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nofRR2 fldc A B2 Ak 285h £ DARRR IPEking pdphlar BrARLAAY Bue to its
6591884 6439706 6760119 09/ 575198 6290349 6 2%&(55 o
ineg s Brd0sysaiis patureo Yeny difigrenerperts g 5 E9y niget printing are
de Q61 4481 P Sabavldodd ibréb8 BotBehd5189 09/ 575162
09/ 575172 09/575170 09/575171 09/575161 The
di scl osures of these applications and patents are

ohii‘)?e@élipfﬁ{t@érﬁﬁ’g A6 h&kdd clRMeriteh ﬁkﬂf&ﬁﬁcaﬁi@%ﬁﬂb@& gk pb‘fntHektBefﬁmency
pr. esent i nventi % invol ves th

M@ﬂn 1¢Sﬁkeaa¢%%@atq§wtw upderly B Aty SYRILH ‘%}%8&18{‘1% eélsfg?f f§ vsed to

geferfb R bBbH DAY gbgtshﬁeqtﬂtd This principle is generally
described in US 3, 747,120 (Stemme). Each pixel in the
printed inmage is derived ink drops ejected fromone or

Tormﬁlﬁrs'e e HeREZ 1t Beds tobels F&:@dﬂ frod &Ry fFoor bitl¢ @k cliHniB&f andgo thadeater
become increasing p ril

qtﬂ@i(ﬁélﬁgailso gepgﬁ@d\eg ] Fli‘ qisa llC@ mate %?égéj’\%) tgeft ésrsghs[equently removed

byaSPIsst SicRMhd BEREE eBerfefd of thddefer Eléh it bikGaisddeo the height of the
described in detail in tEE bove cro

S AfoBFRIN 6e P nSTRS At seAYO G RS ABet B AR Rt inelined
poi‘t[b'ﬁs & 8EBitsh G blktrical Pira¥@idn béi@edrthdélbgode aédsion It]fbl’tqymetal layer of

Mich | ess heat di ssipate |nt t he u
oIS e 85 Tl IO P eGP EE B oned on vertical
or Qﬁ:ﬁﬁe{]d%bﬁ'acfehﬁ tHaheb {hgn bxhﬁdnbzﬁjlt&lc‘shﬁ'adgh fGT o MldhlﬁdeshmMEf@euve losses
the heater, it peeds to be e rom.t he f.
e s e ok PR persS B gy e
OutdcRGbcOlpy @ sigaifitint Bfca 5A1BE ivhfeCdupfaceemtl difritahe 1(08A€)>ack1ng density.
t at is subsequently renoved by a rel ease etch. The
contacts at either end of the heater elenment are
Sundha3 @6 thOmbéftiohiei ght of the SAC | ayer by sonme type of
per manent scaffol ding structure. The contacts need
vertical or inclined portions to establish an
A&bﬁﬁhﬁi&@bnﬁ@ﬁﬁﬁ&ﬁhﬁ@nﬂﬁhmaeMkkhﬁmﬂkat&mqﬂ@ngreas on

e HORFEP! Bk CHENER TEREDLP e REPEF et b PR g8 e anda

thérthaV #%fatog dhe thermal actuator having a heater element extending between two contacts such

that the element is suspended in the chamber; and,

drive circuitry lithographically deposited on the wafer substrate for generating drive
signals, the drive circuitry providing electrodes for the contacts of each actuator;
wherein,

the contacts and the heater element are coplanar such that the thermal actuator is an

integral planar structure.

A planar thermal actuator, with contacts directly deposited onto the CMOS electrodes and
suspended heater element, avoids hotspots caused by vertical or inclined surfaces so that the

contacts can be much smaller structures without acceptable increases in resistive losses. Low
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or inclined surfaces is thinner than on horizontal
surfaces. To avoid undesirable resistive |osses from
W b@7oki7mher sections, the contact portion of PEEAU2005/001561
thermal actuator needs to be relatively |arge. Larger
contacts occupy a signifiqanﬁ'area of, the fer
resistyS 1apses RIRESCP P SEECI58! OR3P 92 RISRERIgL hreter flemegy Apdyfhg small
coict biDis COMRREATE: 6 AR Habng ddt8e pifERAL | NVention
provi des an inkjet printhead conprising: an array of
i nk chanbers forned on a wafer substrate, each having
Pré&eidf$ Alehe ARG aft HbrBatk BEIHEBE heftel MaAbRI1., Infd Torthdd pfefeied form the
actuator having a heater el enment extendi ng between tmp
elegigprien ate sxrased-arean af 2 iop@nost metaldever of s e fHEyIY- n’\gf;wémc“ arly
préFO A6y, 1R MinthBdd Mhe® bohpHskd Htrdnch BORHIARD kiealrvY circuitry extending
deposited on the wafer substrate for generating drive
beigjeghtie slectrades-dri ve circuitry providing el ectrodes for
the contacts of each actuator; wherein, the contacts
and the heater elenent are coplanar such that the
In ¢ st AgRPECt shernuesers Anvertion provides g wikdehprpibsad SOpRISFgr . A

Pl an@lrh 6 B haf il 8r@Ed o Whie£QIBbAEd, Saclihh g & Nozzle aperture and a
deposited onto the CMOS el ectrodes and susp

P € nded
theymal aspater. dihrmalapBpigshaviesdiseter Camee thgﬁwewwwmm such
thdt el denfelt i$ Wish@REEinR: dnbdbert 4R, coOntacts can be much
smal | er structures w thout acceptable incre

er struct \ : ses in ,
r esidivp gEcwtpseagraphispliedspatied en g SeEE sPEUE oy generipe drive
sigt%ﬂ‘s,l 16 &ile RRBIRHoARing kledrsis R NRRBnthaas fRActRlcaRAt and
he smal | contact size is convenient for close nozzle
wheggiki ng on the printhead. Preferably the heater

el enBOtcntadfs n®ih AEhedr Slefieht aRScoplandi@adiehat AR tBérinal actubfdr & an
further preferred formthe el ectrodes are exposed

intggralplangs sticWEsy- npst netal | ayer of the drive

circuitry. Li a particularly preferred form the

printhead further conprises a trench etched i he

dri v Plengdhsrpplypcuaton Wi fepiasty diksety doResisf aup P‘&%@Qg Pletzpdes and
subpeh&dd rRaBEIdmdnt) Bvdids@RDBPbLs LAYy veRichl &? il siffadenkd it the

printhead conprising: an array of jnk chanbers . fqrned
coBfctE AT ARICR SBUIe B TS EOHAGRIb R BT EH PSS Low
re@fife Bosidd QrIBesAd dfRdiQF opdritRnlon € Eu¥péndaChditt Slembahdifie amall

heater el enment extendin betﬁpen two contacts such
copiagltsize fecopyirahior 1’1§SC§’8§Z§% g PP thepgn er; and,

drive circuitry lithographically deposited on the

waf er substrate for gﬁ?eratingza%ive s%%gals, t he
Opfiopally. thehegierietenepts 8% SnsEe SFRTYSHES 'Yt he cont act s

of each actuator;

Optionally, the electrodes are exposed areas of a top-most metal layer of the drive circuitry.

Optionally, a trench etched into the drive circuitry extends between the electrodes.

Optionally, each of the ink chambers have a plurality of nozzles; wherein during use,

the actuator simultaneously ejects ink through all the nozzles of the chamber.

Optionally, each of the ink chambers have two nozzles.

Optionally, the nozzles in each chamber are arranged in a line parallel to the length of the heater

element with the central axes of the nozzles are regularly spaced along the heater element.
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wherein, the contacts and the heater elenent are
copl anar such that the thermal actuator is an integra
w@b@nas17¢4 ruct ure. A planar thermal actuator, BET/AU2005/001561
contacts directly deposited onto the CMOS el ectrodes
and suspended heater el enent 2 avoi ds hot spot s caused
by vertical or inclined surfaces so that the contacts
OpfithiDahdMGRl S8 Lligicabt r UCt Ur es wi t hout acceptabl e
increases in resistive | osses. Low resistive | osses
preserves the efficient operation of a suspended
OpREAIIS! the I Mes aNfle LA eseIREd. Si ze 1S
conveni ent” for close nozzle packing on the printhead.
Optionally, the heater elenments are elongate strips of

OB ARG theBER! dirdbitry Rt PR offédd BarfilsRE (FI) @6t eafleof the thermal
exposed areas o p- nost net al of the drive
Vi

f ato | ayer
actgptprs, the fxjve voliage 9f e (dyive BEg ?%?&JﬁSSéltaeﬁ)ééolﬁSm o the drive
circuitry extends between the el ectrodes. Optionally,
each of the ink chanbers_have a ﬁlurality of nozzl es;
Onfirealy; the driys olagsoé thedrize BIEY §2t20Y°!Si nul t aneously ej ect s
ink through all the nozzles of the chanber.

Optionally, each_of the ink chanbers have two nozzl es.
ORSgFAlBniar ey o ik S CrtHieg RY ROGHAR GEFIRSDoRT PR A frtl plete and

thd ¥hderlyihd\RaBtduBlilal ode®f tHRQidbRABIN eth chiigbeh BVl an@b&iMy b allow
with the central axes of the nozzles are regularly

inkigaefdbtha Pyt he heat er el enent. Optionally, the
NOZ Zn @Sk @n8uibekdh kedlozzld Mtk enblddy¥rlyitdWafeRite inkeooasduitteing in

the elliptical nozzles are aljgned. . ionpally, the
flyig} popamgication Wil thp geenipey, Pﬁ'r%urfjli“ |og’31§p§€05;{1m€qr%ns i stor

(FET) for each of the thermal actuators, the drive

vol tage of .the drive FET being less than 5 Volis.,.
ORAPETIBAHe Pyt PRRSSGHH FBorRoPPaE RS BPITE LA Blep St ythg wafer
sub@hlcSwhéahj onal 'y, the array of ink chanbers is

defined by sjdewal | s.extendi ng.between nozzl | at.

and HEofIHiEK PRI ndss & comsaiticatien Wi legp: Gop gF e nk inlts for
re&iv%@‘ﬁﬂcﬁsu@élrﬁﬁﬁ@inﬁ'&ﬁdﬂ!ﬁfs. having an opening to allow

ink to refi t he chanmber; an i nk conduit between the
nozzl e plate and underlying wafer, the ink conduit

ORRhAG, Edeh bf 1k thkGoRaHits isGathia Bomintukicdtids watpemd oifjke ik irdets.
plurality of the ink chanbers. Optionally, the inkjet
printhead further conprising a plurality of ink inlets

OptRhhIRE the iidkjdt PAnteRl Sirtigtddsiptishag at IedsCsiipfiming feature extending through
each of the ink inlets; such that,

the surface tension of an ink meniscus at the ink inlet acts to draw the ink out of the inlet
and partially along the flow path toward the ink chambers.

Optionally, each of the ink inlets has an ink permeable trap and a vent sized so that the surface
tension of an ink meniscus across the vent prevents ink leakage; wherein during use,

the ink permeable trap directs gas bubbles to the vent where they vent to atmosphere.

Optionally, the ink chambers have an elongate shape such that two of the sidewalls are long
relative to the others, and the opening for allowing ink to refill the chamber is in one of the long

sidewalls.
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each of the ink conduits is in fluid comruni cation

wth at | east one of the ink inlets for receiving ink
W 0030ppky to the ink chanbers. Optionally, eapdI/ai2aheo1561

ink conduits is in fluid connunlcatlon with two of the

ink inlets, Optionally, the ithkjet thead further |
Opsignatiyi ¢ ingjepprithead fribefe pri ni r?@mP’éS&f teL Ut Fhe opening of
eadtNhOHGMbEARE iREr sErﬁ@cuﬂe Mkvih@oRls DF oBdifbtidns aitencﬁﬁgﬁra%%fsa €tthe flow

tension of an ink nmeniscus at the ipk inlet a
dirgetipw thrpshithaopening dhe QopEuctipgsdp eaghaovp 551pg spreegl sug %&ﬁﬁ they are out of
re% étféWozP@ftﬁ‘thE S¥@NEtidnB B dnilja6herHReR Sh reSRRED 16 BRIflow, die@a. of

he 1nk inlets has an ink perneable trap and a vent
sized so that the surface tension of an ink mem scus

O;ﬁ‘ﬁﬁé?ﬁfsthta B&zz}é@ e aﬁﬁfg\é@ HSwh Rleh kiRetha a6/zlodB@Es iare cdllihéad @nd the
use, he i nk pernea

le trap directs s bubbles to the
no%fhrlm&ml% e%ché?)” {Pesgater thand ﬁQ?sUﬁﬁ Epsper %glﬂ-i onal Iy, the
i nk chanbers have an el ongate shape such that two of

the sidewal | s are Ion relative the others, anpd t .
ORSigBHN S RIS A RO S TIo8 Pth ForPRGTS I B &s pepetficent of
sta@ie@rl&&n(@ewhemtlaioﬂqml |'s. Optionally, the inkjet

printhead further conprising a filter structure at the

openi ng of each ink chanber, the filter structure
Inlaaydoﬁg aspMeheQfesahl %\xemanlp%meexﬁ BRI finthch@BSMBIEE: t O

| ow direction through the opening, the
obst%ﬁ@@Y%ﬂ%klﬁﬂ@§€h row bei ng spaced such that they

ar e PMtraly of BGHIeS forhéiR eMdhtdT tHehifk Qlambértl edspedtively;n an
adj acent row with respect to the f|OM/%IreCtI0n

Opt i Brateptpr inepch of ghetplechampers respech rows such that

t he BRZZI&IEPRE SchetidlLpealing Iﬂ%a{ctuatﬁfi withelrive gighats; pihérein during

al ong each row is greater than 1000 nozzl es per inch.
Useptionally, the nozzle plate has an exterior surface

Wi t hhé QiR isPiiSakcdlisly §EHEInR ehrbugh all Ghetfobdles of fife chdmber.
static friction (known as 'stiction'). In a second
aspect t he present invention provides an inkjet

%ﬁrﬁi% RRABaRI Rl Pld bdzzled)eRh Elaz)ﬂdﬁ ectsiifops basrlesyohane, and having
urality of nozzles fo med i

ailpreptomsdrertioap o prybyryall dpps usdagt G ety FireiOnsqe lpggetrimental
toPHAHIBR tHa S RRGT irM@kvgly 18R misdiréoted dgdy.cui try for
Sel ectively providing the actuators with drive

signals; wherein during use, the actuator

OftioNHily, BHIQOMSbY aR tR&nS] deftlitotshédebl ghviny d healeelaaa kasndiig between

t he chanber.
two contacts, the contacts forming an electrical connection with respective electrodes provided by

the drive circuitry, the thermal actuator being a unitary planar structure.

Optionally, the heater elements are formed from elongate strips of heater material, the electrodes
are exposed areas of a top-most metal layer of the drive circuitry, and the ink chamber is
configured such that the heater element are suspended by the contacts in the chamber.
Optionally, a trench etched into the drive circuitry extends between the electrodes.

Optionally, the width of the trench is at least twice that of the heater element.

Optionally, each of the ink chambers have two nozzles.
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By giving the chanber nmultiple nozzles, each nozzle

ej ects drops of smaller volune, and having different
wore@diosses i ons. Several small drops m sdirect eRPCT/AU2005/001561

different directions are |ess detrinmental to print

quality than a single relatiaely | ar ge. m sdj recte
Optipnspy, tﬁm‘jlqzélﬁ%llnle?‘fh %%b%é’leu at ofg angﬁimt i l?ﬁ‘iah%]( & 5&]‘3?68?@,“ the
heR2 el A Bh&cABAlaREs FZHR B lestXd BRI GsphRt WRe S the heater element.
contacts, the contacts formng an el ectrica

connection with respective el ectrodes provided by the

op%ﬁa‘ﬂﬁ tﬁéﬁ&gqgggryemgml,t hermal actuator being a unitary
planar structure. Optionally, the heater elenents are

formed fromelongate strips of heater material, the

Opﬁb&@lk,rtﬁgﬁ%o%&_s 8RO BSlicAIRafefe Aigheh- Nnost netal | ayer
of the drive circuitry, and the ink chanber is :
configured such that the heater el ement are suspended

OpR¥ndl)&hE ANREbSrY Rastaliive haaeect tréidisto? (R T)Yor eac dfeicthermal
etchéd into the drive circuitry ﬁgt%qgﬁ@betmeen t he

actaptais the drive voltraeiod hydriye FRTpeing fgts “trench is at

| east twice that of the heater elenment. Optionally,
each of the ink chanmbers_have two nozzles. Optionally,

Optinealiycihe e vohaget e drus Y S2reVelisr anged in a 1ine
parallel to the length of the heater elenent with the
central axes of the nozzles %re Kﬁgﬁlar%¥ spaced anQ%ﬂt d
Ontieuallyethe arayenf dkesipmberpie defgr Py sidprls qyfsyiipg eRyeen a nozzle plate an
thbddbilfih ERbfer SBdtiaRN@elof thelsldSwAIR] of EachXBAmbE hiviie an opening to allow

) elluﬁtlcal nozzles are aligned. Optionally, the drive
inletorrefi]] the ghapberi 3 drive field effect transistor (FET)

f?r a%@ﬂgbo_ﬁflui{ lté:gyl_éeg ﬁ{erﬁakzlkamte aﬁd)alﬁieﬂ){/iﬁ@wl slied, v imodohlalgebemgin
of the drive | ein ss than S. tionally,
fluidhgomypynication ity e o n%ﬁ %fe %ﬁslvfegty @E%e i“§< ‘%‘?’%b% ts.

Optionally, the array of ink chanbers is defined by

si dewal | s ext endi n etween a_nozzl e plate. and,t .
In G SN AR PSP AR OGP TR HLAIgy of it
deBASHIn GRAVHAS GuthiBMbNehetd, 0pening to allow ink to refill

the chanber; an ink conduit between the . nozzle.plate

and rielths ik gondaisds in R BRALIED B 1 P diilets for
reSARB Rk EAfubSIY toht Bk chentepeni ngs of a plurality of the

i nk chanbers. In a further aspect there is provided an

i nkj et printhead further conprising a plurality of ink

Optith&llyS e8 bF Me thkd Bndu iswafleil coniiahitaion withes ef the inkdmlbts.
of the ink conduits is in fluid conmunication with at
| east one of the ink inlets for receiving ink to

InSYRMReY adpeet iR i Ploviabdarbiakist printhead further comprising at least one priming
feature extending through each of the ink inlets; such that,

the surface tension of an ink meniscus at the ink inlet acts to draw the ink out of ‘the inlet
and partially along the flow path toward the ink chambers. .

Optionally, each of the ink inlets has an ink permeable trap and a vent sized so that the surface
tension of an ink meniscus across the vent prevents ink leakage; wherein during use,

the ink permeable trap directs gas bubbles to the vent where they vent to atmosphere.

Optionally, the ink chambers have an elongate shape such that two of the sidewalls are long
relative to the others, and the opening for allowing ink to refill the chamber is in one of the long

sidewalls.
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Optionally, each of the ink conduits is in fluid

communi cation with two of the ink inlets. In a further
waspaosi7ehere is provided an inkjet printhead PCI/ADI05/001561

conprising at |east one primng feature extending

t hrough each of the ink inlet&: such that, the surface

tensi on of an ink neniscus at the i nk inl et acts to

In ? FLg{\;ﬂvext J@?eck {ﬁgreqyﬁroﬁfiedt éﬂ%lé]éﬂ hﬁﬁth@aﬂ%xﬂﬂf Edndrising @ |ﬁ‘ll&@tﬁ1$t&re at the

fp toward the ink nbers Op%lonally, of

operieg ¢frereli ik eiambpm the Silier %tﬂecfbfé MAERHIOHS 0 %lﬁtr%ﬁ?an%exxﬁégﬂflg transvetse

to He 4% (ﬁ@cﬁoﬁ%oﬁéﬁq}aeséﬂeﬁlﬁ§ Shd BBSicABNsGh eRA révi KeifBipaded$bich that they
across the vent” prevents ink | eakage; vg\@erel n r‘if‘“?

arqyens of regigiratioR Witk theehtirustions Apanadjasent §°‘*@‘3 Fripsst ta dherflp v giggction.

Oﬁfﬁ) Qélly"\éﬂg h&22teR G aMBiYed fQroRt SRR RREIE noeRRlckRfes kte)tollihéb and the

nbers have an el ongate shape such that two of-
nOFﬂ@P@h@&n&W‘%‘ TQW & SRRERY thaég(éqoinx?éz lespet Wel ot hers, and t he

opening for allowing ink to refill the chanber is in

one of thelonq% sidewal |s.1h a further ec there ? ¢
Opsioasllyelthe nerle miatp has ap eXIgHIs SWRCP W&tﬁ ifPéPJafé redufige HS So-efficient o
st;ft: |ﬁt1&fbn§l£n6%fayrsﬁctﬁh )t he opening of each |nk chanber,

the filter structuré having rows of obstructions

extendi ng transverse to the flow direction through the
InQRER difect Eh@ﬁre@éﬁ%hrv&ﬁ&h BRGided a8 AG: phigiNedongrisippced

such that they are out of registration with the

obstangeey ehigk Phambarsadj acent row with respect to the

f1 0wy gi7£18 @rined in daBH dHaRBerhds eJt1bﬁynOZZ| es are arranged

in rows such that the nozz ]gge\)rglﬁ(res re col linear and

t he FRcgEpier i cpeink Fhsmyerdat fest dhrgy ]E‘ee‘?"zf‘lﬁ’a 50

N0Z 2 §S5istRED adjRdet chiBbdrofakdpinateli B al D& pbnepbla baribrasntigured to
exterior surfjace with formati on%efor redu0| ng its

regise dpidiccqressielkdrtveen the changbeis; Ugh ek nown as * stiction').

| N a1t Akt fle 85 BRGHjabAECHRMBES Ffillh Witk Bki DRy thicugieiae Ak permeable
nkj et printhead conprising: an array of ink chanbers;
baéﬂeﬁéfi’?lt e ptherpk theiadiaesat thamhdimer respectively; an

actuator in each ink charrber for ejecting ink through
the nozzle; wherejn, ea?s?élgg dj acent chanbers,
Theycondip A AASETPIHE 1 10 SR I CHEEBTFan D PRRLTAR CEHPT g gietigoant
p&ﬁorﬁ@ﬂjéic’iﬁe Fa e laC TEIsRESheA lkniligt RERNfok hezzR s b the@dﬁﬁhead. By
at | east one of the _ad] atﬁent ch n%%g refi |1 }S , h
mgkipg SOy Fhaoerg PETheigheak fIAw PR M}B’ff sy YHilg foeping eac
oHabBER shiiRicAlP BEe SflutdiEorad italig edfuces MiardaeNust of Haser aentbsi tb sk supply

for distributing ink to every ink chanber in the array
cditsoccupy a significant

For the purpose of increasing nozzle density it is also advantageous to use elongate actuators.
Thinner actuators allow the ink chamber to be thinner and therefore the entire unit cell of the
printhead to be smaller in one dimension at least. Accordingly adjacent nozzles can be close
together and nozzle packing density increases. However with elongate actuators the bubble formed
is likewise elongated. Hydraulic losses occur when an elongate bubble forces ink through a
centrally disposed circular nozzle opening. To reduce the hydraulic losses two or more nozzle
openings can be positioned along the length of the chamber above the elongate actuator. While this
reduces the hydraulic losses involved in injecting ink there is a degree of fluidic crosstalk between
the ink ejection processes through each nozzle. By placing an ink permeable barrier between the

nozzles to reduce the fluidic crosstalk, the chamber becomes two separate chambers.
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proportion of the wafer area. This can be a limting

factor for nozzle density on the printhead. By naking
W@ o09e2/04xTh4 chanbers part of the ink flow path tPCDALZ005/001561

i nk chanbers, while keeping each chanber sufficiently

free of fluidic cross talk, rFeduces thﬁ mount of .
Opliemrly, e asipalopste PermPRAchEingh| y Swhiialins & hedks flepiy extending between

twddbnReS GhdEontabE FRASigHE cFich1RomRBEInt With respe&tivalelotrodes provided by
advant ageous to use el gngate actuators.  Thinn

er
the feiveieircy ity e fhowpal AEUALPNDoRE BTy PEOBSTII T fas Saph gt the actuators
extkﬁlﬁlful%hg{ £ 1&:58w8 gaj hdefit i i:Kanit%@I:s lin mté aﬁ%@ the mgtﬁitﬁ?&dﬁg@e&le
smal l er in one dinmension at |east. Accordin .
simaiisensh e 1 fodh 5 pUBER R dismPels e LogiomSioF goweles.
packi ng density increases. However with el ongate
actuators the bubble forped is |ikew se. el ongate
Optigrsilas the keajepglemenizare fymehizom Slr‘?n%ﬁt%?’i’@%sto hﬁatﬁ?%‘?a ° g;‘bc?eeéecm’des

arel é¥ffosb N EBMAIT a BopGRdHt fatal M?;éil oS00 ¢k @ictitlt] Al thedrk tiamber is
I;)éoenlng. To reduce_ the
COR]

ydraulic | osse WO ., 0r re

gy su b s dsarteraensat SRETLTE 89?3“{5% the h%?ﬂﬁf-of

t he chanber above the el ongate actuator. Wile this

reduces the hydraulic |osses involved in_injectjng ink
Ot 4 teengh L0 e CriFRFIFT £y R ERds BEMECB BEREERO e 1 ni

ej ection processes through each nozzle. By placing an

i nk_perneabl e barrier between . the nozzles to. reduce
Opgiprally) GaFlyPIChei SRAMPPR hayq P lWRURHOE PO%S S ey gstae use;

S e PakAdchiatol AMARINS oS djcnahit fhroukl €1l the hbades bs tha kkamber.

thermal actuators, each having a heater el enent

ext endi ng between two contacts, the contacts formng
OftiBnAlye&kh biifé ink CRHAGREsilate thiotdzal@spect i ve el ectrodes

provided by the drive circuitry, the thermal actuator

being a unitary planar structure, and each of the
Optichalgt BE SRk BNdc depbgiredrahgdsh a linopaaddiehoaind lengtik of the heater

chanbers in the array, the actuator caonfiqured to
IR b ST ke Toro R FEHALY AT ALAE gt element
chanbers through their respective nozzles. Optionally,

t he heater eIenEHIS ?re formed from el ongate strips of
Ontiengliyy thergezzies &t elliphgrle| ect rodes are exposed areas of a

top-nost netal |ayer of the drive circuitry, and the

i nk chanber is c?nfigun%$ such thﬁt ahe heat er el enent
Onfiogally, g aaine axas 9T thh R 1e7Pes 775 A& chanber .

