg s IRBverer sas daduairaady deene i n

order that the not bIoc the rinthead nozzl e |ch |caIIy have a
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socall | {1 QU nt dr i ORCH Ier
nozzl es gt bﬂpﬁic% Ifgy{r;guooéé%r%?gmwgrg g%tré% m?lhgitﬁlroatl On%an the | ower
r es@r voisubgféliallyheorfstantd | evel 3000 is maintained at a constant hei ght HL
bel ow t he nozzl e plane P by a sensor 3010 which controls a punp . VWO
001 38928 PCT/ (B99/04433 " G (~U~~ Li~~~ 21 3030 connected to an ink storage
tank (N wANAIY befbyibight #EhaNdid 8 iuig Bl AAQ e’ et AanRERPWAL! POSe as
in the upper reservolr. Lower reservoir onnecte e outl et
mani f ol decisse efitht ﬂstmmlbagdhel:amay e awagdrm'artheenlettﬂme poine ve
pressure aglled bge(gg ser oir to the z{)rjnth ad inlﬁ(? mani f ol d
t oget hepf taﬁl GF@ &BBPP@@ NRIREY sppRligd Mith ¢ o ¢ he
w B MeRicd WelcFeadBy!! Sibre reﬁé% R ol Mt b0 49 iné SLtldt infiBRADRAP Of the
y su CI en preven accurru ation dirt without 1 nappropriate
pr essur @xcrease has nbezhember roft beaenelspéxhausting) inkt into sthogeamahifoidsnt head
havi ng the di mensl as descrii beg above, val ues of around 280mm for Hu and
320nm f HiCrepsea Yt aistancs ARNBJNEiAfEAY pressure at the nozzles of around
-200 Pa. A slightly negative pressure of this kind ensures that the ink

meni scus does not break, even when subject to mld &m tive pressure pul ses
t hat ar Fotaquoraimogdate maximan ftaw ratgstin bothpisiet eindroud tmmhfdmmhoat g. by 15

andSt he orRngyian aihfaioh 1 We,finao8id, Rl AAshi S, GFBRn HBhsEE <oty

punps t ¢, e Brdly) thé snikt aRdduUtfelGRahifyigh ofithetdxanisie ejiven Haveugdsant i al |y
constant contributes to such opgratl on. 20 In, accordance with an aspect of

the pr eseomomaivamﬁsmfﬂ b 168 mhsoy B8eo 197 emAresprptivelyn This typiraluppl y

cont ol P WG bidREuR MRS 608 me B Bb I et riaMRIE 8t Brdd ol g fore o
open dUanghérsmﬁ@eado@gm@slcﬂtlwtmshmesvﬂwnutlbeeﬂﬁéatnttma%w pemigit of f so
as to prevent_ink draining, fromthe u per 25 reservoir back to the | ower

r e26r volaminag). I hecqrespanding prapstse 5@9&%’ thejengihiphaachrithe wutligt i nt head
next | 070 may al so be installed in the

‘ppl y Pférqqew%e%u%‘ﬂg \/\Ré%ﬂéﬂlogqls\sﬁeﬂét of the positive displacenent

kind. 30 Fi gure 9a illustrates an alternative ink suppl y arrangenent to

that of figure 8, Contr circuitr s sinplitied al l owi ng the punp 2060
to run A@nwﬁa&ﬁgﬁwvw 6 XTI oM F4t8 1 Rt [HFLING WaMrDuM SRSSHS her f Lo

| evel i te) ~ exceeds
t he Ievg of é’er?égﬁ%/lcgettthfoygep%‘%algr%ﬁtelgﬁoaﬁyc%'%%fg&?'ﬂgﬁ aéhﬁjiéﬁag?nount ed
abgge t hrarifolds respectively. 1A0H@ endmp)ergavendth&«pr@cmrbydmpwapltlyew pe 4020.

