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The disclosures of these applications and patents are incorporated herein by reference.

Background of the Invention

The present invention involves the ejection of ink drops by way of forming gas or vapor bubbles in

a bubble forming liquid. This principle is generally described in US 3, 747,120 (Stemme). Each
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pifef %@é?nﬁ@@ﬁﬁ%@m@%&&%o&w Sef & AATrdD ke /dp hfdle ink nozzles. In recent

09/ 575193 09/ 575156 09/ 575183 6789194 09/ 575150
yegrpgioighiPrinting bas peemy noropsigs poryls PEBRBR slie tpgisduprgensive and versatile
nadRé. 5M§ﬂ38(ﬁff@fzgt7ag&6ts 6Pk &BubHaPinRRt HTkiad 4R J0Ribethid A&ail in the

6290349 6428155 6785016 09/ 575174 09/ 575163 6737591
abgey &oss refarepesAsionrrestsgg/ 575124 09/ 575188 09/ 575189

09/ 575162 09/ 575172 09/575170 09/ 575171 09/575161 The

cl osures of these app tions and nt S are
N?%%f? ‘? 85 &7 185 AUrpRer P}e‘f"éﬁi‘ew&és‘l“%‘& P 68 haggbearing on the
pﬂﬂayeeahumnm@n@mﬁesgts | h VR W lof €, th&h&!ﬁré’&fgotﬂﬁ%ff@jéf)t?ﬁnc@éase nozzle
u es

drops by wa orm.n as or va
PeSkBE BBt Ot I (e PR S Trs R SR G Bl e pacing
bethesehlatifaesit hdkzles Bne Skl can&m(a&hﬁmaean elézaiPink@harhtier biitsimilarly

printed inmage i s deri i nk dr ted frgm e or . .
ool S Lo PN G P AR oo RESE PR AR Secting
a ABEIeRRI prﬁﬁérﬁaﬁdaﬂlﬂe mmdna[on@m crakibkyout ueza ﬁc?}glb tiBrolves significant

I hexpensi ve and ver ature I e
bdBE fobsey fo PURGReRat lopser T ior RAF Fofe spcrgy & Sreate a pressure
plQSE tHeh@khitis sticadnt td dect NéropbDveefoie RS overdliatReiard of the printhead

n zzIe k|n ity, or the nunber of
lsimr@ﬁaﬁé‘fm ‘Efd%? gli‘aﬂ‘tsbﬁread has a bearing on
the print resolution and fabrl cation costs. In view of
ﬁ]l e aLe ongoing efforts to increase nozzle
Mg dehsttites. As a result, individual nozzle
Asdordiﬁglm ItieSprésest inwnfiorgptoedes o m@dpmmhetab eoxﬁmmngn g

bet dj t | O ti
an CRGNBACHAE FICOER-SRUCTARA EA PaF Poeebt gt S el o
thﬁ}ugh:tﬂe@bzmmaiem; to reduce the spacing between
dj t {1 b {
o e 5 el RS i LBBH o HRBAT O g g o

admmzdfl e invol ves si gnl ficant hydraulic | osses. To

BYS gmsglteglgﬁ? easngsﬁ 1% with 310 <f‘urﬁatltor t}%%s%le( ra}ge fONE El%yely

ccﬁ'teﬁlfdnds witli the @h@p efthe presi;umgmlsa' thet thé actentortchmtes inghaink. This allows
t | t

t}ﬁe Il?regscu:reglg 1k 3 et? g ﬁCt ér?( et 08{;]11 lRenozz le3 org e\%es{l ’PJ %%P]%CIE% a% less

nven
bd&am lt}tél inigbging pdshedmye]mmdzssum pﬂdsﬁ is sxrbj qyt o\ésd dlgidariragds Jlteag ects through
ad c | Si N .
S 5 RS R b i S Sy SRt
Preferably the nozzle is elhptlcal Ina further preferred form, the actuator is a thermal actuator

with an elongate heater element that generate a vapour bubble to eject in through the nozzle. In
some embodiments, each ink chamber in the array has a plurality of elongate nozzles aligned with
the elongate actuator. Optionally, each ink chamber in the array has a plurality of elongate nozzles

corresponding to a plurality of elongate actuators respectively.

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

an array of ink chambers, each having a nozzle, an elongate actuator for ejecting ink
through the nozzle; wherein,

the nozzle has an elongate shape with its long dimension aligned with that of the elongate

actuator.
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t hrough the nozzle; wherein, the nozzle has an

el ongate shape with its I ong dinension aligned with
wao bav/oef741 he el ongate actuator. By el ongati ng PEEAU2005/001564

nozzle and aligning it with the actuator, the nozzle

shape nore closely corresponds with the shape of the

pressure pul se that the actuator creates in the ink.
Optienallygthe segeletihdlipiicdlssur e pul se to eject ink through

the nozzle nore easily. The hydraulic | osses are | ess

because the ink being pushed by the pressure | se is
Ontignilethe pguaterdsa thprmadipciuais: gh 48 clopealy heateg af”ﬁ? hecgerate a vapour
buBO & GecMnlthroetSthéhdAk, shape. This, in turn inproves

the operational efficiency of the printhead.

Preferably the nozzle is elliptical. In a further
ORIoBAIBY ERH ifkQhithbdr BHEth@ Gy o4 plilify of BRh#A noelbsidigtéd with the

with an el ongate heater el ement that generate a vapour
clongBsPEUHSF- ej ect in through the nozzle. In sone

enbodi nents, each ink chanber in the array has a

plurality_ of elongate nozzles al.igned with the .
O@}Oaﬁé’a?aéx ikl In f%mlir%yﬁaaf # 91}“&549{ Clon e ahgrsroeopiasto
plavali®¥%f l8suatt BlubtoR|réspyctiélyel ongat e nozzl es

corresponding to a plurality of elongate actuators

respectively. In a first aspect the present invention

P4 %%hﬁ%?rpb eBithérb k| p@iwcﬁ:ﬁ 7 tﬂk@ﬁp&ﬁ@&? hdcBidig; ﬁl uilier asmyaisingfdrive

ink chanbers, eac avi.ng. a. nozzl e,. an el on e .
BT AT GTONRE BRBEE CHE THRS ARG ERGAG o] Boh G pectively
whd¥€in 1R Z2th &0l afe tEhimel RAGRtsCeasin AP gsintelonkits heati glement extending

ate

di nensi on_al i gned wi that qgf th | on .
b%?@&é%f@@ﬁﬁogﬁhoﬂ Haif,& aﬁ%mﬁ%*z“%%ﬂ% e fefinag fagprs ave all unitary plavar
stidpfutenal | y, the actuator is a thermal actuator with an

el ongate heater elenent that generate a vapour bubble

to eject in through the nozzle. Optionally, each ink
Ophiadlera thefch di€hed itt@the deige drcpitry estbndspetwieeretho aigettales.

nozzles aligned with the el ongate actuator.

Optional ly, each ink chanber in the array has a
CRkibiiadlly | daph 6fthesihio Bigaibers havwzd pigalitp bf mepes) dihagin duriag use,

plurality of. el ongate.act.uators. r ectively. 1n.a

Pur et diep et gD P EbREn T RRRAS B e g

according further conprising drive circuitry for

rovidin uator drive signals via a pair of

(8W8%Wyﬁﬁgﬁgﬁéﬁ8%§%ﬂl5@¥ﬁ5ﬁ8 n?%%EECtively, wherein the

actuators are thermal actuators, each having an

el ongate heater elepent extend
N

cla@tntatithitiss canteal akds ofithis heuzles pleaepmiarly spaced along the heater element.
Optionally, the nozzles are elliptical.
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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structures. Optionally, a trench etched into the drive

circuitry extends between the el ectrodes. Optionally,
we@awhn/oef74t he i nk chanbers have a plurality of PORAUZ®S/001564

wherei n during use, the actuagor sinultaneously ejects

Inh %h%ﬂsﬁéégﬁe@ lid pré@ednazali@s Ofprintheadciiaked @smprising an ink conduit
Opt i onal |

, .each of the ink chanbers have.two_.nqzzles.. .
beigysen B apade, Platnndribradedyipgveli Fhe lesopi: g T i Grmppbication
withth@opehinfs STApAIrAIRY of the inRRhdrtee h of the heater el enent
with the central axes of the nozzles are regularly
spaced along the heater element. Optionally, the

Tn A% ReLSpatk Belid prditiciedn. inltpriamadd fisthdr bemprisjngra phusitty of ink inlets
the elliptical nozzles are aligned. Optionally, the

defipgdip theiwages sYbsyatE JECeny  j ve fiel d ef fect transistor

( FETRucH sifthegae bonahitstibm flui@sotahunatiok il & leabthome df the énk inlets for
vol tage of the drive E&g being |l ess than 5 Vol ts.
re goAkfor sypply pdhefnk GRamPSSt age of the drive FET is 2.5

Volts.In a further aspect there is provided an inkjet

RS b LS Ui AR BRybBo SR o G

conduit being in fluid conmunication with the openi ngs

of lurality.of the ink cha rs. In a further
Ortiopaish eith BF e 1 i i< poamesemmbicsteb s s Forb dhPaG e e surtace
teRHT bS ink Gnedis@ls Wedbs the/vedl plevdats ifit leilaige] efhiervtiviring tidee

fer .subst : in, ft i its i
T A TR

inlets for receiving ink to supply to the ink

chanper,s.. tionally, each of the.i condui t.s. 1 S 1
OFRGRH: LB HAIFESE BHYE 7 ERPG B DL Ao P piidetels b ong
reltd to gl dihers, aiahe @feninp doriallkwinp lirdtts refiishearhambdc is in one of the long

.perppeabl e trap and a vent sized so that the surface
sidegally

'on of an ink meniscus across the vent prevents
i nk | eakage; wherein during use, the ink perneable

trap, direct as bubhl.es to ent ere the
OpsP e S Bt 1y rohac [ Tl sale REPUHER e e
nc2tle piét forgheaghaos ictredtdrahant MO0 odzzlehiper sictlewal | s are | ong
relative to the others, and the opening for allow ng
ink to refill the chanber is in one of the |ong
InSi sel@nd ladect thqnirésemahveyitiort frevidmza | islg etariethead @mgesing:n
rows such tha{,the nozzle centres are collinear and
t he P16 E7°%h al ong each row is greater than 1000
N0z z4 plsrafigrof ectadtors ka egctretohntirag thetnotzrs spahedlas abuld of ink attached

ol WL B0 BRI Al itk wRleh BEUERAGEREPT | ST ng:

a plurality of droplet stem anchors positioned between adjacent actuators; wherein during

use,
the adjacent actuators eject ink simultaneously and the droplet stem anchors combine the

ink simultaneously ejected by the adjacent nozzles into a single drop.

Optionally, the adjacent actuators are two thermal actuators ejecting ink through a single oval

shaped nozzle.

Optionally, the thermal actuators are both heater elements connected in series for simultaneous

actuation and ejection.
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an array of nozzles; a plurality of actuators for
ej ecting ink through the nozzles such that a bul b of
w0 nlo7ast7athed to a droplet stemforns prior toPdr/Aap2005/001564
separation when the stem bregks; a plurality of
Optgﬁlgl!}l Ao twb FLkeR @EBEHtsSarQ gt b1 20 Npkh1 DI MRSE Reatéd infugepial suspended at its
actuators; wherein during use, the adjacent actuators
mﬁe@@btﬁmnﬂpghhultaneously and the droplet stem anchors
conmbi ne the ink sinultaneously ejected by the adjacent
nozzles into a single drop. Optiognall the. a ace
Optipailsa therhsater eeneps havee tARET edaf&?ﬁ?&t éﬁy E’&i‘l IR IAORES @ 4 maximum
such EI Pérr]%ﬁm%uﬁﬁl&ghﬁat@uﬁhe Shapes rElsﬁ’sZzik@secﬁ&fsJ onally, the
actuators are both heater el enents connected
in series for sinultaneous actuation and
Op@dfngﬁ |t}&2=,|'he£@1t d18R@lsla¥o ont dﬂ)ﬁodit%d&&ﬁ‘&]ﬁdr@lﬁ AL Sclak So thatrthe
singl e beam of heater material s mwegwgf&ﬁs ted b
trajeqiery ofhg inkeiqeied by gogdtsrtet cleregpy iné‘?ﬁ%ﬁcisw thyThFITRREI Ry 1 clected by
the SHE BRI clBA¥R. @ tapered section where electrical
resistance is at a maxi nrum such that vapour bubbl es
initiate at the maxi mumresi stance sections.
opSR?Aahg nad ﬁe)éter L1BBelReRd BladRtRPRR CBaniess with thpMoplet seensardber at an
e dropl et stemanchor so that the trajectory of
adjpipimgibakndglyect ed by one heater elenent intersects with
the trajectory of ink ejected by the other heater

el enent tionally, the he | ements are in
Opaei}aélﬁéh?h‘?%kd@ﬁ%ﬁé‘?@% ’S}ﬁglaﬂgﬁ’S bl et stem anchor at
an ad10|n|ng boundary Cptlonally the heater el enents
a single in

n
vt s <ol s BHeEn AT & TG g g ior o scuation
conmuni cation prior to actuation. Optionally, the

heater elenents are fo T|AIN Optionally, the
Oﬂﬁé%ailb’e@egffa@élle’lnfﬂﬁi?rﬁmme ?IPE)FO y, the major axes of

the elliptical nozzles are aligned. Optionally, the.

drive circujtry H drive field effect transistor
Optippzaty., @6?07@5&?66 P t hernmal actuators, the drive

vol t age of the drive FET being | ess than 5 Volts.

Optional |y, g ivg voLt e of fhe drive FET is 2.5
Opgisngly; thPﬁ“ah)rF’Eﬁsf’ f ellintca 1F’z(%liﬁsear’“éa|1%1 provi ded an i nkj et

printhead further conprising an ink conduit between
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 Volis.