Optionally, a trench etched into the drive circuitry

ext ends between the el ectrpdes. t.i.0 each. of
Ontieaalisn eéﬂmréll@*fﬁweéfave&reﬁlﬁiﬁ%?&t %?t(’rﬂg@?yf@g?awfe@%fhﬁml
acBidfoksN the 86 volthe FehcLtRive FES baig tesn@mS Vyltej ect s i nk

t hrough all the nozzles of the chanber. Optionally,

each of the ink chanbers have two nozzles. Optionally,
Optlraalng#eldase vokagasihecine PET iel.£Valy.anged in a line

parallel to the length of the heater elenent with the

central axes of the nozzles are regularly spaced al ong
Ofthaalle ele@frapdfafiledHambers is defined by sidewalls extending between a nozzle plate and

the underlying wafer substrate, one of the sidewalls of each chamber having an opening to allow
ink to refill the chamber; '

an ink conduit between the nozzle plate and underlying wafer, the ink conduit being in

fluid communication with the openings of a plurality of the ink chambers.

Tn a further aspect there is provided an inkjet printhead further comprising a plurality of ink inlets

defined in the wafer substrate; wherein,
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Optionally, the nozzles are elliptical. Optionally,

the major axes of the elliptical nozzles are aligned.
w@pioroseIhd y, the drive circuitry has a drive fPer/au2005/001561

effect transistor (FET) for each of the therma

actuators, the drive voltagel%f the drive FET

| esSachieh Fhednkyropduits iapfipidnal | v, COPFRMGRTSRIVIAL %eﬁﬁgn‘?)%themk

mlétpﬁr fgcélVﬁg Gifeko bppR-to ¥ hamfR.i ONal Iy, the array of
I nk chanbers is defined by sidewalls extendi ng between

a nozzle plate and the underlying wafer substrate, one
op%nah? Gadt SHaMBLk Sordfiit SR TEN NG MidRAM With B TRRAINGIets0

lowink to refill the chamber; an ink conduit
betmeen t he nozzle plate and underlylng waf er, the ink
m&ﬁﬂﬁe&lés éacef!h&g id ﬂ}oxtlhéalaﬁ h & tirtier Wriphistap 6t 1eResticDgifing
pl ura ity 'of the ink chanbers. In a further

feaagf)@éqndmgélpreughseaﬁ:mf\ﬂiled@ﬂm&?tﬁ sHeRHE print head further

CONMRkd AL téhsidh WE & ink YaeBbcuk Rihd Rk @li& abtefd el tHeRnld Ju of the inlet
waf er substrate; wherein,each of the ink conduits is

and parfigllyjadpng el rosh oward ek chambeiist one of the i nk
inlets for receiving ink to supply to the ink

chanbers tlonall each of the ink conduyits is jn
ONF UL oG pIRS ERETSHIANE R KPABPPI AR A A TSt 30 hphgsrtace

teriéB toh% inRRESGIus bHBE thé Veni¥r&ehd @k lédkageﬂ l&h&%mﬂlﬁhﬂg iead
her COlTprl Si ng | east one

e xt éhmmh germsRticiEp ‘Bré%tﬁ g3sfoublles tp FH? VFPFI V@iﬁgﬂ tﬁ%‘fu"&ﬂt tp piggosphere.
the surface tension of an ink neniscus at the ink
inlet acts to draw the ink out of the inlet and
OnsiapallyalbF {ak sbpprs e 11 SUpEBisHne Sl et prRo Rl ap lone
relQ?\Ie' 10 BRlothérs, HAGKe Henihf for bMdiwihgHnR tSrelB She@Barhthie is in one of the long
erneabl e trap and a vent sized so that the surface
iqewplds- on of an i nk meni scus across the vent prevents
i nk | eakage; wherein during use, the ink perneable

tra dlrects gas bubples to the ve where. th

Fisah e - DTN et PERDerd e BSOS e Syt af the
op@ﬁifvl@ 8idaéh R ARt @l flibedirubior Hating Rfvsif d)@ﬁﬁich@ns&kiendm‘gﬁlgansverse
ative to the others, d t he openin

o iAot et ropHGE i s ST GFC G OF g gped Seh tht hey
arS bifl @PRbLis@atioh Wit thd dbktiREioR SR &CAdidcBR 6w with péspact thabk fidtv direction.

i nkj et printhead further conprising a filter structure

at the opening of each ink chanber, the filter
OStiohBGl, YRS RAY] D arkAYE 10 tovaatl stithnszle Kineaglina gollinear and the

transverse to the flow direction through the opening,
nozplg PEHAG CAPIAY 1§ ﬂeaéfﬁékf?nrlg iglﬁigp% H’ﬁg ed such that

t hey

Optionally, the nozzle plate has an exterior surface with formations for reducing its co-efficient of

static friction (known as ‘stiction’).

In a fourth aspect the present invention provide an inkjet printhead comprising:

an array of ink chambers, each chamber having a plurality of actuators and nozzles, each of
the actuators corresponding to at least one of the nozzles; and,

drive circuitry for selectively providing the actuators with drive signals; wherein,

a single drive signal simultaneously actuates the plurality of the actuators within one of the

ink chambers to eject ink through the plurality of nozzles.
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are out of registration with the obstructions in an
adj acent row with respect to the flow direction.
w@pioroseIkd y, the nozzles are arranged in rows BCDAURIB&N01561
the nozzle centres are colligﬁar and the nozzle pitch
along each rowis greater th 1000 nqzzl e er. inch. .
By @sting MRy, SorRior B SR8 p| at o HAETF BIPEPIGRE Seh folater witha
cottdshbhdls3mBBd @PSozRE), 6H HEAZRGjdoks Sirdp® ofdntalled WiimeDhind having different
static friction (known as 'sucti

stati nown. ¢ | ,oné%. Ip %.fourth isibl
misdiretions.t realls drepmivith Gitferne OiRIISFERPS A€ 5 lkGix jogtreate any visible
artBht8t N 6iasle GAIRE if iHRGharfer 8dulEde REd foRjectibio @A theg@gdles, however

chanmber having a plurality of actuators.and nozzles, .. 1
thegrag sheulindose i G (6 ARG FUECE Wi the @5EEe- diaidipe severs
acttiit6rs AAGH @8h aclhr tdligh &vithiall @hé ot Nesfi@mirfi@ize GydrmeicYosses and

providing the actuators with drive signals; wherein, a
thegghyy dmprows pwrellgrigihsad efifiegnYaneousl y actuates the

plurality of the actuators within one of the ink

chanbers to eject ink through the. pluyrali of .
Opfigaacibe t5JUaiit 1F FRSTIRRL PEPEPIS et RENPE pBegiey eieyngefﬂheg‘r‘eé\dmg between
tw& BAHIREY the B iadhy forhilk Mel &G @mhdtabOWithebpechve electrodes provided by

correspondinq nozzl e (or.nozzL;;) each nozzle ejects
theriys St therhesmal Astugiopbeing fmiary Dl P e nt

m sdirections. Smaller drops with differing

msdirections are less likely to create_ any visible
Opfiopallyoibe Beates clemsps are Aprigd f1om Sl medth 8ripsofbg r %?ﬂag thgplectrodes
ardiS@Gsell Aref FGltop-Mkst nic@iNagbd of tRQiriNOZZuRS), atdakenmE thantber i

are hydraulic |osses in the iqﬁ hf t he agtug%fh .S not
copfi chyifigti{be Hateresmene aresipgRdas Ry s SUUFch D A HEP ST

all ows each actuator to align with all the nozzles to

m nim ze hydraul.ic | osses, and thereby inproye, overal
OnsopallypiencB £iched ivie e fﬁ’éﬁf"ir%‘ﬁ'é’l P dﬁ%‘ﬁf‘ﬁ%ﬁ%?%%&r e

thermal actuators, each having a heater el enent

extendi n tween two contact t.he contacts.form ng
ORimalbetseh PG MEGHHRLR R GREat PR S PR gt

Pr othélRehaktys SiRGltBEONE efdct ek tHréugh all B2 nbfesof the@bdnbrt.or

being a unitary planar structure. Optionally, the

heater elenents are fornmed from el ongate strips of
ORRALIBY edtRbEhE alk chitiersla0etwondesear e exposed areas of a

top-nost netal |ayer of the drive circuitry, and the

i nk chanber is configured such that the heater el enent
Olﬁfoﬁalgll;lﬂllﬁ ;ﬁﬂﬁ% iD¥ach Bieintber Etrhélgxhﬁlgédinh Eiﬁe gzh@ll‘dbef the length of the heater

Optionally, a tren etched into.the Lve circuitr
CAGRL R T SRS Rt 5058 logy pipgseLalqng (g clgatent.

the ink chanbers have a plurality of nozzles; wherein

during use, the Ctuqtors simul taneously eject ink
Optingiiygthe grr2les g 5% %%es of the chanber. Optionally,

each of the ink chanbers have two nozzl es.

Optionally, the major axes of the elliptical nozzles are aligned.

Optionally, the drive circuitry has a drive field effect transistor (FET) for each of the thermal
actuators, the drive voltage of the drive FET being less than 5 Volts.

Optionally, the drive voltage of the drive FET is 2.5 Volts.
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Optionally, the nozzles in each chanber are arranged

inaline parallel to the length of the heater el enent
wowan/ostied central axes of the nozzles are reguP@r/Ay2005/001561

spaced al ong the heater ele nt. Optionally, the

nozzles are elli tlcal e | or axes of
0ptlﬁléa11§4 the @Ak az%‘teéssls 3% ed| i *@'ﬁé%wa@jot’ﬁteg‘ﬁiﬁﬁ F’?f‘”et%aen"”le plate
andl fhle \ﬁﬁdeﬁ!yﬁlg Watdr Yubbiadte, dndlfi tNesiddwallfofehéttdbmbérangih® irddpening to

for each of the thermal actuators, the drive

aﬂW%N&é@Eﬁ@ﬁ qthemPEi ve FET being | ess than 5 Vol ts.

Opt 1,0 doMduitt HeBvedk ind Qo diag ﬁtd(ifndérl}@gdﬂdtb‘@thg ok dosduz Heing in
Vol t s. tlonallg t he %Hrl%g k chagbers is defined
fluisl cogpyaifatioaViE PR oRIPRGS Yerihaaliy 8 'ittB PkicBapiest e and t he

under | yi ng waf er substrate one of the sidewal I's of
each chanber havi n% Senl n 1 ow i

n ik, .,

In p therpspgst thereagprovifed 8 it Prip) t etﬁ%ﬁltﬁ%aé’hﬁtﬁ 8% ink inlets
defiid inl e Qakey bBrd@ fvierein, he i nk conduit being in fluid

conmuni cat i on vv|ththe nlnsof a rallt f.th

" nk @ik cquiuis if B efony Fiof e app 1 P s o
redemﬁig%kwsuﬁmmaﬁéimdatah%rscorrprI sing a plurality of ink

inlets defined in the wafer substrate; wherein, each

of the ink conduits is in fluid conmuni cati on vvlth at

OptRAdLy, QIR oPthe inRordals s M Bi8 codtfudi@fich WithGvd Githd Mk inlets.
suppl'y to the ink chanbers. Optionally, each of the
ink conduits is in fluid communication with two of the

In hﬁ!&‘tﬂef‘is@éo‘@ thtef']eﬁs %ifoirldéd dnefikjeppahtad itk cd)flﬁpr[ismg\at ed ofdpriming

i nkj e rinthead fu rlsngat east one
feaﬁt”leﬁi‘tﬁ‘@fﬁ gégtoﬂg}beaﬁ&?éﬁ?ﬁ“ké“ﬁ?tﬁr%% Yeach of the ink

i nl Qhésurﬁé&@nsﬁdﬁfﬂf an inReegidédsache inkndleiaRts@d draw theikk out of the inlet

nmeni s&u{i at k inle tg Bﬁ aph)o draw t he i nk out of
angl gartipl ?nga’i %P*tt topesd th €5 | ow path toward the

i nk chanbers. Optionall y, each of the ink inlets has

an ipk perpeable tr a ve sized so t.h
O et e 26 BHEF ot T B o HTDle B0 A UG HAR s L tho surface
tefRicR\GE a% lﬁxkinmmhﬁ g&ag&he Melbretfdﬁtggﬂd’lbﬂ@géj Stﬁsretnl"c&mhg kse,

pernmeabple tr ir u es to the vent

P ey Bk portsale s e BpRFORAS o vHE B oh g gbere

have an el ongate shape such that two of the sidewalls

are |ong.rel at]j vetoteo for
Otiopelhy 1 Aearoen i ot comaiccnanmsed R o RERH & lone
rela@ViCto v, bl thd peding Borlallewing Biee tefillhigy dhainBerfy m\wheletthe long

.an | nkj et prlnthead further conprising a filter
Sl‘%t"’rah%ture at the

In a further aspect there is provided an inkjet printhead further comprising a filter structure at the
opening of each ink chamber, the filter structure having rows of obstructions extending transverse
to the flow direction through the opening, the obstructions in each row being spaced such that they

are out of registration with the obstructions in an adjacent row with respect to the flow direction.

Optionally, the nozzles are arranged in rows such that the nozzle centres are collinear and the

nozzle pitch along each row is greater than 1000 nozzles per inch.

Optionally, the nozzle plate has an exterior surface with formations for reducing its co-efficient of

static friction (known as ‘stiction’).
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openi ng of each ink chanber, the filter structure
havi ng rows of obstructions extending transverse to
wa b@7/0kiow di rection through the opening, the PCT/AU2005/001561
obstructions in each row bei ng spaced such that they
are out of registration mﬁthl he qbstructions . in an
In pfifthaseeqt thegwpsptinycpticnpagidet o t%ﬂéﬂlﬁ?@%ﬂ‘g‘?ardé&?lf’%’?g:
Ot i,9834 of: ink BRAIHERE ZdBB AR 2ol ANEREN bétudt@VBr ettty inR@trough the
the nozZl e centres are collinear and the nozzle pitch
nogdleypefl. each row i s greater than 1000 nozzl es per inch
Opt 'dﬁ?@éi}c‘éit;ytf&eseré&%iﬁr@dicﬁﬁ@the stuAGts 6Xhest it ivasignals;
with formatirons for reducing its co-efficient of
whereit quging psect i on (known as 'stiction').In a fifth
aspegth dRE sighf SEMitadON B ckiCleshi PAULIES S BE adtitkdrat
printhead conprising: an array of ink chanbers, each
having a nozzle and an actuator for ejecting ink

Byl B, il ROETIF lar @ amBEE WHE tvd SrGhbré EifallePéhambers, such that the

sel ectively prOV|d|2$Wthe act uat or s _of thefiLra mnih.
sepfraig ectupi P @ thoweesiineripyHEReS & sereson PRl e@% geraie eects
drs T ARPAIShY, afChdvitdldferdht Rlsdirathibisy sefalléfieops elithaiferiag

By replacing a single relatively | arge chanber with
migdigsetgnns aisrless Skely fosteatarasisivle a@{?ﬁtﬁ' that the separate

actuators are in the sane driver circuit (either in

series or parallel), each nozzle ejects drops of .
Ondionlse he geiaie are Shsasl g Her and Wi PRI AT bR b Hgutancously
actPP 4r€PparflbfARSsale WRvElifchie ! dablinaVing Qi He@Eit dlitsit eichding $6tween two

Iikelg&to create any_ visible artef cts.,qgtionalg¥,. d by th
coplgess, Aka qateep Sorming ap isleptiga! copRpTiion SR reREFUVR Bleiods K e idpd by the
arRE cAGliat ors that sinul taneously activate are part of

the same drive circuit., each having a heater el enment

ext endi ng between two contacts, the contacts form ng
OfPnflye ik bhdity SBRASGE R sitnlidhebBBRR ATy Re Sdredtédid egies.

provided by the drive circuitry,. Optionally, the

plurality of actuators that sinultaneously activate

OftoBalf0 HR @ikl abilatdR ehdhshavdPiinit@yPlldnys stiubt@retahi® s Bedker element
actuators each have a unitary planar structure and a

suppegfedin thedppehemBsispended i n the ink chanber .

Optionally, each of the ink chanbers have a plurality

of nozzles; wherein during use, the actuatqQrs .
Ol 858 0L P FRsERers e £ ANBIP! APFAS AR S1ing i

t he b asHaRdrs sitRithiRe@ly ect BREHIowh all lie dopKesif drlabasbehave

two nozzles. Optionally, the heater elenents are

al i gned el ongate strips and the nozzles- in each

OFtARIDE EacBlof the ink chambers have two nozzles.

Optionally, the heater elements are aligned elongate strips and the nozzles in each chamber are

arranged in a line parallel to that of the heater elements.
Optionally, the nozzles are elliptical.
Optionally, the major axes of the elliptical nozzles are aligned.

Optionally, each of the drive circuits has a field effect transistor (FET), the drive voltage of the
drive FET being less than 5 Volts.
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arranged in a line parallel to that of the heater

el ements. Optionally, the nozzles are elliptical.
w@piorosekd y, the major axes of the elliptical PORAU2®S/001561

are aligned. Optionally, each of the drive circuits

has a field effect transistof? FET), the drive voltage
Optignailydheirive solfaggotile BT Isdsy t iS5 Vol t's. Opti onal Iy,

the drive voltage of the FET is 2 5 Volts. Optionally,
the array of ink chambers is def

ﬁ b sigﬁmalls e plate and
Optselndherdea of S Ehberds seaedbetes e GRYEFL 7 gl plate an
the%ﬁ&fyu&%%r ls@¥sRate, UAB oPthe kiBGvatls dLydeh bismbbr il at badiigto allow

havi ng an opening to allowink to refill the chanber;
inkgprafifikhe$@@biTt bet ween the nozzle plate and underlying

vaf &f inklcBukt blétwtceﬁlaw h&zz&%ildﬂ@aﬂdfhnﬁérm VeeBEr e inkabhduit being in

with the openings of a plurallt%vg g%hg i.nk chanbers.
fluidrpomnugicetipawi Freninguete pluraldy ling heRkj et

printhead further conprising a plurality of ink inlets

defined in_the wafer substrate; rein, each
In £ RS e VIO b G B ST PR e AP it ink nlets
deﬁé@ﬂﬁe%%rédb&rdt@'v%%l{%mf or Irece' vi ng :cnr to sEppl y to

e in nbers ionally, each o e.in

i s iepchrqf me@%m%ﬁul%@tﬂum%%%m%ﬁﬁt E‘@St Rk Oﬁﬁ? @#ﬁmets for .

recef¥in fikiolsiily RIRAGE cladBe®, i S provi ded an inkj et

pri nt head urther conprising at | east one primnmng
feature extendi ng through each of the ink inlets; such

Optubﬁatny, $aBI ofSiHe FoR 6EnduBNS irDMui@ Eordudisiion®ith SedIst thd ink bets.
inlet acts to draw the ink out of the inlet and

partlally along the flow path toward the ink chanbers.

In mrth@ﬁﬁkécﬁheﬁaﬁﬁ}oﬂﬁed dAGnitj & bprinth bRl fBritiea SorAgtisinglat least one priming

erneabl e trap and a vept siz that the surface
fealt‘gﬁéﬁbtﬁh%fthrﬁhgh kb At 4 ngt%\é?%stg(%t he vent prevents

i NK theRKBGQensIMARE 8 Ak tHehisti@ athbe inktitles dcrko fawmmeaibk eut of the inlet

trap directs gas bubbles to the vent where they vent
an@émg éli“’etg WA 9T the Ik REMPRR chanber s have an

elongate shape such that two of the sidewalls are |ong

relative to the oth nd th eni Wi
O Pt S SRS
te]ﬁio%%\ﬁ@ﬁ g mehlﬁmﬁ gf:ﬂfdﬁsttﬁfﬁenﬁﬁ@%fs meﬂﬁge vatheﬁNduﬂlﬂQ usk)

I NK] et rint hea rther c a 11 er_s

at tth eemg B@meﬂ:ée 53D UIeets gpq,ﬁg%ﬁ]% nE \ﬁkéer? ‘{hf:}{ Pva {o a%mospﬁere.

structure having rows of obstructlons ext endi ng
O;Etlro?lertllfc’y\,/%re?nk chambers have an elongate shape such that two of the sidewalls are long
relative to the others, and the opening for allowing ink to refill the chamber is in one of the long

sidewalls.

In a further aspect there is provided an inkjet printhead further comprising a filter structure at the
opening of each ink chamber, the filter structure having rows of obstructions extending transverse
to the flow direction through the opening, the obstructions in each row being spaced such that they

are out of registration with the obstructions in an adjacent row with respect to the flow direction.

Optionally, the nozzles are arranged in rows such that the nozzle centres are collinear and the

nozzle pitch along each row is greater than 1000 nozzles per inch.
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to the flow direction through the opening, the

obstructions in each row bei ng spaced such that they
wae@7out74of regi stration with the obstructi onsSPCTAEZN05/001561

adj acent row with respect to_ the flow direction.

Optionally, the nozzles are ranged, i n r QWs
Optiprallpghenagzle alaterasangierion| | | negHack At aH%“fszf "%‘H”éﬁ s co-
ofRleNG sBACRicliOy\(khéwiBdsealcby’y.han 1000 nozzl es per

Inch.Optionally, the nozzle plate has an exterior

surface with formations for reducing its co efficient

In& glxiﬁtaégebtcthé Sre&hi i@Rnli&NRVAISG in bt peibihedil omptifing Si xt h
aspect present invention provide an i nkj

et
pri @g h’éﬁ’o"f@@ﬁlﬁ jaad ﬂ@respgﬁdlag ?Wt%§ OR gj5Ying d ugh the nozzles, the

nofAMs %@ﬁg ataled hg&ﬂm@@&é»‘s%%l@!hﬁt th@¥oz8lk 86l e colkndah nie@in, t he
nozzl es n.rows, such that

e nozzl es being arran
thethﬁi@iﬁ@%@rﬂ%@%ﬁ%w&ﬂwamgﬁ%w AePer 06l nozzl e

pitch along each row is greater than 1000 nozzles per

inch. Traditionally, the nozzle are arranged | o
Trisktiongliyafhethopaierogs prsaraiesd d freire i B SR At §°Y’r?"%ndmgm

opPROdirdcBofdl MRE twRNRE stabBded Wit rediiett t6 baYEBEad that the printing resolution
respect_to eachother so that the@SQintlnﬂ resgl uti.on h
(dqteprr dnchis tige iy npzglemitpl @opalcs PRGRSY &lopE £45H 1 oBY FuEeie the

coing&l%hts 3k B8 Unie SN tHe OWeatBY cBAReE, glummdtabtaatsmga men tiat b overall
e unit cell (the repeating chamber, nozzle

wigdthiof, the gpit u;ﬁpc%uj:ec% %ﬁa@q{g{mﬁeﬁ%f FS P8 bwraatnﬁedd.]atotaﬁglgl[ﬁ{?\fz instead
ofkwo §EECE Gad dppEsiSAIRs WURRE EacBficin@ZR/ peisit ﬁaﬂutbﬁ (@p L pnoedow of

into a single row.i nst ad of two sta

drtyp RGOS eSO FOREROR P RIS PR PESS Pl
rec%%% prin} datéNEldrMvay, tB in¥teel bnighratioh Wwedvalthd presenttifresntion can be

fabrication and connectign to a
argiR i PO PV REERE W et 1o RPalbord iRypty doubl te
prinhRsdiitidn -G8 He caRNF i preddrtedRmbsd et/ to BREO gip.£sent
i nvention can be arranged into opposing rows that are
staggered with respect to eachother to effectively
optRURlyethe A6z ifeh is 186@hdsbleOperinchn the case of the
preférred enbodi ment, to 3200 d.r.i. Optionally, the
nozzle pitch is 1600 nozzles per inch. Optionally, the
Oﬁ’t%&ﬁye the Ab£z18 latd dtpti6alan@ihe ndidie axds BOsach K€Bledh theac are aligned.
nozzle in the row are aligned. Optionally, the
actuators are thernmal actuators, each having a heater

O ko%@l?f‘ theQ¥t20d aRGhSBENRRBtofsy\EacE Ed’i/ﬁ@oi}&atet Heana attaclirg between
orm ng an elec%rlcal congg@tlon W

BT ARGy L ) SEHB AP POBA BT PP v s provided by

thé Eﬁ%ﬁlculﬁr?tﬂd@ﬂa%abﬁmﬂ@r Beiifh tugitayy fldm@NStackid. UCt ur e.
Optionally, the heater elenents are formed from
el ongate strips of heater material, the electrodes are
OFIRIHE thedefateldhentt afdmrnﬁﬁdsﬁ:‘on{mt)@htels&ﬁpe of lehtet tatedalj theelectrodes

circuitry nd the |n cha is confi d.such .t hat
arp oA o et 08 SOE TR S RbRF ik S
cdnRBured &R Bat the heater element are suspended by the contacts in the chamber.