A further pe 4030 has one e conmuni cat i the air space - . 4040
above tw@aﬁﬁns.aisw@ SRk sg%echﬁhafaﬂﬁi/%rﬁ}t B%%HHPQTSBS?%“& e; feagki ght 5

of desi I AN that) when the actual
ink lev ﬁgmyWﬁ;‘ L@?F%&E%Hr ese#%ggﬁswﬁgnﬁtﬁgﬁ the desired | evel A,
. the end of pipe 4030 is uncovered, allowing air to flowinto air space 4040
which in turn allows nore ink to flow out of _the tank %/la t ybe , 4020 and

|nto t ha fugher aﬂgaetasa@pusmgoactﬁﬁghewﬂa%gpafana@t'pneof. UTeg st I8 dhe ¢ s

red r gsed
E@tﬁgﬂalﬁétr\éﬁgﬁ\g&fﬁéﬁs&é e enpl o H(g% '{I%Hﬁgﬁr‘gh% ’%b@é a?ﬂt‘ up of
prl nt' nguffitient fiow arsts ooflinedraboe td\bmoalcmeedd,alnult ropt the erpense obf t he
systemof figure 9a is shown in figure 9b. A single |arge dianeter tube

4012 exmaking the peptheadewides i dhessihstiate tayel glirgclinn (PREPS laf d&er voi r
2050. This tube is arranged so that no part of




it is horizontal, and has its lower end 4014 (preferably cut at an angle)
in contaﬁ; @fé the fluid in the | ower reservoir 2050. The level of ink in
the lonel"FUEE Foir is set by this end. Initially, ink flREI/EBIY/G3] he
seal ed container 4010 until a vacuumis established in spacgJ§2@@¢2 j

Depl etion of ink fromthe | ower 20 cqgtainer uncovers the en 4 89 t he
tube, allowng air to flow up to the seal ed container) reducing the vacuum
there. Igdthitherdrbpistsejdetivh directidmang eiké eAaRABE airA9ditdttibh)t he vacuum
increases to the previous level sufficient to hold the head of ink. 25 In
the arrangenents described with reference to Figures 8 and 9, the inlet

mani f ol d-. in I I i L0k .. the upper reservoir 2040.
e (0! Sl BB BB AR b et R ofGBIEE gbpRgfids * 2040
acconpl iglirtatils t%kéﬁ'pérggnéibﬁla'r fétHe aRedtitn SMBRENSIBRBIAENoZ2Id iy, air 1N
the printhead has to ' be flushed downwards. Secondly, air can becone

tr apﬁged Simikanéo the firsi emhodiment sbowo am Figureehthe isopperting stehctere 960 a
"syphon" fect .in the | ower, reservoir. It is_] rtant for fhe eration
of 'Phe i dheiinthfiad TBcrPtaeh ik B0B bastrass’o! B2 Aubos iartes wilib) 04433
23 ' 6 ) fsedda & i} i j éﬁﬁkgﬁg when
filing mhégt em?@‘otrwgﬁme% tg@?gﬁgggﬁo?ﬂdngﬁgwgggpwg e ~di s%q?gﬁed from
t he pri rehoswardat A6 imafigdrel Gls Amit fiaves alongethe pgssadesit iS drawat 6fé distohave
been devel oped f.0 his: b are illus ted in.figure 1Q T my be
dsed + ogeEREsiNG: Nk ShEmbers 2% o doerr bRl tmed in sfticflce Y00’ kMAEL of a
sui {abl 8UBAthEahk fdhaht t it Wi ,ﬂﬁ& nNdous 6 rvoir.
in ‘{Gﬁl sﬂg&%éncgpg, n?he %ri nt hégzjm:g(s)lgﬁi ééw%slnl Iggaf?‘?eat e 32934 gvi ng atgiﬁ@l e inl
mani f ol dhedsio flawdalongi inlylautiet passage fit0chsl indicatedsat 335 n t he exanpl e
described with reference to Figure 6. These manifolds are connected by a
bypass 5010 including a bypass valve 5012, the purpose of which is
descri.bed fag! Qunird rdubdtats 980 I Mdunted oRe Y istictirdk 080! ¢fas aluifinian! et

mani fol d 2030 of the 15 printhead from upper reservoir 2040 open to the

at nosphénterposerdayet i970:r Theinterpaser IHETr2076 is [prsterabiiyr bogdedrtosthepr i nt i ng
opesatian ot t.he .pnk flo romthe inlet manifold 1oto.the droplet
of e8| otuetiRiE) yiRBbotpe I e Ay sdhes e cpRrmentatElvel O EbRSG. °Fr om
whi ch i tin tifickeeBss YIed sUbstréte 98DBEINGEA AIOhdnded ' tHePterp®ser et 979
supplied with ink fromlower reservoir 2050 by neans 20 of a punp 2060. As
in the sisingthermally eendugtive adtyesiMice to Figure 9, the punp 2060 is
allowed to run continuously, with ink flowi ng back to the | ower reservoir
when the fluid level in the upper reservoir exceeds the |evel of outlet