In a further aspect there is provided an inkjet printhead further comprising 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 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 mk inlets for

receiving ink to supply to the ink chambers.
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the nozzle plate and the underlying wafer, the ink

conduit being in fluid conmunication with the openings
w@booa/opl7ur al ity of the ink chanmbers. In a furtP€r/AU2005/001564

aspect there is provided an imkjet printhead further
OptodHRY, | SENGEF tBe Bk B8 Rbd 1Y inGfuid NK chrthetisatde ith @b bfithd ik inlets.

waf ef’ substrate: wherein, each of the ink conduits is

in fluid comuni cati on MAth at | east one of the ink
Op'tlﬁ:kaﬁ Sea@t%f thERB intdtMehs btk OB trip 4rd alviag sizdk so that the surface

anbers. Optionally, each of the ink co duits.is in

tenfion PEATC Bk TREPIP O 97 i YR PRSPk Fsaer R ASTHp dpa use,

Opt {1,034 Je¥meaBRMAp Qfrecid s bubblek B tBE GenhBerd thel Mt to atmosphere.

pernmeabl’e trap and a vent sized.so that the surface

tension of an ink nmeniscus across the vent prevents

Oﬂn@ﬁalllyelﬁg AR haritrey lﬁﬂv@arﬁél'éﬂgﬁlﬁ shEPE such it iwdkof Iﬁﬁstﬂ%ﬁblllselre long
trap directs as bubbl es e venﬁ ﬁ%ﬁ%e they ve ﬂxl
relpyede the Sty & thﬁoqne@ﬂ%for §,ﬁ°“t%m}( et bep 50tk Y the long

siélangat e shape such that 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 |ong

Olﬁiogﬁlﬁ'adhle Sozzfdl bie@R@hdel in fHREsUIR At 8BS nédzR cadfitfed agedllintur and the
rows such that the noz ntr s are col |l i near and

nopfl@Pifed Ang cpRhTe, ISgrefy t Zbé’é&ﬁio ?S§°e§1n8]%lt er than 1000
nozzles per inch. In a third aspect the present
i nvention provides an inkjet printhead conprising: an
array of ink chanbers, each having an ink refil

In@REFd ddpt thd pfé@eﬁaz in@ezﬁlﬁﬁj p@ﬁd@dﬁnuﬂltjﬂmnﬁmbad&joﬁmmmg i nk

t hrough the npz l, rectlf
A N S SR B R L
ejdbyiAls AU HireughaBd mizABGRdt 0 i nk flowing into the chamber

EENGETI TG A O —

to @nmcﬁv@geﬁmdafmnmﬁw itik fovelngibutlofths thamber.seco n d ary

con wher ei n, duri use, ink flow put e
Ogtﬁ)gﬂlgre fhe r%mfgﬁlg IV?IVF ﬁtaé[gga }(éye]’,]wliﬂr %%algﬁamgl'i{ e‘g ase 8ondary clc%%ﬂ and at
leSsti6ike sE&b@Hary’!Ih@iduitﬂkhefrd@&\zﬁmg ufe, ik flolveouc bfthdehambéras spht into a main

G RO B QU B e gty Peepanore B S Gup Ad i
c&Mﬁ&wﬁWﬂhﬂ&Q@ﬂdﬂbwssanﬂumkﬁwumanmmﬁh&;te SldeS of the

mai n conduit. Optionally, during use, when ink flows

into the chanber, the upstream openings of the
OptashaNy] dicyTeslanalut has tas scomiayyl candnitsanappasite sidestofithe frfagygonduit.

di rection and the downstream openi ngs direct any

secondary flow parallel and adjacent to flow fromthe
Op@dnﬁllﬁ @iy ise,Chhwn stk foaminog the ichagubeOypitel upstadainopertings of the secondary

o SR OBEM D Ao ot BEcRGE AR dowi Q! dp8nifidd/dirBl any

secondary flow parallel and adjacent to flow from the main conduit downstream opening.

Optionally, the downstream openings of the secondary conduits during ink flow out of the chamber
are on opposing sides of the main conduit face transversely to the flow direction through the main

conduit.

In a further aspect there is provided an inkjet printhead further comprising drive circuitry for

providing actuator drive signals via a pair of electrodes for each actuator respectively, wherein the
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are on opposing sides of the main conduit face
transversely to the flow direction through the main
w@ondit747 I n a further aspect there is provi deRCEHAU2005/001564
i nkjet printhead further comgising drive circuitry
acthiRbrs BfeQldrdhnNGuaeisUeicP havikig ne  logpat Beattr lemeii@kiendifig between two
el ectrodes for each ﬁctu%gpg res ectivelﬁ wgﬁ;?in ructur
contpnet thempad o cleptgoden w d At A R PlagAr structures.
el ongate heater el ement extending between two contacts
n the pair of electrodes wherejn th

Orsigrallit GrREc RS diricrie Wcﬁ}t%’r?éfﬁn%%‘?ﬁﬁ‘ﬁeﬂ figgietrodes

Optionally, a trench etched into the drive circuitry

extends betweepn the electr de . nal.| ach of
O REA D Rl PLNbIGK hatshye v ity et et i SRR R

dur {HRgctHae: sithill@nésbly afeots itk tmdhglﬁd'hletﬁuﬁdzyleepiﬁhé chainbér.

through all the nozzles of the chanber. Optionally,

each of the ink chanbers have two nozzles. Optionally,
Optid8alR Ok 655hé Ak eRdibetd ANDEYO dEAesar ranged in a |ine

parallel to the length of the heater elenent with the

central axes of the nozzles are regularly spaced al ong
Optieallyedt 86zzRE BIGK chafdtd @d@tanyed ih b (hndﬂp:aﬂlleéﬁ» the length of the heater

oSy Bkt 8 SO0 b By BEER Py W

cirCU|try has a drive field effect transistor (FET)

for each of the | actuators, the drive voltage
Opstonglfyet PV@ESEEflﬁgﬁﬁg | ess than 5 Volts. Optionally,

t he drlve voltage of the drive FET is 2.5 Volts. In a

furH ect tE f r%y dgg n |nkjet pri nt head
Optiortie 88’ FYS° g‘ Pt no%ﬁEU|? Stween the nozzle

pl ate and the underlylng wafer, the ink conduit being

d comuni cat | Wi ope

opobl bS5 T Bl S ARG 1987 e Bt peerma
acta®¥Cthic Sripd witaghedt tieendriva FEE beipg lost thea® Vblts: t her

conprising a plurality of ink inlets defined in the

waf er substrate; wherein, each of the ink conduits is
Optivnhllyind deioamlngcaftthodrivaiFER ie2.5 Vebst one of the ink

inlets for receiving ink to supply to the ink

chanbers. Optionally, each of the ink conduits is in
Infd fuitlghr espazrtmdrmpfo@rded\iaﬂ imkjtet/mimi:fead fuahi:nmm'pmi& an ink conduit between

ti ac th
Bt ety ng Ufice D lBA g B il Mmopicarion it e
cmam@s@hqmmmamofmknmmhmﬂﬁms across the vent prevents
i nk | eakage; wherein during use, the ink perneable
trap directs gas bubbles to the vent where they vent
It aofuabanpspptiehess ©ptdvated b inkjet printhiead fuethenfompsisihgiy plugptity of ink inlets

¢§%?§gﬁé 1%Bsm%%cﬂm%gﬁt two of the sidewalls are |ong

€ others,’” and the opening for allow ng.
i nk éach pﬁdhc ik cowite famfieid commimpicaiion with at leest pesgf 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,

the ink permeable trap directs gas bubbles to the vent where they vent to atmosphere.
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sidewal I s. Optionally, the nozzles are arranged in
rows such that the nozzle centres are collinear and

wo b@7nezat e pitch al ong each row i s greater theer/AD2D5/001564
nozzles per inch. In a fourt aspect the present

Optg)g\?,/@gy %ﬂg?xﬁﬁ cﬁ&ncalb sdhe e %{]elo hs% Vllie%éhetﬁ&{ w8 Hpcﬁé §ih§79!113 & 1ong

ers, a nozzl
relaﬁtzeemﬂ&rmm amlrthb @eniag fmratlQWmﬁ ok t@}@éﬂﬁhﬂ?@aﬂl‘?ﬂt igip P%@ﬂthe long
i nozzl e; wherein during use, the ink ejected from
meWﬁ Snozzle i s attached to the droplet stem anchor by
an i nk sten1unti| the stem breaks so that the ejected
L nk.. f sep
oni i SRt ISR R it BRAp ookl o Qb apd e
noztla @1tcimlmig@ach®pw ua:gratetryhantlﬁéo wozelss pfr inche dropl et stem
anchor and the central axis of the nozzle are
col linear. Optionally, each ink chamber has two
In safotnttadspecs the pmednt muentian proyidasan lnlg etaprintigadeompligpgnt f or
gener at %%8;"?‘?%3‘1? g}ﬁnbpxg bé&l:k?hatv lee by '&l‘opieh e Qﬁ‘ch‘bpﬁnd an

nozzl e, st em bei ng pOSI ti oned

actiptdrierefectitpsnkbeugh th@ Inezrds) weregwmw; y, the actuator
h as, luﬁ{ eﬁjerc%g ﬁ%% tﬁ’é n&%@% aaleﬁ bEERL &ro?l@%&ﬁﬁor‘b@ an ink stem until

para a cross bracing structure extending
thelsetteeis sotbat theziested dkdpmmtasseparie diposs br aci ng

structure also providing the droplet stem anchor.

Optionally, the actuator has two heater elenents in
Opiienaliy.|ted drepidd stemanehop iss dolammianigatsteridtoge Broxignate the pegpls.

beamwith a surface irregularity to | ocate the dropl et

stem actuator. In a further aspect there is provided
Optienallpkjectxispoi tha drvded st aneher anddhgenisl ays af the BozElerag foflagar

for providing actuator drive signals via a pair of

el ectrodes for each actuator respectively, wherein the
Optienallnteasisinkehembérden o astietpss e1ch 20teaierh baviRg Ayaigneloment for
ger%ya%ﬂg QKJ%OHI%B E‘ toeé L SRR hBXIHE RO 3D e RBE MR AP pleNttea ARERE béing

arr of el ectrodes wherein the thermal

posiftangd besweendhecieaipt elemdntsar y pl anar st ruct ur es.

Optionally, a trench etched into the drive C|rcuitry

ext ends between the el ectrodes. Optionally, each
Optipvenlliyytke astraipbbass ooty af prater elpmenjs eopussisd 34 @gaﬂemgh % prgss bracing
rﬂlﬁ& ; if d @GH8 BRIy sttlchfzé Ssd préviding the
ot %Pa?ﬁgn%gggﬁggeggmgﬁg chanbe%gcptlonaII€# ¢
dﬂ@k@ﬁm@ﬁn@ﬁé i nk chanbers have two nozzles. Optionally,

the nozzles in each chanber are arranged in a |line

parallel to the length of the heater elenent with t
Ontierallycthe aptustor Bs R e Lhameats 4 pargllsband dhe joss prReiag st&}caﬁgw a
smg%eoeslﬁ Mef 5 sﬁka%@ﬁféfgum@% RBA In drdpRestiiRERh RS ar e

I'i ptical

In a further aspect there is provided an inkjet printhead further comprising drive circuitry for
providing actuator drive signals via a pair of electrodes for each actuator respectively, wherein the
actuators are thermal actuators, each having an elongate heater element extending between two

contacts on the pair of electrodes wherein the thermal actuators are all unitary planar structures.

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.
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Optionally, the nmajor axes of the elliptical nozzles

are aligned. Optionally, the drive circuitry has a
waleoove4f7uel d effect transistor (FET) for each BET/AL2005/001564

thermal actuators, the drivejgoltage of the drive FET

being less than 5 Volts. Optionally, the drive voltage

of the drive FET is 2.5 Volts. In a further aspect
Optipreaily, qagh ofthe il gleporbprsibAYs e 187255t head f ur t her

conprising an ink conduit between a nozzle plate and

an underlying wafer, the ink condu A be|n n_ fl
Opgigraliirihe BAZZIsh infRel LR Ber SRRt FWCU&LJ“ ‘gﬂée heater
elehialt WHRARD Sdnfral kB oF tlfebhrofail%r areﬂ&@tﬁ@ﬂly stpb&ﬂ@lohgi the heutérdegheat)

i nkj et printhead further conprising a plurality of ink

inlets defined in the wafer substrate; wherein, each
Op%natll ethk Bzze@Rdeilplcal.s i n fluid comunication with at

| easf one of the ink inlets for receiving ink to

supply to the ink chanbers. Optionally, each of the
oﬂ_u@ a1 6OMRE HiafoS ated of the Ellipticd] ScRMBI4EE Bladne@n Wi th two of the

ink inlets. Optionally, each of the ink inlets has an
i nk perneable trap and a vent sized so that the

OpHehdIBC e HBRSdiR N Lasad’klrive Kie]d%ﬁbét@ﬂdﬁsm’ﬂ&r(ﬂB’B) forachyefithe thermal
%éevents i nk_| eakage;

ng t he ink

achalorpethp HEVY ‘fogﬁgecﬂff@éipge Egg g?}ﬁ%g an 3 {}iﬁﬁe vent where

they vent to atnosphere. Cptlonally, the i nk chanbers

ave an el ongate shape s Lt wo of the sidewalls

OL’;W’Bal Ivothg drigt Ytpgrertihs qr’i‘f‘é%%ff'?eil@o d the opening for

allowing ink to refill the chanber is in one of the

| ong si de ls. In.a fifth aspect.the present
Inja ?Séﬁcvt\%i"‘be\}ﬁ proideg an lﬁlﬂftélnnglf’ ‘#ﬁ‘ﬂ g‘&%%nlglasnlmrlfgcon%mt between a
no2#1é BteGhd bindefanbesfer, thRatcohd ghgdan Aoid zbemanichtian with the

actuator faqr e Lnk through the nozzle; wherein
opgRFPEs R 2plgal ’(%%tltgec‘lnjﬁn]?aé‘?befsnl tiates a quadrupol e

pressure pulse that is synnetrical about two

orthogonal axes ara | el e of the n .