Optionally, a trench etched into the drive circuitry extends between the electrodes.

Optionally, each of the ink chambers have a plurality of nozzles; wherein during use,

the actuators simultaneously eject ink through all the nozzles of the chamber.

Optionally, each of the ink chambers have two nozzles.
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Optionally, a trench etched into the drive circuitry
ext ends between the electrodes. Optionally, each of
wo b@7iak4chanbers have a plurality of nozzl es;P@iiaU2i08/001561
during use, the actuators siﬂaltaneously ej ect ink
t hrough all the nozzles of t chanmber. Optionally,
each of the ink chanbers have two nozzl es. Optionally,

Opﬁ&ﬁl ?Qﬁezﬂogﬁeé il e@tﬁccharﬁll%ﬂ BRQFrade@ it lirdp@RUelitd1tha 1dngMeT the heater
par a to the length of the heater glenent with the

clemeinitithescaisl gresich domgzsas regdarly sBRred RS 10p heale clamEtty
the heater elenent. Optionally, the drive C|rCU|try
has a drive field effect transisto for e

Optipnally.ike drive chenimabasgirive figdd sff?%ané{ﬁf# Q’S’B ‘I#é’a%@%

actﬁﬁ&s hEd BlehBRse LPAR dRviMalT Soine@s ORI Vots. the drive
voltage of the drive FET is 2.5 Volts. Optionally, the
array of ink chanbers is defined by sidewalls

OpfSiRD dhd@RILIRR DT theRBFLFET RhatWI18Nd the underlying

waf er” substrate, one of the sidewalls of each chanber
having an opening to allow ink to refill the chanber;

Opﬁendllg} &h&mlﬂfﬁnkkbﬁﬁrﬂﬁe@ﬂs 16 B GiliEvallk ait@ld@fgdwbmﬁﬁﬁ hgﬂzhb@late and
i nk conduit being . |n_fl ?ﬁ; ni cation to all
thwnﬂﬁlwafﬁéﬁb%@@ o OéthﬁlS{&‘F‘éwllW 66# ch R ABBYRg to atlow
ind 10 rékif Mg Ehebedspect there is provided an i nkJ et
print head furfher conprising a plurali

[
def iandwk GonduirRetwesn Hie 19TARRIFE AR UndFrbaRg ‘ﬁgf Hﬁ‘éi" ?%’fe“emg m
Ao MonmARa drSwikiSthk Bpdnlrdh 6f LR oS AL ikithwhbdis. at | east

one of the ink inlets for receiving ink to supply to
the ink chanbers. Optionally, each of the ink conduits

In h%rther £shatt fhefeQETpRoitEPdn iBet\Wrihiheddmortinf céi@isingle plurkliy of ink inlets
In further aspect there is provided an inkjet

de@qdﬁ’ﬁﬁ’@él‘@feﬁ'ﬁ‘ﬁktsﬁgﬁ V&SFS®i sing at | east one prining

f eatdysieorend 80 8nagitd ib oG coatihidafiont Wigh atidast dak of the inkulbts for
that, the surface tension of an i nk neni scus at the
reqefRng)pk tosuprly jaghek PamheTS: nk out of the inlet and

partially along the flow path toward the i nk chanbers.
Optionally, each of the |q§ i nl ets has

in e

Orﬁ@flﬂb’a?ﬂcb of the ik eapuifs {5dmfluidcompuLERtoR é{’ftgtt‘ﬁ%"éh"r%b“é"ts'

tension of an ink neniscus across the vent prevents

i nk | eakage mhereln dur] e,.the ink
Intarﬂggneailsp%rg fheres ropided, JchPﬂPﬁ% f\/‘taﬁﬁe %ai} Qg priming
feif%e%kt@mlﬁfoagh §3eh ﬁﬂmaﬁﬂkymletb :hech tﬁiﬁ chanrber sI have aln
el ongat e shape suc t.two e 0
e i patae Ry e sbdnenishe o s et 195 B ape B the imet
anld PkrtihiBy 416gl thé f16% atk hewHiREthe in& chamteRe of the | ong

Optionally, each of the ink inlets has an ink permeable trap and a vent sized so that the surface
tension of an ink meniscus across the vent prevents ink leakage; wherein during use,

the ink permeable trap directs gas bubbles to the vent where they vent to atmosphere.

Optionally, the ink chambers have an elongate shape such that two of the sidewalls are long
relative to the others, and the opening for allowing ink to refill the chamber is in one of the long

sidewalls.

In a further aspect there is provided an inkjet printhead further comprising a filter structure at the

opening of each ink chamber, the filter structure having rows of obstructions extending transverse
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sidewalls. In a further aspect there is provided an

i nkj et printhead further conprising a filter structure
wa@eoovher7apeni ng of each i nk chanber, the filtePCT/AU2005/001561

structure having rows of obsf;uctions ext endi ng

transverseto the flow directto

n through the enin
to theyBovp isqetipr oyt the APRRIRSHTE oy 19BRIGHES %&%aaﬁ P Fe gt ppced such that
thed B8 You Bt Fep@iithti S wikElé SBstradtiodin\h biljaddatrowbsitii raspeetad the iflow
~an adjacent row with respect to the flow direction.
dirgfien.onal |y, the nozzle plate has an exterior surface
with formations for reducing its co-efficient of

static friction (known as 'suction').. ionally., the..
Ophienally.dhqsioatle Plisdosh BIFF THHRCSYiy Gbiiospr ftlpedng sgp-iient of
staliSSictbnl RnAvilRZ&icBorppper that engages the printhead

when not in use, and when the capper disengages from

the exterior surface, residual ink between the capper
OpRBhILY,Ee R5518 bilaRhaS s dxBsir fiMescoas fidsdiof ie vathtaatorzzd¢ capper that

surface because of a neniscus between the r and
et G B P AL B S SR RE B g e
resiiRsl it drRden iRy i MIShd Stterloe hitfabé MGved berbsald exspioesubface because

the residual ink pushed along the exterior surface by
of ¢ penipRup PEWE the GRPRET 8B, ﬁFﬁmﬁgﬁggFaﬂﬁ?“ﬁ¥esent

I NV et dxRBoPS B dedRS miidr forkiths R tiifieast 1eersome o thy resalual ink
nozzl e plate defining an array of nozzles; an actuator
pushed plergbr axiET YT BRRGESIESi n the array for ejecting
i nk through the nozzle; wherein, the nozzle plate has
an exterior surface with formati n§ for reducing its
In & veth PTG ke TBTSeR O IRt G sy Pl PO HE
CO- @fbbAd SRk definifd Ataray bfdoetlepn, there is |ess

i kelihood that er dyst or. of her contam nant,s W L.l .

cl ogn@%atwgw@?q?& tp ﬁ@%éﬁ? lél%iﬁ N ?°f§{°5ﬁgc1%? ﬁ‘.‘%%gﬁ’,n"zm’
wHefein,Sti ction” as it has becone known, allows dust

particles to "stick"” to nozzle plates and.thereb Q

Do Sk lppias et Brosery: BREL L PrBHog B et G e of
stk &tc@ioM t h rai sed formations, dust particles can only

contact the outer extremties of each formation. This

reduces friction between the particles and the nozzle
ByPedictheSRe dodticien ¥t fdictitieloasthird atless tikélthobdd thiwepapdraitiss onvther

e ) ok B B By e SR TR s s
kn6WEANbRIIRY pdr@ses tEXticlona hbatle fldies ho ey olog neaztes. By patterning the
exgegilcn%I q%l?e:)t}og;}gjlﬂ%t%twllit nrgise%ffor?nqa%grlls, ldl?sp ggxgclgxctag Qﬁly @&ta{]c?{hg%llter
extremities of each formation. This reduces friction between the particles and the nozzle plate so
that any particles that contact the plate are less likely to attach, and if they do attach, they are more

likely to be removed by printhead maintenance cleaning cycles.

Optionally, the formations are columnar projections of equal length extending normal to the plane

of the nozzle plate.

Optionally, the actuators are thermal actuators, each having a heater element extending between
two contacts, the contacts forming an electrical connection with respective electrodes provided by

the drive circuitry, the thermal actuator being a unitary planar structure.
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of the nozzle plate. Optionally, the actuators are

thermal actuators, each having a heater el enent
w@zdaoendi7ag bet ween two contacts, the contacts POI/AUZYS/001561

an electrical connection with_respective el ectrodes

provi ded by the drive ci ui 1§ , the the | act uator
Onbignally the besler St 3R pemes Fomy (SloneedSiBR af egrer gl the electrodes
ard ¥ P48Y ar@hs TR MpSmaNt ehefaDlap@ Gf fhe QHVEiRBGS] @d SHerihipchatber is

heater material, the el ectrodes arg ero?edhareaiFof a
copfiggredisuch thet ihe heptarelemayt are fispepdpd by the pemacts iy the shamber, o

i nk chanber is configured such that the heater el enent

are suspended by the contacts in %ﬂs cha e%.
Ontigeaily arongh eighadrintn dye doive HERYTRY RIS PEIEFR (e SEPTdss¢ r y

extends between the el ectrodes. Optionally, each of

the ink chanbers have a plurality of nozzles:. wherein
OniaFalbgrocs el he s chasnynar e iy Rl v et e

t hr angdenaldrs sih@tnessly@fectahk thRRigh biatib abzziep ihe tialbys.

each of the ink chanbers have two nozzles. Optionally,

the nozzles in each chanber are arranged in a line
Otidhaly] @lch bOhé e changidhaod twohezAleat er el ement with the

central axes of the nozzles are regularly spaced al ong

the heater elenent. Optionally, the nozzles are
Oftiohd1BY 1he abzzleSR dabi elabiBer drd\@ralBdat a HxEaraile] tohies length of the heater

el liptical nozzles, are aligned. tionall he drive
eleeap Vit &cﬁﬁc et henoriey e@ﬂvlé%’s ?egﬁgﬁéfh&ﬁle%‘f-‘ ent.
for each of the thermal actuators, the drive voltage
of the drive FET pbeing less than 5 Volts. Optionally,
Ontigaaltyy th @ozz SF@@@qﬁ*ﬁthe drive FET is 2.5 Volts.
Optionally, the array of ink chanbers is defined by
sidewal | s extendi.ng petween a nozzle. plate and the
ORH‘?Hglryl’WH@J%’FeéPf@gB@PW\%f’é?ZZISWée 8fe%de sidewal I's of
each chanber having an opening to allow ink to refil
the ch er; .an_ink conduyi tween  t zl t
Ongiteeifintbe ARy g ey § S el e e (EDHg o Py fomat
acteiFrE thi @elld itayd dftthd dive DRE Beingkssathans Yolsr al ity of the
i nk chanbers. I h a further aspect there is provided an
i nkj et printhead further conprising a plurality of ink
Optidhals thdafivaadiapdofttiedriva FET isub¥biiat e; wherein, each
of the ink conduits is in fluid conmunication with at

| east one of the ink inlets for receiving ink to
Ogiolyy tHe@rrhynef inldhatibas bakfinedQytsldowailsleytending betwéentamezzle plate and

k conduits is in fluid icati ith.two of .th
o e R P e S5 S YRR b6 o
ink foke Bl thelchamidegad further conprising at | east one

an ink conduit between the nozzle plate and underlying wafer, the ink conduit being in

fluid communication with the openings of a plurality of the ink chambers.

In a further aspect there is provided an inkjet printhead further comprising a plurality of ink inlets
defined in the wafer substrate; wherein,
each of the ink conduits is in fluid communication with at least one of the ink inlets for

receiving ink to supply to the ink chambers.

Optionally, each of the ink conduits is in fluid communication with two of the ink inlets.
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primng feature extendi ng through each of the ink
inlets; such that, the surface tension of an ink
wOoren7oeIs4 at the ink inlet acts to draw t he i NRCDAU205/001561
the inlet and partially alon the flow path toward the
i nk chanbers. Optionally, ea of th hnk i nl.ets has
In frtherpesieihere suTevidedap iRy a ve?ﬁnt%e?‘%g’t‘j‘ T FORLLng §deast one

pnﬁﬁifgf Bisre Eﬁwﬁg@bch PhEBRI |n§&§' SuQEAS S t h e V e nt
prevents I nk |'eakage; wherein during use,

per ﬁh?aﬂ?)tfécett?nﬁ}ﬁ’n of woek epgans Bt}bﬁm&énl%&ctﬁ FPedI%‘@ e %@F gf the inlet
ané]gﬁ’bf R REPD&ER thdIRk bbby, the ink chanmbers
ve an e ongate shape such that two of the sidewalls
are long relative to the others, and the opening for
OpRbh @i daeh bithe #R i hdslantqu)eﬁﬁbaﬁte Qap bufdl d %nom@d@t) tHat¥8e surface
I ong sidewal I's. In further aspect there pr ovi ded
tengien ofi} iak mERFGYE RETEH ThairentRevents h‘ﬂ‘r pakpgfy) Whereiny {dqubipg use,
St I Ygd ik Serfbatid @B 85k ribbieas ithel vkt v ¥BEY vent fd@tmosphere.
filter structure having rows of obstructions extending
transverse to the flow direction through the opening,
oﬁttaﬁatebﬁt It Chi-uRss iale BAQBnaRWhAR stk tBd? aﬁ@&” thelGdevialldre long
are out of reglstratlon W th tlﬁ tructlons -Ph )
relathveata {haothsts, angvihs,goeping &y glleying pkiqyghifl HP‘P%WPBHG of'the long
sidfpthonal Iy, the nozzles are arranged in rows such that
the nozzle centres are collinear and the nozzle pitch
al ong each row is greater than 1000 nozzl es per inch.

In b PRy Rba th'%re@§§l%@iﬁe& HeEnBPEeFRthkad fONRRCHApipQMilte SinRfure at the
i nkj et printhead conprising: an array

k ch
B 0 T T TR R

to tRrRWAIrebthR tROd t8e otk Uh&blstrictiBhs inRKchirbl@kiag kpucéd dutldthat they
conmmuni cation with the 1 nk chapbers; an

e A THESEE OB RS ROETRHIG A GUHM K N G g oW dction

inlets; such that, the surface tenS|on of an ink

meni scus at the ink inlet acts aw the ink of
Optigaal}snibe pozha A5 AFERESH I 10%F § “taﬁgl A S laa Pl the
ndzAK pRdRAEAG eSoh rBY i bt dkEI10QD @bzpled for B@hf eature into

the pl ane of the inlet aperture, the surface tension

in the ink nmeniscus can be redirected to pull the ink

In@h efpfihtabifct thd ﬁeﬁn{ 1h%ﬂt16@]5ﬂavﬂ€st AnEikjdt Ipﬁﬂthws:bmbhsmc K
into the inlet. tlonbg he arr

r o HTRHELb S b R et fir GG PR brough the
ndRbigt € and a wafer substrate, the ink inlets are ‘
apertures in

n.the wafer substr
f eat &P gra}lté/ ogmk mlet\g?n f? id comm1tm1<?a ion W%‘Q gne hgm{oers, gd,
at least one priming feature extending through each of the ink inlets; such that,

the surface tension of an ink meniscus at the ink inlet acts to draw the ink out of the inlet

and partially along the flow path toward the ink chambers.

By introducing a priming feature into the plane of the inlet aperture, the surface tension in the ink
meniscus can be redirected to pull the ink along the intend flow path rather than push it back into
the inlet.

Optionally, the array of ink chambers are defined by sidewalls extending between a nozzle plate
and a wafer substrate, the ink inlets are apertures in the wafer substrate, and the priming feature is a
column at least partially within the periphery of the ink inlet, and extending towards the nozzle
plate.
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colum at least partially wthin the periphery of the

ink inlet, and extending towards the nozzle plate.ln a
wo eoovler4aspect there is provided an i nkjet prPet/ABA®5/001561

further conprising drive circuitry for selectively

provi ding the actuators with2@rive signals, wherein

the actuators are thermal actuators, each having a

mh ﬁﬁ@h@xrasﬁéc?ﬁ%%tls ;95\;1&’5&% ki BHMRER floMRer SRMifiak &uivd diuitry for

contacts formng an el ectrical connection wth

selp@iyplyprovidingdhe pwithdriygisigagls. Fypereidheipqupore 1F thymeal getuators,

cadtBvihb & hERd: eﬁ%ﬂ%&ﬁd@@b%eéﬂ tWObdRdcks, 1Bk Mcts%ﬂ’nﬁﬁé A dfectrical
Optionally, the heater el enents are forned

cosjegfirgatith r&1pestiys elsptradesrrayidsddivdhs dijve cirpriing Fbéél?%eﬁéﬁtua%bemg a
unfPPBEL sdhg@s. of a top-nost netal layer of the drive
circuitry, and the ink chanber is configured such that
the heater el ement are suspended by the contacts in

Oﬂt@ﬁal&htﬁgpé‘afer e@@ﬁeﬁt@ﬁl@'fdrbﬁed BohlcRRERe 8LifITUedidHnidrAE the electrodes

drive C|rCU|try ext ends between the el ectrodes.
arq¥PPIsA alepsof adertmoss fetahlaysr ok the WeHpeTeuitprApd the 1p chamber iy
coRfigui%attBiRat (N YRAEY dlertbal 4D Gusﬁéﬂed b a6ikdetti®the chamber.
simul taneously ejects ink through all the nozzles of
the chamber. Optionally, each of the ink chambers have
OpPHeBalROZ #éRE etchddtihtd AR drive citdiBrytR%ANSetwden BRClchREDer
are arranged in a line parallel to the length of the
heater elenment with the central axes of the nozzles

O@foﬁalfyeéhk!ﬁ 8f thy nﬁ@mrsﬂamplﬁﬂaﬁtyt&@ ﬁ&z@fes Q&Iﬁf&fﬂuﬂng use,
Opt i onal | the nozzles are ell

t he theosr cplos sERligEottRo s iplthrough B 2?7@?8 af e alﬁﬂ&’ﬁ%d
Optionally, the drive circuitry has a drive field
effect transistor (FET) for each of the thernal

Ontionallyr ¢¢l of ﬁ%*&@ﬁ%@ﬁ%ﬂ?%ﬁﬁmﬁgﬁthe drive FET bei ng
| ess than 5 Vblts Optionally, the drive voltage of

the drive FET is 5 Volts. tionally, o of t
OngioglfathF Sorgte et SREHG TS asbed 63@#%16{1 gl ot hestr
eldnfenf Rfth hb cédd@l HOAGRS riozABs drdtegiRiElipated ARMYERMedtB Iement.

nozzl e plate and underlying wafer, the ink conduit
being in fluid comuni cation with the openings of a

OftlodsIB) iht YoRfes bRlipAkel.chanbers. Optionally, each of the
ink conduits is in fluid communication with at | east

one of the ink inlets for receiving ink to supply to

OftR8aliyNhe e B o B tiipal hozzeasb alhed.he i nk conduits

is in fluid communication with two of the ink inlets.
Optionally, each of the ink inlets has an ink

ORRLNBADE arild @RudR tada IR ekl FRE tSAsidtAIAFET)er &l bBkEthermal
ac]t?u%%?s:, gwg grggeex?orl] ﬁﬂaﬁ %ﬁ’ﬁ Bac : ggssichztmh oltsnt prevents

Optionally, the drive voltage of the drive FET is 2.5 Volts.

Optionally, one of the sidewalls of each chamber has an opening to allow ink to refill the chamber;
an ink conduit between the nozzle plate and underlying wafer, the ink conduit being in

fluid communication with the openings of a plurality of the ink chambers.

Optionally, each of the ink conduits is in fluid communication with at least one of the ink inlets for

receiving ink to supply to the ink chambers.
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the ink perneable trap directs gas bubbles to the vent
where they vent to atnosphere. Optionally, the ink
W@ b@moer’s4 have an el ongate shape such that twoPCF/AUR®S/001561
sidemalls are long relative to the others, and the
pening for allowng ink to 2Efill the chanber IS.in
Opewﬂbf:a@wéthpeq%@ogﬁl%mmﬂyd | n @UEE{CR WEpEeef thedpkgnlets
|s provided an inkjet printhead further conpr|S|ng a
lter structure at the openi aﬁof each i nk chanbe

OPEWH%W%@ the ink; it hes ARk p trag andpcieR s gt the surface

ten§ibh BN ﬂgmkﬁ@oﬂés ¥Rs3 @aetx@nttﬂ?@eﬁtb &m&ncag%cwwan alpuas the
openi n the obstructions in each row_bei ng space

suc ket enfﬂ??é»}e tepplinggis 2asubliesite the yent é‘flpewﬂeqa( V@ﬁéo atmosphere.
obstructlons I nan adjacent row with respect to the
| ow direction. Qptiona , the nozzles are arranged

Opflﬁna#%vt}ge gl ehpmpbgrsihaygan %lz%tp ehapg sirch ghat tyyoeot i) quewééﬁarealﬁag

reldtiVe td 108 8thrs nkl €He BB 0P ACRY iKWk toSrefill B8 LRImYeP R n d2@Pthe long
nozzl es per inch. Optionally, the nozzle plate has an

sidgWallsr i or surface with formations for redu0|ng its
co-efficient of static friction (known as stlctlon')-
In ni nt h_aspect the present invention provides an
ﬁ%ﬁg@tasm thers dxRI0 Hidsdpmiieki ¢ grinthepd M@?C%P“é’inéﬁ@if’fétﬁlﬁkre at the

op&ﬂl%ﬂﬁ Qich, inle@ambEatbk Nilerdtri6tEré hvin@dwd 61 WBdu@Etidnd Extending transverse
cti.ng |n§n%hrou gh the nozzle and a gldemall open

to ‘é‘F 5awdﬁgcﬂi°ﬁ b ther qpeping, fthe QopigcHensIn GR7R FoW Being Sﬂ?éced Such that they
arcQRES rBdsthafion WitR MR 0BStrukiidhs iPAthdflb &l Sovdwith REpecitk the flow direction.
chanber. Configuring the ink chanbers so that they
have side inlets reduces the ink refill tines. The
Ophsﬁaﬁp &h@ﬁ&zlé& g brraiped inh6weuok @iaf to hdAzlelcbiiys hrdteBBindk Bnd the

nal |y, array of ink chanbers are
noa&rwﬁﬁ%alo eag m&%‘t%@% @ﬁﬂ@%ﬁ‘éﬁ%@f# a nozzle plate

and a wafer substrate, and the actuators are thernal

act each haV|n an el on heat er, el enent
onfigrlfbeap g e oS form ey op oG el sp-cfficient of
statiORicheL&ABMn AdTV@AbA’PN provi des an inkjet printhead

further conprising drive circuitry for selectively

providing the thermal actuators with drive signals
In SHiaih Asprat thE b@isdht Rodkiag bovidey MM ifletrighidd abriigpnect i on

wth res ve e trodes ovlded the dri
o1 1 PP Rk COHED S B R B A %@B&W@r fgr jecting ink

thrbltlfghttﬁﬁ r)bzﬂb aﬂit&g si@dwfall @%Mfu% ADptving e to Yefilt tﬁ@cﬂ&fﬁlaéh@ﬁvherem,
e e nts are or rom (0] trips o eat er
Sgpnit fn Gledt oo o e Bt oas of

top nost netal |ayer of the drive C|rCU|try, and the

ol BRI oSSR B S A ble o8 S AR e

are wider and therefore refill flow rates are higher.

Optionally, the array of ink chambers are defined by sidewalls extending between a nozzle plate
and a wafer substrate, and the actuators are thermal actuators, each having an elongate heater

element extending between two contacts.

In a further aspect the present invention provides an inkjet printhead further comprising drive
circuitry for selectively providing the thermal actuators with drive signals such that their contacts
form an electrical connection with respective electrodes provided by the drive circuitry, wherein

the thermal actuator being a unitary planar structure.
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Optionally, a trench etched into the drive circuitry

ext ends between the electrodes. Optionally, each of
wo b@7iak4chanbers have a plurality of nozzl es;P@iiaU2i08/001561

during use, the actuator sinultaneously ejects ink

through all the nozzles of tR& chanber. Optionally,

each of the ink chanbers have two nozzles. Optionally,
o;kitiﬁanpo 2% hBSerl lbnRAG BreGHRIEA FonPl S pdie sRIPY 6Chehtlr Batkiif) Ghe electrodes

paraliel to the length of the heater element. with_the
arCFAPTEA AregnQl 8 tQprmesh Bciablayer ©f thg dave epity ﬂng%gﬂdale e g
cohfRrddQadBhat SleRRBL olenfdpt 410 Bdbénded byBe BéEZLsES thRcBamber.

elliptical. Optionally, the major axes of the

elliptical nozzles are aligned. Optionally, the drive
Ogtiohdlly] 4 frahch@Shed ikl théRirivé St Rt KkREds Betvads theleRbtréddetT)

for each of the thernmal actuators, the drive voltage.

of the drive FET being less than 5 Volts. Optionally,

OﬂftiBﬁe;l I da¥8 ofMRMd %aﬂ?ﬁmﬂiceh rstiafe fﬁlﬁﬂﬁty%?ﬁoﬂzﬁzs;zvlﬁ_re‘i@dhlrﬁg ul, a
urther aspec e present inventiqn provides an
i nkijtht achiaion smlianeysht dhests il ihuieh plh gle Bprzes 199 g fhtmer
bet ween the nozzle plate and the underlying wafer, the
ink conduit being in fluid comyunication with the
Orsigaivniysh of theying FRARersBpVOIOmREssnk chanbers. In a
further aspect the present invention provides an
i nkj.et printhead fyrther conprising a plurality of |
Ontiepallysthg agsdsa it saeh %@gmwag%ﬁ%% p %?M%L%W?n%%ﬁﬁ%ﬂgh%m
eléent Wh 1h8 KenG@NGlEd dfShd foz218s drd tipflatPepatsdiabal kiR ettt diengint.
| east one of the ink inlets for receiving ink to

supply to the ink chanbers. Optionally, each of the

OptiokalBOMhe Hbdzfes bi$ eiliptiédl.ui d communi cation with two of the
ink inlets. Optionally, each of the ink inlets has an
i nk perneable trap and a vent sized so that the

OptishiIBCBe 1)ds bl obthe allipfidaknd¥eles &€ bisgnadr 0ss the vent
prevents ink | eakage; wherein during use,the ink

perneabl e trap directs gas bubbles to the vent where
OptloaMlyy @8 triveikiffd by edrive ficlateffofialahyistort(RET) fokeaCh afthethSrmal

have an el ongat e shape that two gof the sidewalls
actygars B griveiokegend t@%ﬁéﬂﬁpﬂ&% fess dighes Vol o peni ng for

allowing ink to refill the chanber is in one of the

| ong. sidewalls. In a fur [ .aspect the present
OR"W%]% tbg ﬁ“ﬁ"@i’?&fé& t rf{"i"ﬁ EP@ ts prigﬂlfsh ead further

conprising a filter structure at the opening of each
Iné%éfh%lagspn?cghfg pgelggnt firivlexgtf"o% p?otvg eg tarlfligl% eth p?r}/nlthrégd Eu.lqtﬁgr C%Inprising an ink
conduit between the nozzle plate and the underlying wafer, the ink conduit being in fluid

communication with the openings of a plurality of the ink chambers.