4000. AQhips €98(2093herdnpe singuit airei mouhted ea atioahdengity dexitsiet eircudt t he i nk
supply) for exanple, froman ink storage tank (naot shown) supplying ink to

the?%zs beaEd %yégsejrvdap'"we rmzarr\%ésmrsﬁ%hgdymthﬁpﬂhaﬂmr ucesesticth@ ng t he

sanme pur, e Liek ; j : L val ve

3000, | DL o G ce ol RE RS Enigs YRO ol Rl iRa gV AT

pri nti ngudfaeeadfi thve) atumindi substrate \@680.e 180orded Aot ankaid evérheatingasfi theon 5002Y

as shown jn Figure 10a, spo that (nk is supplie o0 the upper reservoir
Soa0. - adrBOrail ynaE beR generating romPReRHer adbe FTBl S0k A k- 2003

24 Duri T b ; ' | : ' s at the
ovest parEiore 920, ahe MAREN ih 88 pRtdrfial Bt in dontiol Gtk MHa DB BTG 2 &
fselczlﬁwg f[smlc' tdrﬁrQOChacﬁhgvas iarcd;idylitrksao B8hto é’l]!tiw eabﬁbstlarnihe amouthefatheg o be
ille romthe hottomup with in e romthe | ower reservoir, During
111§ ng e} gaasraloy piAbeBe Formaais SBB uInGARel ShRIPLON TS89 Visonnec: <
the inl fhe FBAA strelct %%fmb%kpf the printhead at the opposite end to the
connecting pli pes, anJJthus allows fluid and air to pass fromone to the
ot her wi thout having to pass down the printhead channels. This is a much

| ower inpedance path, allow ng higher fluid velocities and therefore
permitsIm ﬁédﬁ@gégdaecﬁiurama &sﬂ&t@ gnd IRRNPGSABIayeis an v B Plate Wnnel s.

As SCE] ' i { 0 are
ar o if PR 10, B yptsidl o1 SREELIRS UG Grdbr I xiapBlorr e, 2
remai n ensaidHniuTe sthectpre 800t thsepasition, tiverebyvalbystangfialy peeventingsed
during 15 the filling operation to prevent ink draining fromthe printhead
i nto t hoowing ef the; strpsture duecta, thereal ®xp@ngian.3060 shoul d have a cl ear bore
at | east equal to the bore of~ the connecting pipes to prevent air bubbles
stalling at the entrance to the valve. A non-return valve rnay al so be
installed in the supply line fromthe diverter valve 5000 to the printhead,
and also in the supply line 20 to the punp 2060 where this is not of the
positive displacenent kind. ]



The bypass val ve 5012 alternatively can be used for effective filling of
the printhead fromthe upper reservoir 2040. The sequence of operations for
filling the printhead by this route is as follows: 25 Wth the punp 2060

- runnin Qﬁﬂﬁgﬂﬁ upper reservoir full, the |ower valve 30BOT/GB%0443%d, the
bypass val ve 5012 and the upper valve 3060 are opened. Fluld vyl 24j3ow into
the printhead, conpressing the air 4mto the | ower connecting pipe. \Wen
this has occurred, the | ower valve 3050 is opened, and the air is purged 30

(expel Fesliredpwarhesiationlyt hiestras &l amiiircagbedtnt thbeinvahtiori whighs been
renoved,” t he bypass valve is closed and the printhead is ready for
oper at applies, apilyHtrateddorrrinteads in aduch the lisgeguarray-af droplel/ fuidage of t he

that 't FAEe IS 2 sRobe 4 ik28fa RGeS B RO et Bt AL 3T T g
pr oces popspérpehtidutaranylentd theedirdstion ofgraRitysindicatéd byharéWwaeitthe 5 Anot her
advantage is that small anpbunts of air may easily be purged fromthe system

by Sopefigure)t HFeorbihsasake 0y elagtyl 2omgne rainglel lineanh ermayr of bers Iss that the

by opeHPRIFER oYL RHEE e, ERNust" i AndlvsE e dpfioRe IS et &l avel T ng
down t Beplbiditast L£&pgrRahkt afshifig 10ADYar a6lbledbuth’ Manifblds 120