Tngeferths? £ 1 1S BEPREed i i {P&ﬁ&f 4t CoRPTSPEST faht Rk indets
dﬁﬁé&m%ﬁﬂ&sﬁ&tﬁtﬁf@h&@éﬁt he centre of the nozzI e

Cptlonal% ctua is a th tuat or
heat &2 8 H%?“b@ﬂg?%?%mv%]8ﬁyﬂ3%§ e%mfgﬁ% & plets for
rebding 1k to Q@pllyammb ink,chirhiseract uat or has two parall eI
current paths with two heater elenments connected in
series along each current path for initiating the
Oflitady) pethef fHe@sisdonduits i is duidQpmimmnihtiop, withheo hithe ek inlets.
el ements i nclude bubbl e nucl eati on sections that heat
nore rapidly than other
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 fifth aspect the present invention provides an inkjet printhead comprising:
an array of ink chambers, each having a nozzle and an actuator for gjecting ink through the nozzle;

wherein during use,
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sections of the current path. Optionally, the bubble

nucl eati on sections are between sections of the
we@erest74path with greater thermal inertia. QopCDAERIF/001564

t he bubbl e nucl eation sectigns are tight radius curves

In hetween ujuﬁét%ez{ (leg@t#’&ﬁ . CUT VB RsshibCpihide Mk isGiHfeifical about two

crowdi ng aroun radi us curves generates nore

ortiogeriabaxiey parklisitol theyplaneeph themerdlon thgerthoseasl jecsdpipiperting a mutually
i SR zAa8€e suspended within

mﬂ%ﬁémgﬁgﬁ%%?éﬁ'ﬁ??%%%?%?ﬁ&the ggtuator has a cross

braci ng structure extendi ng between internedi ate
Opt@c%'aﬁg ?kbe%rcltuwa?is R AhA1SE S &iﬁ{‘ﬁeaﬂ@&l&ﬁentgaﬁthg@ﬁb’ﬁtb Yapotulteibbles to

Cross bracing structure provides increased thernal
gje¢tleriti.a where it connects to each current path.

Optionally, the cross bracing structure provides a

dropl et stem anchor. In a further aspect trere i s di .
Optieaily, deschcmmator hasjtee papiish eureatpaths rifhidpo SB*F&S EISIeRTy Cpsfe n series
aloﬁ%éa%ﬁ' b%l{e}llf Iga‘ﬁ{ foP ftiakifld A0 qaelbpeleQiesSlive p@sesi gnal s via a

palr of electrodes for each actuator respectively,

wherein the actuators are thermal actuators, each
opﬁéaé'ng,%@ﬁéat%} QB9akEinhIBE& RbbIE he®Abn SXti@R diabBeab@bivagridly than other

two ctontacts on the pair of electrodes wherein the
sectipmsrafthie capeniatthr s are all unitary planar structures.

Optionally, a trench etched into the drive circuitry

ext ends between the el ectrodes. Opti.onally, eaqh1§f15h%mwr
OnFihellgiBerboPls THAGRIOR STGRSTS Leyvesh SrRoD W die SHRTER &rig itk &
hdddsiingLdse, the actuator sinultaneously ejects ink

through all the nozzles of the chanber. Optionally,

each of the ink chanbers have two nozzles. Optionally,

otdall 1%|¥ Li@sle ficRRr s6nomRes tigk erdik cangdd between ligaeradius curves
paralle t

to the length of the heater el enent w.th, the
sughethat cuiirens Ke¥ digg a{OH%g the gl gadiug FEWFSe%eaFf&{ﬁF Jrosgsiye %‘Tag%%tha“ the
11&&@ s.element. Optionally, the nozzles are

a adfurs : .
elliptical. Optionally, the major axes of the
el liptical nozzles are aligned. Optionally, the drive

Oftloh AN the ¥edidSlchetl béQudpkitled withineled chtunbarsi st or  ( FET)
for each of the thermal actuators, the drive voltage

of the drive FET being less than 5 Volts. Optionally,
ObiIGalff, {h¥ GectAbL RIS ciRbs Brivtgdtrhotere ekitnding ienbeeldiitrmediate points on the

tlonallyh the nozzles are arranged in rows such that
pardhlel ygssipathgent res are col linear and the nozzle pitch

al ong each row is greater than 1000 nozzl es per inch.
Optionally, the cross bracing structure provides increased thermal inertia where it connects to each

current path.

Optionally, the cross bracing structure provides a droplet stem anchor.

In a further aspect there is provided an inkjet printhead further comprising drive circuitry for
providing actuator drive signals via a pair of electrodes for each actuator respectively, wherein the
actuators are thermal actuators, each having an elongate heater element extending between two

contacts on the pair of electrodes wherein the thermal actuators are all unitary planar structures.

Optionally, a trench etched into the drive circuitry extends between the electrodes.
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In a sixth aspect the present invention provides an

i nkj et printhead conprising: an array of ink chanbers,
we@2h/okerwl ng a nozzle and a thermal actuator fBCT/AU2005/001564

generating vapour bubbles toigject ink through the
OpREAlyCsachBIRASIR chdnitRrstHaes aral  agltuaBiyof névales;avpedin duving use,

contacts and at

C | east . two ral.l el . current. paths
bet HEGRHAGTEgBSCRE IoEaH BPoR L AR OB SEDRGEy i ng
a plurality of heater elenents for nucleating a vapour
bubhle. Optional]y, the heater .elements nucleate their
Oﬁt@gﬂjé(c?aic@%gthﬁ’&glc}é%n@f%ﬁ‘i"? BRISFTy with every
activation of the actuator. Optionally, the actuator

has paral el cyrrent paths with two ater
OR oantbibe b ih Ecpetirogr SR hy DR BP Y enafughe hoster
el&adnt R1IRihk Yentrhhed\efabEtozeleeare reetladlynspheed @lonp el heater element.

nucl eati on sections that heat nore rapidly than other

sections of the current path.Optionally, the bubble
Optieah1BAth QbzzEee Gicielipsicddr € bet ween sections of the

current path with greater thermal inertia. Optionally,

t he bubbl e nucl eation sections are tight radius curves
OptibnkIB), We efajor akdg f the allipticul GeszMeesre slignhd.t hat current

crowdi ng around the tight radius curves generates nore

resistive heating than the |arger radius curves.
OfNVnbIBN ke ldyive dikeitfydad driel fetdasifest tandsteu(BEENdecichpf the thermal

t he chamnher. tionall e. t her.mal uator has a
ac&%’%&ﬁ:&g@ W&%etqul&et‘iﬂvé ngt%gﬁ%leﬁsgtﬁaé gféﬁesh i nt er medi at e

points on the parallel current paths. Optionally, the

Ct 0S raci ng.str ure Vi ncreased t her nal
OP?P@F‘?’?’ ﬂleaﬂ‘é‘? ‘gel)lﬁa%e cgg%en 't E 2 & %ggﬁftsc urrent path.

Optionally, the cross bracing structure provides a

dropl et stem anchor. tionall t C .
opRG eSO F AR 2F o e ek colinear and the
n&ylapkéh dl@gleadhbrowtis gremerahanHOGOMaklespeesichar al 1 el to the

pl ane of the nozzle, the orthogonal axes intersecting

a nutual ly orthogonal axis extending through the
Incesirith espedt the peeserd awkestion@odviiden an inygjet grintheademprisingict uat or

is forned f.rom Ti ALN, .I.n further ' .

or oV aEE it s oot ol ihd RGN abAlb ol fncrating vapour
butibles thi djecyink droyphohvd zdg vwetedmt or drive signals via a

\aﬁ; gﬁg Ift]he%l;'ag %étlrlaC%o S2s éfl 8£1r gf%%ﬂtaag Lnl&% Rhst Wé&?ﬁfei éﬁﬁjeﬁ(t'paths between
the contacts, each of the current paths having a plurality of heater elements for nucleating a vapour

bubble.

Optionally, the heater elements nucleate their respective bubbles simultaneously with every

activation of the actuator.

Optionally, the actuator has two parallel current paths with two heater elements connected in series

along each current path.

Optionally, the heater elements include bubble nucleation sections that heat more rapidly than other

sections of the current path.
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actuators are thermal actuators, each having an

el ongate heater el enent extendi ng between two contacts
woeeorke7pai r of el ectrodes wherein the thermal PCT/AU2005/001564

actuators are all unitary plaphar structures.

OpRLPNA bubble Audié-BDE LocBbBRR | Nefvdeh Sectbris\of theictmtetit ity with
ext ends between the el ectrodes. Optionally, each of

grepisetbprmal wpdikber s have a plurality of nozzles; wherein
during use, the actuator sinultaneously ejects ink
through all the nozzles of the chanber., tionall .
Optigrally.che pubblenpileatinn ssHITS afpiialt Tadiys ﬁ%ﬁ?l‘%@%‘” a&q?féﬁ% pefigs curves
sudhBat BREAL §Swiife SB6HY taEREHR @4di crvay deAst@tedmbre résistivéiBeating than the
parallel to the length of the heater element with the
largesmdivgicusyR®es of the nozzles are regularly spaced al ong
the heater elenent. Optionally, the nozzles are
elliptical. Optionally, th j or axes of the
Op@pvqllpmiﬂ%bﬁateﬁéﬁ%?%%afaﬁlgp%{}#gwg@? ﬂtﬁ&@%‘?%l ly, the drive
circuitry has a drive field effect transistor (FET)
for each of the thilrrml actuators, the .ivbre%tve%hgn%e%enﬁ iate
Ongipnallycthe therpel pabiptqs e crpisdzacing SHuENTESFprding S VEPed BUER #
poRtRGhe pBlePduBe/Phthk.nvent i on provi des an inkj et
printhead conprising: an array of ink chanbers, each
having a nozzle and a plurality of heater elenents for
OpiRRAlyAhE BGssARAs strietiie pas/idepinejeat therntal tidertiuigerd iheonnects to each
nozzl e, the heater el enents bei ng suspended for
cupgat@p®i on in the ink; and, a cross braci ng structure
for maintaining the spacing between the heater
el enent s. tionally, the.heater, el enments nucleate
Oﬂtﬁé?lng’ ; W@ﬁ?&lﬁ% sﬂ’ﬂ%ﬂ‘i"é’?"é i Pfoglr?g%ﬁné f‘%/&l\?\ﬁ’ th every
activation of the actuator. Optionally, the ink
chanpe

| r has a.pair of contacts wt . parall.

O3 Bntre fabe BB AR Rssn e s B2 AUHEL gpout owo
orfhbEdradxeP@idlicha tietank Wothe hodztee the esth@wona hessewiersecting a mutually

connected in series. Qptionally, the heater elenents
orfhgquataxisfisAfine 'ﬁ?ﬁ?&‘ﬁlégiei%ﬂmsogae%/n%zge't hat heat nore

rapidly than other sections of the current path.

Optional ly, the bubbl.e nucl eat| sections are between
O%tlé’e?lfyoﬁ"?t%fm?lﬁém?fﬂrr? é%’?‘e‘gﬁ?‘ﬁw greater thernal

inertia. Optionally, the cross bracing structure is

integrally formed with the hater.egl nts.
T3S PP TR BPAED P RESP B e S PriCor e LRy for
proditiig actGibd doivakibyals tihepair afsiechodrs fon gacfﬁtapmwmfwectively, wherein the
ac ' O(}rVI%%g i %}Eeﬁ‘i éc!,tl(l)a?osr S,%gchq{a\e/i%‘é glg el%rt]geel{erﬁ%gteﬂ Jﬂ&ﬁethli &téﬂ&m‘g I?)@tween two

contacts on the pair of electrodes wherein the thermal actuators are all unitary planar structures.

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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Optionally, the heater elenments initiate a quadrupole
pressure pulse that is symetrical about two
weewhogomal axes parallel to the plane of the PORAUZ105/001564
t he orthogonal axes interseci4ng a nutually orthogona
axi s extendi ng through the centre of the nozzle.
Optionally, the thermal elenents and the contacts are
Opfionatndhe rogrtesara¢lipteph i onal Iy, the cross bracing
structure provides a droplet stem anchor. Optionally,
the actuator initiates a quadrup?Je pressure pul se
Optipreily;ithe mgipnaxes ofchg ellimhiselnoralss 265ra8BYonal axes paral | el
to the plane of the nozzle, the orthogonal axes
intersecting a nutually orthogonal . axi ten
Otippablighe S CEBHEY b5 SRV elf 63 Wansisipr QL) 1o e oh iy dhggmal
acthdl6ls Gnd @iRHaNAH @88 brivd Wi Tebeiy 1k tHa@ 3/ ditwir t her
conprising drive circuitry for providing actuator
drive signals via a pair of electrodes for each
In 26dvERh l%peét@%&é‘s%ﬁt\!@eﬂtion%&ﬁ&s Bn kRt pixdthead edndpri’ving:

t hermal "actuators, each having an el qngat e_ heat er

ol SFOATEY S FBRTRS e RBBHE 4 6 RGO of REEp epem o
gefr R VSRS LIMBRE &) diect AR tHri\esh M) nodflé, Wid Rhtsr éértenssl Heing suspended for
“unitary planar structures. Optionally, a trench etched
1mMﬁﬁ@n@h3w&#FW@vcircuitry ext ends between the

el ectdad emcinOhthictnedol Mainfiatdy 1B spabigg bétkeahizrieeteselémants.

a plurality of nozzles; wherein during use, the

actuator simultaneously ej ects ink through all the
OftREAlyehe BfatdrRR1ERA Hikdsate thiit lepaetivepubitachmdtmdondy itk every

chanbers have two nozzles. Optionally, the nozzles in
acliypéipn eHhs#&e%r e arranged in a line parallel to the

| ength of the heater element with the central axes of

the nozzles_are requl arl ced .al ong,the_h er .
OnsioutHnfh ihshstes iy Pt ol B fp Bt g LS extending
befIRlch eaabhilots, @ ciénd path K8sngivoloRthe hkdtérplements cormzatédig series.

are aligned. Optionally, the drive circuitry has a

drive field effect transistor (FET) for each of the
o%tt&m[wthe&@attw@{ems itche Biibkenueiehticagectiohs thitdeat moverapigly than other

eing less than 5 Volts. Optionally, the drive voltage
segifong REthe pyripat is 2.5 Volts. In an eighth aspect the
present invention provides an inkjet printhead

conpri sing:..an array of ink,chanbers, e j :
ORI BRI Pt e GRSy BT e et A i greaer
thB@@&Eineitiawher ei n, the nozzle has a nozzle rimdefining

a nozzle aperture and a localized irregulari ty on the

nozzle rimextending toward the centre of the nozzle
OBRAEIY . &3k batiag biyuctutdie intaelyifaredd with dpdiawr ¢lewertsand extends

dropl et stem anchor, posi.tjoned s that a droplet stem
b“x}iﬁ"?q% %Wéﬁtetp&ni%toniﬂﬁglf?fa@fi “r“érﬁ%é’ a{?lcsj any ot her IOpoi nt on

the nozzle rim

Optionally, the cross bracing structure provides sections of greater thermal inertia in the current

paths.
Optionally, the heater elements initiate a quadrupole pressure pulse that is symmetrical about two
orthogonal axes parallel to the plane of the nozzle, the orthogonal axes intersecting a mutually

orthogonal axis extending through the centre of the nozzle.