In a further aspect the present invention provides an inkjet printhead further comprising a plurality
of ink inlets defined in the wafer substrate; wherein,
each of the ink conduits is in fluid communication with at least one of the ink inlets for

receiving ink to supply to the ink chambers.
Optionally, each of the ink conduits is in fluid communication with two of the ink inlets.

Optionally, each of the ink inlets has an ink permeable trap and a vent sized so that the surface

tension of an ink meniscus across the vent prevents ink leakage; wherein during use,
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extendi ng transverse to the flow direction through the

openi ng, the obstructions in each row bei ng spaced
weomh/ostiat they are out of registration with tPEI/AU2005/001561

obstructions in-an adjacent row with respect to the

flow direction. Optionally, £8e nozzles are arranged

in ribk geraiakin D diRes 85221 e c@ﬂ*kég”%ﬁﬁmbw???ﬂ@%WméKU
atrthé¥hdi@zzl e pitch al ong each row is greater than 1000

nozzl es per inch. Optionally, the nozzle plate has an

exterior surface with formations for reducing its

ogiRngfyf ih6 ikthabershaAt hr?elérfg'afétsha{i;@ shdR TRy ASE theSlide®hllsdte Jong
In atenth aspect the F i nvent rovi des an

relatiyg te the gthers Fiibe LGRS 108 m%awkéﬁfre therchppher ispm st gbe long
si®®delk. havi ng a nozzle, an actuator for ejecting ink
t hrough the nozzle, an inlet opening allowing ink to .
refill the chanber and a filter structure at the inlet

In @@ MHePSpediiR pedséht idvBRiohiptdvRies &t M@ﬁﬁiﬁl&eﬂﬁﬁﬂﬁ&\bﬁmﬂﬁsmg a filter
obstructi ons extendln% tran Erse to the. flo

STRFFIE Gt e APHE Y D He hor pnctise BFinePBTRS qtructions

exBadig rWvhed 6 %e&llﬁﬁ(ﬁféctﬁiﬂ@ﬁkoﬁéh&he seMp ahCoRtilictitds in each row being
registration with the obstruc %IOHS in an adjacent row

spaiet FRoRdigh ey 2 et BB Eibe PR} et P%“Pﬁéwu i rospect o
th@Bow Hir&abger s t he chanber renoves the contam nants and
bubbles but it also retards ink flowinto the chanber
The present invention uses a filter structure that has

OptRNSIyPfhe QB detan@iifed il volvb Such ti@Whp abdyle cEittes ARWDIliAER and the
offset th respect to h other to.induce

nogzls Bt eae%‘ﬁ?‘ﬁ 1ggreatcy tk}?f‘ﬁpqpatfozélfsf@&’cnc n the nozzle
refill rate but the air bubbles or other contam nants
are e o be retai ned by the qbstruction
?lly g’F o2z etzﬂaée 3s|ap g¥terdqr Spréacq pah %fglafe%stf
ﬁ@@$ﬁ&hﬁﬂ@@ﬁﬁagnhuﬁﬂ§]|y, the array of ink chanbers are
defined by sidewal | s extendi ng between a nozzle plate
and a wafer substrate, and the obstructions are
In@@énu{ml §eoi@ﬂie%ﬂa(§éﬂﬁ ?wb;ﬁiolﬁli@ﬁﬁldteﬂﬁl m%tqfﬁtn&wmoﬁ@ﬁ?ﬁg nd the
nozzle p i ona e actuators are.ther,
ot Cascgik oF ik et ek BB RS B HURS or S fOE through the
no2Xé.en dﬂl&@p&ﬁﬁg/ﬂﬁﬁuﬁg\/i& 16 Q¢TI Ré Shambr aad b filtbMetct@SpEME inlet opening;
t he present invention provides an inkjet printhead
Wi her conprising drive circuitry for selectively
Pr oVthéelfing strit@urt Ay rwRe ofastistradtidhSexvdnting Ctihsverssto givAlod direction

such that  their contacis-forman el ec cal connecti on
thigpgththe QRening; ﬁie gbstrueiions fach 19V sing é@%{ﬁ bt e ot of
reibtéatidh Withl theWdb&FiRtidhs in an adjacent row with respect to the flow direction.

'ciag its co-efficient of

Filtering the ink as it enters the chamber removes the contaminants and bubbles but it also retards
ink flow into the chamber. The present invention uses a filter structure that has rows of
obstructions in the flow path. The rows are offset with respect to each other to induce turbulence.
This has a minimal effect on the nozzle refill rate but the air bubbles or other contaminants are

likely to be retained by the obstructions.

Optionally, the filter structure has two rows of obstructions.
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the thermal actuator being a unitary planar structure.

Optionally, the heater elenents are forned from
web@ngat7ed strips of heater material, the el ectrOlab205001561

exposed areas of a top-nost netal |ayer of the drive

circuitry, and the ink chanbét is configured such that
Optipvealliethe Bvay of Bpehamberseare u s penodedings byt s Wabnidaading pgiween a
no% £,148 Mafe%ﬁ@{é%ﬂhe bstricEBs e ckidh@ind B8ween the wafer

e circuitry extends between the el ectrodes.

Sﬂ@pﬂﬁwﬁﬁh¢y¥ﬂ§ -of the ink chanbers have a plurality

of nozzles; wherein during use, the actuator

S|nultaneously ej ects ink through all the nozzles of
Optipeally{hpséyatorgzge sl Psiuat@a@ﬁcbotfavmﬁ &n plapsaahisaiseslemens peending
beldBh RRZEhiESs. Optionally, the nozzles in each chanber

are arranged in a line parallel to the length of the

heater element with the central axes of the nozzles

In & RfttheSf3 c@ﬂhla ?re%@ﬁﬁéhtﬁh BREIdeNS NG alRhtHhERRRd: - com nsmg drive
Opti on e nozzles are elliptical. Option

cirpHiEy fpa F%‘?C%/l&‘?hé groygiding e thernabactuators W&Wé@g&ﬂé Su&ﬁ |tfg‘*¥@alr conacts
fm@a{d e@l{&ﬁich]yoonﬁéaﬁodj&ritﬁﬁ% T&bﬁx‘é‘éﬁ&fr&de@@%vﬂe&jli}* the dlfr{reﬁlu@mtry, wherein
fect transistor for each of the thernal
theaféfr@amﬂ@tor beiee wmw Rl@af HGEUEF the drive FET being
less than 5 Volts. Optionally, the drive voltage of
the drive FET is 2.5 Volts.la a further_ aspect

Onsiaadigrihe honies Alements pe Sumas Gomyslanaxs ripsef hﬁ%tﬁré%erfa&r rﬂ%erf‘é?ctfodes

arE QPP Blefihfd Qoﬂ-ﬁkst afpd Ht?]r r P le\WBeScitifryNawzheinR kindntenig d
t he underlylnqﬁga er, e ink conduit being in_ fluid

copfigmRdirehitdhe hepierelemmat ars svaperged By thy opigpisipitherhamberh o
i nk chanbers. In a further aspect the present
i nvention EFOVIdes an inkjet printhead further
Ontigrallyi airengh gichadintg thedyive pirquiRy exirpds Retwirep thirelect e e
mafer substrate wher ei n, each of the ink conduits is
| ui d copmuni cat.i on mnth ah ?ast one of the ink
ORtWP?’éltYseaPlef thewkiciamhyrs ke ¢ Buelipsl porlyse Hergimgurme use,
¢ hanRefchratoPRiuRiRbhsly oj@aCik tkodeh 811 tHa koAb tHe Shnsbet.N
fluid communication with two of the ink inlets.
Optionally, each of the ink inlets has an ink
ORRLATBAGRLE of the Pk 3BARrMRNE twi b@slessO that the surface
tenS|on of an ink neniscus across the vent prevents
i nk | eakage; wherein during use, the ink perneable

OftioRAlyHhE 864zfes HPScIPEHARILESard SradnB&l i @ Mihe Phi@TLolthe¥na B the heater

to at nosphere, Cptlonally, t he | k cha ave
eleapeahyidt Be sonigbaxey pfihe ppgzlcs 31 regplag haoaqugg%@{hea@eﬁ%%

relative to the others, and the opening for allow ng

ink to refill the chanber is in one of the |ong
Optionally, the nozzles are elliptical.

Optionally, the major axes of the elliptical nozzles are aligned.

Optionaily, the drive circuitry has a drive field effect transistor (FET) for each of the thermal
actuators, the drive voltage of the drive FET being less than 5 Volts.

Optionally, the drive voltage of the drive FET is 2.5 Volts.
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sidewal I s. Optionally, the nozzles are arranged in
rows such that the nozzle centres are collinear and
wo b@7nezzd e pitch al ong each row i s greater theer/A0QD5/001561
nozzl es per inch. In an el eventh aspect the present
I nvention provides an |nkJet%&wrnhead for e wth a
Inﬁéﬂliheéa@s% P iTERPRges t he Pisvidat HeBE® ﬁle%&ioffmh% comprising

at 48R coniMbdrédn e ﬂ%!’zil@blﬁt%&dd 10 WRAek1§inP GiafeR, tROBR béhdik B4ifg in fluid
defi ni ng an array, of nozzl es and haV|ng an exterior

cogRyicaEon Bih e pRegimgb ol RifeEy ohibe kspErbersuch t hat
when t he capper disengages fromthe exterior surface,
resi dual ink between the capper and the exterior . )
heg asPRe (e Prese JRETH RTKieB o7 BICSRI e M BT squarighs gplurality

of TRININBEURARAINDE Wvatdd Sul@BSheR] the exterior surface;
wherein, the exterior surface has gutter formations

for Fash of the g conduieia &ty remmymigagien Pt pidenst one ok s drdilgts for

reddi@ngink REsuBHy &5 thOInkTHihRee by the meniscus. Cutter
formations running transverse to the direction that

the capper is peeled away fromthe nozzle plate wll
OptHBNE el Gf the ik BnE@E® if FlutiREminbkicdtidn i@ tWE Bf tHE 1A% inlets.

While the gutters do not collect all the ink in the

meni scus, they do significantly reduce the |evel of

Opvhallye e&qara)t &Hﬁﬂk&ﬁlbt@ RasPn ik peimetibic/ tRIHARA 2 ¢k Siddad that the surface
I nk. gp nal |y, thelgutter fornations are a series of

teRYRpplgn SEWraF‘iSP P ¥FRE PreYfflpk feplfages eI qUEng Bie,

sur f @e ewk@brnidasle &@gaﬁ&tsrglaambtaetownﬂ@mé B8y vdhbio Bh&phere.
ink of different colours. In a further aspect there is

provi ded an inkjet printhead further conprising drive
Optidnely, tHelnl MEmB&s Rk v eloygaps BiieGiiOhithRo aCthel .aa@&aﬂs Welldhg

ive signhals erein the actuators
fe%&‘i’%t&tﬂ%ﬁ ity aﬁt’ﬂﬁm tor @S mdp i % P fﬁaﬁ ipgne of the long
sidiiaugen £ WO contacts, the contacts form ng an
el ectri cal connection with respective el ectrodes
provided by the drive circuitry, the thermal actuator
Oﬁtﬁin@l%f ﬂaellilﬁiﬂl@rabé aplafdbadlin folws YEhUNL thle%izilﬁéﬁﬂrés)ére ddllﬁlfear and the
eat er enents are om el on e strips o
nqfgls Pich ARnBEpRePw i ﬂ%at%rlt%ﬂp{’)(g%%mﬁ?%er ‘3osed areas of a
t op- nDst nmetal |ayer of the drive circuitry, and the

e SH DT SRS e L e Do LT

cappdritinalghyes tiR printBad wighGbed ukd) te idle pafithasd cSﬂnﬁﬁdihig‘i ry

ext ends bet we the el ectrodes tjonall h of
the FMEe Il?fﬁﬁfgﬁ’é ing an,array of P?ﬁzgﬁ F’%‘@) aye ﬁ’b?’% gﬁ‘i&?"é Fpgagement
willithe OgpperS Such that,

when the capper disengages from the exterior surface, residual ink between the capper and

the exterior surface moves across the exterior surface because of a meniscus between the capper
and the exterior surface; wherein,
the exterior surface has gutter formations for retaining at least some of the residual ink

pushed along the exterior surface by the meniscus.

Gutter formations running transverse to the direction that the capper is peeled away from the nozzle
plate will remove and retain some of the ink in the meniscus. While the gutters do not collect all
the ink in the meniscus, they do significantly reduce the level of nozzle contamination of with
different coloured ink.
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the actuator sinultaneously ejects ink through all the

nozzl es of the chanber. QOptionally, each of the ink
w@Eb@moer’s4 have two nozzles. Optionally, the norei/ab2008/001561

each chanber are arranged in a line parallel to the

Ien%th of the heater elenentzﬁnth the central axes_of
Ontigaallygihe petter farmatiqng ale4SPes §p ac ¥MamsicaeRg cOFBSaHgaseished into the
exRHEMRce (PRleindnAd pitte bEt%eﬂMﬂEﬁﬁat@f e@t it bft ddtfdr6A kolours.

Optionally, the najor axes of the elliptical nozzles

are aligned. Optionally, the drive C|rCU|try has a

In Q FEL'LIMl%I‘ Jsb@dt theRfi ﬁ‘é{rld&f A8 &tp%th@dﬁ%hefr esmR Ay doie §iRQitry for

hermal “actuators, the drive voltage of the drive FE

SGE@}VﬁJg Dresdding fhe Actateps itk drivgigngls aths?m thectugiars e {hgah aduators,

eaélf hatv E adl@été’xeeléx:ﬂ:eIt éx?’enamé béf@/'eénstwo CBiith @) HelYntadtd¥@rdihs &Y electrical
mbers is defil ned %%fldemalls extendi n

coalzeem@ewﬂareﬁnsztﬂe@leﬁv%&eéPrawéeq he, s R thgihegpmal actuator being a
unfiih plahAtsGuct@e of the sidewalls of each chanber having
an opening to allowink to refill the chanber; an ink
conduit between the nozzle plate and underlylng waf er,

OptidRaliyhe ﬁ@aﬁ‘&léleinei% bfé@oﬂnféd ol &b@amgé Skt mMbrial thhectrodes
openi ngs of | ural |t§10f the 1 nk chanbers.ln a

arg gppsed @rea%ﬁ@éw-mﬁ@rn@ta yeH b thedliye sireuitryk sk the ok dhambagis

cohfibl-EBSucE MRMNd BdafRP elBmét: Hedhdpkyde@ by tRlcoht it S ShedBhrhbed
in the wafer substrate; wherein, each of the ink

conduits is in fluid communication with at | east one

o@i‘oniﬂyea {redeh leRh&t ifitoltRY drfve eBdukth GktdnBKbdtwech RNt rbds t he

chamber s. Optionally, each of the ink conduits is

|n f|UId conmmuni cation with two of the ink inlets. In

Oichllyt BRh 0P&B BfklchitiRi£havs a PlufitytFdosdes] \ﬂlkdréi‘ﬁ d@fghtdyead
further conprising at |east one p

e
ext dReRSHFar SEBgrFoRsiY fFiecst ink fizoysh @fl thel n@??ées 02 ﬁﬁftni‘l’éf-,
the surface tension of an ink neniscus at the ink
inlet acts_to.draw the i nk out of the inlet and
Opsiopslivarq Ogﬂgﬂﬁﬁ’g Cgﬂ%bef‘ﬁ e peezieinar d t he i nk chanber s.
Optionally, each of the ink inlets has an ink
perneabl e trap and

ent sized so.that e rface
ORHORA o eGP 1 FER AP AT AR aﬂlﬁ%?%@%ﬁ%’\%&% @f the heater
eldnidht WERKRGEtraVDRS 6f tHe Abzbledfte Blarly BiRicddHongeli FRae! @ement.
trap directs gas bubbles to the vent where they vent

to atnosphere. Optionally, the ink chanbers have an

ofloangate nohiRareigiciinat two of the sidewalls are |ong
relative to the others, and the opening for allow ng

ink to refill the chanber is in one of the long
Optionally, the major axes of the elliptical nozzles are aligned.

Optionally, the drive circuitry has a drive field effect transistor (FET) for each of the thermal
actuators, the drive voltage of the drive FET being less than 5 Volts.

Optionally, the drive voltage of the drive FET is 2.5 Volts.

Optionally, the array of ink chambers is defined by sidewalls extending between a nozzle plate and
the underlying wafer substrate, one of the sidewalls of each chamber having an opening to allow
ink to refill the chamber;

an ink conduit between the nozzle plate and underlying wafer, the ink conduit being in

fluid communication with the openings of a plurality of the ink chambers.
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sidewalls. In a further aspect there is provided an

i nkj et printhead further conprising a filter structure
wa@eooriel7epeni ng of each i nk chanber, the filtePCI/AU2005/001561

structure having rows of obstructions extending

transverse to the flow directd’on through the opening,

the obstructions in each row bei ng spaced such that

InlaF8i¥heRbPed® ereqt plbeme&&hakj EQRinMeb drubthe cORSAAMCS H188 8y 0P ink inlets

an adjacent row with respect to the flow direction.
de‘@ﬁﬂ‘ér‘hﬁ%ﬁ”@ﬁ@“ﬁ&%@@ are arranged in rows such that

t he QeréfiRe BRBEId8SEs B HPMEQLdrhBERE iR With RG0SR 08 tHR 'ﬂl&ﬁlets for
al.ong, each rOM/lsg%reater than 1000 nozzl es per inch

re«rq:,w%g{nm PRy ipe C?W@eb% esent invention provides an
i nkj et printhead conprising: an array of nozzles, and
correspondlng actuators for ejecting ink through the

Optippslive sach QTS ik gppquits isrin flpid CPIH’Fné{ﬂC%Pﬁé ikt of fﬁe ok grales.
comuni cation with the nozzles, each of the ink inlet
apertures having an in erneable trap and a vent

In g fyrher aeqt Higte it Providert we@e&me%ﬁahergﬂmpwn&?é Hiag oe priming

fe@ffe@E@ndifEthi6AFH e4Rh BFBH Ik ihiBK; sugkage; wherein during
use, .the_ 1 nk perneable trap dlrects 835 bubbles to the

vent GAERES ERRAR of ep ukmeeniseiss e dikdniiactsita Srsmiihe ik gut of the inlet,

andpaiibsalés theBow Path toMafl the ﬁ]ﬁ@hﬁh}fe&m ing themto a
small vent, they are effectively renoved fromthe ink

rom;mAthout any ink |eakage. The trap can al so double

Oﬁﬁmé‘l[y bd&h ot the dkThiBE hhAtil Serih6HbRAHED 2882 P&t G¥d sokht he surface
furt spect the present |nvent|on praovi des an

tensg fm RS CHOSY et RIGHTTS 18K Isgkags veiersiyduging pisk
chantemng peiReble Bay difgtsahs bubBRE toAREvf whdi@thbPdnk RSatBphere.
at |l east one of the actuators, the chanbers being

defined by sidewalls extendlng bet ween a nozzle plate
opmﬂanyh fhe bkCHB At erd Tk viah abng%t&kﬁiﬂe%ﬁ&x th@M@o of thé n@ewans are long

l1's of each cha haV| peni
reRiE 1 el P et B PLIOE e E S PR bg b ORROF the long
sidelaBd, aperture are in f|UId comrmuni cation with the

openings of a plurality of the ink chanbers. In a
further aspect there is provided an inkjet printhead

InfalflikHRE fispEcd FHRfd i6 prdYidad i ikjed printhe®d futtﬁﬂ:f c@@ﬁﬁismg StilkektwRaRe at the
t he ferwﬁ str ate nd the nozzle p wherei n each
ORSFINE fEFafth Flit‘)ﬂ“?f" Setid v i AR oL PR ensverse

to\thet flowt diﬁctﬁlm&mioﬁlg&h@ bpeding) tHé Sstriiatiodd inteheh roWHoeBB a;sdaar such that they
[ e.ink_ conduit.s. tionall each o

Vi ne, of  t

o B oE BREET02 A TIPS E SO AP Ot PFe i BAG directin.
two of the ink inlet apertures.

Optionally, the nozzles are arranged in rows such that the nozzle centres are collinear and the

nozzle pitch along each row is greater than 1000 nozzles per inch.

In a twelfth aspect the present invention provides an inkjet printhead comprising:

an array of nozzles, and corresponding actuators for ejecting ink through the nozzles;

a plurality of ink inlet apertures in fluid communication with the nozzles, each of the ink
inlet apertures having an ink permeable trap and a vent sized so that the surface tension of an ink
meniscus across the vent prevents ink leakage; wherein during use,

the ink permeable trap directs gas bubbles to the vent where they vent to atmosphere.
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la a further aspect there is provided an inkjet

printhead further conprising drive circuitry for
waedogosi7yel y providing the actuators with dri vVRCHAYD@E®01561

wherein the actuators are thermal actuators, each

havi ng a heater el enent exteﬁﬁlng bet ween t m?
ByciEnping the bubbles & Sieinciplstspad ni ngdigeting Beg £q 23mall vent, they are

efi%@c%ﬁz%ﬂa&réd\fﬂomhé ﬁﬁ El@ﬁtmmﬁut%?ﬁﬂcrl&ﬂ@g% MaONAFRE akY dSUB® as an
drivé circuitry, the thermal actuator being a unitary

H#ﬂﬁﬁ%wg§¥WHHﬁ@WE“ OfleVbnal |y, the heater elenents are
formed fromelongate strips of heater material, the
el ectrodes are exposed areas of a top-nost met al l.ayer

In g furghepasgpdt the PEGSFRE HVERUPD PEAYEflet Meinkipl@ B HgAbFthyr gomprising an array of

mle&[aLib% I a6h BRI of B oﬁehﬂ' tﬁ&%&z@és 28l BB orR 0P HS UARRAEQEL chambers
y the contacts in the Optional ly, a trench

beig ARBRPATHSOTHE UPPRE b P a7 .atnpvleeséfte ARt idFERe FhEr substrate,
ong begb kiaeesis oElich @Khﬁiblsﬁ’hav Gh oﬁkfnmgn@ alld¥Kink elie s chavRr; wherein,

a plurality of nozzles; ereln uring use, the

act UAFoPt 18 ik inled ARy 3y 18 tlid %omwweﬁa?now&%hmeninﬁ%of a plurality of
hdREehesenfl the chanmber. Optionally, each of the ink

chanbers have two nozzles. Optionally, the nozzles in

each chanber are arranged in a line parallel to the

Inh SeHePapbct G iR RV REd £ IEKBIPrineAd bt ¢ @ﬂisﬁ@'a Iﬂ@iﬂ&y of ink

the nozzles are regularl spaced al ong

copfinRRitveetiie Palvatubgate and ez eRlets, heRp Fask PgtgF mk inlet apertures

- aré Rt D& ninYunidatiéh Wil Q8 oponBiss 6f a d}ﬂﬁiﬁh@ lo¥ ihp idkGRAmBEET VAL 8% of the ink

are aligned. Optionally, the drive circuitry has a
copfYife fiel d effect transistor (FET) for each of the
thermal actuators, the drive voltage of the drive FET
bei n s than 5 Wolts. QOptionall the drive voltage .
ORfonilf 45k {6 Bk popdiip g’ i gomppLiAm Py of EsSEPOY tepi nlet
apefilgeconduits is in fluid conmmunication with two of the
|nk inlets. In a further aspect there is provided an
i nkj et printhead further conprising at |east one

In RFfifeR Bkpb @ Blett i€ p¥ideaH igjef fHinth @ fuRBE hoﬁﬁns‘iﬂ'gﬁh’ﬂva Kircuitry for
inlets; such that, the surface tension of an

selFBRTELGHRIAIRE R acthiies it ditve R ralseEHentie e &V}\ﬁfm% fiotuators,
eabm%vhﬂ%l aqniga@ruielﬁm éﬂtéﬂd{nlg bad“@agtrv]»tohfamaéﬁ@ Wleﬂfhtﬁctli fonaing ab Blectrical

i nk chapbers. | ch of the in nlets
coaﬁecrlmwg%mg‘f@wa%s $fided GEihe ceijeiguity, e ator being a
unStefyfpA@er du@Bgteon of an ink meniscus across the vent

prevents ink | eakage; wherein during use, the ink

perneabl e trap directs gas bubbles to the vent where
o%thﬁxuy«{ eHathedter AINERS @feefb@;ed%tﬂ @mladeympﬁ hﬂaehtﬁkm@tbz@d‘m&é’ &ectrodes

arg?)\é)%p%ﬁéeals 8P a t%%)—?nogt%éj aei lafc’ylézg o the cglve tmvr\gut%f, an(fI the mlk lelr 1Ss

configured such that the heater element are suspended by the contacts in the chamber.