refinenent “i's the use of a b\épass valve 5012 in conjunction with 15 supply
pi pes bb the&ins showpdn fighres2:5.dMenifolds Hi),1020 asemuipplied with@nedal bore

consi stent w th acce | e r he pipes. The small bore
resul tQF?'Heﬁn%'Bﬁ%&?’ﬁﬂ%@’%ﬁ@ﬁ@ ﬁbﬁp%ﬁ%%ﬁpg{yt in transporting air
gbl es downwards and out of the systemthan a |arge bore where bubbles may
agnate. 20 It will be appreciated fromthe foregoing that the system may

enpl oy Irethéhembndiment showny isstsohaying e tapered| shapsoare phacasbimthsf t hem

humer 16! ad PAuS menolR es, alshted B(159E Bt eR) SesT et ipk Ehikirfe, 0 ©
t enper gia!iflefitanifdld dththeappr of thw aeenydfihdothaf théraaperad fieseht onlyght or

dark print). Fluctuation of the ink tenperature can cause the viscosity of
t he i nklacksfathgé thergrassceastion: of then@anipldatAsthe ink Raseas dowieissited in

Nk ; . | el ) | i n
P35’ o TRIE, pEFRITLEIE ABYS blipEIs RO CHadRICM TR 16 WY ey, "
t her ef giznifdhs 1020 Istichahak bylthe dinhdithe bottemmofittes afraylis reaéhetttherd ed from

the printhead, WO 00J38928 PgT (GB99/ 04433 - 6,JUﬁ5 203 26 - Figure 11
i 11 ust sah@ dnkafowingintBednrer maniteld aad ithe taperadoinsertiegves Mo eRsPhk suppl y

syste I -SRI, h Snied gl fi I@ﬁgw i W th
refer %%e%o%%ﬁme%%ﬁhw{t% dgllﬂ\%rnﬁ?ﬁ%/lg} évIgéSOdgh(l)% ypﬂgéﬂg()l and - .
cross-sections which increase towards the bottom by virtue of further tapered
20 inserts. By the bottom of the array, all the ink (except that which has been
. ejected for printing) is flowing in the large space allowed by the inserts.

in each manifold, the viscous pressure drop per length down the array is
balanced against the gravitational increase in pressure by arranging that the

25  cross-section available for flow at each point is appropriate to the flow there.
Taking the length of the array of chambers as L and the nozzle resolution per
nozzle row as r, then the total number of nozzles in a two row printhead of the
kind shown in figures 2-5 is 2rL and the total ink ejection rate for the printhead
is 2rLVf, where V and f are the volume and maximum frequency of droplet

30 ejection respectively. The total flow rate through the printhead, on the other
hand, needs to be a factor n — typically 10 — times greater than the ejection
rate due to cleaning considerations as mentioned above.




bypass val ve 5012 omtted for clarity purposes only. 5 The system i ncl udes
a heat egv(p&%gﬁé)r heating ink in the upper reservoir 2040. The heater 6000
may take any suitable form for exanple) the heater 6000 Ray/CBIP43hd t he
upper reservoir 2040. The output of the heater 6000 is controlled by a
controller (not shown) which receive8 an indication of t'i‘_l_e§ 1.?.“‘ aiperature
of the ink output fromthe upper reservoir 2040 from tenpelrature sensor
6020 | ot éapenedainseniduadcocdingelp the enibddiment be figppe7 case the flowvo t he

rinthead. . 1f, far. exa t,he ambi ent tenperatufre ries from15C to 30C,
Pt haatsin e iTlet el o, HORSR SHCRIEMEL G TREMR AENIN (VRSTer 40C
the h CROR i i ,
degcrsggeﬁrtggé@ét,a?@&rl ngqbgeﬂrgétt&l}ﬁ?g ta ﬁe%%?)lraﬁﬁtt étaf(rj\p?éélh éétgeats'ﬁgﬁgg Lroﬁah

t he pritptihershsesaetordintets tie fornudia rivfnLex):iln contbinatidn With manifoliead. Thi s

can result in heating of the ink by up to 10C as it flows through the .
pr itht hefagenenally cractangidat sressaeatian;theynwilhalse typigallygivem raress- he | ower =

e ef G0l HVHEHAP Ry nETBAY ! ekl (AT Gnl 188 A B 1S TotpBRREE "t vee
the pumavife@ sadel dirhensidA P (perpentiiculap toetiecsiahbeof fgnrs ) uard @f t he