Optionally, the thermal elements and the contacts are formed from TiAIN.
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Optionally, the localized irregularity is a latera

spur extending into the nozzle aperture fromthe
woewzioer7ai m Optionally, the actuator is a theP@EAU2005/001564

actuator with a suspended begm heater el enent for

imersion in the ink. Optionally, all the spurs in the

array are parallel and have the sane position relative
Opticpaliyh thelvams bracieg smetire prbyides afdapldtsfemanghest there is

provi ded an inkjet printhead further conprising drive

circuitry for providing actuator drive signals via a
Optpmalty, tfe agtuaor indidtss a freadrupalstprespre pitlssithat issyymeirical apout two

t

o o SRR ety
orthogenabanit extsnding throtsh thexdentrod! thd nogtle.odes wherein t he
I e A B i B Bl MBS KR Abugh il ey for
pro¥iding ﬁ@tgat@ethlm signalhva e pair ofredpgtredes Qs epbrigiuptpr regngetivelys Whefem the
ac C?tcl)@s ArQ kﬁe&mg& dtSrs @X@ha@m@ laﬁ' El@ﬁ%ate\hegtgr é]&ﬁ&llt @ﬁendﬂ@%ﬁ&e@n two

uring use, e actuator “sinultaneously ejects ink
contasis o0 @chz pairfof vlhrérqd@ﬁz‘zheé@n &P thermeal e¢tugiore ﬁre altyypitasy pllapay structures.
each of the ink chanmbers have two nozzles. Optionally,
t he nozzles in each chanber are arranged in a |line
Opiimelly, b étencheetahh intethe diverircyifyg exiends betwesndheplectipidesh t he
central axes of the nozzles are regularly spaced al ong
t he heater el enent. tionally, the nozzles are

Opiéqraly; et thecple hemhpts Yaveraipliraliy efnogsless whereinyaring use,
el | thPfchfaid)r iRzl B8 REBotdink h afPRfein@RAdslof thelchanildr.i ve
circuitry has a drive field effect transistor (FET)
for each of the thernmal actuators the drive vol tage
Opﬁ’(tnaﬁ}h %a&rdfm% i#EhaRBER Have@RsndARE 5 Vol ts. Optionally,
the drive voltage of the drive FET is 2.5 Volts.In a
further aspect there is provided an inkjet priathead

Opfléﬂafliﬂ e OB ih %ﬁdﬂg:hﬁﬂbe'r 413 aﬁ%@&’inta 1BRHWwans b e lé%@t%%k fhe heater
plate and the underlying wafer, the ink conduit bein

clement mithithe certrahanas oA itieazalis ets regwariy spasehgleng e heater elemen
plurality of the ink chanbers. In a further aspect
there is provided an inkjet printhead further

Optienay. itizd nogzles 3¢ elkipticety of ink inlets defined in the
waf er substrate; wherein, each of the ink conduits is
in fluid communication with at |east one of the ink

Optigpably. she maiorazexefherlintisel noglesdmalignsds t he i nk
chanbers. Optionally, each of the ink condU|ts isin

fluid communi cation with two of the ink inle
Optionally, the drive circuitry has a drive field effect trans1stor (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.

In an eighth aspect the present invention provides an inkjet printhead comprising:

an array of ink chambers, each having a nozzle and an actuator for ejecting ink through the
nozzle; wherein,

the nozzle has a nozzle rim defining a nozzle aperture and a localized irregularity on the

nozzle rim extending toward the centre of the nozzle aperture.
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Optionally, each of the ink inlets has an ink
perneabl e trap and a vent sized so that the surface

wo engioort4df an i nk meni scus across the vent prBUBAU005/001564
i nk | eakage; wherein during u$e, the ink perneable

Opticaplly] the @ehlized ageghlatityl ies dioplet hetementhonbesitdned@ythaterdioplet stem
ﬁo at nospherg. gionq%“y,. he,.i nk Phanbers have an

w H%ﬁé’?{’)g I PFEISEFRERARY PP oW OB e ARE e ewal | s are | ong

relative to the others, and the opening for allow ng

ink to.refill the chanber is in one,.of. | 0
oifesaltedbealgse iiiruE o luer] o oS ifiinlg e AR apagore from the
ndz@lesinsuch t hat the nozzle centres are collinear and

the nozzle pitch along each rowis greater than 1000

nozzl es per inch. The printhead according to the
Optivnellyt, thenctaaoqis b $esmd aghatoawilt a/suefendwiiehe deataslonehi foagnmersion
.3%9$€nber and one or nore heater elenents
¢St Pespondi ng to each nozzle. The smallest repeating
Opitionk By, affl thie lsgurpinitind dregdrematdllelzad dawerthd sake pogigdmrelativeatd the heater

Jee ing ink to one or nore chanbers. The entire nozzle
CErf y is fornmed by repeating these individual units.

Such an individual unit is referred to herein as a
in gy e st ent e PTG Sl R B W Uity for
providing attioeralivée siksalcont painofieipctades for dadiyaetmatotespeptively, wherein the

adtibr§ 8" %reedal iaCr'Elll( oris ne%':h %%inf iar)x( ?I%Ji:lg\é% eatiepglcgn‘fi%nf %ger}%g:%%%&%%n two
|naks, ?unf:n%lonaﬁlz’e chenrcal s,” adnesi ves, 1 Ol 0l ca

cdkagisabs therpeid ofelemmties, wheadiethe thetnad adteators ate\al mhitary plahr stguctures.
on. The ink or ejectable |liquid also need not

necessarily be a strictly a liquid, and may contain a
Ostigpkn 8 itrerchefchedintothgdive crbwzy exerde beteenché ¢ledtodesof

the Drawi ngs Preferred enbodi nents of the present

invention will now be described by way of exanple only
Ovpfi¢nially, efcbrof the énkt abambers bave @ ppaalify eigrodalesnivhesin diring use,
whi ; 'iflu ()£ | . . Il
o tHLARRNESRbSRO, dBALL il of BRCbEREE tihinEl
the present invention, the unit cell being section
. - Ei 1 Fl hows a perspective of

O?hgggéé?@é?P§ #ag%§%§f35k3ﬁ§§b%§'| of Figure 1; Figure
3 shows the mark associated with the etch of the

I . o . . .
CBRBARY L 7R TGO g 5 RSO LY e e
clemery with tisyrenital vxes of thanodzles e regylarly spdced alprgihe heptariclgmant.
Figure 6 is the mask associated with the deposition of
sacrificial photoresist shown in Figure 7; Figure 7
Optionadly, theenogai¢stargdlipticak t er t he deposition of

sacrificial photoresist trench, with partia

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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enl argenents of the gaps between the edges of the
sacrificial material and the side walls of the trench;

wo-e@ane1787 i s a perspective of the unit cell sShPUIRAUZN05/001564
Fig 7; Figure 9 shows the unijy cell follow ng the

Inh ?Ltr{hgf"ésﬁéct ¥h|31% 1§ﬁl‘6ﬁﬂéd &'nﬂi]et phot & turthér dé{n@ﬁﬁné 4fink conduit
gaps al he side walls of the trench; Fi ure 10 is

begegihg qn}@e el theyendrbying Wafeh thejigh gondnt bfcfn@ﬂ@ tuig commpnication

wx&ﬂthé §peﬁm§§&ftmlﬁamysm&m\&me}she deposi tion of the
heater material layer; Figure 12 is a perspective of

the unit cell shown in Fig 11; Figure 13 is the mask

In 33§06 Abed tHé'Ietﬁ‘pﬂb{?lﬁed'@t]ﬁb ct@hiGiRel fufiiRe chfRsBl aRir&lity 8f ink inlets

shown in Figure 14; Figure 14 is a section view
defiprsin thg vaffs Spistralp; VB t 0 shape the heater actuators;

Fi gUa6h dGnd Bk @oﬂﬂ@l’fﬁ@ﬁﬁﬂlﬁd’ @nHhunidABord WitH at ¢@ktlons bﬂt‘hﬂltﬂd’inlets for
Fig 14; Figure 16 is t mask associated with the etch

recehaRgink ip PRIy totheink Gham W shows the deposition of the
photore3|st | ayer and subsequent etch of the ink inlet
passivation | ayer _on top of the CMOS
OnigpiliacRp b Pkeanings & TS SURRHY A ViR Eva Rt Baies
shomn in Fig 17; Figure 19 shows the oxide etch
rough the pa siva i on _and | ayers to .t
Omwa%lm 940% gt &p fnkaplfis @ﬁfa@ ik gerRdls trap apda ‘fnb%%egﬁa thet the surface
texé&fontcﬁf @n ﬁﬂthﬁenﬁ&is'acr%ﬁhﬁﬁ@veifnﬂpﬁ@tsl& leﬁdla@;l fx@erdinddutifg tidee
eep anj sotropic etch of 't inle
i | Mgk permeatl e PP GiPes &% bP‘rgﬁeg @F é‘%“F’i? Eheéifve{lﬁ%atﬁlﬁmhefe
cell shown in Fig 2 1; Figure 23 IS the mask
associ at e ith the ph tores e
Ofiogtie b kalmieer He B gvotohat saiape P iape ety g Lons
refafivVe bl dilvadyer the aRhing fid aBbwliag Wikltd efill ieghambe? 5 ih snaof the long
.égyﬁ ective of the unit cell shown in Fig 24; Figure
St ows the deposition of the side wall and risk

material; Figure 27 is a perspective of the unit cel

sho in Fig. 26, Fiqure 28 Ssoci a
ORfep e S et et st e P Iess Rt ag, Pl and the
nosA10 pacH ddéhgRbcHTo®fis grivteriioafl 00Gyatled wer iph.m t he nozzl e

aperture rim Figure 30 is a perspective of the unit

cell shown in Fig 29; Figure 3 1 is the mask
TiaSHfHead £0ording ko théRvernisg bamm{zes 4 plireligtof ozgleg wawelhasd dhamber and

on?é%’r 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”.

Also, the term “ink” is used to signify any ejectable liquid, and is not limited to'.
conventional inks containing colored dyes. Examples of non-colored inks include fixatives, infra-
red absorber inks, functionalized chemicals, adhesives, biological fluids, medicaments, water and
other solvents, and so on. The ink or ejectable liquid also need not necessarily be a strictly a liquid,

and may contain a suspension of solid particles.

Brief Description of the Drawings
Preferred embodiments of the present invention will now be described by way of example only

with reference to the accompanying drawings, in which:
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Figure 32 shows the etch of the roof material to form
the elliptical nozzle apertures; Figure 33 is a

w@erspersi ve of the unit cell shown in Fig 32;PEi/guems/001564
34 shows the oxygen plasma rgl ease etch of the first
and second sacrificial |ayers;Figure 35 is a

perspective of the unit cell shown in Fig 34; Figur .
Fig6 | shioves nehially fibricased it e ehths MM Liezde ate H prigthegglpeording
to tl?e:présjgl?t ARG, 1Y uit 681 RinglsbRionaloss A-AbfEip@e3y 1S a

perspective of the unit cell shown in Fig 36; Figure

38 is the mask associated with the reverse etch shown

il 2F5] +spBut A b S QarBNQWEbrichied eVl FRuM; of the
Flg{luﬁl% Sjé%{)sp%%mg%ﬁﬁel [ ﬁt 0 It§,he wafer; Figure 40 is a

perspective of unit cell shown in Fig 39; Figure 4 1
Fiet@WBowiGe i H3idatite fwith R téhfof thelhiatbrpddsontigeneh,c hi ng;

igure 42 is a perspective of the unit cell shown in

Fig 41; Figure 43 is a partial perspective of the
Fighfe'43Y a QiR 4S50 re dnli RelPiften teeft ofithe @kfbhig to t he

present invention; Figure 44 shows the plan view of a

unit cell; Figure 45 shows a perspective of the unit
Figﬁlf%lsi is 8 BOYR AT VFbvDofiHs il G s wAGn Fi; Schemati ¢ plan view

of two unit cells with the roof |ayer renoved but
certain roof |ayer features shown in outline only;
FighheHE Bhehtask SssSGREIREH the BépaEitiM EMva@ficialphatioredist sledwingn Figure 7;
with the roof |ayer renoved but the nozzle openings
shown in outline only; Figure 48 is a partia
Figdfd TEdiBlvh &eﬁbﬁeﬁydf@wge ﬁepltzblﬁl'tibr% @ﬁﬁérﬁic?}bﬂ Iror}:)btéredist trevoby with partial
apertures in the side t he. er.
el oS EPb PSSR TS 4 TP UL [ AL s of the
irehdyer renoved but the nozzle openings shown in outline
only;Figure 50 is a partial plan view of the nozzle

plate with stiction reducing formations and a particle
Fifke PRAYErsPstnls ofth@uiteebihowa imFigdls ti al plan view of the
nozzle plate with residual ink gutters; Figure 52 is a
partial section view showi ng the deposition of SAC
Fighod SoRS itfetunitRel@fUOW Eig iaefivt b th sacrificial photerckistitecless the gaps

used to avoid stringers; Figure 53 is a partia
al%‘ééliqséﬁjﬁ"(ﬁnéﬁfd@ﬁgwcﬂ’g the deposition of a layer of

heater material onto the SAC photoresist scaffold
deposited in Fi e 52; -
Figurg 10 is a perspective (%L‘éﬁe un?t 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;