Optionally, a trench etched into the drive circuitry extends between the electrodes.

Optionally, each of the ink chambers have a plurality of nozzles; wherein during use,

the actuator simultaneously ejects ink through all the nozzles of the chamber.

Optionally, each of the ink chambers have two nozzles.
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relative to the others, and the opening for allow ng

ink to refill the chanber is in one of the |ong
wGer@enad7s. | n a further aspect there is provi BEHAEZN05/001561

i nkj et printhead further conprising a filter structure

at the opening of each ink cRanber, the filte
Onftopali thF BOFFSS el ehraberrargbst r aeareehia adiep i tp the length of the

heEtEﬁéTéhYe%f $8h 1R cthiR] £4eQ¥¢ HE £ el A1 rdehifafy ShicddBorBRBRINeRGr element.

t he obstructions in each row being spaced such that

they are out of registration with the obstructions in
OfanAN] M6 8hzlcs @M eMptiball espect to the flow direction.

Cptlonally, t he nozzles are arranged in rows such that

the nozzle centres are collinear and the nozzle pitch
Orﬁioﬁzﬂgf 8 613j ot B¥¥s b5 the EBRLAN ndARYard BBEheOZ 2] €S per i nch.

In a thirteenth aspect the present invention provides
an inkjet printhead conprising:an array of ink

OptivafRems dees direky s SirteviRld cbeetiafAdbNYEDEOIERR ofthe thermal
nozzl e pl.ate_and an under | |ng waf er_substrate, each
e 05 LV

acRioRp e dRYR Yogeert s ve FER tlﬁeleﬁfot #2Vplsate plurality
of nozzles, and an actuator for ejecting ink through
the nozzle, one of the sidewalls of each chanber

Onfionallyyths Arikpeipre Tty diive B isrko YBltsr efill the chanber;

an i nk conduit between the nozzl e plate and underlylng

waf er, the_ ink_ conduit b in flujd nmunj cat i
Onfjoppilh gt 6pes m#gcgnfgr ts 33 % gpmwmsru%l R O%tﬁ gfﬂsts
and, a plurality of |nk inlets defined in said
substrate wher ei n, nk ¢ is in flui .
In @ {rHATHPRER FI5FE HPToRide el Jﬁtrpéllnl%ﬁ}y %r‘h?rﬁﬂmrltﬁ%% 9@4&%} one priming
feftﬁIt@ ekeghdiﬁg thigh &cﬁ UPRk iélktu;:ﬂetf EQCH thig, C Ih_an‘o ers. 4 of
ntr ng an i condui .Suppl i es seve 0 .
t he thoPeCteashplan ik enisg %saﬁcptﬁt%b%rwﬁt) digiis iy Ot the inlet
ankd Phr@ikiSy al6RANERSY bAiR toshalBeink bRdmbaz zl es will be
starved of ink by inlet clogging. If one inlet is
cl ogged, the ink conduit will draw nore ink fromthe
O@Io'ﬁﬁ[y, bdeh Of e ink 14186 h¥wnGiik pelnnea@te‘twptah@ri véns pieat sotthnethe surface
rovhged an inkjet printhead f urther conprisin
R CRFPISPYP apgps eVt PrevRfsyninlegkAre igrfgring v
act upté Dk pechible Bhp ¥itectigddRibElevtaheldnt Whde e} vt & BméspBere.
thermal actuators, each having a heater el enent
ext endi ng between two contacts, the contacts formng
Ot ibn8llye tHe inkCAbmBAHREE bh Slonghtd dﬁaﬂe&ﬁﬂﬁtﬁititwe ofthe siti¢vadle are long

vrded by the drive r urtr th mal acfuato
reffie U s et e o ik 1 S B pges T gne ofthe long

sideatier elenents are forned fronrelongate strips of
heater material, the el ectrodes are exposed areas of a
top-nost netal |ayer of the drive circuitry, and the
IniarFhrtleh a4Fb@ fhekSis provided an inkjet printhead further comprising a filter structure at the

opening of each ink chamber, the filter structure having rows of obstructions extending transverse

to the flow direction through the opening, the obstructions in each row being spaced such that they

are out of registration with the obstructions in an adjacent row with respect to the flow direction.

Optionally, the nozzles are arranged in rows such that the nozzle centres are collinear and the

nozzle pitch along each row is greater than 1000 nozzles per inch.

In a thirteenth aspect the present invention provides an inkjet printhead comprising:
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configured such that the heater el ement are suspended
by the contacts in the chanber. Optionally, a trench

wer@hedi7int o the drive circuitry extends betweRCI/AL2005/001561

el ectrodes. Optionally, eachéﬁi the i nk chanbers have
a plurality, of nozzl es; wher _during use, the
act udt gray s Ickﬁ?@&fg?‘wdé]yect s S}dﬁWal%Sﬁ’F‘@El‘éﬂg bgtyeqngarozzle plate and

al@7el B Rhfet NBstRRAMIE EhanfBef N9 laln¥zz1Sa ehe Hobz18 Pigte ipikality of
n&%@nbers have %go,noz y, the nozzles in

zl es. Qptionall [
Fr 206 &has8fton eJ&FtP&ﬁ@%'gfquﬁh thempzzle, nerad fhesideyalls i gach chamber

hé\@ig%h fbp@finétb@ll&@ﬂﬂc%feﬁll@ﬁ%ﬁl &mWr;Ij h Ithe ceﬂtral axes of

the noz €S, are re ar ace aongt e eat er . ..

ol errBnik o Brarrhe firi ABEPa Snder BB Rk conduit being n
ﬂﬁﬂdbbﬁ?l@bibatign mtﬁ_tnéajpexlﬁng%@ﬁ pmgahtm 1] ihit EHabd® t aﬂs;hdﬁa,z zl es

are all ed. | ona ,..rne rrve circuitry as a
driv@*ﬁggp °é£¥€€ S%*%ﬂ%?§?6?“%¢%ﬁfﬂ?@Fheach of the

t her gRlinleohdiadi®mSuid GgnntlnicdBonnoitt 86 Bluflity dFenkdblelorfTbebiving ink to

bejng.less.than 5 Volts. Optionally, the drive voltage
ﬂg?hﬁggwdéﬁ%@pl is 2.5 Volts. In a further aspect

there is provided an inkjet printhead further
onprising at  l.east one prim feature extending .
I“?fﬁa@h‘&?“é‘g%‘}?n@f‘t # sunnligs E{Jeﬁ?r%lt"g ,gleéla sy g es ingtpRll supplied by several
iIié{QJﬂSth,&ﬁﬁu&_fs R chiatié tl}i@ﬁc%}z&léyﬁrlﬂﬁﬁe stdﬂ?diom bakibg :hﬁ&t citsbmel B rc]msi: inlet is
ra e. ink out the jplet an artia al ong the
i otk coubri S L ety ol E Bl Mo oach of
the ink inlets has an ink perneable trap and a vent
Si so that the surface tension of an ink ni scus
1 s SFhss Kon D L RO A B OB H Py for
selll&ﬁvel;fm pevidink tpecneailvathtdriag sigﬁaﬁsaﬁmei%%s _aawxi&lls e tﬁdﬁmmaetuamrs,
vent . re the ent to .atnosphere. tiona , the )
o Bt isaiet et SRR rE PR S s f P RGe Yirmpegn clectrical
cdnhection eiMdshestias dedrog preidat by theldeivd difuibry e thernd eethddér being a
Oﬁgpigg{for allowing ink to refill the chanber is in
e R ﬂ%wW5hg sidewalls. In a further aspect there

is provided an inkjet printhead further conprising a
str openi of each_ink cha

filter cture at the op e
Optigealy. e deateh Jemepli e REOrEP T B0Rei5eirign of hedict PeiRgal thé eleotrodes
areXxkyeeli Ags Ef DOPMRESBeth]Qayieh6r thd @wﬁ @ﬁétﬁt@% lnfdtht ikQUGHber e
openi e.opstructions in e row bein ce
o REHeq Rk HAHEE D% SElreR Gre s GE B TR AFE B o e
obstructions in an adjacent row with respect to the
flowdirection. Optionally, .the nozzles are arranged
opictplyfa SRR R hE R sy Sretie Gk T UARaF  and
the nozzle pitch along each rowis greater than 1000
Ogt?ozn%fl)% Sea eo% thle riﬁ(hc‘hambers have a plurality of nozzles; wherein during use,

the actuator simultaneously ejects ink through all the nozzles of the chamber.
Optionally, each of the ink chambers have two nozzles.

Optionally, the nozzles in each chamber are arranged in a line parallel to the length of the heater

element with the central axes of the nozzles are regularly spaced along the heater element.
Optionally, the nozzles are elliptical.

Optionally, the major axes of the elliptical nozzles are aligned.
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Optionally, the nozzle plate has an exterior surface
wth formations for reducing its co-efficient of

wae@vioel7i4 i cti on (known as 'stiction'). The prPeCt/ABA®5/001561

according to the invention conprlses a plurality of
nozzles, as well as a chamberland one or nore heater
elenents correspondi ng to each nozzle. The snmall est

ogtfaﬁﬁgx inB qnmutcat@fhag I@ivRHelat A adaWdidtdr (ﬁﬁfl’)efo?&cﬁ mhe thermal

inlet feeding ink to one or nobre chanbers.
ac@ﬁ‘t"?sré‘ e fiyeryoliageraf e dinéfe FEF heigg logs thape¥elisng t hese
i ndi vi dual unlts Such an individual unit is referred
to herein as a "unit cell".Also, the term"ink" is
Ontioaallys e drigmyoltgeehfhesirve FEB s Vel d, and i s not
I|n1ted to conventional inks containing colored dyes.
npl es of non-col ored inks include fixatives, infra,

In F@Hﬂ‘&b%?% thersjipRigvided gndpliefpaintheact fugthes sprapifsipg at least one priming

feA6HA @Rt NSy thRuH Qh 68the Ik Widls, susBgdicanent s, wat er and
ot her solvents, and so on. The ink or ejectab

al sFhn@ElcTissionet 8% inkmenjpousat the dakiiplet o} te diaw dhs lak Lgﬁathe inlet
anfB¥ti %léﬁgrihéiﬂ&#'ﬁd%\?ﬂﬁ/‘a%h@ﬁxk%@inh&rspa” icles. Brief

Description of Drawi ngs Preferred enbodi nents of

the present invention will now be described by way of

OfR6A5B) Bach BJ? the Wikliflets BEQh eNCRrhobI R BEEHVRAKYAING that the surface
draMAn S n which: Figure 1 shows a partially

ey B s TS 2EH e Yent BievapENRK legnes: avhareadpTiaguss;
Pri nhOBRPedfeaNE Hhpdreb® ghdWibPEHIRY veniWRIS fheyvent PBQthddbhere.
cell being section along A-A of Figure 3; Figure 2
shows a perspective of the partially fabricated unit

o;%h&uythe FrlkOiKESbeks havb BEIBngAteSSAOTudBat G Kf BS S @G afé ae long
h the etch of the heater elenent tren gur e

reliaeveéo dwothepnang he errnige forgllowing inkderafill the Ci?m‘?ﬂﬁés lap%ofdhe long

sidehand.rench; Figure 5 is a perspective view of the unit
cell shown in Fig 4; Figure 6 is the nmask associ ated
with the deposition of sacrificial photoresist shown.

In la Furktefbbp6ct therdih pidbided anSiiWSprinthRad Mitther €Bthprishiot aEflitek Bﬁlcture at the

deposition of sacrificial photoresist trench, with
oPpaiRg pEfPCIb Ak AtedlSt STRETHESE Bur R R RS TS yeingfransverse

to iR o%adifebdidnGhdly H"fﬁé &fehﬁ% B0 6bstri@iotd HRadkblHeif sﬂab&l such that they
trench; Figure perspective of the unit ce

ar%%wﬁr@sﬁtr«'mog with ﬂm C&afr@tlgnsgﬁ ghRditose To vith cespect joghe %W igection.

the reflow of the sacrificial photoresist to close the

aps_al on he side I1's of the trench,;
Op%o?lally, the ngzz es are arrange\gl?n rows such that the nozzle centres are collinear and the

nozzle pitch along each row is greater than 1000 nozzles per inch.

Optionally, the nozzle plate has an exterior surface with formations for reducing its co-efficient of

static friction (known as ‘stiction’).

The printhead according to the invention comprises a plurality of nozzles, as well as a chamber and
one or more heater elements corresponding to each nozzle. The smallest repeating units of the
printhead will have an ink supply inlet feeding ink to one or more chambers. The entire nozzle
array is formed by repeating these individual units. Such an individual unit is referred to herein as

a “unit cell”.
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waeleposit7uipon of the heater material |ayer;

Figure 10 is a perspective of the unit cell shown in

Fig 9; Figure 11 is a section view show ng the
Fi guPET/AR2G0S/001561

a perspective of the unit cell shown in Fig 11;Figure

13 is hﬂg naskwgégociateQ\Mttﬁlhe metal etch of the
heat ef*RrdP &It ik He redithsigiur e atvicjedeibipliquid] dnd iS net limited to

sumetritione] itike vorsdieng orbd@yaek 0 e t.h L
r@gg{ﬁ% [ aﬁc{:}f(u tors;. Fi gr ur gyelS %J?p gets %g?inp(gz%?@%ksdf‘SP‘i?eﬁxat“’es’ infra-
R Epsombgy ks, nalizeg Cherigals, pihgsives, higlogisaltfluglsmaskcaments, water and
ctbgodivatahdiolod. ThemRbLE S ldyd - Figure 17 . -
QB%%%che de&osition ofa?he p g%%%%@%?%z gvg%mgﬁgeaSUwﬂyahmn¢
subseq

UEHP @ StsPFrseR of srdidipamticlen| et to the passi vation
on top of the CMOS drive |ayers; Figure 18 is a
_ecggye of the unit cell shown in Fig 17; Figure
S EH8%L8% ch t hrough the passivation and
ROMBIE:d canbedimetita of A6 prékehe Ik %18 will Adw Bl by ShOW e, 2
‘%_ngggr%g ctive o?,the uni%_ce?# sﬁoﬁ%@ﬁ%&EXEWg@%mmmgeomy
rgure 2 SRy drawings iy Wikl et ch of the ink
inlet into the silicon wafer; Figure 22 is a
ctive aof the unit cell shown in Fig 2 1; Figure
Fgé&efg&f)ﬁ% a #lly. isaied aitioah of FhetMiEMP mozzber sy sh a etinthead according
tetho wresdntinkérgioR Ahe mitdel BeindhscS i Fork NHE 31 st etch
to form openi ngs for thé%%hanbe#m%ooéggﬁgﬁégﬁe wal | s;
Figure 25 is a perspective of the unit cell shown in
Figiup 225hpwia prtspectdd of e WarthinSrelea s ubi O oquigtsupeel side
wall and risk material; Figure 27 1s a péerspective of
Fthe unit cell shown in Fig. 26; Figure 28 is the nmask
igsdoheweitle wiatknsiodRiet AR didhBrRleGRaSNOWL I Dol 0 29;
Fi gure 29 shows the etch of the root Ié%%?i %m%orn1the
nozzl e aperture rimFigure 30 is a perspective of the
Figniet! isetcktioiod wowiaf ieiugic 301 affct BUERh 3hmb Beddle Sk
associated with the nozzle aperture et ch shown in Fig
32; Figure 32 shows the etch of the roof material to
Figer it deerpbivpuienalf iRoas bal ABGRIHIEs; Figure 33 is a
perspective of the unit cell shown in Fig 32; Figure
34 shows the oxygen plasma rel ease etch of the first
Figyrel 6 ssbomasksiawbiafet 6iithlihd @Y&iRn oFLAHES bk in Fi .
perspective of the unit cgll shown ﬁn”§?€°§ﬂg‘k?%%wéﬁgﬂel
36 shows the unit cell after the rel ease etch, as well

Figige { Howo tirositeg] sted ehe@pdshidn Wodagtficial photoresist trench, with partial
enlargements of the gaps between the edges of the sacrificial material and the side walls of the
trench;

Figure 8 is a perspective of the unit cell shown in Fig 7;

Figure 9 shows the unit cell following the reflow of the sacrificial photoresist to close the gaps

along the side walls of the trench;

Figure 10 is a perspective of the wunit cell shown in Fig 9;

Figure 11 is a section view showing the deposition of the heater material layer;

Figure 12 is a perspective of the unit cell shown in Fig 11;
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Figure 37 is a perspective of the unit cell shown in
Fig 36; Figure 38 is the mask associated with the
w0 eaes4et ch shown in Fig. 39; Figure 39 showsCT/AB2005/001561
reverse etch of the ink supply channel into the wafer;
Figure 40 is a perspective oP3unit cell shown in Fig
39; Figure 4 1 shows the thinning of the wafer by
FiRRCIsis @h% s IsOiitedhiBHAOE ] dtsh & tREHcHROGAENAR sifwnlif Bigure 14;
unit cell shown in Fig 4 1; Figure 43 is a partia
perspectlve of the array of nozzles on the print head
&folg la 3btibvikwW ShdWiRS@E nclal M€ Wol sRdpe tHfel HahtEucthdiofh OWS
he plan view of a unit cell; Figure 45 shows a
perspective of the unit cell shown in Fig 44; Figure
FiglRe 15is 2 pBEPRLIVLCor Rlcaiit CEIEWoRh id MR 14ni t cel |'s with the
roof layer renobved but certain roof |ayer features .
shown in outline only;Figure 47 is schematic plan viéw
Fighre 168 théthdsk 68bdistedNviNtht BGh §HMh ih BigQr; renoved but the
nozzl e openi ngs shown in outline only, Figure 48 is a
partial schematic plan view of unit cells with ink

F1%ﬁ‘é 1 shaRe tHe ldE&&ubﬁl of th@p@t&@s\z@ia&e&ﬁd ubSeq@R BRR bthe ink inlet to the
ure 49 is schematic pl an view of a unit cells with

Pafshvétl?‘b]éi’erl"%‘@ro thekdd@R dbirlaYeRe nozzl e openi ngs shown
inoutline only; Figure 50 is a partial plan view of
the nozzle plate with stiction redu0|ng formati ons and

Fl@“‘i)bgr‘tslaé’lerépeé?vﬁjgﬁ@r“n&lﬁgq shoppinigls s a partial plan
V|em10f the nozzle plate with residual ink gutters;
gure 52 is a partial_ section sho th L
Fl@’é?)b%?hf’?"’éﬂle@fﬂdsﬂdl gt Hﬂﬁé’gffsgVﬁtl?nrﬁng m% e oy ypderying silicon
wd¥éd Or art techniques used to avoid stringers; Figure

53 is a partial section view show ng the depositon of
a |layer of heater material onto the SAC photoresist

Flgiﬁélﬂ(f@a%eﬁﬁdéﬁ%df%dnﬂcEll_Qiéﬁvﬁi@ﬁi’g 1gnd, Figure 54 is a
parti al matic plan view of a unit cell wth
mul ti ple nozzl es and actuators in each of the

FighapbR kife debpdndlolriflc £d615 6 thdink ilet @ifto tho SilibsEd £ ed
Enbodi nent s

Figure 22 is a perspective of the unit cell shown in Fig 21;

Figure 23 is the mask associated with the photoresist etch shown in Fig 24;

Figure 24 shows the photoresist etch to form openings for the chamber roof and side walls;
Figure 25 is a perspective of the unit cell shown in Fig 24;

Figure 26 shows the deposition of the side wall and risk material;

Figure 27 is a perspective of the unit cell shown in Fig. 26;

Figure 28 is the mask associated with the nozzle rim etch shown in Fig 29;

Figure 29 shows the etch of the roof layer to form the nozzle aperture rim;
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In the description than follows, corresponding
reference nunerals relate to correspondi ng parts. For

w@eoonweni7ence, the features indicated by each re¢EAB2NE001561

nuneral are listed below MN MPN Series Parts List 1.
Nozzle Unit Cell 2. Siljcon \Bgf er 3. Topnost Al umi ni um
Figyse 30 islapgepective efitee wyiog! phovanl  [kigr® 4. Passi vation
Layer 5. CVD Oxide Layer 6. Ink Inlet Opening in
Topnost Al um ni um Metal Layer 3. 7. Pit Opening in
Flgtzs@ Abisttheapaskassoeinted ith fhe paizde apgrige etoh ghoyn ikFigdli odes
10. SACI Photoresist Layer 11. Heater Material (Ti AIN)
12. Thermal Actuator 13. Photoresist Layer 14. Ink
Figyse a2 shope thersirhof thesepf metesiakn fovmgbe clfigtisalrozzle greptures;
Ink Inlet Passage 16. SAC2 Photoresi st Layer 17.
Chanber Side Wall Openings 18. Front Channel Prim ng

Figuse 83)ise pespectiyg of the untselBAqvarin Big 20k | nl et 20. Chamber

Roof Layer 21. Roof 22. Sidewalls 23. Ink Conduit 24.

Nozzl e Chanmbers 25. Elliptical Nozzle Rim .
Figure 34 shows the oxygen plasma release etch of the first and second sacrificial layers;

Figure 35 is a perspective of the unit cell shown in Fig 34;

Figure 36 shows the unit cell after the release etch, as well as the opposing side of the wafer;

Figure 37 is a perspective of the unit cell shown in Fig 36;

Figure 38 is the mask associated with the reverse etch shown in Fig. 39;

Figure 39 shows the reverse etch of the ink supply channel into the wafer;

Figure 40 is a perspective of unit cell shown in Fig 39;

Figure 41 shows the thinning of the wafer by backside etching;

Figure 42 is a perspective of the unit cell shown in Fig 41;

Figure 43 is a partial perspective of the array of nozzles on the printhead according to the present

invention;

Figure 44 shows the plan view of a unit cell;

Figure 45 shows a perspective of the unit cell shown in Fig 44;

Figure 46 is schematic plan view of two unit cells with the roof layer removed but certain roof

layer features shown in outline only;
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25(a) Inner Lip 25(b) Quter Lip 26. Nozzle Aperture
27. Ink Supply Channel 28. Contacts 29. Heater

wEk@nment744 30. Bubbl e cage 32. bubbl e retenti onPCT/AU2005/001561

structure 34. ink perneable structure 36. bleed hoIe
hanpber 40. dual row $31ter_42. pa% dust
FF%‘EFP uf telpratg@langiey pdvomeh saceliawih e ek ygrra@wﬂbut the nozzle

ofhings kiR@hn Shtdednlly; 50. raised |ip of SACL around edge
of trench 52. thinner inclined section of heater

material 54. cold spot between series connected heater

Fegumng 5ditial BEHeEbGe Fh¥iOw SBunitCRlld MRk BﬂaJaﬁé‘rﬁlke@ ASth8 Pidewall of the
i dewal | ink opening 62. ink refill opening MEMS

Facturing Process The MEMS nanuf acturing process
buil ds up nozzle structures on a silicon wafer after

the ca etion_ of [ ocessi n gure 2 is
F&H%%%bw%é’mw Rl GestgRE o e} I gemoarpd buf s nozzle
opéris stidam i€ enPhednlygn of CMOS processing and before
MEMS processing. During CMOS processing of the wafer,
four netal |ayers are deposited onto a silicon wafer

FibureMOtifia partial plan view of the nozzle plate with stiction reducing formations and a particle
of paper dust;

Figure 51 is a partial plan view of the nozzle plate with residual ink gutters;

Figure 52 is a partial section view showing the deposition of SAC1 photoresist in accordance with

prior art techniques used to avoid stringers;

Figure 53 is a partial section view showing the depositon of a layer of heater material onto the

SACI photoresist scaffold deposited in Figure 52; and,

Figure 54 is a partial schematic plan view of a unit cell with multiple nozzles and actuators in each

of the chambers.

Detailed Description of the Preferred Embodiments

In the description than follows, corresponding reference numerals relate to corresponding parts.

For convenience, the features indicated by each reference numeral are listed below.

Ink Inlet Opening in Topmost Aluminium Metal Layer 3.

MNN MPN Series Parts List
1. Nozzle Unit Cell
2. Silicon Wafer
3. Topmost Aluminium Metal Layer in the CMOS metal layers
4. Passivation Layer
5. CVD Oxide Layer
6.
7.