fluid conveyed to the upper reservoir as required. 25 Each feature
di scl osenalier dimensige dW —chx)bfer(the biet maniteldcand éw-t(xe fer thenpytiethd/ or

shown i drawi I GOr L Nt [ ' j dently of
other dnehid ARLCRARORT N BeldRfig P BE i ol n stk MBI et BBRE

f efg ur ahe GaEay BE VMY (WEE(XS) forabetinletinganmifsid @ntdoasl AV imedly-xiyewH ey feror at ed
together in any suitable arrangenent. For exanple) the heating and coolin

ar r angeaasi obthe- putleimanifaldsef er ence to Figure 11 may WO 001 38928 ‘
PCT/ GB99/ 04433 a 6 .~~1~ 203 27 be used in any of the systens descri bed
with reference to Figures 8 and 9. Simlarly, the arrangenent for filling

t he priTHe pesksise iyophssbolated mitteflowi dloRg Ftapesingi mmscirciiar chbarence to
Figure 10 may be used_in any of the systens described with reference to

Fi gur eds gleiptmined by Bowyrelocity v agddnk sensity pr Bpiascotdanss withntheopar at us
C rising: f Leut i cating
i adfbrer salpBbh a2, Kl uie'3RRRIde RopmcRIf NERFE L ' (220)
and a dengiof pipedbobaving antamihal frigtidhofacha()=64i(Reyralds NudOEE) ana
generating.,a fluid flow intq sajd,inlet nifold, through each chanber in
25 are Byt HEEneE ® NTeRs e £8p8 Olo CACERGHIAT CBEsRecBNa B oot at od
W th j : i i i Jg (9! i neously
W th sarprorPalely Buan BN My e e S LDy PhaHibe

cr oss- gnanifoldaand 2éa-t(X)) for theasutletnmanifoiche i nl et and outlet manifolds is

S that the rate of said fluid flow through each chanber is sufficient to
preevent foreign bodies in the fluid fromlodging in the orifice and 15 such

that ajp rd’aﬂwc?é Rithehie'Rpeet 6f fe inventbh! ir@e\/igéo@é‘ﬁréééala@ﬁf?ﬂ Bvéhe array

due to the ow varies between any two chanbers by anh anmount l'ess than tha
whi ch aoshart gleroent etlengthsdy precisalytbalances theincreasalinogiatic hepdadueon

. b . . 5
Becor dith@re b eh 18 KpbHEARd R e Ao (ilT: Bopélln 168 FocstliBREAR o 11 ow
| ess thar%ﬁabﬁy. Wiphingomls balaee it @hbOerprédbionsi it ViBcslisldds Rivsur e
between the inlets To any two chanbers in the array sufficient to produce
sizfni f iabmve yleldscexpressiona far e wariajien in manifolp dimensiopnacessagatad t wo

chanbers.in the array.
achieve Such ba?é’nce. namely:

(W-T)® = 16nrfVxuipgd
30 for the inlet manifold, and

(w-t)* = 8nrfV(L-x)u/pgd



25 3. Apparatus according to Claim1l, wherein the resistance to flow of
said outlet manifold is chosen such that the pressure at a fluid inlet to
any chanber in the array varies between any two chanbers by an anount |ess
- than thWO WRB®/ woul d give rise to significant differenc@®ETIGBMMIBet

ej ection properties between 30 said two chanbers in the araly. UN 2903 6 JUN
2003 4. Apparatus according to any pgeceding claim wherein the array of
chanbers is linear. 5. Apparatus according to any preceding claim wherein,
in usefofahth of Iy obtietsmanibigs. TRistin@uiordguiiisathat the NBRAAHS imecording to
any precedi ng claim conprising a suPport menber (200) for said fluid
chambemsanifald dhasntoctapanin sueh @ wWayess tolegyecowitthsofmpasagpwayifoethl opl et

o' ot aliy B VARl ek RRISLARE A0S i LHEEmdiola, nABHRIBBF D) rount e
on sai ¢ SHARPWay BIR6m the OPpBBile! eAdTTTRE BBy ExaRtiyitik iVayiafibn weay f ! uid

chanbers and a plurality of nozzles arrar]]ged inarow 15 8. Appdratus
acdor dibegdifficult] toi aﬁmeve/\%eprachce.apmcuwrluﬂ theuinsectiato desmachinedoin at ed with