Figure 13 is the mask associated with the metal etch of the heater material shown in Figure 14;
Figure 14 is a section view showing the metal etch to shape the heater actuators;

Figure 15 is a perspective of the unit cell shown in Fig 14;

Figure 16 is the mask associated with the etch shown in Fig 17;
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Figure 54 is a partial schematic plan view of a unit
cell with nultiple nozzles and actuators in each of

wo b@7okewber s; Figures 55 to 59 are schenati c BPCDAB2005/001564

sections of the ink chanber shown in Fig 44 at

Figd YGRS ehe 8dpBEES Gftheddr O €] eGhbiefesistlay@u bl Hibselysentetch of the ink

schemati c perspective of a nozzle with droplet stem

inledie-the passizatirdast Phioprphthe $MOS Eiyp gay%rs’l is a plan view
of nozzle apertures with centrally di sposed dropl et
stem anchors;, Figure 62 is schenntic plan view of a

Figyre k8 ig @ PersnRPive ofﬁv@ufvés?ﬂ Payei ehbved showi ng a sinple
"theta' heater elenent; Figure 63 shows a theta heater

el ement with a sudden reductjon in section qQn, . _ ..
i et o S5 S e ELEe PSS b o sicon

wad@gows a theta heater elenent with a formation in cross
section on the cross bar to |ocate the droplet stem
Fi gure 65 shows a dual bar, four kink heater elenment;

Fifthr Q20 i 2 BspedtiveOTeERinit CelpdhoRn Wi Bpv1@f a unit cell with a

esla valve to rectify the ink flow through the
chanber inlets; and, Figure 67 is a schenmatic

FiflR¢ 108 tei ¢ MlsoRopiO&2h 6f thé ihbindet &itdithe eiit@ndifary i nto the
nozzl e aperture for controlled drop
m sdirection. Detail ed Description of the Preferred

Figirb otlis H@Bﬂsdﬁecﬁ% drhie hasell shotvhanFighan fol | ows,
correspondi ng reference nunerals relate to
correspondi ng parts. For conveni ence, the features

Fi'%lﬁsi PTRIRGnRY 2886 ted BitEhe phorasisrerch khawnsn Figstded bel ow.

. Nozzle Unit Cell 2. Silicon Wafer 3. Topnost
Al um nium Metal Layer in the CMOS netal |ayers 4.

FiRa6 84 Mtvk @i phetyesistetch@/Bridopetingk fyrelie dhambericodfmhéside walls;
OQpeni ng in Topnost Al um nium Metal Layer 3. 7. Pit
Opening in Topnost Al um nium Metal Layer 3. 8. Pit 9.

FiEkre 2% 1s@@eSpective of the unit cell shown in Fig 24; 4

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;

Figure 30 is a perspective of the unit cell shown in Fig 29;

Figure 31 is the mask associated with the nozzle aperture etch shown in Fig 32;
Figure 32 shows the etch of the roof material to form the elliptical nozzle apertures;
Figure 33 is a perspective of the unit cell shown in Fig 32;

Figure 34 shows the oxygen plasma release etch of the first and second sacrificial layers;
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10. SACl Photoresist Layer 11. Heater Material (Ti AN
12. Thermal Actuator 13. Photoresist Layer 14. |nk
w0 pdoen4weni ng Et ched Through Phot o Resi st LayR€T/AB2005/001564
Ink Inlet Passage 16. SAC2 Phzg oresi st Layer 17.
Chanber Side Wall Openings 18. Front Channel Prim ng

Fea re 19. Barr For i on at Ink Inl et 20. Chanber
%gtsa"y%efsp?‘i“’e?gg?“@zce FERIT&E 43, I nk Conduit 24.
hbzzle Chanbers 25. Elliptical Nozzle Rin125(a) Inner

Li Q% Qut er g %fg Nozz| A%. ure 27. E
Figh f atova et s T5ielbing oo B i ooPoine Bl ot vt
cage32. bubble retention structure 34. ink perneable
L r 40. dual row
Fﬁr{e#é?suah%rs%g 1,3% Pfe tg%gl?lto cl:eﬁ s]:;’oswn 1|nq<‘l1(g 3? ; ambe
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;

Figure 47 is schematic plan view of two unit cells with the roof layer removed but the nozzle

openings shown in outline only;

Figure 48 is a partial schematic plan view of unit cells with ink inlet apertures in the sidewall of the

chambers;

Figure 49 is schematic plan view of a unit cells with the roof layer removed but the nozzle

openings shown in outline only;



10

15

20

25

30

35

44. ink gutters 46. gap between SACI and trench

sidewal | 48. trench sidewall 50. raised |ip of SAC
wa@emandl7etdge of trench 52. thinner inclined septT/ammf/001564

heater material 54. cold spegy between series connected

. heater el t e pl -t : i
Fisl o) BerRRb Bo L SLORFACT ) Bt it eifgh MBRg fompons and
partfpefipmger 6ukt; | Nk 66. bubbl e 68. bul gi ng i nk neni scus

70. ink bulb 72. droplet stem 74. droplet stem

attachnent point 76. nozzle centre-line 78. drop
Figure §tlisragettiabplaBdew df tbpn@2le plaie with jepiduad indyguiers; dr opl et

stem anchor 86. maxi num resi stance section or

"hotspot’ 88. shots either side of droplet stem anchor
Fig@0 52 sariartial sectidnatievosowimgttherdepesitp of SAGI ghefprsgist imaccordance with

prioggr%eéﬂiq&%se%o adoﬁrs&ﬁfgeﬂé:adi us curve 98. tight radius

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

SAC1 photoresist scaffold deposited in Figure 52;

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

of the chambers;

Figures 55 to 59 are schematic cross sections of the ink chamber shown in Fig 44 at sequential

stages of drop ejection;
Figure 60 is a schematic perspective of a nozzle with droplet stem anchor as shown in Fig 61;
Figure 61 is a plan view of nozzle apertures with centrally disposed droplet stem anchors;

Figure 62 is schematic plan view of a unit cell with the roof layer removed showing a simple

‘theta’ heater element;

Figure 63 shows a theta heater element with a sudden reduction in cross section on the cross bar to

locate the droplet stem;

Figure 64 shows a theta heater element with a formation in cross section on the cross bar to locate

the droplet stem;
Figure 65 shows a dual bar, four kink heater element;

Figure 66 is schematic plan view of a unit cell with a Tesla valve to rectify the ink flow through the

chamber inlets; and,

Figure 67 is a schematic perspective of a nozzle with a spur extending into the nozzle aperture for

controlled drop misdirection.
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100. outside edge of tight radius curve 102. inside

edge of tight radius curve 104. ink refil
waperourel06. rectifying valve (Tesla val ve) 1PGI/ATI0ON001564

conduit 110. secondary condui2p 112. lateral spur from
nozzl e rimMEMS Manufacturing Process The MENVS
nanufacturln orpcess bui | ds up nozzle structures on a

Dg SRR the Rreferred: Mmbadimants; i o of CMOS processi ng.
Figure 2 is a cutaway perspective view of a nozzle
unlt cel l af er the conpletion of CMOS processing

eEFé‘PB%t \iig a%eégqnﬁlgg TERTFRH RIS rﬂﬂs&%@gﬁwgn%*g parts.
Fdr B@nv\éﬁ&ﬁé,, thd féblﬂiuegﬁ:tdﬂ:hteh BY 84cB refdrénce @Rash L L6l 1R10%.
SI|IeI§ \.fgé , With the netal |ayers being
Lint i eEaletween interlayer dielectric (ILD)
2Iaye31§<;onWﬁelf our netal layers are referred to as M,

M. | a nd ar e i1t sequentially on
3the %ﬂ@ Hﬁnﬂ#ﬁgg@tﬁé FFUG&%‘% S il LIRS | ayers
4.pr ovPag&vagibh Lhyee drive circuitry and | ogic for

oper rinthead. In the conpleted printhead,
each%g)?‘écieq@ nment actuator is connected to the CMOS
6.Vi a Iak pidtOpehing ireldpmestegumligfuitdetal Thybd® out er nost M
Hence, .t he M4 i s.the foundation for
sub%ﬁ%@%ﬂglﬁwtﬁ?sbé@%q‘%@ﬁ@%r Wafer. The M4 | ayer
8.al scpidefi nes bondi ng pads al ong a | ongitudinal edge of
eac lgr thead integrated circuit. These bondi ng pads

(not allow the CMOS to be connected to a
10m crT ories@edtst Lhyer Wi r e bonds extendi ng fromthe

bon n es 1 and 2 show the al um ni um V4
rayg[li;( a% ﬁ%\ﬁ”ﬁ]g&lé‘%& ssivation | ayer 4 deposited
12t her’EIRﬁnal(zQ”theyorl\/El\/S features of the M4 | ayer are shown
eﬁ}g gures the main CMOS features of the M4
ray Feélsk) Qi oned outside the nozzle unit cell ).
14The IMAHdlapenidg BeBeddThrdugh Phas Residt Laysri cron and i s
|ts wﬂ%?osmed on a 2 mcron |ayer of CVD oxide 5.

A ﬁggures 1 and 2, the M4 layer 3 has an ink
16Lnl SACHRtdresihLayedl pit openings 7. These openi ngs

17def| %%geo\%;hons of the ink inlet and pits forned
:tehc?mu Rt i

subs RERENS process. Before MEMB
18pr od@sstiChgnmed Pliting Fedttrecel | 1 begi ns, bondi ng pads

al o a_long dge of each printhead integrated
Bei r i erg? " “man{é%hg$ etching through the passivation

20l ay eChathberTRacs Leyech reveal s

21. Roof

22, Sidewalls

23. Ink Conduit

24. Nozzle Chambers

25. Elliptical Nozzle Rim
25(a) Inner Lip
25(b) Outer Lip

26. Nozzle Aperture

27. Ink Supply Channel

28. Contacts

29. Heater Element.

30. Bubble cage

o
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the M4 |layer 3 at the bonding pad positions. The
nozzle unit cell 1 is conpletely nasked with

wphbovoswsl st for this step and, hence, is unafPEUABELIIBYO1564
the etch. Turning to Figures 3to 5, the first stage

3nf  Mldblepétogs stntfiret ches a pit 8 through the
Agassj vation_|layer 4 and the CVD oxide |ayer 5. This
3%t chitk BrgetileCls ng a | ayer of photoresist (not
3ghovsipeppesed by the dark tone pit mask shown in

igure 3. The pit 8 has a depth of 2 mcrons, as
3859as‘8§8@n?b%mthe top of the M4 |ayer 3. At the sane
40,1 medwdbrogtfifet Ng the pit 8, electrodes 9 are defined on
4either sd'tude of the pit by partially revealing the M4
} ayeR®¥ ©fir ough the passivation layer 4. In the

agonphke@ernozzl e, a heater elenment is suspended across

he pit 8 be n the electrodes 9. In the next step
4% Fi g&P%’§tW§e‘%%X§f?m{thémfp?l%“§‘hi s filled with a first
4&acrirdnck siddwdilayer ("SAC ") of photoresist 10. A 2
i Cron er. of, hi I Scosity photoresist is first
5({<;npunrai§ﬁ4@¥?{r§é\({lbaﬁf@'g’gﬁﬁ$f#F@W%exposed usi ng the dark
52. onethiid&kndined\ectidh Ifhedterandierial ne SACI phot or esi st 10
or ns scaffold for subsequent deposition of the
5‘Leat “eorl‘?sr?ﬁ'i FYRP SIS gawest %éﬁe’é‘?:l?rflﬁgses 9 on either side
50f tiezlpplte8. Consequently, it is inportant the SAC
5fghot %liesi St 10t.has a planar upper surface that is
| us¥ W PHhPEIE Wper surface of the el ectrodes 9. At
6@t he sSduwalltinkpenihge SACI phot oresi st nust conpl etely
G%i I lin.f;?e 1%it .8 to avoid 'stringers' of conductive
eat® t°8F1'3 ext endi ng across the pit and shorting
6out ke el ectrodes 9. Typically, when filling trenches
6é/vit lJ%{}l%toresi st, it is necessary to expose the
photoresi st outside the perinmeter of the trench in
6%r debulging ipksgniscushat photoresi st fills agai nst the
7 I'ls g&lbt he trench and, therefore, avoid 'stringers'
I'n s]ﬁlf)sequent deposition steps. However, this
72 echdrbgletsteresul ts in a raised (or spiked) rim of
749hot0gr qg,[isfc,eg%%%cune%ttohmet perimeter of the trench. This
I's undesirabl'e because in a subsequent deposition
76t eppozriatentiedinei s deposited unevenly onto the raised
im, vertical or angled surfaces on the rimwll
7$ece(|ir3%8fstceﬂsr§°%8%posi ted material than the horizontal
8ol andtop surface of the photoresist filling the trench.
The .S 'resistance hotspots' in regions where
82r'rat e{a%a#é‘lﬁrg thinly deposited. As shown in Figure 7,
84 he ¢rdetem gucloress del i beratel y exposes the SAQ
860h0t18£x%§t xﬁ&es%%n{;@&ht%%&r‘%tsﬁ&“ meter walls of th.e pit 8
{e.g. W thin 0.5 tcrons Sing the mask shown in ‘
88-i gushets GitheThidg ofedspletstsneanphcmnar upper surface of the
9goAC ( RhOL QN8 8k S dnt and avoi ds any spiked regions of
phot oresi st aroun he perineter rimof the pit 8.
92Af t ecoldgpat’'sur e of the SAC photoresist 10, the
ofphotaresist is reflowed by heating. Reflow ng the