Pit Opening in Topmost Aluminium Metal Layer 3.
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the netal layers being interspersed between interl ayer
dielectric (ILD) layers. The four netal |ayers are
w0 edogissae to as M, M2, M3 and M4 | ayers and arP€I/Bu2dos/001561
up sequentially on the wafer during CMOS processing.
These CMOS | ayers provide al 136t he drive ci rcuitry and
8.] ogiRt for operating the printhead. In the conpleted
o.Pri ngkgRdes €ach heater el ement actuator is connected
to the CMOS via_a pair of electrodes defined in the
109ut e¥MosPhgtoresisy b#Yer Hence, the M4 CMOS layer is the
11f oungatd. afdrAl (TsAIRgequent  MEMS processing of the
waf er. The M ﬁ ayer al so defines bondi ng pads al ong a
12 ongThepindstuadige of each printhead integrated
131 1 CilotoreskbESRr PONdi ng pads (not shown) allow the CMOS
to be connected to a m croErocessor vi.a Wi re bonds
l4ext fakimie) Grening EishedonenshFhpraesistdiaytir es 1 and 2 show
15t he Rk wiipayad# | ayer 3 having a passivation layer 4
deposited thereon. (Only MEMS features of the M4 | ayer
16ar e M oWPhaieresishba¥T Fi gures; the nmain CMOS features of
1t he Mhnlbey$Sitie #af OPeShdsl oned outsi de the nozzle unit
cell). The M4_layer 3 has a thickness of 1 mcron and
18 s j ¥regh GhagnepBamingged®ea 2 micron layer of CVD oxide
19. AsarsbPniidn B QKRS 1 and 2, the M4 | ayer 3 has an
ink inlet opening 6 and pit openings 7. These openi ngs
2def | HrentoseReEAY ons of the ink iniet and pits forned
71subsggygent |y in the MEMS process. Before MEMS
2igroce.ssi ng of the unit cell 1 begins, bondi ng pads
27| onjdeallingi t udi nal edge of each printhead integrated
251 I Cikicoadug defined by etching through the passivation
| ayer 4. This etch reveals the M4 layer 3 at the
24y ondPrglefd@™BYEi t i ons. The nozzle unit cell 1 is
2% ONpEIahRlayNoBRKES W th photoresist for this step and,
hence, is unaffected by the etch. Turning to Figures 3
to 525@hebprlin s age of MEMB processing etches a pit
8 thzgq?ghoﬁtgﬁipassi vation |layer 4 and the CVD oxide
| ayer. 5. This etch is defined using a | ayer of
2%hot Bexkiget ot shown) exposed by the dark tone pit
2718sKink RoMsly Chankélgure 3. The pit 8 has a depth of 2
m crons, as neasured fromthe top of the M4 | ayer 3.
28 thetastine tine as etching the pit 8, electrodes 9
20ar e gehdrmignea) either side of the pit by partially
reveal ing the M4 | ayer 3 through the passivation |ayer
30s, | Bubblfeeagonpl et ed nozzle, a heater elenent is
35 USpPibERGetatiol Sttuctdie pit 8 between the el ectrodes 9.
In the next step (Figures 6 to 8), the pit 8 is filled
34ni t g PFIIedlle $EietitE  cjal | ayer ("SAC") of photoresi st
3610. el Hlecron | ayer of high viscosity photoresist is
first. spun onto the wafer and then exposed using the
3% ar kitk ¥ Y% 5hsk shown in Figure 6. The SAC phot or esi st

4010 f@hmewaaigeaf fold for

42, paper dust

44, ink gutters

46. gap between SAC1 and trench sidewall
48. trench sidewall

50. raised lip of SAC1 around edge of trench
52. thinner inclined section of heater material

54. cold spot between series connected heater elements
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subsequent deposition of the heater material across
the el ectrodes 9 on either side of the pit 8.
w@vgeeguent |y, it is inmportant the SAC phot or BGI/aU2@6/001561
has a pl anar upper surface that is flush with the
upper surface of the electrodés 9. At the sane tine,
56then8m@1mphotore5|st must conpletely fill the pit 8 to
avoi of conductive heater nmateri al
8ext§%'|ng éggﬁéé;the pit and shorting out the
60e|e@nbwdb@k9wmm$p|calIy, when filling trenches with
62pho d%ﬁ E i's necessary to expose the photoresi st
outside t rlneter of the trench in order to ensure
t hat photoreS|st fills against the walls of the trench

g@%m&%&ﬁﬂﬁgr&mi d 'stringers' in subsequent
. wever, this technique results in a

rai sed (or spiked) rimof photoresist around the
ThE $IENTE h%ﬁqu Srdce&Mailds uphoszd Srobiee oh b aiitsh WaGAASEhe

I'n a subsequen dep03|t|on step, material .is de osited
compbvmf;ﬁl\é% procersing. FiHERPR ISiaFpiEERY PEHCCH VT fggonde urt cell 100
afténlgttﬁée e et?ﬁ of BRIOS R Wsidg ahe E%&%Eﬁ%ﬂ@@@ﬁ@ ted

an the "horizontal planar surface of the

photoresist filling the trench. The result is
Dur{g]? %m@gl‘é@esglﬁé §tﬂ:ﬁ$ \%afeﬂ fouk ﬁlgiaﬂ'é?ery\é}@ H&poRIdntod silicen wafer 2, with
osi ted shown in ure , t he pre

th@m@eléwrai@mgb@tpraveéw betw;ﬁ%lé@ﬂmé igsgtric GhDY bres e rfl% metal layers
ard f&?ér&{& td RYPKI, VB L0 M’@lla:l'e?s ak al'ré'lﬁulpﬁﬁ seﬁuefnﬁalgr onvthd ¥ fer during

.5 mcrons) using the mask shown in Figure E
CMQ§@r@gssalg hepr M wersouewdscd ﬂéﬁdrt"ﬁé“%}éw a“ﬁ‘ﬁ%&l% L epergting the
pﬁﬁﬁggpd av0|ds any spi ked regi ons of photoresist around

the perinmeter rimof the pit 8. After exposure of the
SAC photoresist 10, the photoresist is reflowed by

In@lfe%inﬁ&ted%ﬁﬁﬂh@é@' f&h héhﬁetr QE&Eﬁ%raiﬁtiﬁht&t is @Jt)ﬂn@&‘bﬁd fotthd @VIDK @ a pair of
|'s of the pi filling, i

BERGN IR RO (e
sug{éﬁuéﬁhﬁltmﬁ?rb&%sﬁ?&f tife WAfS Y Ble MPRSEr 4o (feﬁﬁé% befidind @t slong a

er surface of the

lopgitudgakde eficeeh mrithead gicemiTICERHH ghssepe %h’M nsipe Haﬂ%g@ﬁgg‘”g) allow the

CRORLY bESImtctelQo b thidfopfoceSddr Gid waidbosds chRhdhafked tHe®boading pads.
any reflow during the subsequent deposition step of

heater material. Figures 11 and 12 show the unit cel
Fighb&1 aften@sh iheOlundhiuin 4 By& IS Apagivati@albps 4 @edcsitddthereon.

1 onto the SAC photoresist 10. Due to the ¢
(GboMEVES fgetues piﬁh@le[ heygeare shogmp ihess, Figiesa fhe érra%(riMe)\gl features of the

Mia3£RPAS b $s@cﬂm€d/ Siide 180Eb18 uﬁlt BélB MEHe MAMSE 30Me4 thidk@ess of 1 micron
el ectrodes 9 and the SAC f?ﬁ‘?‘a S|st 0. T heat er.

anges ése fﬁpp%ﬁﬁi P ?Clalﬁfgnl layggo ga Asggpn ] % 2, the M4

12JBBahE A ink $14& Bpddngld MU pltgb&hng-gﬂﬁit' MNse djeAingd ddfiat the pékitions of the ink
ypi cal heater materi al %gﬁw§|t|on process may invol ve

inkep pndemits ifermed) abaramentlyrin Be process

Before MEMS processing of the unit cell 1 begins, bonding pads along a longitudinal edge of each
printhead integrated circuit are defined by etching through the passivation layer 4. This etch reveals
the M4 layer 3 at the bonding pad positions. The nozzle unit cell 1 is completely masked with
photoresist for this step and, hence, is unaffected by the etch.

Turning to Figures 3 to 5, the first stage of MEMS processing etches a pit 8 through the passivation
layer 4 and the CVD oxide layer 5. This etch is defined using a layer of photoresist (not shown)
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100 A seed layer of TiAl, a 2500 A layer of TiAIN, a
further 100 A seed layer of TiAl and finally a further
waz@ooaThayer of Ti AN, Referring to Figures 1BCT/AULB5/001561
in the next step, the layer of heater material 11 is
etched to define the thermal3&ctuator 12. Each .
exmedwm datJQtOhaglt weskshowsing t HEigured TS |pit§rha%mdepth of 2 microns, as
elec o t20 t
meélfIF 1? ({1’ ﬂ'{%(i\;[)l %2&3 ALO§ pa%fethﬂe%s%tcﬁﬁ 'Eﬂé(fﬁ% &eéﬁr&des 9 are

toresist 10. heat er
deﬁﬁedmmthez@dspﬁhspmm me@hlymvsalmertheé‘é‘yb@bi%}’ igrougrihapasyvation layer

J & 1RPABYeRREShe electrodes 9.
4. %tﬁh? cQ ?etecﬁn%gz%%%ggﬁgﬂueg%nm ﬁl?sp%jﬂ&ﬁﬁctrone rI%HSk Shovvne Ie re]c odes
Fi gure 13. As shown in Figure 15, the heater el enment

e ne % s@a él'ﬁElg'@sr ?_gm %éﬁ?@ﬁ IGNgd Bt X‘ﬁﬁf‘saﬁ:ﬁﬁ‘ct@ 3’% r @SAC1”) of

ver eater el enent
phatotemswa)t Avahigron daypt of digheiscesi phejeresist st spar ot wafer and then

exé sgégsug Bg ﬁﬁ{% %ge baQSIABB\!Vﬁ %@V\%uréé L':ﬁe B@t@ %Bott}l‘%mst 10 forms a scaffold for

e cont ent her ei n IﬂCOngf&tEd
subspquest @emtm of frgrhegtseamgttrial adnesa the releétrsdtéﬂ pn gither side of the pit 8.

Co%géhgl&?fgg £ Is i @ﬁﬁ‘ﬁe §ﬂC?Eﬁ(ﬁ5}E§1§E ho H&%‘ | aCh14HBY ugp6r surface that is ﬂush with

m nim | eterious effect
the Bpiet Bitfacerof tsrebeodss 9 hehdraae émentht SAFChphajpresist aluweeplétely fill
th& gik b ?ooa?g égﬂ:g of QKaEkibERe afépmatglﬁ %ﬁteﬁd?ﬁ%?ir&g the p1t and shortmg out
cavitation protection may be adopted suc
the elpdtiodes 9. and t he use of sel f passivating materl aI s.
These cavitation managenent techni ques are di scussed
in detail in US patent application (our docket
TyiENOIwYS) filling tretrbes ikt Photorsish ids RRressany faoxpess thehotopssist outside

thggéqn%e@& opﬁ’lé %IJG bl oﬁ&qg @ﬁ!su;ehﬁe&’ Belorb&i§ RS BhinéBthé @Alls AYRItrench
e oxid ayer and the silicon wafer 2.
angMbSefore e@scs istiggergde Ppbéﬁfqutftﬁ denpsitign steptyBe¥eYRR H“SatﬁChi“lﬁl%e results in a

rBnet? BEME &gncﬁ T}ﬂ & gdebfable b
rafs@& @ Spg&:amg’fﬁ?{g&i i g‘%ﬁaé‘g hereet hr ough > ° o becamse

mprselpﬁam@tlt dspuOSﬁtmn Stehd @attlwﬂ( isidgpastiedgmeYs: Yﬂ‘ilé‘stée Fispdypim — vertical or
aIJigPe\d%MacesI a6d he ctcgv%]ﬁ% deEésﬁE@ﬁ@cFﬁﬁ thah ke Hoﬁ):’dhfa‘ﬁ ﬁlanar surface of

orma sea r|n e 1 nk 1nlet reventlng

the plotoresie pilling them'e@c}t Aee erigs frag;%q;@e hq:@qoésr oy rﬁ@orts(yvhere material is

Sted6 to 18, a relatively thick layer of
thgl}t}g?%rgetse%st 13 is spun onto the wafer and exposed

usi ng the dark tone nask shown in Figure 16. The

f e e inside
Al Eﬂo%}égﬁ?ﬁl?lfé 7, b Qte%n?ﬁﬂg%s delibbaR kftedtht BA@EE&T@&L S0 10Thlsd the

tIVI reactlve ion etc
ezrg@ﬂerm@umfdhp mh%(elgq within |0étmchlt) Arsigg themask showp i “b

[gsﬂreggﬁfaﬁ‘a?q IBeP sirfBe MR AEBpihordsist 10 R MBiiSinyl s§1k5(131@§1‘¢ns of

e su sequent etch steps In the first etch step
plfororgust arputidrhe prringetey riny ¢fdheiel-ect ri ¢ | ayers

(passivation | ayer 4 and oxide | ayer 5) ar e et ched

through to the silicon wafer bel ow .An atn% O&ffj
A@pz;etxpeésg_reg)_f thg SAC ]mho@rqggh]é)) the photoresist is re wed eating. Reflowing the
photoresist allows it to flow to the walls of the pit 8, filling it exactly. Figures 9 and 10 show the
SACI photoresist 10 after reflow. The photoresist has a planar upper surface and meets flush with
the upper surface of the M4 layer 3, which forms the electrodes 9. Following reflow, the SAC1
photoresist 10 is U.V. cured and/or hardbaked to avoid any reflow during the subsequent deposition

step of heater material.

Figures 11 and 12 show the unit cell after deposition of the 0.5 microns of heater material 11 onto

the SAC] photoresist 10. Due to the reflow process described above, the heater material 11 is
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may be used.In the second etch step (Figures 2 1 and

22), an ink inlet 15 is etched through the silicon
wowdoens44 0 a depth of 25 microns, using the SBEEAU2005/001561

phot oresi st mask 13. Any standard ani sotropi ¢ DRDE

such as the Bosch etch (see 3% Ppat

depositedeyedvamiday plvad layer arsedef o relqchpees t&agg th ﬁg’ﬂsl g’éliétgégisf 10. The
hedtdr G2 xﬂ%y l%el'l‘%m:pﬂé%d 'oﬁlnsisu%m éoti@uoab@ﬁl%ﬁﬁ; sith J.lSaMM T TIAIN,

IS renove asma_ashin In the next ste the 1n
TiAlRMNeetc. Jéstyp@almeergrgféﬁew 89popiHon RiPesss BEY laﬁﬁveaseg‘geeaﬂdleposﬂmn ofa

10§§%Eédflb§‘ek @qmﬁé%od A BACROOTi AN, RRaiHeF BB & teed GiybiSof MUl dod finally a

he SAC “photoresist 10 and passivation
ﬁnﬁay@WOAJ@Wﬁ@fgﬁéi photoresist 16 will seree as a
scaffold for subsequent deposition of roof materia
which forms a roof and sidewalls for each n f
Refingtie Fizuref ok §5ng thegnept sieps e layer of fieger materia 2§ WEP%W define the

thehﬁ%‘l%ﬁtugtt)r 1. el hoeRs '1@ YasRRE&E S8ihad esiablishRH BlebitA céddection to
er and exposed u3|n? the dark tone nask s

resphaiys lectmesLonsgHbayTide Y e QA Poareaiicl Cpeh B il 9 spans

bdgégp§§§méﬁg§&@%&mﬁgﬁggngs 17 in the SAC2 photoresi st
16 corresponding to the positions of chanber sidewalls
and sidewalls for an ink conduit. In addition,

THAE 19 8Find 8o df’{‘ﬂyel’%f ﬁ{o?or@@fs@ ooe shoddl) et ukifgthe |dbllgg@ﬁ: mask shown
inlet 15 and nozzl e chanmber entrance respecti vel
in Figured 30 p6 ﬁ]pqyg)sm Figurerld, the hegter elepenti 215 a.lnegy ‘?qz}mrsaﬂ%mg between the

palfRF QEdiRlied 9 HAMRVE RS BEHS BlemeRAD nﬂl@l&ﬁ&hﬁtiﬁﬁf aﬂb;ﬁ r@thafld)nﬁguratlons
provi de uni_ que advantaqes in the presen
t

suelessitipse despaherdin SaRticst st hePApENPfyS £8P B ispperen
m&?ﬂo@é{té@ﬂy BfetendS HOF LARE, hatd Hl%ﬁ&nt 29’@b1i3ffguﬁtﬁsms&fav1hgl a central void

draming ink fromthe infet 15 }
S OETTIS S e B G PR PEUUR CUPYT gt gy st

maIéH%.l R&N hBs1e LOpids |dﬁl‘i’n%’?ﬂk geétﬁyﬁf Ot Birin8bf daditatias protection may be
Iter structures and ross talk b

adpedchan BB ARt b U Ll PROTBRPERTRG THas coviation

mREGht COHREY sre BBGhsSH fifl @SABIn ISARAEME HpREHISR Gouf@RREMECO01US).
by the thermal actuator 12. Referring to Figures 26

and 27, the next stage deposits 3 microns of roof
In TR Rk s@huegga &'@{egs Bk S 3ohOhREIe 3 déhed Eirduigh BE@d&vaﬁhEIayer 4,

roof materi al fills the ope 17,, 18
the RECTIAEZ S BRG 1 PUSTSYITE: D5 RE M OREF 641k ST Lol Jyers had
an AV i ofen(r@Qéec ZodexaRple SipRaMab i:sthe ¥14 léﬁzr B RkFigme d)Jd:ttheﬂ Sherethrough
for supplying ink into_each gﬁzzle

infoERPARBHOLHGE }hﬁg}ﬂa@bbgtpl% lgnﬁseotpet ayers, @getﬁgt\x@}h] d&? m%bsperﬁgl ILD layers,

fort disdal AR foR MY il ih1gi, P@vértiak ikefonRepihg Intethe EMOSCIhyEreS
(not shown in Flgures 26 and 27) are forned at the

sane time. The roofs 21, each corresponding to a
REESRE I Bi esnﬂizté he, aqaam%l' thi¢# lay & @h@t&feﬁsﬂ 3agypan eiitd the wafer and

nozzi e C nbers |narowt for
exfgpqgfl @_sing-ﬂp@ dark iene mask shown in Figure 121 %he t%.lc er;g gtu p%o{g)resml f5. required
will depend on the selectivity of the deep reactive ion etch (DRIE) used to etch the ink inlet. With
an ink inlet opening 14 defined in the photoresist 13, the wafer is ready for the subsequent etch

steps.

In the first etch step (Figures 19 and 20), the dielectric layers (passivation layer 4 and oxide layer
5) are etched through to the silicon wafer below. Any standard oxide etch (e.g. 0,/C4Fg plasma)

may be used.
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material 20 may be conprised of any suitable material,

such as silicon nitride, silicon oxide, silicon
w@zooniosr7egde, alum niumnitride etc. Referring POI/AU2005/001561

Figures 28 to 30, the next stage defi nes an elllptlca

nozzle rim25 in the roof 2 etchln
In the seaond ctolf steryEigurps 26 prdd2), 20 'I"ﬁ% inleddafs § céleqj@fqulg]é the silicon wafer 2

to ?E%%% | @YBhs, Qémﬂil@gﬂeep'ﬁb@{vesi@{}ﬁ&skﬁ B OMi}) st&iﬁﬁfm@o@dﬁm DRIE,

tone rimmsk shown in F
sugll asithstBasell eteli (seelES Rasenh Mo 62014053 @é%ﬂgéil“%).%’lheﬁ%edf@éms etch.
FoftBfing ét@hmg 86the iR RRE 19VBE pHoRisist (25618 G4 deMBvdd S plRIna ashing.
actuator 12.Referring to Figures 3 1 to 33, the next
stage defines an elliptical nozzle aperture 26 in the
In Eﬁ%%ext?steg; ARy mﬁfuﬂal 19 Iﬁh%;e@ B8h )ﬁﬁaforkmt astOhseb iRl sﬁ&ﬁﬁiaﬂlaﬁ@ (“SAC27)

roo eri al bounded ¥ the rim?25

of pheteresiss 1§ @q‘buﬂ@@p qpstpp]@f the $%95pho@qres¢ﬂt1é MF%\(atxfnhléyer 4. Tie SAC2
phﬁf&%ﬁﬁ‘a 16@%[1@&39 asbayscﬁt{ﬁﬁd ﬂfi‘%%séq%@& délﬂﬁfnoﬂﬁﬁéoﬁhﬂléﬁhl Iwhich forms a

| gure 31. el l'iptical nozzle aperture

ropf@mi slrlmle fweqh nopde ehambera Refaingdp Giguges 23 3&2 s P imipTga ayer of
hl@ Q%ﬁty%oto}%fshs &lub ohf38hdVRYE 18 2gloSed Bk teBrk o itk khown in
the next stage renoves the SAC and SAC2
E@h@?%re3|st | ayers 10 and 16 by O2 pl asma ashi ng
(Figures 34 to 35). After ashing, the thernal actuator
12 is suspended in a single plane over the pit

T .
AcdpwaindfigeepBomnt Porhopak REcstdal opingndy Piike $ACA &%tomst 16

co?xjeﬁn'gﬁcﬁ he B IndWoRivibelest cﬁdi‘n‘t%f {id RO indai R&GhIY 6Rdn i8I0 BdHaGHt. RAddition,
the el ectrodes 9. Figures 36 and 37 show

op@wpgsr lé% 20412 Rﬁ%él‘s&osi@ﬁiﬁc?ﬁt W@H@;@%@% }Peanéuw%%‘f?awg?féfm?“
reﬁjegtgfe%/a@ﬂsg Shehidgs A 18RA1 RAGdRN AL 06 R Sdtsal inab{ce{uﬁsellﬁbnt roof

. ferring to Figures 38 to 40,
deppsifionstep@ad BioHge BraeRd vaRiaeesy injthe Pé%*ﬁ%ln@%i%‘f“ﬁgﬂ P§‘a€iﬂﬁy the
ogeABNER fled vaﬁ rr@of %Iaﬁéﬁﬁphcf dsPilidpereaey SHEld a6dist id@awiaf @ik from the

to neet with the ink inlets 15 using a standar .
inlgh | Sigtoragh RorHRp o, 5 feeerted TogEhen e SF P e &hﬁ%ﬁeﬂﬁlgs 19

filfed! vﬁﬁﬁ‘Boﬁflat&ﬁPﬁ& AEBited btrdoRieds afd AL cﬁ%@@ﬁcﬂﬁr&)ls tinesedidlpkprevent
tone mask shown in Figure 38. The ink su g é)chann% n
aiphubligk Gem gniering e Eozéléﬁh%‘@iefs&‘% e é)ﬁeswg ees gerctpLedy the

thbhg) wafedr1and the ink inlets 15. Finally, and
referring to Figures 4 1 and 42, the wafer is thinned
135 mcrons by backside etching. Figure 43 shows three

R@f@ﬂrﬁg W1gﬁr@é% A 2N AR AREstdgB dposii Pideyonp OF ﬁapemtbxm 20 betw/the

| eted printhead integra rcuit.
3462 Hsrpis 1HRSPECYBs gbetonyBaraal 20 Spty oatmiisaf 13 7ud Bn e
smﬁ ﬁm%r@gst ab B hszleRRAETRrsAhaGid P P kOf DY and Hidetv@lleR2. An ink
lurality of .ink inlets 15 in ach ¥ 5 fih ¢
cqnﬁwé%%for FupPlsiern igtq At oPHK cHagibpHs @ baleres ‘gwnt% spgsifigp of the roo
m8RA4 200W ad\d'itfbﬁ‘ BP6 ?@eﬁhﬁescéh@ Aharstrh@6es (hothowh kn Hig1aes 26 and

a common i nk conduit_for that row.
27) are formed at the same time. The roofs 21, each corresponding to a respective nozzle chamber

24, span across adjacent nozzle chambers in a row to form a continuous nozzle plate. The roof
material 20 may be comprised of any suitable material, such as silicon nitride, silicon oxide, silicon

oxynitride, aluminium nitride etc.

Referring to Figures 28 to 30, the next stage defines an elliptical nozzle rim 25 in the roof 21 by
etching away 2 microns of roof material 20. This etch is defined using a layer of photoresist (not
shown) exposed by the dark tone rim mask shown in Figure 28. The elliptical rim 25 comprises

two coaxial rim lips 25a and 25b, positioned over their respective thermal actuator 12.
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Feat ures and Advantages of Particul ar Enbodi nents

Di scussed bel ow, under appropriate sub-headi ngs, are
weenvairaspeci fi c features of enbodi nents of tPEI/AU2005/001561

i nvention, and the advantages of these features. The

features are to be consideredlhi relation to all of

the drawi ngs pertaining to the present invention

Re J'I]Ju\%stg Fﬁsﬁn S %?ﬂ)t %X{he %Qﬁ%iagé %lasyanee)ﬂﬁﬁlbﬂ ﬁ&zﬁﬁﬁb&t@h@% m the roof 21

at es to those draw ng speC|
byre@hmgnalédnetva th;ethb%r@man@@trmf@@ml %%ngﬁh ilsr?oﬁl?dﬁé glé e 4im 25.

Thg‘%%q% é%’r‘gxe& %%Q%e? bf ﬁﬂoﬁﬁr&m (n%?shb%n)?éa@&@m Qﬁﬂle\dbﬂcrt’dnﬁ roof mask

| S ensures he heater el ement
showmnisrBimue 310 Thalellintieah nozale aem%@ is pasiAEd T tbeéh?ﬁtpaé@m}m 12,35
RS 34 he heater element in ink dramatically
Sh%nprgﬁéggthe printhead efficiency. Mich | ess heat
di ssipates into the underlying wafer substrate so nore

wf aﬁ he Nufag hoﬁ%%%eé Soweed fcﬁﬁle% ARGeAtstgt Rtaovesid BACI and SAC2

ects the 1nk. To suspend the heater, el epen
phpweesr@bljnma:k%anﬁﬂ9 bpO: pleaee 4Sbms Fsuey34tadSe IAefWéﬁqgm&t &1? fhgrmal
acfu%'g? 9?15@ Eszérﬁde@ﬂl a Jﬁ%?@ﬁlﬁde%’véﬁ&he }%h@ TR Yoflakas déﬁosﬁbﬁ ke contacts 28

eat er ement can have verti cal EF
andl ths! Hieptenlenesnt 20pravides aa sffisisat cleqydcal couprction With Be gleptiadand
on the CMOS drive to the elenment at an elevated

position. However, heater nmaterial deposjted ?
Figwes It 33 showribe priiselthislipgss 8 micronsh phhefiliqopappiey f after ashing the

S RO LN o541k R088rs Kue] d undesirabl e resistive
[ osses &%1t he thi nner sections, the contact portion
of the thermal actuator needs to be relatively |arge.