a drive circuit (360) for supplying.elegtric signals to sajd dropl et
ef f ect WYCHERTE, tq"?a? Py %"%?? g’@i”gt'%i %aﬂ?%s Bt (o B sa?”qﬁwgt SRIMS ont act
W t h s%%?wébcgﬁ@gg as to transfer a substantial part of the heat

generate n said drive circuit during operation to droplet fluid in said
support nenber. 20 9. Apparatus according to any preceding claim wherein
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s (630 , 650) for comunicating with said inlet and outle
nani f ol=ds46rB0 ahfle inlet. (cennectian, 1030 tonnkasupaly xend ofdbe dnlet manifold
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110998 ReterriHl/Héw ko 'RAFEYE {Herd! 4GRS In " ¥ Rktic fashion an ink
supply system 2000 suitable for use with a through-flow printhead 2010 of the
kind discussed above and incorporating a number of aspects of the present
invention. Whilst printhead 2010 is shown with the channel array lying

10  horizontal and the nozzles directed for downward ejection as indicated at 2020,
it should be noted that the system is equally applicable to non-horizontal .
arrangements as discussed above.

ink enters the central inlet manifold 2030 of the printhead from an upper
15  reservoir 2040 open to the atmosphere via air filter 2041 and itself supplied
with ink from a lower reservoir 2050 by means of a pump 2060. In accordance
with an aspect of the present invention, pump 2060 is controlled by a sensor
2070 in the upper reservoir in such a manner as to maintain the fluid level
2080 therein a constant height Hu above the plane P of the nozzles. A
20 restrictor 2090 prevents excessive flow rate, so that the cycling of the pump
does not disturb the pressures established by the free surface 2080. A filter
2095 traps any foreign bodies that may have entered the ink supply, typically .
via the storage tank. A printhead of the kind discussed above and firing
droplets of around 50pl volume generally requires a filter that will trap particles
25 of size 8um and above in order that these do not block the printhead nozzles
which typically have a minimum (outlet) diameter of around 25um. Smaller
drops, e.g. for use in so-called "multipulse" printing, will require
correspondingly smaller nozzles (typically 20pym diameter) and greater
filtration.
30
In the lower reservoir 2050, the fluid level 3000 is maintained at a constant
height HL below the nozzle plane P by a sensor 3010 which controls a pump
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printhead inlet manifold together with the negative pressure applied by the

lower reservoir to the printhead outlet manifold generates flow through the fluid

chambers of the array sufficient to prevent accumulation of dirt without

inappropriate pressures at the nozzles. In the example shown, utilising a

.O printhead having the dimensions described above, values of around 280mm

for Hu and 320mm for HL have been found to give a pressure at the nozzles

of around —-200 Pa. A slightly negative pressure of this kind ensures that the

ink meniscus does not break, even when subject to mild positive pressure

pulses that are typically generated during the operation of such heads (e.g. by

15 the movement of ink supply tubes, vibration from the paper feed mechanism

and the ink supply pumps, etc.). Means for controlling the various supply

pumps to maintain the free surface levels in the reservoirs substantially
constant contributes to such operation.

20 In accordance with an aspect of the present invention, valves 3050, 3060 are
. arranged in the ink supply lines to and from the printhead. Electrically
connected to the printhead controller along with pumps 2060, 3030 and
sensors 2070, 3010, they remain open during printhead operation but close
when the printhead is shut off so as to prevent ink draining from the upper
25 reservoir back to the lower reservoir. As a result, printing can be rapidly
resumed when the printhead is next switched on. A non-return valve 3070 may
also be installed in the supply line to pump 2060 where this is not of the

positive displacement kind.

30 Figure 9a illustrates an alternative ink supply arrangement to that of figure 8.
Control circuitry is simplified by allowing the pump 2060 to run continuously,
ink flowing back to the lower reservoir when the fluid level in the reservoir
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4030 is uncovered, allowing air to flow into air space 4040 which in turn allows
more ink to flow out of the tank via tube 4020 and into the lower reservoir
2050, thereby restoring the ink level to its desired value. As with the

10  arrangement of figure 8, normally closed valves and non-return valves can be
employed to ensure quick start up of printing after periods of non-use. ’

A modified and simpler version of the system of figure 9a is shown in figure
9b. A single large diameter tube 4012 extends between the sealed container
15 4010 and the lower reservoir 2050. This tube is arranged so that no part of
it is horizontal, and has its lower end 4014 (preferably cut at an angie) in
contact with the fluid in the lower reservoir 2050. The level of ink in the lower
reservoir is set by this end. Initially, ink flows out of the sealed container 4010
until a vacuum is established in space 4040. Depletion of ink from the lower
20 container uncovers the end 4014 of the tube, allowing air to flow up to the
sealed container, reducing the vacuum there. Ink then flows down from the
sealed container until the vacuum increases to the previous level sufficient to .
hold the head of ink.