96. larger radius curve

98. tight radius curve

100.  outside edge of tight radius curve
102.  inside edge of tight radius curve
104.  ink refill aperture
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photoresist allows it to flowto the walls of the pit
8, filling it exactly. Figures 9 and 10 show t he SAC
w@bowroswsi st 10 after reflow The photoresi st PEEAH2005/001564
pl anar upper surface and need4 flush with the upper
108Ur fraggyind vARaTéde Jaigpr 3, which forns the el ectrodes
9. Followng reflow, the SACl photoresist 10 is U V.
108, SPIRAFIBE har dbaked to avoid any reflow during the
118ubsRepnant ceRp@si tion step of heater material. Figures
1 al$ 2 show the unit cell after deposition of the

1
11g. 5 DHEUYR PREEEY material 11 onto the SAC

photoresi st 10. Due to the refl ow process descri bed

above, the heater material 11 isdeposited evenly and
W@WVH the el ectrodes 9 and the SAC1.

phot oresi st 10. The heater material nay be conprised

of sui t abl.e condyct.i.ve material . such.. '
TS i i R0t o FRF Rl S B PRy el ger e
collRAiSh bf GVIOP heesimg Riyure 2ol cnewag gergrtiiel vialepegiozziomit cell 1

of .a 10Q A s er of Ti Al 0 A |l ayer of
aftpr the P et ﬁg’rdq%ﬁ"ei\s%aél& bF‘-’&&eg‘r@lg‘g PROCRISBENG final |y
a further 2500 A layer of TiAIN. Referring to Figures

13 t . 1 n the,next.ste | ayer, of. heater. ... .
R L R s G
thd thetaEagdts Bebiglintknperded bameec mietlagt dieR8irit KAD) bytrabilliesbur aretal layers

el ectrical [ respective e ! .
ot S Qa QL FRLo&Ae B RRE bl ufts o RNAR o flter during
CHRICS R odess?. BlipaniSMOSt luyeerprotide allohe dspoirdiimganddegia for gperating the

"{Z’ﬁ% C'{hi s etch is defined by a | ayer of photoresist
PTG 'shown) exposed using the dark tone mask shown in

Figure 13. As shown in Figure 15, the heater el enment

IS i near pbea [ [ . :
inffe b e GRTLERA WL ERUPE Dol BePyfic OUIOS via o parof
eladtiodesniafinedeh the avtomiosOVIA dayer Biafidegthe Midi GMES layercik thedoundation for

w0958 535S LAy AP e S e AL M bontnepots g
lobyitudafbeden ofeactointtexdinpigatedviatit Thesk borskirtg p2ds (not shown) allow the
i qurati ons havin I ' . d

CERT (s B S A0ha Lol halyle o LrdTind o the bonding pads.

cavitation forces on the heater materi al when a bubbl e

col | aps F G hiBKn B8 §hl f; 4 deposited thereon.
Pl FRREE PN o b DA S oy s d Bl Bt 4 depsed thereon
(Quay MBEMS feaints bftbe Médayof ars ehdwngn Swiettigyres; thewrasy CMIOS features of the

M-Erlgys & %%F(&ﬁo%‘é{%ﬁmﬁ@tﬂ@%ﬁ@ﬁ%ﬂ%aghfﬂe fﬁyé}g%agé HEHA&EEf 1 micron

i nodetart 1 n patent application (ouf docket
andOD@Adgpositedrontdemiveontlayse ol EYI0 oxige 5 shseshewn mFiguigs Jj andg; the M4

£9r3 {0 ' i S84 bl the ink
B iy R GE Rplr e ) AT, TAColRERE: AL R pheMIK of e
inBvas] pitsdorasd sybgequenttytin e MBS process. | ayers had an i nk

i nl et opening (see, for exanple, opening 6 in the M4

layer 3 in Figure 1) etched therethrough in o
BpfoespdEMS| roeressong of Hieamit aill 1 brigis, honding papk eloag piongitudinal edge of each

phﬁﬁ&aﬁ%ﬁtsér&&%ﬂﬁﬁ aidbfinciDG elcRhE FRRRh SR DalshibAM R %: 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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forma seal ring for the ink inlet, preventing ink
fromseeping into the CMOS | ayers. Referring to
wWOor@aners416 to 18, a relatively thick |ayer ofPCT/AU2005/001564
photoresist 13 is spun onto 2he wafer and exposed
PEsbdl thB 8ard @dnls plt elask dhi&@k irsh OvvnFugure Bi ‘Dherpet KliGs a'cﬁbpih of 2 microns, as

t hi ckpess of U|red
UK e TR e T
defi5Abnle@h&1s1iB of tlhe pit kaairﬂiﬁll@treveﬂﬂghh@MMlaﬁer 3 thkemph the @assivetion layer

14 def d hot t t h f
o BB el PR 6T bkt B B o e,
(Figures 19 and 20), the dlelectrlc | ayers

i pRBa R etmeS s o Lt Bk SR @RI aRE L a8

thﬁo£H§1sl( H) QA 2 Glicrén 14¥eB obﬁlglsw&)osﬂmghohneslssadirdt Bplmhmtosmmafd' and then

exgces& Bﬁn& tﬁ? gﬁb ﬂo%% fe{)%skisﬂi? %1[11'2 %\‘I)a? gaﬂ)f %&lﬁl ;%ét%%eg%ﬁ OI fg% a scaffold for

subdeGuiiedndeposiSornd theheataranaeraih adross e eddctrodes R of BltheAslgie of the pit 8.

R

thef qrpef ﬁmﬁceedfaﬂm eldetrtbdes Wi Atghedaniaiting, thg Snleé phcotkreaﬂst st cbBipletely fill
esl| st re

th? %1‘{ § R) vlqlgi>< ftrlg%eésp OP %Io';%%uc%im(fleater mtan%%ﬁ}gl exg}{dl %Qc%@th%ﬂ} chgshortmg out

thpéledtodessd. st and a second sacrificial Iayer ("SAC2") of
photoresist 16 is built up on top of the SAC
photoresi st 10 and passivation |ayer 4. The SAC2

Typivally rvésh ﬁthn,t a‘remhbsl wistephowraast, & iswatdsatydo éxposeddphotprrsist outside

thegf)e &1%1\?\%%: EIF Tenc ﬁrdgg%g shr%l atﬁﬁét&@m& $a%s{ Yy (N&Mthe trench

r e a C noz Z
anj tberefbse 2®id Birdgers’an Sub@eq'wrtt depositiay etppsoHom\gh tlw selpirup yesults in a

ra{) ?1(9 {o %ged?nm ot RII?&(R es1 nttogn& 151@ Eé{fﬁﬁe%r 0 glg tl%sffo(ﬂoﬁlﬁgw Ldﬁ&éggable because

one Town 1N
mlélsghsewnizc&penﬁcbnz&p, mdtmahasikpcexwg@wnbf m@b ralsséem -n‘@stlcal or

{S:g s?rfz}cgse on ﬁ«CZ ge%lgec' Sc’s d ‘?ﬂ?sltg@fn t%ﬁ:ﬁ 0 onu1 glanar surface of

ions o er ST d S an I's
the photoresist diilling tlhertremdd i Thie M}ﬂt openistages h@&p@tn dn tegions E’here material is
huﬁp sed gdjacent the plugged inlet 15 and nozzle
osite
nber —ent r ance respectively. These openings 18 and
19 will be filled with roof material in the subsequent

% %%(Vn %ﬁr{et’f £ Efeée %I%&QS @Jhge\,[ Sf &E&sg#‘ﬁe §ﬂ&§ Bﬁcﬂ&@s‘ist 8 inside the

noz he openi ngs
pej:ﬁldar Maédoﬁ/thft it § @af witkin @r5| @broaétusmg ﬂi}@rﬂilﬁﬁk F@Wéﬂaﬁ@\ﬁé§ This
oo Hef TR0 uBbor o AT AR 1 S RE b Sph Refons of
plehédresist atvehdthe peFimestey povdfthepiti® filled with roof
material act as filter structures and fluidic cross
talk barriers. These help prevent air bubbles from
Aéatesposury dftte S Azthetorssiatnifeths photeresistiis igfewedhydsaiinge Reflowing the

plfb%rgs?s‘clf aS5WSE t%tfﬁq/ tp Mlemﬁs 51‘1&‘5 ﬁ?é, fﬂﬁg‘i@é)@éﬂyl@lgures 9 and 10 show the

SAC1 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 SAC1 photoresist 10. Due to the reflow process described above, the heater material 11 is
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Referring to Figures 26 and 27, the next stage

deposits 3 mcrons of roof material 20 onto the SAC2
wehbevoswsl st 16 by PECVD. The roof material 20PET/AUS005/001564

the openings 17, 18 and 19 ipgthe SAC2 photoresist 16

deﬂo@tté‘d% fﬂlﬁ%@h & Rnﬁﬁﬁ"ﬁi%f Svelthe D aVélé&go&’es 0@ thé shca 'f)ﬂotoresmt 10. The

I nkK conduit 23 for supplying into
heeéqmtqmalz@mebwmaqd of anyuiiable eonduct vararteiy; %félpefs? 161 diN; TiAIN,

Tu?%ﬂ\s he A%capﬁéa%? heridQepdsflioRt gf&:ésh ﬁﬁy if0¥e Qédugﬂtﬁgdeposmon ofa

eatures and filter structures shovvn in Fi

1004 seaddayeryf HAb aﬂé?%épyalt oftTaNs 3 hFW 19 A yosd 13&’??6’% d u"éfnd finally a

fuBRETS06 A hf3 BODMNY to a respective nozzle chamber 24,
span across adj acent nozzle chanbers in a rowto form

a continuous nozzle plate. The roof material 20 may be

Refetith 8013 N5, fnl{hé &521 s@epnﬁE &fy k2 hesttGhht @l 151 is IR to define the
nitride, silicon oxid i[icon oxynitride, alumnium

thegngliaptyeioretZe Bagkegcsiaiar ﬁéh%S&Omﬁﬁw%@atzsta@&hseelefetﬁ%al Rpgction to

resgécﬁgceelgﬁxfoli&@sorpéﬂth@ side Rt h6 8IACN PRAS:bRsikt 100 AthehiBr d1&ienk 2Dépans
1 by etching away 2 m crons of roof material 20.

betpgpisiteqoppspPRdigesonifed 28si ng a | ayer of photoresist (not
shomn) exposed by the dark tone rimmask shown in

#%Je 28. The elliptical rim25 conprises twq coaxi al
Thisiefphyis pfinedshy aalﬁﬁFrnghOt%?%*F (npb%h@wnwe?seé Heing the dak dqop mpgk shown

in Fig@e 18! A9GoAlR Fighe 1Reh&hdateR Blenbnt D wmmaokaﬂa@pa%amg bhiGreen the
next stage defines_an elliptical nozzle apertur

bt RESlfgess- Horypves nhsagr sipontid T TR By AR 851“ contighraions

sudhBR B0 MGcriR@fn i@iﬂt’@ lUSAQtentihb. @'1755 S0h e IeRntf whith is herein
. rim?25. This etch is defined usin

a la er of . )
inGoPASFAtRIcY TelFrepsso ?osﬁﬁmﬂse hegisoderen) 39 FHREEans pYiRe  gsgiral void
mdy®S KdvahQpsdbub for HifthhizAngIle der’t’&lo&é tfifeotsi of ddvitBiohZtbRes on the heater

apertu 03|t|one Qver t act.uat or
majegial Endvisarte rof apieg (ranedns IRHER et RS RRHplgtion may be
add A%tdaae% glibglzd‘\kéhﬂ ing fu thegke of mfpaﬁftguﬁg Ageri4l€ Mhéescatifgion
an p tore rs a
AR SR TGS et 51 S8 parepBica O oo MTCOO1US).
thernmal actuator 12 is suspended in a S|ngle pl ane

over the pit 8. The co r depositi of the
in S e spiols o P Hah ¢ L GF P Sy PEbE pevtion ayer 4,

thceéﬁdeqa;%ag gxﬁi tﬁg ﬁlgec?@aot]af&an hm&hg ONIOS ﬂrbbehd&hig edcaot hodesl Byers had
ur es n shqQw t he ent I C
e Condor e rosae mahh B L Rt Hicasg perettrough
in 9&%&1&@201{11@1@ ik iR18i &dh. ITAyR mEetal Biyasdogdebher R&fl E:feﬁmt&gpe&sad ILD layers,

Fi gur es 0. 40,. once ont si de NENB roc n
for £ ying 1on b el Pp oR B ek BB e A QIS e

etched fromthe backsi de of the mafer to neet with the

ink inlets a. st rd a tro DRI E.
RepR i IR o B A el A s BP POt SR sttt frafer and
expased uﬁﬂgihﬁldarﬁm@ﬁﬁdc @ywﬁ heFiglae k6. t’ﬂnelumasks flphotbresia 13 required

channe es fluyidigc. ,

will s of B s e B o K DR e R P eleyohtiinter. wieh
aniitidinlendpehiag 15 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. Oo/C,F; plasma)

may be used.
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Finally, and referring to Figures 4 1 and 42, the
wafer is thinned 135 m crons by backsi de etching.
wo-e@ane1 748 shows three adj acent rows of nozzl eBCT/AU2005/001564
cut avvay per spective view of a conpl eted printhead
I L&Y ey ﬁg%’é £:OW Bk iNQa3liEesicHed fréugh the silicon wafer 2
sg(b ﬁl’ StZ]. %% g

|ve 4] upply annel 27 extending along its
to alde;n@ bﬁZSamldrosu pphyhegarhedbotasesist ppsirldl Aoy sBRdardanisonprie BRI,

suclf 4 d)enB?(sgﬁ 0o Gc\% Ugggt?ﬂt Nos) 6150@ 1383 addl 28‘4r1a8) B4Rl ed BKthis@tch.