R&éﬁggfo ﬁ@ﬂ&s@%tté 40 SEYonsi e MBMEI pectBssing 08 the Mafdr ik&:omiilfeﬁﬂ ink
surface and limt the nozzle packing densi

t
supplnshapaels Akam atshaskfront fhe bpskeide pit the WalerP st “é%’hctﬁaglkanlﬁf {Susinga

st&{dattdraﬁﬁ&tbpﬁz IB’I@IEW?EE‘ bidREdEHarE nexiRs u&né @laﬁd'r@ppﬁdﬁﬁeshse (tﬁt shown)
nmber floor. As discussed above,

expater by theidark twe@}( élgqugltm F gp@ﬁ 8 1’§he(1glé g;pp]ly(qunge@ qlages a fluidic
L858 b&GednInd Bk deIR e WalerRAOME ik idles¢f fol d for th e
eater el enment. However, depositing SAC 10 in the

trench 8 and sinply covering it with a layer of heater

Fi {}E hiBreferri@Ro FAWs hPardila2i the Rbfr s Mifiledd35 Midréi8 by a&ﬁmé@etchmg
t\ween the SAC 10 and the sidewal s 48 of the t; loted

Flgux(eéé shrevirsriadiaperdans pipearissin § EFAYPRTPEUT YhF 8 373°mp ete
p&;ﬂﬁeag ﬁﬁecgrfft&f c‘i@c@i@ GRAMNSRW Jf nbsxled hhd d @iPettive mplﬁly sielnyel 27 extending

match t mask with the sides of the %rench

albeg s llelygth #SHPrLYiRS ik A erluiaie o fkdpIEt 17 & @RyioTe fhe plpfplets, in tumn,

@RS hOhRTRARLNEE or b8 1S, At afh Ad2fle Phdmbei@edivisg HkEom a
eén the heater materi al Iayer is deposited, it fills
cqupaebin spnguit rksE AW st ringers' (as they are known).
The stringers remain in the trench 8 after the neta
etch (that shapes the heater el ement) and the rel ease

etch (to finally remv
Features and Advantages of Partlcular Embodiments

Oi—ﬁ_

Discussed below, under appropriate sub-headings, are certain specific features of embodiments of
the invention, and the advantages of these features. The features are to be considered in relation to
all of the drawings pertaining to the present invention unless the context specifically excludes

certain drawings, and relates to those drawings specifically referred to.

Low Loss Electrodes
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the SAC). The stringers can short circuit the heater

so that it fails to generate a bubble. Turning now to
wo-e@aner7%2 and 53, the 'traditional' techni queP¢DAU2005/001561

avoi ding stringers is illustrated. By making the UV

mask that exposes the SAC slfghtly bigger than th
Asthencih Figurds 4é asi2, the hegier]  be deégw 14 Sepended Wéthleuﬂétéhambef
Thygl%lni os Tt HQ hgit&teé&%ntqgﬂlhér%d% gﬁé‘%ﬁh@ﬁ fnid r&ﬁirﬁ&ey is ﬂnﬁﬂe& Completely

uces a ral aroun tOpO the trench
xmm#emgtth@éaehtelaﬁlmenhmt@? dranattcalysexmpmet e gupbedcEipiqey JMuch less

heJS: Tl gces%gt?g éhé L%ﬂdé%ﬂ%\#ﬂ&%ﬁbsﬂgtetsg Sro¥eESrtheGRbut Oerdy TS hﬁeﬁ@(d generate

ces 50. Arter the metal etch and
ﬂMﬂebbbﬁwnet@hmemkese th|n lip formations 52 remain and
cause ' hotspots' because the |ocalized thinning
i ncreases resi stance. These hotspots affect th
Toopipead tho heatstr clepenthibe caytacks Terytby Feddp FYPPPE Ht?&?mﬁe%ﬁt it raised

Hagdntgtidahéttinclined
pogl{l&foE\M&%S% he é&%gci%ﬁgﬂ%é %&tﬁ%ﬁéﬁexfg&t Pat the oo

segions fospehebidhewsensctiveesloarades pohe SMPT drivedariheslegryt & F%‘flevated
polpbns I%vl/e%ﬁfzhéa'&@ nﬁﬁhhlrd% Ished SBertfet dt Mt Bhedlsdrth@s k&thner than on

lanar structure of the thermal actuato
howzqﬂtal swfcese tTQ apif sedepipablrapagive lagses few the himpessections, the contact

poﬁtioﬁ%tf FQURSmA a gtggtoﬁﬁéé&ﬁ@ g@félaﬁ@éﬁr ﬁaﬁrgee T @R PEonSts 0804BY 6l Significant

tspots caus verti cal inclined surfaces so
aretatoétthet\wéer@wﬁaca et%hr@athe Bezzmnlﬂﬁgwéﬂnﬁ@t structures
wi t hout acceptable increases in resistive |osses. Low
resistive | osses preserves the efficient operatlo

Teimsnesysahecheaten intparsont rypmbiop cighes amieordicagh 8 betyiten & o "E“édes 9 to

dr%t?thg %gl%g 'tkfé%harﬁl%? ﬂG&ro 26 dRe%3ddabbRCKI 1a§}§1‘ 0P Backiki6ial photoresist (SAC) 10
r1nt I pl e Nozzl es for eac

ef errj
(seeFiguirgPrie d@DQSltefl firethe fprch éfePfPVI%%%arffﬂ‘%Ortt%heé@b;F%?% i“ﬂi%e"er
deg ﬂ% AC fPin tRAFDED AAREH LY 8keRSE 7 ah llayel eHR#Er rflerial, can lead to

I ng between respective pairs of conta
Stmmfam% inthe gepifocetvaen theSASot) anfiéh?éaie}‘(?ﬁ%‘ic?eosfﬂﬁﬁfemh K (as
pr \%ds JJ deORBBY RIS 1 P%EreW? KT KARApE1dA bedali® i£18 aiTheliSo prec1sely

on actuati on, ructures 34 rovkge enou

mﬁylutha b e 56 S i etignst JGueliiny Y Fodke PP GHEL s exposed,
th% P%ﬂs dis E orlHRBrech e 6idbCordit RCAEMANE WedEhe hdafds rﬂa‘c‘enﬁlaﬁiyer is

e reverse side of the wafer through the in

depgsltedlrlt filisrthese eaps to form Tsringgise(3ethen a knppvd e Efﬁ'é%?rsrfgm‘g‘a in the

trddAR a ﬁé} AR AU datlfses fh@theaﬁéﬂ&ldn{eﬁﬁ lahd 11119 rélélt@e etch (to finally remove
ral edge of the openin

peri st 0]
(B AC) O TR FFEIZRB ST HOR PGt the s eétOéP%t it fﬂ)@ e éﬁtfﬁﬁ"? a J?%Y’\ﬁe
whi ch supplies both chanbers 38 of the unit cel
Instead of a sM nozzl e per  chanber, each chanb

Taramg noxy thbigure 83 a121553 the aditiomaly) @mquegprmﬂpgé‘gmgers 18 1ﬁustrated

B falid ?m% UV BLEBhA RR&I B SAC WRshely erggerqﬁanwﬁe #2dneh 8, the SAC 10 will be
e] ected; one from each nozzle 25. dro

dIVId
dappsiicAlovéles Sdsgraly B8 B BN ZAPS LGS svﬁ%@‘ft@a % Bn%?%@t“%soa tagsed lip 50
atbthf 1610 B fre3RAWABA dhe BEler material layer 11 is deposited (see Figure 53), it is

thinner on the vertical or inclined surfaces 52 of the lip 50. After the metal etch and release etch,

these thin lip formations 52 remain and cause ‘hotspots’ because the localized thinning increases

resistance. These hotspots affect the operation of the heater and typically reduce heater life.

As discussed above, the Applicant has found that reflowing the SAC 10 closes the gaps 46 so that
the scaffold between the electrodes 9 is completely flat. This allows the entire thermal actuator 12

to be planar. The planar structure of the thermal actuator, with contacts directly deposited onto the
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nozzle. By ejecting nmultiple drops froma single
chanber sinultaneously inproves the print quality.
wOdonoenes y nozzle, there is a degree of Msdi rBCI/AG2N05M01561
the ejected drop. Depending on the degree of
Msdi rection, this can be det#3 nental to(grlnt qual i
CMBYS giatioes G 4nd sespendodheatan| ¢ i pl eclomesay}%aVol abeﬁp%%afﬁeé by vertical
or ﬁglgneﬁ %ur?acgsps% £ '@ﬂt%lﬂ call @{a HiTBh sn2er BavtREwithduk Sdceftivle
rections everal smal rops msdirected in
incokiabds énr resistivdiloseest Lowgesistive logsespresrves the filigiont peygtipmef a suspended
hd ' € ih&lks BAWELY 18 ndP R Phdk@tRdhe printhead.
heg ereen}e}f%z}nﬁﬁl[} sﬁa@gé}tﬂé a8 oundIﬁ ’%Eat t he eye%a\}{g%tages P
the msdirections of each small drop and effectively
MllﬁggﬁOZﬁesq?%eagaié%@gﬂ Single drop with a significantly
irection. A nmulti nozzle chanber can
al so eject drops nore efficiently than a single nozzle
B Ll ShEWERs tw sdpfrafRiniedLaneat 88, each chamber having
Re%é}f%gg:e%@;@ BEAPEICHOTERL oD scpfralicirafioat o5
hehtekedamnent2Sixtmdiag é@tweqmrespmtyg geirseof gentass é%lﬂ?&nwleasﬁucms 34
are %o%{ﬁge%dﬁn ﬁ%%ﬂ il df)émn%?%{ﬁtﬁat%k &8 efbBhd cHabY Bt @on actuation, the
i sposed nozz However, sone of the ene 9
strfiptones 3mopﬂeg@ugtehy§muh@remgtmaﬁeweé%ae@ayTeﬁﬁ%@%w flsndw 1oss talk to
ciated with the m snmatch between the
mﬁ%%ﬁ%@r3§% t he bubble and that of the nozzle. Spacing
several nozzles 25 along the length of the heater

L%&‘gﬁ%ﬁ% LRAUERS of 1 wIRPRRIEA fhe HikS L LBAPEINEMRENI 8 extend
e shape and the nozzle configuration tg 3 Qll
intefhecihlet ¢opening ko @ptetink mepiieys dogs R PH 1?8@3@6%%?%8? GFEot the
Nethe Berd AN RM@St 23 which suppli
oL ARG B A0, 85K 00 B Hlon gty 2 wih st

hxw@@E@ﬁ$3$ﬁMh€ﬁaﬁﬁBf Referring to Figure 46, two
opposi ng unit cells are shown. In this enbodi nent,
unit cell has four ink chanbers 38. The chaggir are
Tngiedidi of @ dinblg e ner ehomPy each shasmber $&has FRRNIFEE Wb the heater

el%&n‘t’%%mﬁ:s P rm ERGRLE]) AP Il dr@e]@dﬁ@l B&aﬁ'&ﬁ e#eh @6@MR25. Each
heater el ements 29 are arranged ql |rs Lﬁﬁﬂl

indivistual slrapent idkchap fesseolymesthangihe %&i‘ﬁdféaélﬁ"tﬁdaif €ic only one

no%!?l@t B?l] gj%ctmﬁtnhﬂﬁﬂé’ﬁ{) pd fRoth §§1ﬁ%€ Shadber sﬁ’rﬁulﬂih@(ﬂlfs@ﬁmb@%s the print

is ensures that bubbles do not nucl eate at

mmh@ cold spots 54 and thus the cold spots becone the

common contact between the outer contacts 28 for each
heater el ement pair. The ink perneablg¥%$ res 34 d

Wathlewww horele; Bereds 4 dagraeRBmisHusrtigh @ thaeiedt ing on the degree

ﬁdn@&fe'c 6611 Mcag @«t, Iiétﬁm&ﬂﬁ tdpras ﬁﬁﬂh@y FB&l giﬁné fh@ l&hﬁﬁﬁhmultlple nozzles,

ater ement to reduce t %% 1
edgb nogzterei esttjdsene ﬁf SD@%HSWB@F%G al}dt awnfé ditiggen E’Btffhéﬂl&‘%s &eYeﬁaéPma
dxtopé SisGirhed i B e e RRY arb ddsSddu@hEntaMd prirk Gadliysthavdsingle relatively

Jarge misdirected drop. The Applicant has found that the eye averages the misdirections of each

small drop and effectively ‘sees’ a dot from a single drop with a significantly less overall

misdirection.

A multi nozzle chamber can also eject drops more efficiently than a single nozzle chamber. The
heater element 29 is an elongate suspended beam of TiAIN and the bubble it forms is likewise
elongated. The pressure pulse created by an elongate bubble will cause ink to eject through a

centrally disposed nozzle. However, some of the energy from the pressure pulse is dissipated in
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Fi gure 49 di scussed above. However, the present

enbodi nent effectively divides the relatively |ong
w@eb@moer’g4 of Figure 49 into two separate chanbR€HAUTISS01561

further aligns the geonetry of the bubble forned by

the heater element 29 with tHé shape of the nozz
hy@raulicd dsseseastpgidted withdhd roismatsh dur batgeamtlsecamelst pidhe bIIbhlieend that of
thédfﬁ)zﬁghleved wi t hout reducing the nozzle density but it

0€s add sone conplexity to the fabrication process.

The conduits (ink inlets 15 and supply conduits 23)
Spgéi%g &lvgrglrﬂogﬂés' ﬁgllo!ng Inel1h BV ie Helér &é}@éﬁb% relificeb 18 pBdrhedic

i cant” proportion of the wafer area,

dlsmp@cy zapmben tae btﬂabietshﬁg apd e spzdesonfigization ey whichdhe ink ejects.
oY Rt 0 LK oA iip RAES pridfhehd Wficiency.
.ﬂﬁ“??%&#%ﬁt o 6ther |ﬁk eCr%‘oers whllepkeepI?nge Y
each chanber sufficiently free of fluidic cross tal k,
Ik BAHGES REBG1ARRHAE . &bt WRTRIm€a | ost to ink supply
“Conguits. Tnk Charber w th Mil'ti pl e Actuators and
Respective hbzzles Referring to Figure 54, the unit

Rﬁ%qjm %%] %o Wcﬁs 26 sho%v%C iy RPBAindd RS udi¥Ril has four
ement s

two nozzles 25. The effective

in elmbtms 88 The @p@kﬁrws éfsfir@é by the sigdgwails %gﬂﬁ@ﬁﬂlﬁl@e@eﬂble structures
34N OB #h anE f hag Ii@ Uﬁﬁ fedied cRbRW9S §le ﬁ&%\‘ BletnBnt§ 89 At b@dheb®in pairs
the e owmn I n Figure 49. The additiona
that@rﬁeqom@tedfin s@;rleq dRefveen egqh,pgqr is ‘eold p@)&t% vethlaperresisignge and or
gr%%%%%?%ﬁéﬁg afhe Eﬁme?ﬂﬁhou%ﬂepdé LR hH QMR A elcWBldQp&s 54 ﬁld thus the

bove wth reference to the enbodi nent sh oyn
cofdspPis faromed i commonspad RetwerrBe PHeonigeads oy pacy fipater element pair.
nozzles and nmultiple actuators in each chanber to
achi eve nmuch of the advantages of the Figure 4

Theritjoprrmesble simetiren3helloneiak ip rPialt e chaphersciader %%&?J gftion but baffle

th blethu p%isgﬁjohlfeb&qne%ﬁélgﬂent Q@ﬁ) rOURE BHe IflufdlidBES &éﬂﬂﬁet@éen adjacent
e unit cell are reduced thereby permtting greate

Chﬁ@h@' b-elt gélhbg @P@@ateﬂ fhat this e@bﬂ@ﬁl@ﬁ%ﬁf maneRiEalletspgth that shown in
Fibeup (1 sBssedfab Jge HoRkVer GRS predefit e@ﬂﬂﬂﬂﬂeﬁ(@fe@ﬁ‘vemmw tBtErelatively

e |n ernea e structure 34 is si ngl e col utm at
lontrehamikes PEFiERF 49 p@mﬁweraéat@%ﬁlbeqﬁa%lé furder 3liga g gecgpety of the
b#@fc?@rm%@@ ¢ed h@ﬁér%nﬁ@ Wit fe iBe b 18821 6 5 eieaste ﬁulic losses

he single colum has a cross section profiled to

durine dropeioton. Jistinsabisned WilaUbirucHa theypele Ot Pytjoe add some
Euhﬁgﬁmﬁ&@Mhﬁhgggthe actuation pressure pul se.

Both eater elements in each chanber can be deposited

si mul taneously, together with the contacts 28 and the
T&é%oqclﬁ@ %k @Al 1y ﬁd%épplﬁ&hhule b_@me AiStriBSiifk @wpéﬂy |nﬁ(d:hamber in the

with ink froma comon ink inlet 15 and s f 9 £ )
arpey carTpResRY § BERILGABEPTanEEPnAL RS A H TS0 GRS CFhie 3 g tactor for nozzle
d&?ﬂ%ﬁﬂ AifindaB ey é%ﬁn%b&féiﬁl‘é@ﬁndb@rsw 6f e inkiflowRthwother ink

The primng features have been w%
chambers, while keeping each chamber sufficiently free of fluidic cross talk, reduces the amount of

wafer area lost to ink supply conduits.

Ink Chamber with Multiple Actuators and Respective Nozzles

Referring to Figure 54, the unit cell shown has two chambers 38; each chamber has two heater
elements 29 and two nozzles 25. The effective reduction in drop misdirection by using multiple
nozzles per chamber is discussed above in relation to the embodiment shown in Figure 49. The

additional benefits of dividing a single elongate chamber into separate chambers, each with their
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integral with one of the chanber sidewalls 22 and a

wal | ink conduit 23. The dual purpose nature of these
wo earsEs4 sinplifies the fabricati on and hel psPEDAK2®P001561

t he desi gn conpact. NMItlpIe Chanbers and NMItlpIe

Nozzl es for each Drive Clrcu In ure 54, th
owa@tiuatpwsy is descibedoheietidd i n se rrue@senawe erf‘é‘?‘t@fl’é‘ieét %hPY”é in Figure
46 Wg&ﬁ&ﬂﬂbﬁﬂeﬁﬂﬁemﬁp@ hbMfs %&Hﬁhpl% Qetdtom id efa}{h ¢Hadiber to

rrve circuitr he Figure 46 unit cel
aclsieteunatobiof the nd‘aia]as&s@iﬁthe Rign3m A6 igp e B BRksdly ?erqoeghcated

deyi%t% %Fh Lb&, ﬁﬁg@deglgh \{ﬁe Sefafl Wihensibhs STOY B cell B8 reduced thereby

ors |n aﬁ|acen chanbers coul d al so be caonnecte
peimnitting geeeteehozzle [densisics.r ldhe enhodimentbowp thpfoptpantof the gy cell is

g%e;]k REge N separate circuits, the CMOS drive
64@??0 |9@y9§buld be nore conpl ex and t he di nensi ons of
the unit cell footprint would increase. In printhead

Tid SIEJ s{%?xﬁea%%fr@ctﬁx@ 94 g;ra(éffhgm D Rtn&E fhle Ak ﬂeﬁll $§@1dh Q&émber 38

rtuting multiple smaller drops, sever %
mﬁ@ﬂ@ﬁth@q@p@g@ cqlmsras etk hedtigugett WHF n”fbg s (?ﬁlHB]H' as a cross

segt{o'nx;gofﬁ#d' 15 Yk fesd 1§s1§f*lfe ﬁfx(aﬁl@ H6W bt HBleabEfil et saideR Bhdk flow from the
pri nt fabrication and nozzles dgrslt cously

acmatyn TDessrP pylser tﬁqthrhﬁater plRmeEts ipreadh Ghamber REHRFEPSH
e'i‘ with Itﬂe c%tgétbza%’a%eec%ldt sB@t f@e[tt!lr@ slepsth bRankRMeS l?;ﬂis&blﬁ&d with ink

terns previ ousl have reqg ui

ed
frm 2 z¢remqtew§ nntlgt 16 endbwoplydondai S dh%&ﬁ%%@s %&e footprint to be

refAREE L %/nﬁé &1¥cu§@§ uﬁn&@ ﬁétﬁ?ﬁl@m' T‘]Sb prifih R ARG (Dglhave been made
pri nt size and/or print quality., Traditign

intelsal Wil ohceot hovoarpives Sl ge an quqalﬂ gongdpit g3 e walfpurpose nature
fgﬁetsy ALQFS shlifnSARH b RWSXArRMNEIH & UeBp MBASSIn Bmpact.
Irections. The rows are staggered with respect to
each other so that the printingresolution (dots per

RctagbiidhseMblnple AR2ALSoidabE Drild\O#alites per inch)
ng each row. By configuring the conponents of the
unit cell such that the overall width of the unit is

%’H@ §4ﬂ theladBBarS AR JAHRRRE ierihd kiR &3 firdi uﬁffstIﬁﬂiigﬁﬂle same drive
S|ngm§:rOM/|nstead of two stag gere

mptbtﬁ@mg}lfy MP$ frdverciresiy-i Injths Figurg AQ Uyt ?eﬂ‘t a%&"&% ifedigeent

n({zgleparb commedtElEin SRR HithR AL Ssa b @k diRtui.nef @tﬁlﬁs@ﬂﬂaﬁb&‘daﬂ@s in adjacent
ures achieve a nozzle pitch of nore than

e eeulalso befomnseisd dnpaalicl | HE SRR RO D gAch chamber o be

m%'eﬁa&"ﬁe citdafs, el aNTOK @8R diltchlﬁﬁ} wolilditaendpé totiphexad it diddnsihs of the
t han phot ographi c (1600 dgﬁédnhen tWwo 0

et el Getesint oA T, Jp BrEBReG 4T AR SR st s dressed

bf aRaRhing fndfipld EAleLdrofdbslamney sevé@mihﬁﬂisﬁn& their respective nozzles
conpensation and so on which ensure 0 eratlg
‘}E ead IC fabrication

infq § gomegron; diive ﬁﬁr?%tlhesféﬁ?li‘éﬁ&m@%n&twg

afll REHeSREsigbove, the enbodi ment shown |n Fi gure 54 has
a footprint that is 16mm w de and therefore the nozzle
pitch along one row is about 1600 nozzl es per inch.

High Density Thermal Inkjet Printhead

Reduction in the unit cell width enables the printhead to have nozzles patterns that previously
would have required the nozzle density to be reduced. Of course, a lower nozzle density has a

corresponding influence on printhead size and/or print quality.