25 In the arrangements described with reference to Figures 8 and 9, the iniet
manifold of the printhead is supplied with ink by the upper reservoir 2040.
However, initial filling of the printhead with ink is not easily accomplished by
supplying the ink from the upper reservoir. Firstly, air in the printhead has to
be flushed downwards. Secondly, air can become trapped in the printhead,

30  which can prevent the establishment of a "syphon" effect in the lower reservoir.

It is important for the generation of the positive and negative fluid pressures
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manifolds are connected by a bypass 5010 including a bypass valve 5012, the
purpose of which is described below.

During normal printing operation, ink enters the inlet manifold 2030 of the

15  printhead from upper reservoir 2040 open to the atmosphere via air filter 2041.

Valve 5012 is closed during normal printing operation, so that the ink flows

from the inlet manifold, into the droplet ejection channels in the printhead and

then into the outlet manifold, from which it is conveyed to the lower reservoir.

The upper reservoir is supplied with ink from lower reservoir 2050 by means

20 of a pump 2060. As in the system described with reference to Figure 9, the

. pump 2060 is allowed to run continuously, with ink flowing back to the lower

reservoir when the fluid level in the upper reservoir exceeds the level of outlet

4000. A filter 2095 traps any foreign bodies which may have entered the ink

supply, for example, from an ink storage tank (not shown) supplying ink to the

25 lower reservoir by means of pump 3030, with filter 3020 serving the same
purpose as filter 2041.

Ink passes from filter 2095 to diverter valve 5000. Diverter valve 5000 may
adopt one of two positions. During normal printing operation, the diverter vaive

30 5000 takes a first position 5002, as shown in Figure 10a, so that ink is
supplied to the upper reservoir 2040, as previously described.
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outlet manifolds of the printhead at the opposite end to the connecting pipes,
and thus allows fluid and air to pass from one to the other without having to
pass down the printhead channels. This is a much lower impedance path,
allowing higher fluid velocities and therefore permits the passage of air when

10 it would not pass through the channels.

As described previously with reference to Figure 8, valves 3050, 3060 are
arranged in the ink supply lines to and from the printhead. These valves
remain open during the printing operation, with valve 3050 being closed during
15 the filling operation to prevent ink draining from the printhead into the lower
reservoir. The valves 3050 and 3060 should have a clear bore at least equal
to the bore of.the connecting pipes to prevent air bubbles stalling at the
entrance to the valve. A non-return valve may also be installed in the supply
line from the diverter valve 5000 to the printhead, and also in the supply line
20 to the pump 2060 where this is not of the positive displacement kind.

The bypass valve 5012 alternatively can be used for effective filling of the ‘
printhead from the upper reservoir 2040. The sequence of operations for filling
the printhead by this route is as follows:
25
With the pump 2060 running and the upper reservoir full, the lower valve 3050
is closed, the bypass valve 5012 and the upper valve 3060 are opened. Fluid
will flow into the printhead, compressing the air into the lower connecting pipe.
When this has occurred, the lower valve 3050 is opened, and the air is purged
30 (expelled) downwards by the high flowrate of ink. When all air has been
removed, the bypass valve is closed and the printhead is ready for operation.
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during the filling process as there is minimal net positive pressure at the

nozzles.

Another advantage is that small amounts of air may easily be purged from the
system by opening the bypass valve 5012 momentarily.

Another advantage is that the system may be flushed to remove debris after
connection of a printhead by opening the bypass valve 5012, without the
debris-laden fluid travelling down the printhead channels and possibly blocking

them.

A further refinement is the use of a bypass valve 5012 in conjunction with
supply pipes to the printhead which are of the smallest practical internal bore
consistent with an acceptable pressure drop down the pipes. The small bore
results in a high velocity, which is more efficient in transporting air bubbles
downwards and out of the system than a large bore where bubbles may
stagnate.

it will be appreciated from the foregoing that the system may employ either
diverter valve 5000 or bypass valve 5012, or both of them.