cond or each row, with each nozzle .
Followamleehing ef e ikrigjet 19kthe pheierasis dryeold if WOEWmI%Sm@&FMg
that row Features and Advantages of Particul ar
Enbodi nents Di scussed bel ow, under approprjate 5 .
In ths dexhetepclihn g, inleir 16 ixplngeed withphetpropist apda pagprsksagpificial layer (“SAC2”)

of p?ﬂtopegm % Buil? {1p &IFﬁ)g F'ﬁ'l@ RICP BhotBradstt1 0 andphéaniiag ﬁ)?elﬂf The SAC2

ur es. eatureS are to be consi dered
photapésist | owilksorvabd a shifol orgrbpailusaisiepesitioniof m‘?&mﬁfan%lh‘éshwh forms

roof Jn%séﬁig&faﬂsrf&ee%ﬂ 2z dlU Bhfsier. L \GerR RN PXIur&R8 € 33, ﬁa»ld Micron layer of

es certain draw ngs, and rel ates to(iaI

high Fisevisifgshotypestst s ispil dnjo theweﬂe’f wd exppsed wipe ths ﬁO&%FF%B%Wn m
gé% ghown in Figures 4 1 and 42, the heater elenent 29
I'S suspended within the chamber. This ensures that the
heater elenent is imMmersed in i nk when the chanber is

As dv)l‘x‘%ﬂ'mg%%?‘@i SlaolsyinoHRESIxpEkel 8wt db&ings ! @ WEE SAQ2 p]ilkoresmt 16
anat |

| nproves the, prlnthead efﬂmepg J\/u dditi
corteewdhe&tth@w@ﬁmpwfé@am‘?ﬁf sidewalls gpdiidy condust.” In addition,
opeé.\é%? K] Q:IdQQ%{% &B&s@d 2iadeftand pogsed ﬁﬂ@ N§¥nd tfozl6 Eithniber entrance

erate the ble'that_ejects

resplstviio Shese OpereHBRE e HOvIGRELEd wﬂh@# Bl Gy §bSeent roof

dep%%!iﬂ&?&ép 4ol %ro%i& 'ﬁﬁﬁﬂle advahthges irth fidseROzElE Oebign. Spec1ﬁca11y, the
ly, contacts at, either engbof t, h mekfromthe
opesingsrbh ﬁlleﬁaﬁthrraqfénaﬁeraﬂ A<k a1 PORIE FrET TSP & ai” ge

ml&% E}ﬁ& Lach R&1cQ8RRSL | YRis Bl REkibarie grear ddial KoMSE Theiopenirgs 19

[ ement at an _el evated paosjtjon
fﬂln@wéh toaf maferi g¢tiag Hltestryetiues g tugstic qfﬁsé;{*!}?‘\flu\g ?ﬁrﬁh“'& %eliﬁ Rgevent
air bt C]ﬁ&q‘fon{ éﬁ?e?mg the Iﬂ@fﬂlﬁ?—@ﬁﬁl@érs el Ji g8 Spreskre puldésthenerated by the
undesirabl e resistive |losses fromthe thinner

thesmdtaptgater 12t he contact portion of the thermal actuator

needs to be relatively large. Larger contacts occupy a
significant area of the waf

r surface a Iqu #& to th
Refionnsi e FSaSK P Bl P A9t TGS SR ST ) Gonf Bl ono the
SAsz%‘ﬁstBIemlsmWPE@mtme&fmwrm ZHﬁIIsIt]&mphmBgstié’t Ve 19 frethe
| ectrodes 9 to droptheleglﬂof th harrbr fIQQr
SAQE?- rptoragisisiddo Empezzlechaghers g avé%c?rrf’? 24t lg??%%lor est's
cohRAGS 3 Quf p?ﬁﬁ% fok @6 BacB hoizfe AP is £ fbnmeﬂ kiemig @pcditionef the roof
provi de a scaffold for_the

heat er
mamgb%q tIp AgEREsTPrinHng frees BB G Q‘%ﬁé PP ey 26 and
27) hre WrknBd & thiee tibk. h%&b@ﬂ% ZHBE@Y dofibspomtiny tb aad;pdsouve nozzle chamber
Stringers formn% bet we

2455p8n pgress adigreitpogde % O(W t8 E%rﬂl 8800(1{3 uous nozz e Claéle 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 252 and 25b, positioned over their respective thermal actuator 12.



10

15

20

25

30

35

previously described in relation to Figure 7). The
gaps form because it is difficult to precisely match
wo @7k’ wi t h the sides of the trench 8. UsuaPCHAUMISN01564
the masked photoresist is egposed, the gaps 46 form
between the sides of the pit and the SAC. \Wen the
heater material |layer is deposited, it fills these
Refgrpsto Figufes Birtd 3t the neye sigge domes Faellitical nkﬁmim%ﬁém the roof 21

Ln ﬂ}@hﬂa dtehBBink 6t akhtBiapdd, Shi hﬁ%oﬁﬁeabyﬂieehn 25.
by efc%'ﬁl A e%aé/ t];11e§1t er ntglrement “and t ﬁg %82 ig ch
Th1s(dtcﬂn i defmbdl gsmgaimmofnb@tosm} (notrwéwgk FPARGE PY e SR daRg ot ™
SyrteBtrtird 24 Bipbstidned §eR Giealiemal actuator 12, as
dw?? %Pﬁﬁﬁ?%$§g$ﬁ%%ﬁté ?%ure 52banan53 t he
ﬂmwmnﬂﬁgneﬁhal techni que for avoiding stringers is
illustrated. By making the UV nask that exposes the
SAC slightly bigger than the trench 8, the SA
wlm el epoSYIE ezt festuresieovs ol foRmpt hemsxHper FROVRY h% g‘%@ and SAC2
pholsPs{R g B9 A5 T Of it Snll Sﬁﬁfﬂﬁi’i“ﬁté’?f’e?@?;?mgksﬂ’e e

actdamy él 1sj[sgsppg1ed ng@ﬂar(escggr the @uﬁ eT% anar dF%osﬁlﬂn ﬂ% the contacts 28

ik S8 roRlied AEkANDE e184tFidaR 6B edwdn Gith tHee:ldam&leS 9.
mmﬁ%%ﬁm@ gﬁnet%#met%% and release etch, these thin lip
formations 52 remain and cause 'hotspots' because the

Fig{%t%%:% L7088 w fp bﬁ’c Ge IHIGHEBSED mkibdhS oAME Silichvesfer 2 after ashing the
Spots affect the operation of the heater and

SAEY picSAC3 phottesisklay@al @30d 16f e, As di scussed above, the
Appl i cant has found that refiowi ng the SAC 10 cl oses
the gaps 46 so that the scaffo]d betme

Refetre]gt%(p glg@rgs Pt §0,(%1ﬁ?)ﬁ%ttt§1i proe'eﬁqlgg wa%er 1?1completed ink

sup?ity dnbifhels m'tchélﬁtréiﬁﬂﬁrbaél&dé of the wﬁfeﬁt‘baﬁeet Whh thelignialets 15 using a
ructure of the thermal ac

stamiarcb@@qoyom@gggfp i bagksige f:tﬁ]é 13@%%9'518% # Pagareosl} pggtgl%sdst (not shown)
exp%gépﬁ}g@&r%ﬁe BhskehSPRAFiZD: 3R Tt thk shyplysghotrel 2ausked alfipidic

vertical or i1nclined surfac sqQ th t.he contacts can
cotpectin ORI HbF BOKEES QR Ee g TS Ept abl e

i ncreasesin resistive | OSSGS Low resi st I ve | osses

Fm%{;l;?agé \rlgg’r@qtaétgtﬁél% (é:lltl S[ %{@%%8{1 t&{%{leg 3 ronsdb%fqaackmde etching.

F1%.8 Wﬁb@p%efe‘aﬁj a(‘ff,ln%ﬂrs BOAFELIes PacHtangy peﬁs;tebte/e mawnﬂa@ampleted
e Nozzl'es for e n
prigead inieEaies o FoB FSAL HaS o §%B%?$l¥ﬁ ik b "F’%ﬁﬁe’“e’:‘d‘ng
aloig its RAGH 2N RFPOMg RaMb @g»ldilzﬁ%ﬁji eﬁmleinmmftzm 28heo. éﬁnd iimkginlets, in turn,
tween respecfive pairs o cts gqﬁpﬁ
supply ikt the éﬂk@&ndélﬁte%ﬁ SPeh ey ﬁ gﬁ%”'k’ %ami"lf} 57#% bima
coRRERINGSnSS: hhdit rb¥k can enter the chambers, but upon
actuation, the structu rOV|de enough hydraulic
Fentustan Ao e GRSy Haakndbugs

@Y% | ow or fluidic cross
talk to an acceptable level. Ink is fed fromthe

reverse side of the waf hr ou s of
Digyustelbglomesdeh WEORB Bt SeeiadiPin 5o ere whife %g"lé‘%% ﬂéé%bé’ diments ©
th PREntRA, 4nd I&em&vunﬁgeﬁofdtwsfemﬁtes plie fedteres dre todoetchmdered in relation to

eri pheral edge, of

al) ofiéhe draineYRETIAINE {0 '%% p‘fef g“"f 18n PIQF &r a OLQ dai 1§?¥¥<c1udes
cofinGiava R PArd@8ates to those drawings specifically referred to

Low Loss Electrodes

As shown in Figures 41 and 42, the heater element 29 is suspended within the chamber. This

ensures that the heater element is immersed in ink when the chamber is primed. Completely
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bot h chanbers 38 of the unit cell. Instead of a single
nozzl e per chanber, each chanber 38 has two nozzl es

wWQ2007Més7 t he heater el ement 29 actuates (for nBCHAU2005/001564
bubbl e), two drops of ink aregejected; one from each

mﬁ@%@g%e%atef@l&ﬁeﬂt pdhwi dual dr ocﬁalﬁgtlc'am}kuﬂij?&veé ﬁ% §rnYt9éa|d REiciency.
t hant he SIQ%§6 drop ejected if the chanb

Muygsfhdesp b&ai figsipahgp igtp @@ﬂpﬁlfglywa Ivafes FebsEHB pmere @ﬁfshs @P?@F’}éy is used to

geﬁé?@c@&%'bu@dl@ﬂ&hﬁe?é&%%éﬁm i mproves the print quality.
h every nozzle, there is a degree of msdirection

|n the ejected drop. Dependi ng on the degree of

TobusiRhd 86 hih eletddhiSthe 8bhtRR rHibe nbRIb &l [ptn@ tHRlelefent at 1ts raised
qual ity éa;tglewn t he chanber nul ti e nozzl es,

ach
poma%nz | Féseé\fl dPapsts B pithepend of .the\baﬁtawéeme&h@nﬁam ‘ﬁﬁwal or inclined

se@ioh{ ®lc8tecttheRigeielcRBSodeOIRE BMOREVe t(dih@ El%ment at an elevated
m sdirected in different directions are

PogfHeT- i HRRVElh heatsr piateriel dgppsited Qp verigal oausci%# Sérf?céﬁ isthigaer than on

hoh%n%@ suFfaséh. VI%Q&&Q ufitlcSifible FEBstiAP Rkdes 8B tﬂi&ﬁmﬁ&@&ﬁﬁoﬁJWﬂk contact
t he e&g averages the m sdirections of each small dro

poxfjog ok fhe gherpd) gfatorseds o be gigtively gea Largrifiontasts BisUmy ¢ Hg%\ﬁcant

ardal off Befwagek Blifate hiRBIEIOME hédzle pad 1@% deGtyi on. A mul ti
nozzl e chanber can al so eject drops nore efficiently

than a single nozzle chanber. The heater elenent 29 is

TAnRte AHeRteS tHe RRIBEHE dw&ﬁi@ﬁb@ﬁesﬁi pidStreA® toliRebihbble@rddes 9 to
i s i kewi se_el ongat ed e pressure

f or
drog tégfegﬂ ofhe ghrnahep Aopst ad Bla%ﬁ?eé K le&‘?ﬁgésafﬁﬁclﬁs‘ Bhetprsgist (SAC) 10
(se{ehflﬁgw@ﬁl’) 1§ddiaf6§iﬁeﬂ &l thytrelics m&&dde’wsiézﬂfﬁd forieheheaEr eléhﬁﬁﬁd Kdwever,

e. e rom-t ess ulse is dissi ate

aeping St i R en G Bl S Sy Pt S Wit e B Sl can lead to
strddders ms@hﬁ %e@ﬁpd%%emabﬂhe SA(lid Otah@fhle @idew 418 48 of the trench 8 (as
D S B P St BB S S Bt s i b fecisely
mzdd:lﬁt];ﬁé ‘panch thetidwen thﬁ hendmgﬁ Msﬁal@h@ﬁk&l tﬂéﬂﬂadkétEphl:?Qie'slsas exposed,

configuration thraq I C e _i j ect T
o Gion A B b e i e e ot ud B st SPleh Hiediewtt aiiabnger s
def)di‘sﬁié@ lil)ﬁlls Iﬁ&ﬁ@gﬁ@ﬂoﬁbmﬂ%ﬁﬁg&s Qlfisf the e&‘dﬂl&l)bwnﬁ Then;trin@a’s remaln in the

ulic res ce to

et heaminl e [t Serntb B Bttt Flgan) SREietsd eth SB sy remove
theASAsh Ofke siridgdrs GhrsRorfidrcuit the hea@Gu thabit Hilk esgegernte & dhishde. by

the heater elenments 29 are el ongated. The heater

el enents are designed to heat uniformy along nost of
Tdnhﬁg fiow &ﬂ?jgdile SDandbhe tadidbedttbabniqa fbr gvoddihdstiisgers is illustrated.