Traditionally, the nozzle rows are arranged in pairs with the actuators for each row extending in

opposite directions. The rows are staggered with respect to each other so that the printing
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Accordingly, two offset staggered rows yield a

resol ution of about 3200 d.p.i. Wth the realisation
w@boorhe7parti cul ar benefits associated with a PEF/AT®E/001561

unit cell, the Applicant has focussed on identifying

and conblnlng a nunber of fe#bures to reduce the
resobition Gats pef imetn 4 toyies tefnozele uct upiteh (RoFZlehier Jrehhalongggch row. By
coﬁ?#unggﬁfgg n%lltg bptk%ﬁﬂjc ceNQGd B theVbrhil 'W'ﬂcgh bitBe 1iKis reduced, the

cha Tiner geonetry |ogic and
sarmb owhlesr oﬁrrqzvles b arrqriged itoct siugle rowrinsied of g‘&ﬁ}aga?r@l and opposing

ro%rﬁ |£§a8| s n% %?ginpﬁéscﬁlhﬁn'ﬁpﬂ ). CARlembOiABI: MRwh G Of

Each contributing feature

acenmesyhs Baveeh aghigessanozrle pitghros moeiharet 0P aorales Rprderdyip pach lincar
ro&/h%t thﬂlsgi ?zle ftgﬁhth@ nﬁt‘?gs‘dfﬁ'tﬁgoit H@grﬁ@n@a&i [s'b\éﬁer\t‘&htpﬁét@grﬁﬂlﬁm@l 600

adltlona order to
dp@e’dwee monppsnsﬁit%geﬁed FastRgrecongiderer avd e v Biiep st oy nozzle
re@ﬂ §§ b c&ﬁf)éﬁgdti‘aﬁ ando onsﬁﬂl&ténﬁﬂes tHeSOﬁeﬁauB@ﬁfe of the printhead
nomn dust particles to "stick" to
remeiny $a§5fp¢t@m’e ds éwwssw@b@mthé prbodiment shawn ipiFigyres>4digs a footprint that
is ? aP&){htefe@(ﬂe ok nbhe 6;5'}1@]3 §1L’)§%16He§5@ iABoutF1600 £dzalkd pey inch.
zzl e apertures 2 e nozzle rins 25 are

A@pghngbh noffsehstagasred raws yield & yeapbetiogrof ahout 3799 Aipd- pl at e
is patterned with columar projections 58 extending a

short distance fromthe plate surface. The nozzle
Wish sheaeatisation ofihs parienlas benaditssspeiared FviGramarowerupk cell, the Applicant has

fogtﬁgeg% 1&%ﬁfy§iﬁcalﬂd 3SmGhiags & h¥mBRE RGkuFes e@Suce %rréla‘@iﬁi difBsions of

However, it Is easy to create a suit,

strpgigtes mhe privéhosdt Fer Wa@ekuffﬂwfcalm%ﬁ etiifbing the %%U\ﬁe chamber,
filel {géo%neﬁ'y ?dg*i@nﬁ sHoHet @ivelFETE (Kdld 4Rt GALIIIRY are Téaﬁlrésmeveloped by the
eriof surface. By reducing the co-effici

Amhamt to derive sqesrpf thefapbediments ghown. Hagh ?%Hﬁ’at%g%mrﬁélﬁﬁmmd a

e?!ﬁ%&re QBsz)ﬁ\%ﬁtl&le@ﬂHnﬂﬁriﬁesﬁéM |sﬁch(h|s e@utihethe PET |dﬁ$e vdltage from the
he nozzl e plate. Patterning the exte(ﬁr gf t he

widely #pesl tﬁ?ﬁ’é’loéal\ﬁnvttﬁ 2pYiis é’fﬂle‘TtB%ﬁ"é?qS%H@”}S? gt he surface

area that dust particles contact. If the particles can

only contact the outer extremties of each formation,

edyecd Stictien Ryinthead §éaect he particles and the nozzle

plate is mnimal so attachment is nuch | ess Ilkely | f

the particles do attach, they are nore

Stetdariiigiien, By “sHetiont h%a@Sﬁﬁqwéﬂa%élle‘y%%&Paﬁlﬂ?eéﬁo ST gozzle plates

afd@Rdriy&1dBalo8s1ds. Mehutd50RhowE £pditlon SAMEE HbBE1E plaRlShS Far (ﬂhnty, the nozzle
shown "extendi ng in og posite dlre tions to eac

apprare Hkadrihestozps S8 ge Arelse s dde PRI §UHE o g posal plate i
p IR GitB cagmﬂér%rdj é@loﬁm%@hdlhgk slﬁﬁﬁﬁ’dtﬁnbe £6m the plate surface. The

Distributing ink through mcro al e, condui t

negelepiis FHId Al oo PO T PR RES R 1 S ibatad ridees,

cdrRishtfns BY tuipd € Adwbver, GOFBsY Erdrsie D3nithirle UV Bask R tthedfattéraolumnar
arise In nmacro-scale flow. A qﬁgls us can forman(IJIlrf
pr@@sm shRy e And ihis 2 gEpleRAter i ot¢ %"E‘Bﬁslﬁﬂe g epiepigrurface.
pin itself to the lip of

m_

By reducing the co-efficient of static friction, there is less likelihood that paper dust or other
contaminants will clog the nozzles in the nozzle plate. Patterning the exterior of the nozzle plate
with raised formations limits the surface area that dust particles contact. If the particles can only
contact the outer extremities of each formation, the friction between the particles and the nozzle
plate is minimal so attachment is much less likely. If the particles do attach, they are more likely to

be removed by printhead maintenance cycles.
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the aperture quite strongly. This can be useful in

pri nt heads, such as bl eed holes that vent trapped air
whebbers4but retain the ink, but it can al so bBCT/AU2005/001561

problematic if stops ink £ ow to sonme chanbers. This

will nost likely occur when Phitially priming the
Inlet BrimihgBettsg t h ink. 1f the ink meniscus pins at the

i nk i nI et openi ng, the chanbers supplied by that inlet

i 1. s f
Reflpipe PeRbrt P P TS ek OBl RO oppte ot S f ther. The
inlpinfen pasedee i § eupphdsdnk ‘fa{b@'fvmoéam‘@rs 3raa fhe latsraldnk @afhmi@s
Démb%; @%#i)@lf %‘o%eﬁg %dtlftso ch RSk HikGAILOLs, f&fm&bﬁaual MEMS

e periphery of the Met
noiﬂes 1Aa1pmlkjet pintiead s cowplisated b fictorshatidiomot drise Pepacphisalp flow. A

:n at e | ’Q{S lip of
menlﬁgu can f?rnl anfl, e{a rﬁ;ligtoﬁ %ﬁg&‘ﬁ% rf?%lé’ a?grg?ﬁ Pt!eczﬁ %ﬁn elﬂﬂﬁhe ipo
th¢ gpednmwuitdwtrongik. it canfbemuprfuliipbrintheath suchrag hﬁﬁ@drﬂsolesﬂh?é vent trapped

ai %i)l% C‘Hi% rgta(&ﬁ) Eq’]‘iﬁcaﬁlﬁc%t%ﬁﬁ h (pbeol;rol%l atfeqf ét&ﬂg Qﬂlé’ﬂ(ﬁﬁﬁi) sbR€ chambers.

OW T owar ers prim ng features 18
Tmawﬂltmsehmgccmhcs initéedly|poimipehe pmélyeaéwvet ke TEthe ipkmeaiscus pins
dfiand A0SR biad BGriaRRAr ture.
at}—kml%]?w g&g’tth%%%g éﬁ)?%a%lrle can lbeagﬂﬁpl nt egr al
part of ot her nozzl es features as shown in Figure 54.

TSiuded dgainstythib, o Gimiviy deatRest 18rard ﬁ)gnrtdcso Biagythere ext@nd threvgly the plane of

tha?d&)eﬁ cent eﬁlgat g?: Sglﬁmgrgeapugsg\gm co QJg?g%}le? ';‘.[Een Ethe

ncdils Uatekiuditl show) donilie péripRSry ofthe oﬂdl lﬁg IA3partt0lﬁ each Iccingatl & i wiifhin the

PSRRRE B A G2 Bk S 40 iR 0 idiming

febthes il $iko asa0 dlnawtthe2iﬁk o@@ﬁﬁne drdeti Albis funpinsntke mlq@mtwé fr9m§bat section of
t hat .t he a I ces the ink refill

thfp?ﬁlfh ﬁdgﬁ\ﬁﬁgﬁé‘%ﬁ?g@ dp%?ﬁlgegéé therefore refill flow
rates are higher. The sidewall openings 60 have ink

TRE piRg |f@uﬁ&sr1l8©hmta56maﬂ/ formsk esdpng dsulheyipmesctrt @suriaca tat ¢xpends

an acce vel Filt | .
RS YSaT T TS PARgR PO e pohorp e frifbing Riufd TRE b imterl pact of
oth& a4 fednasdRrh@d ih@ipuee 4. | ter structure 40 to trap
air bubbles or other contam nants. Air bubbl es and
solid contamnants in ink are detrinental to the MEMS
S res. The solid contam nants can obvi ous
cl og the nozzl e openings, while air bubbles, being
RQf‘eHﬁ%l{o FiRhR 48 SR 8dj a&ﬁfhrﬁ‘tb:%ﬂ’sfa@e do@mp llﬁ‘tﬁﬁ:lé&tbo&ﬂieﬁtﬁthe elongate
fromthe act uat or |ft ey.get trapped in the i Eﬁ“
hestra glsments 3 exiendmpralielite e y&dﬁi%%lfﬂe% cqndit 21- AgePinel the glongate ink

s 3R %realﬁ(%@ﬁé ﬁgﬁgxmﬁﬂl e 11&%0@&1&\23(1* istgwall bpeningk 60 connect the
structure 40 in form of of obstrutlo%
chagabers 3B fjthe ink conduit 23. Conﬁgurmg the mk chambers so that they have side inlets

reduces the ink refill times. The inlets are wider and therefore refill flow rates are higher. The

sidewall openings 60 have ink permeable structures 34 to keep fluidic cross talk to an acceptable

level.
Inlet Filter for Ink Chamber

Referring again to Figure 47, the ink refill opening to each chamber 38 has a filter structure 40 to
trap air bubbles or other contaminants. Air bubbles and solid contaminants in ink are detrimental
to the MEMS nozzle structures. The solid contaminants can obvious clog the nozzle openings,

while air bubbles, being highly compressible, can absorb the pressure pulse from the actuator if
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transverse to the flow direction through the opening,
each row being spaced such that they are out of

WO e@7o4y73t i on Wi th the obstructions in an adj aR€AUR®P/001561

with respect to the flow direction, the contamnm nants
are not likely to enter the Aanber 38 while the ink
theyeget frpppefl yihe ik ehanaben othipy er | v effestiyely digablesile sigsiien gfiiak from the
af?efc{eﬁ ﬁ&zzl@ 5y #@\ﬁdﬁﬁgi ik s@xﬁ: e 86 A8k i@ﬂﬁ‘ ot 10&s bf@dﬁ@c@ons extending
turbul ence”has m i mal fect on the nozzle ref
trargyesseip the dlew dar.eetmmlgewéheoqpe@p& EPChIBW OeiRe Pp&ﬁ%dssuﬁquhﬁtéwy are out
oﬂ‘eéﬁﬁ}aﬁg)ﬁ Mﬁﬁ ihetoggtltugt@dﬁ i aln%&ja@éﬁ fb\w\"&?ﬂlpﬂésﬂe&ctl% BRIBN dix@&mn the

hance of them elng r et ai ned he obstructions

conr?@lwc@m 1 kel iosnier the elambgp3 Sr%Ws? thy ink pfill lowi pig h?snO&@V"'ﬂY

refa'ﬂdehh?hé ﬁWaféfofﬁalﬁim St tRAH SiBerRed We alilutdaturdMERE has minimal
substrate and the nozzP plate. Intercol our_ Surface

offa o1t 207l Tl e LG i DIORIED ok ST OO RERT TR ﬁ@elﬁ%}y fortuous

ﬂw phth GAAIcR imAeasdstife c%ce of BEm B&th{ Attnelhy tQObRAZHEHR 406 i S
shown for a unit cell such as that shown in Figure 46

descri bed above. The nozzle apertures 26 are
The sinbidimen slfivmetsed tyo spynad obsactinag f@in the e af eolymppsextending

b QQém s%x%{e'aﬁﬁth%fno&%gﬁéé edged ink gutters 44 are
e p 5

oFmed 1 n t e Nnozz 6 above the ink conduit 23

(see Flgure 46) InkJet prlnters of ten have
hue Sart gets ip Haulti Ga Al jmthezd nt head when it's

not in use To renove excess ink fromthe nozzle

pl ate, er can. be a

T-ﬂf?l%ngtnﬂ‘g t%ﬁ gr&‘% W?rg)é gur ?e c?fﬁlge lﬁ)g%% ?8 is 6F | f'or ﬁ.ﬁmﬁ ceﬁ such as that

sHwaﬁiﬁﬁ)F@ﬁret% eleicﬁbem?dbbﬂ:n Thé n@zl’émperﬁltm§6 kaﬂipmenneﬂhlﬁectly above the
per su the.exterior t.he Ie I .

R e RE oAU Nyt of BupS oo iy BR5F o B fyme ozt

plaregbabdvealie ink eonduit PhGe: Figns#®n i n t he neni scus

contacts the surface (for nore detail, see the

Appl i cant!s co-pendin USSN our ocke 07US
Inkiee Biiess afehae wﬁnﬁ%e tfous fccéy tpﬁ*&tthﬁﬁ\' ‘5? %’f in4¢ To
réﬁﬁyltvlé bib?ss%ﬁl@ﬁ%ﬁi glﬁrnloﬁzﬂe IlSlﬁte ttﬁkﬁcaﬁlﬂi Zduﬁoephs@h@g&ﬁ% tlﬁ& it peel; off the

col |l ected and dr a n ni scus between the
e ST A Ho S P (1 brsitorpiiie R R5BR 7L PERip vy borest the capper
sHePOSdliBSex@ionof thE Gz pRtk. AlsinkBentidkiple MWRRfeSis] wigich relates to the

capper_ful|ly disen es fromthe zzl e plate. .
o B il I bR RO RS B e e

Abplidahies dbtﬁeﬁcﬂthUSSN$01ﬁl dﬁdkbﬁFWUS)’ 1n§lfrp6ﬁtb@ﬁéiem bjil geference), the
resi dual I n og arou

maioEif bt Qfnkc W s *Es Sxjenyr Pf e a?%?f;@&? %P\é? A thfﬁ%ﬂd dravgqlng b the

n%\%%lsfda *Bet%?rzﬂhe ca’@?&ﬂaﬂ& ﬁoztzlaellane Iihs Giksis ddn&&&ﬁeﬂtlp Keymeingd ok b GEarge bead at
0] e urtace o nozz C

thspoph s ﬂﬁﬁéppﬁb?iw glsmga%eﬁ ?‘r@ %A Pﬁ&er %‘?@‘]Paga‘x e ink

réiﬁaﬁ@toﬁ the 1folzklb Blarl lﬁﬁ@ﬁiﬁeh@lsfahﬁlﬁ)ﬁdﬂﬁh pri@hbddethe residual ink left in or
%C[TH %B%gq?ozég a%gtg{rg %g%bw&\/rg%% t othatmht atCeI:Jl ected Ey e nozziae because

the meniscus draws ink over the whole surface of the nozzle plate. The contamination of ink in one

nozzle by ink from another nozzle can create visible artefacts in the print.

Gutter formations 44 running transverse to the direction that the capper is peeled away from the
nozzle plate will remove and retain some of the ink in the meniscus. While the gutters do not
collect all the ink in the meniscus, they do significantly reduce the level of nozzle contamination of
with different coloured ink.
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nozzle plate will renove and retain sone of the ink in
the nmeni scus. Wiile the gutters do not collect all the
w0 ndo7ios78he meni scus, they do significantly reP@yaU2(08/001561
| evel of nozzle contam nation of with different
col oured ink.Bubble Trap Air4®ubbles entrained in the
Bubblk Teape very bad for printhead operation. Air, or
rather gas in general, is highly conpressible and can

m%al?uig{gga&t%%ﬁ edsles mfc gﬁe%lgsb%d fer %&Qa% o%&th(% oAlr olr fatt@r gas in general,

e sl ses in response t
is 1ﬁ§1ilyl admyressibiekanticdrl abm]‘b tlsjpmssuré pulsm frovetha actugter. Ifﬁf Wp@ﬂbubble

smmlf b%ngisresgeasrin Peg%o%yei t%% c&%’} tnﬁcevwﬁ {%&@ ﬂ'gm%é £bzRef @fa Eyﬁr:éa bubbles

urged 1 nk nee lotting and
call by megkdfftonthe pmmhieamlm aj fmmd)ﬂhycef ifile, S8t thpisBtdeik nepfgbloiting and

has a bubble trap at the
thei frﬁr%egﬂf"gfo%‘zgwhljo{ih ap [ sb%%)@lgsrred by a bubble retention
structure 32 and a vent 36 fornmed in the roof |ayer.
THd wnbotikheshoeh airitigae 46 haswadhibisle trapsat shesiak inips 19f Thedtagrinformed by a

bug g ?:%%glgxgs %%%g%g alnH & vgxﬁ E?I}g‘n{%g mot{l? roof la#' %ﬁ%ﬂ\ﬁ)ble%ention structure
is 8l sties PlUoRAmE 32 BFhcaHOmd |t1m1iehphehoasfnhqma]et 15fAs dissuppadioxe, the ink

retajnin ructure. In
iyt areg A bk B Purms s 413 SopEaty 6P P L bt Baining
straétifes pivese he BY permplile trgp ditvets lpeitinbbles @ithd Yest Wikke thay eansto

and dir ent
AR pRib] B PR BT s b RS  mall vent, thoy are
effetiteBgemondd fiohphe inkflowl withett gl onk 18keges Suppl yi ng i nk
to the nozzles via conduits extending fromone side of
t he. waf er Eo the other allows nore of the wafer area
Mulgigle n”J%%Pa?Fion side) to have nozzles instead of
conplex ink distribution systens. However, deep
s@bﬁy{h%%k IS 186G Sonbeils@SitchBAOHEN ofe é&&f (ﬁTthé:l\fJﬁelﬁb deether allows
cl’oggi ng from contam nants r air %g Thi.s distribution
m@}F af the vafen arem patheipk 7Je%tl?ﬁﬁ1dF)eta By Wﬁ%esa‘ﬁ* t°£8°nP1?]|‘f"e1Pk 1SHDEH

syStemb EGbwS /B0 Wekp! dithbd, AHErBn-d3le Holes Eﬂr&%ﬁd&va@&@ﬁi fomego bl@ggmg from
the present |nvent|on have at %Eﬁ %ﬁﬁ'g f% %g §t
cogtppnapis o ais ehles n Ap sarvepthg pogz dhif iesyd mie
bet ween the nozzle plate and underlying wafer.
I ntroducing an ink conduit 23 that supplies several of
the chanbers 38, and is in itself supplied by severa
ink inlets 15, reduces the chance that nozzles will be
st ar yebesbshoivn i BigutiedB atrintheatygrosrling to thamsesepi] iptention haye at least two
r I,
m% tuﬁgg ¢4 Sulpglpl%g e &tcﬁgﬂ% Pg rv{@ﬂaklmkﬂcg ﬁ(ﬁﬁt’ﬁ% HReivddk te@PAd f1&e and

s-in the 1 nvention is
uMkﬂymgbe&rabove with reference to specific
enbodi nents, it will be

Introducing an ink conduit 23 that supplies several of the chambers 38, and is in itself supplied by
several ink inlets 15, reduces the chance that nozzles will be starved of ink by inlet clogging. If
one inlet 15 is clogged, the ink conduit will draw more ink from the other inlets in the wafer.

Although the invention is described above with reference to specific embodiments, it will be

understood by those skilled in the art that the invention may be embodied in many other forms.
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understood by those skilled in the art that the

i nvention may be enbodied in many ot her forns. CLAI M5
wda2oome4i7mkj et printhead conprising: an array OPCT/AK2005/001561

chanbers formed on a wafer substrate, each having a

nozzl e aperture and a thernaﬁoactuator t he t her mal

actuator having a heater el enent extendlng bet ween two
CkeAM&cts such that the elenment is suspended in the

chanber; and, drive circuitry |ithographically

depo ited o waf er substrate for generating drive

S|gn§P§& fﬂ@ﬁﬁ?gﬁgm%$F§Uitry provi di ng el ectrodes for

theaﬁ@ﬁWﬂﬂmkﬂﬁm@ﬁchmmﬁamﬁwmﬁrmhﬂmﬂmwhmmmgmmmdcuwﬂmemﬁa
th?xrnpg %fglfeatog Cﬁ%tgfxa}a ?cguapor hgvr@gea}e%ere néennan < d‘inh z%)te’tv&; 1? tvsﬁ) contacts such
thérihe ¢léthert ispuspaided adthadmmbelt agl, to claim 1 wher e| n t he

e e ifoePe b AR Bt BBl Bhecomatng dive st

theigvesdimuitrip eroeicmgtalaadak:s ﬁ]rdleemmwmf @chea;ma@f a top nost
tal layer of the drive circuitry. 4. An inkjet

Wg??lﬂ’thead according to claim3 wherein a trench etched

I Nt othe bentabts ané tleiheaten clamenieart enplimartzativibarihd thermal actuator is an
.%éﬁﬁtrodef An inkjet printhead according to claim
m 8?%?6“@5%% of the ink chanbers have a plurality of

nozzl es; wherein during use t he actuator

24 SRAEY S S5 QY A B e BREL l osor

héatenheteeibln each of the |nk chanbers have two nozzles.
7. An inkjet printhead according to claim5 wherein
the nozzles in each chanber are arranged in a |line
3.par add iakj et pn'nﬂieed dceorging todlaitPewlvesit the ekekteorientre wirokedt dneas of a top-
m_eq& axe tﬂgmgggzles are regul arly spaced al ong
PHé ea ér e enenf An i nkjet printhead according
to claim1 wherein the nozzles are elliptical. 9. An
|nkJ nt head accor di t j 4 e ore
e o5 R EEE R0 U Ml Pufndh DS HIREE o i cioniy
ex¢nds hétjvedn the ¢letioded according to claim 1 wherein the
drive circuitry has a drive field effect

5. An inkjet printhead according to claim 1 wherein each of the ink chambers have a plurality
of nozzles; wherein during use,

the actuator simultaneously ejects ink through all the nozzles of the chamber.

6. An inkjet printhead according to claim 5 wherein each of the ink chambers have two
nozzles.
7. An inkjet printhead according to claim 5 wherein the nozzles in each chamber are arranged

in a line parallel to the length of the heater element with the central axes of the nozzles are

regularly spaced along the heater element.

8. An inkjet printhead according to claim 1 wherein the nozzles are elliptical.

9. An inkjet printhead according to claim 8 wherein the major axes of the elliptical nozzles are

aligned.
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transi stor (FET) for each of the thernmal actuators,

the drive voltage of the drive FET being less than 5
wOo/eir®41744. An i nkj et printhead accordi ng to CPEI/AULDS/001561

wherein the drive voltage of the drive FET is 2.5

Volts. 12. An inkjet printhedd according to claim1

wherein the array of ink chanbers is defined by

oS! d%ﬂ ﬁﬁtﬁn? %%W%P?E%%ﬂ 1%11@&17112’&1@ dﬂe@ﬁr@mﬁ*ﬁ Hastahﬁve field effect
8 er su

underly rate, one of the sid of
trapsigtor (EHENfoeeach afithe hermal agiuaiorndhe dsiva VPliARe Pﬁi@e %VerF@rTu Yejng less than
5 chanber; an ink conduit between the nozzle plate

an 'underlying wafer, the ink conduit being in fluid

conmuni cation with the openings of a plurality of the

1 1' " K A&Q@Q@?ﬁﬁthﬁéd%cc&&n% Rl 18 %@kﬁﬁtﬁ&d&fé%&&b R8tht @rive FET is 2.5

urther conprising a plurality of ink inlets
Vd@flned in the wafer substrate; wherein, each of the"
ink conduits is in fluid communication with at Ieast
one of the ink inlets for receiving ink to supply t
12 he Anrirkigipaintherdscoarding mrrlaimid) viergst Yop ereyR] HcEaR B hig d?%ned by

su?elv/ailg]g)&e%di?@ BESebh Tﬁ@({i\%g ‘B%%eta{ﬂ@ tﬂe%d&f}ﬁfélﬁatfé‘t sﬂib%trhtg b b tle sidewalls

ommuni catron wth he ink inlets. :
of] emhj obamipyr hentibganeragios foillay koo &9l the ABmPER t her

COMp 1%1& ﬁi b%t@ Lih G719 f)faf@ ahd uﬁd%ﬁ%ﬂ% GafRX HeNgk 8fhduit being in

t hrou eac e Ink inlets; suc the surface
flyid mmm@tlorawﬂh e opeminssofia plaalityrs therpk ?hﬁ%nb?fs acts to

draw the ink out of the inlet and partially along the

flow path toward the ink chanbers. 16. An inkjet

13r i dHokiet raistherdicaerding t%qlam#fw%@n@rﬁmga@l%ﬁy plijak inlets
(wﬁg&hh@kgg m@a&mgg wmgmgerneable trap and a vent sized

at the surface ten3|on of an i nk neni scus acr.qQss

t he srehof the mliepndyits isin flad R@@@um%‘@? with aldgast ong of the ink iplgts for

v\ﬂ‘!ﬂn@ﬁk'@&ﬂﬂ?t&{h@%@hﬁrﬁﬁé§ gas bubbles to the vent
ere they vént to atnosphere. 17. An inkjet printhead

accordlng to claim13 wherein the ink chanbers have an

glo r]ﬁglaﬁ]ﬁ %ﬁﬁa&?é&%&dfn@% clﬁﬁﬁpl 3‘3i$he¥elﬂ?ea§h geneink Somtufs Is @NGnid

relatlve to the others, he opening for allow ng
cmmmmﬁ%ﬁwmﬂmhPmlﬁ%mvhbﬁﬁ%% |s in one of the |ong
sidewal | s. 18 An inkjet printhead according to claim

13 further 'conprising a filter structure at the
15 pennighiet pristhend posrrdingdelaip 13 fgher porppspsing et {gast gpegpriming feature

NG I b OO oGRSk Hdti; 9R® et endi ng transverse

the surface tension of an ink meniscus at the ink inlet acts to draw the ink out of the inlet

and partially along the flow path toward the ink chambers.

16.  An inkjet printhead according to claim 13 wherein each of the ink inlets has an ink
permeable trap and a vent sized so that the surface tension of an ink meniscus across the vent
prevents ink leakage; wherein during use,

the ink permeable trap directs gas bubbles to the vent where they vent to atmosphere.

17.  Aninkjet printhead according to claim 13 wherein the ink chambers have an elongate shape
such that two of the sidewalls are long relative to the others, and the opening for allowing ink to

refill the chamber is in one of the long sidewalls.
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to the flow direction through the opening, the
obstructions in each row bei ng spaced such that they

wae@7out74of regi stration with the obstructi onsSPCTAEZN05/001561

adj acent row with respect to the flow direction. 19.
An inkjet printhead according2to claim1 wherein the
1800z Angskietpeintipadanemsding t9 daiws s L2 ArtherrompHEng: Eliratructure at the

opr%%\%& DESCRE cfflbet, %ﬁl’ce@ﬁ&cﬁkﬁa@ﬁé EAV@ B Jb@thlcggﬁ%rkﬁnteﬁ@ﬁﬁ‘transverse

I's greater than 1000 nozzl es per inch.

toitlyeidjcest diseiionthrongh the erspineribe ehstragtionsin PoChiAE oging spaged such that they
ar? g‘?t%lrf %éﬂl:ré&oﬁ vﬁﬁ%h%sﬁ%ﬁ?i_@ﬁs! iRbn SHEEAGEW With ResheWt PthE ABR direction.

ucing Its co- icient of static friction
(known as 'stiction').

19.  An inkjet printhead according to claim 1 wherein the nozzles are arranged in rows such that
the nozzle centres are collinear and the nozzle pitch along each row is greater than 1000 nozzles

per inch.

20.  Aninkjet printhead according to claim 12 wherein the nozzle plate has an exterior surface

with formations for reducing its co-efficient of static friction (known as ‘stiction”’).