The temperature of the ink in the ink supply system may fluctuate for a number
of reasons, for example, due to fluctuation in the ambient temperature and with
the operating condition of the printhead (light or dark print). Fluctuation of the
ink temperature can cause the viscosity of the ink to change. This can alter
the amount of ink which is deposited in an ink droplet from the printhead,
leading to undesirable variations in, for example, the size of droplets deposited
by the printhead. It is therefore desirable to regulate the temperature of the
ink deposited from the printhead.
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The heater 6000 may take any suitable form, for example, the heater 6000
may surround the upper reservoir 2040. The output of the heater 6000 is
controlled by a controller (not shown) which receives an indication of the

10  temperature of the ink output from the upper reservoir 2040 from temperature
sensor 6020 located in a conduit conveying ink from the upper reservoir to the .
printhead.

if, for example, the ambient temperature varies from 15°C to 30°C, and the

15  printhead is to be operated at an optimal temperature of 40°C, the heater must
be capable of heating the ink by up to 25°C. However, as described above,
during operation of the printhead fluid passing through the printhead is also
heated by the drive circuitry of the printhead. This can result in heating of the
ink by up to 10°C as it flows through the printhead. This can lead to a

20 situation where heat passed from the lower reservoir to the upper reservoir is
hotter than the optimal temperature. Therefore, a controllable cooling heat
exchanger 6010 is installed between the pump 2060 and filter 2095 in order ‘
to reduce the temperature of the fluid conveyed to the upper reservoir as
required.

25
Each feature disclosed in this specification (which term includes the claims)
and/or shown in the drawings may be incorporated in the invention
independently of other disclosed and/or illustrated features.

30 For example, any of the features described with reference to Figures 8 to 11
may be incorporated together in any suitable arrangement. For exampie, the
heating and cooling arrangement described with reference to Figure 11 may
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81 10%& ()- 16t $1DvaEplet depempnqmwvara(tws comprisingy: 1111 $10%0& ()-S 105 105
105 5 an array of fluid chambers (300), each chamber communicating with an

orifice for droplet ejection, a common fluid inlet manifold (220) and a common
fluid outlet manifold (210, 230); and
means (2040) for generating a fluid flow into said inlet manifold, through
each chamber in said array and into said outlet manifold, each chamber being
10 associated with means for effecting droplet ejection from said orifice
simultaneously with said fluid flow through the chamber;
characterised in that the cross-sectional area of at least one of the inlet
and outlet manifolds is such that the rate of said fluid flow through each chamber
is sufficient to prevent foreign bodies in the fluid from lodging in the orifice and
15 such that a negative static pressure at the orifice of any chamber in the array
due to the flow varies between any two chambers by an amount less than that
which would give rise to significant differences in droplet ejection properties

between said two chambers in the array.

20 2. Apparatus according to Claim 1, wherein the iniet manifold has a
resistance to flow less than that which would give rise to a variation in static
pressure between the inlets to any two chambers in the array sufficient to
produce significant differences in droplet ejection properties between said two
chambers in the array.

25
3. Apparatus according to Claim 1, wherein the resistance to flow of said

outlet manifold is chosen such that the pressure at a fluid inlet to any chamber
in the array varies between any two chambers by an amount less than that which
would give rise to significant differences in droplet ejection properties between

30 said two chambers in the array.
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member (200) for said fluid chambers, said inlet and outlet manifolds comprising
respective droplet fluid passageways within said support structure.

10
7. Apparatus according to Claim 6, comprising a plurality of droplet ejection
modules (40) mounted on said support member, each module comprising a
plurality of said fluid chambers and a plurality of nozzles arranged in a row.

16 8. Apparatus according to Claim 7, wherein said row of fluid chambers is
associated with a drive circuit (360) for supplying electrical signals to said droplet
effecting means, said drive circuit being in substantial thermal contact with said
support member as to transfer a substantial part of the heat generated in said
drive circuit during operation to droplet fluid in said support member.

20
9. Apparatus according to any preceding claim, wherein said fluid chambers

comprise channels (11) formed in a body (860) of piezoelectric material.

10.  Apparatus accordirg to Claim 9, wherein said channels are closed aiong
25 a length by a cover member (620) formed with ports (630, 640, 650) for

communicating with said inlet and outlet manifolds.
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