By REE VR ARl oses S B Bk fA ok Baftyd: tfShE 10wl be

depéﬁ&emter 9 sidlel @/hlld 43ab that so gamp formaXinforiusatgigrthik p@lduosk & Faised lip 50

i ot s st S e e R BN skt 1147 SRR i Fighte ), s

thinedroe theherticallor pietiteddurdlcenip dfyhe lip 50. Afier 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
CMOS electrodes 9 and suspended heater element 29, avoids hotspots caused by vertical or

inclined surfaces so that the contacts can be much smaller structures without acceptable increases
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the pressure pulse is not changing direction sharply
and generating high fluidic drag before ejecting

wao boooigtt4t he nozzle. Wth | ess power required POT/AU2005/001564
droplet ejection, the printhéfd is nore efficient. The

in BkistiRlosal I_B@Zréﬁﬁwé fos@k SO thi nplemr\tehlﬂn effiofant epetasivn of a suspended

nozzl e of equi val ent aperture ar aci ng.
her AaseeA 2 S o P s U PR p S AR P fEh hinthead.
i ncrease nozzle pitch and therefore inprove print
resolution. | nk Ch%Fber Re-Filled Via Adjacent |nk
Sipledozzleiders o to0 Figure 46, two opposing unit
ceIIs are shown. In this enmbodi nent, unit cell has
f our C The, C anbers are. de in b
RS Bt hl TS b e At apE bR as gith Gllfiper having
heGBRdIRmt DR&tdrdihg Gevehertettive lpeinesfico@8ets Th dnhpatesble structures 34

ar?e ]:'xpesgleé{rllc%dég %98@{ @r e e(sjcbtgﬁt aéaqa.sentteh L cﬁa%%er%ol;i.ln Vﬁcﬁagtuatmn the
stluEtwes 34 psvlaé anagh Byidthulic registaadteas rddectang rewknsm fow Bhilgdic cross talk to
ensurglstl @t bubbl es do not nucleate at the cold spots

Feepiza'e the cold spots become the common cont act
bet ween t he outer contacts 28 for each heater el enent

N T s S

intohke mreeq&uilng scpthlam ifik mmm:as:dlbelsl eattpdr itself éntba peripBeraleedge of the

reduce th |d|c S..tal
ongfigge 4 e =y B SR s B S R R BE s s wich suppies
bdiachanbary 3pafthé et ®llwi t h t hat shown in Figure 49
di scussed above. However, the present enbodi nent
effectively divides the relatlvely | ong chanbers of
In&ezglujfa sihg@leinntzbe penvohagthpn eah ehaitmndehas twhozzles 8.t Woen the heater

el%xpeélggg %cth.?ge \\q;\ﬁ%o rmt rl}{)bf% g}/g grg]syx%}ﬁl!éke %E{I@&j gé/ fr&ﬂ @ac ggﬁezferZS Each
mhmﬂuzimﬂmpmflndéme bsmcﬂum@th@tr tbpsiagle dtop giected Hitle qhsmber had only one
ved mnth u {
no&gl ﬁ‘yi g 8ct1ng prLTLsy Cpoe dr%g 1%%11[1] g ts:L ﬁ%ﬁ?&h%ﬁ%{ﬂ?{ﬁ?w Jﬁﬂltovés the print
quaiigcess. The condU|ts (|nk inlets 15 and supply
conduits 23) for distributing ink to every ink chanber
in the array can occupy a significant proportion of
Withevem herzleathem is Adigseeofmisdizection imthe ¢jprjed dien. dpepprgting on the degree
0Z ensi t r
otn egtrlcgl ﬁﬂ?’g aX b? He{t{%ﬂgntﬁ t$ ﬁﬁ%@ﬁ%}{ EB'}{ %[91%% %rcﬁ%i?%r inmﬁple nozzles,
each am@@qcts\mnﬂs ef ferdlor yrgumes eid lcaﬁalg@éfere@umdrﬁx@ms pevard gmall
droPs mlsflﬂre%teﬁ i 51%@1%1111 cﬁllegt onb g[g £ &etﬁlggntﬁ @P%Eﬁt q lltyy‘ﬁfn?a{ single relatively

toi1n sup p y con UItS
lahgelnibditeated\diopaTlr Apdent Ressfpendtthay éhemz z‘ree@eﬁéﬁ @ﬁﬁd}rw@mwf each

u witks § RiiyPlesi@verall

SEURHOE R RBL L b ROAP IR ) GRS
mipdiredties. 25. The effective reduction in drop

m sdirection by using nultiple nozzles per chanber is

di scussed above in relation to the enbodi ment shown in
ARrngi nezzlpgharfbgs 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
hydraulic losses associated with the mismatch between the geometry of the bubble and that of the

nozzle.



10

15

20

25

30

35

addi ti onal benefits of dividing a single elongate

chanber into separate chanbers, each with their own
w@eiogasons, i s described above wi th reference POI/ALZ05/001564

enbodlnent shown in Figure 46. The present enbodi ment

Spa%ﬁgg%g'fl 1o% z?es Q%Qé h%%en%ﬂlj?tlml {h|elll r%fe;ﬂéﬁttﬂrr@ddc& tﬁ@g&metnc

O achni ev he a vanta es of
d1schpgnc&®et%erﬁhd0b1dxblvsh¢pe\mﬁ the aom%eﬂwattoéé]@‘éﬁ]}ﬁ?hl@dh? il ejects.

Thi%alnﬁ\gg gedgces lt%q,raufhﬁ Lostaa % q]fl{je?%lrngﬁ]armél ne e %&és printhead efficiency.

permtting greater nozzle densities. In the enbodlnent
Euspo fhe footprint of the unit cell is 64nm|ong by
——%%%ﬁﬁmrﬁe. The ink perneable structure 34 is a single

colunn at the ink refill opening to each chanber 38

Snml gla nggr%ul I%%s?s?an%@ a)ccﬁgpl&%{?umtﬁbaﬁlﬁe Wt daa bPesi % SHUEEt4 nozzle.

s1 ngl e “col as a Cross sectl on
As mmﬁ iirl Bigurt ¢4, ltles Yapes bn@gcmenwted by the heater clemenis 29 #e cloppated. The

hea{er SIEINAA ei% é@t%%g tlﬁ.ﬁ'ﬁ" g hL £ hEr RN bt@)BlenJéxucleatlon and

ressure ater e enments I n each
growans Blewike pdstan@ailysmrfmm aloeathelepstht Wiben ellivtifal pozelgg> centred over

the %%ater f%:ln%nt%g s@éﬂqmlt Et? ml(a_ﬁlr %(@E?)Eraﬁ& it e CRffre-BO dF the element the

are sup froma common i nk
echmelrpOf (HSbuhl retebbl priemmarte HRGof trrpesde | Hercafeqnisguged along by

the gl‘es&l‘g S&uﬁg is] n%%lﬂlt%ﬂ%dﬁé?:ﬁ%sﬂa%@%e&%m& REBY fRldE drag before ejecting

I'n nor etall bel'ow. The primng feature
thrau@h Hrewezre Mittnigsserorviar xegiized fov droples sisction, op Brlhedigpore cfficint.
sidewal I s 22 and a wall ink conduit 23. The dua
pur pose nature of these features S|an|f|es t he
Thé ellipticalatorimis alsel thinsiepthan o cikalapnezale of ear yirnbapsae prea. Hence the
spa%d% l)ét@la& a@@éﬂpﬁgﬁleélﬁ%clwée& i seheli ZZih & 8ast @bz7RASHGh EXd t&efore

I'n Figure 54, the actuators are connected in
1Hm&wam%ﬂ%%@ﬁ¥ﬁerefore fire in unison fromthe sane
drive signal to sinplify the CMOS drive circuitry. In
the Figure 46 unlt ceII actuators in adjacent nozzles
Ink:FhambenReeilles Adipsent dak (ap9pPt t he sane drive circuit.
O course, t he actuators i n adj acent chanbers coul d
al so be connected in parallel. In contrast, were

Refoingde bigwroidh, 18 ORPAsHEMBE FellsgrasBoyh 1B daabadingen a&t‘egﬂ has four
Crlll@m% b \él?anﬁlefs% &e&'ﬁed’@lhg sifkSyall® P BardARPink Yerdldgblé ftuctures

I mensions of the unit cell footprint _ woul i ncr ea E%

341 Fagh oA 305 KRCTTAGITGIUHBRE 2h oL ISH AP S F o e in pair
tha@gxg Eeadby sStRS Bkt Sish Pait & Fdlds ﬁﬁm lv&h loWeP RSistance and or

nbi ni ng several actuators and t tive

eroatsy heabsin, O 18 BHSRIRELBRPRIeS dompRiPieate &t e Calf ol 4 qpd thus the

co% S EHRIh &t @8mRAOE Borkddt bedw b t1f oupdr batitdread forleach heater element pair.
rication and nozzles density. H gh Density Ther mal
I nkJet Printhead Reduction in the unit cell wdth
ThE A YeRfeablB Sridhir&t Q@B w ik 10 2fR1 tH@«ZthnEérs B&aﬁ@ RS ejeoridn but baffle
previously woul d _have required the n | e den
Vﬁcﬂagéwegn adjacent

thesessirg e@edﬁonefacé@aqt%rélemgnt?o‘w@redﬁﬁz% IS O

chambers. It will be appreciated that this embodiment has many parallels with that shown in
Figure 49 discussed above. However, the present embodiment effectively divides the relatively
long chambers of Figure 49 into two separate chambers. This further aligns the geometry of the
bubble formed by the heater element 29 with the shape of the nozzle 25 to reduce hydraulic losses
during drop ejection. This is achieved without reducing the nozzle density but it does add some

complexity to the fabrication process.
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correspondi ng i nfluence on printhead size and/or print
gquality. Traditionally, the nozzle rows are arranged
WO poopair’g7 Wit h the actuators for each row ext erdi/Ay2G08/001564
opposite directions. The rows2are staggered with
Thé @(?ngﬁi%t (idkQnIB@ ¢ Harf 381y Séhdbiat A3 eor Aisiribbfimpgnle mwémﬁnkmhamberm
(dots per inch) is tw ce th noz | e 7ﬁﬁﬁéé @ P
thej aFy@Y; FanCeiHy aé%ﬁ%%wopgi‘f"% T HE t % a° or for
noizhaedeﬂﬂiyton(iﬁ‘é prinfé&d) E}hﬁilﬂﬂé‘d@nﬁ\ﬂﬂ{o&hﬁnbém gHrtof éfe mlhﬁ)w.lpnth to other
IS reduced, the sane n%%per vaggé? gan be rrang ﬁ%
i GRE oS S ¥ eePing o aee] SYSFcieRll 6P af fufic gros gt edltes
amBRR QS Waklr £18Y®st\Wé Rk Quplysaddifsi ci ng any print resol ution
(d.p.i.). The enbodi nents shown in the acconmpanyi ng
figures achieve a nozzle pitch of nore than 1000
I ORAA RS wRE Mult D dnibt @ &id Respetive Medles At thi s nozzle
pitch, the print resolution of the printhead is better
t han phot ographic (1600 dpi) when two opposi ng
ReNrASOR IFesird S\he @hi€celiGRSHEIRIs@elo clamntbeds 38eact chambdrhpcivweriteater

oG5 ool Th RN RN Esion g sl
no!éilésebepef,hahllﬁ& 1@&1bdil§§&ﬁ asbve @melatisn tﬁalidhaxfbad]hﬁntyshoﬁa;m Flgure 49. The
I scu t he nt shown in Fi
adtip bt RGeS L AR GE A ety ahee gt i i
o atcallatoad RRIgscABR] dbOW vith refefmite tb@%mbomnie&tshm ini Rigyine 46. The
pr«?sggtglu%f)ql%qg dlﬁes\i\i%gt%{.lg %%%IGSt %glgﬁﬁﬁw @% 4 e?céaaclhl pberto to achleve much
of®tle ddgnt4pad dsﬂtmmgrre beasfddisenas it e matkedly Vst d;onaalmaq:ddvmn With a
.unit cell i cant ssed on
SRt R RGO P PERPEFhery 50 R BB el st
nozk @staities. di eRraibodimentfshew, tietfostpsnt iofithe st @iliiné4nesldng by 16pm
For exanple, elliptical nozzles, shifting the ink

WioRl et fromthe chamber, finer geometry | ogic and
shorter drive FETs (fleld effect transistors) are

e skssdevel 0pad byt he. ARDl & Gank & Ru BEhINS, S8TBhlber 35

in§teqiess Siréedpaddd aoldlﬁmﬂ’s tw:thehef F1gme 40 mmdtmemn alhewsinglteniuim has a cross
the f FET '
Se{:tp.%l Rﬂ!ﬁﬁgcf 39 bﬁ ieé%reflgtg/al i ggw {norezreg{;vg & s\ﬂ&i 'ﬁ%g& vast)m the
aodﬁﬁb@@ﬁsuﬁemansl Bdtbheatee nkgmhnts RedclcaddmBtricat lpecxhpp@mtﬁdmmb@eously,
tog%f}%%t he g%htlagtg?if Ccltt € ol spot fe%tglle%hl B?th cﬁ'ﬁnﬂe[‘s 3"3%?(3 supplied with ink
frov@ z2zbemph aikdsletd dnd h@PlendIlhtdg hbesg feaires lalsg g].lcev @g footprint to be
t f..th I
rea“cgg’sﬁ%cgt?g oa(rg%%?uﬁ%d in mgrg Qigtﬁié L?ﬂ\g %%eg}%r%gn% E:%lreg ééigérvtee%een made

res
inadg b with onof thehbaebdr sidewalls 22 mfide walbink corsluit 8. 7Tke qyblatugpose nature

o iR F i ERimboT S ROHEL p s AR R pgakbag 10 @
plate could al so be patterned with other surface

RGBS T ABINOEL ¥ SRAPRG. hdlges, corvugal i ons
a suitable W

nask for the pattern col umar prOJectlons shown, and

rs%rtﬁe arggla%rsr};% éo%ﬁec&e(a i Ee%@s Ma%he?&i)ﬂé HSin iuﬂitséh ﬁ&h? the same drive

signal to simplify the CMOS drive circuitry. In the Figure 46 unit cell, actuators in adjacent

nozzles are connected in series within the same drive circuit. Of course, the actuators in adjacent
chambers could also be connected in parallel. In contrast, were the actuators in each chamber to be
in separate circuits, the CMOS drive circuitry would be more complex and the dimensions of the

unit cell footprint would increase. In printhead designs where the drop misdirection is addressed
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surface. By reducing the co-efficient of static

friction, there is less |ikelihood that paper dust or
w@ehen4ioent am nants will clog the nozzles in tPer/AT2005001564

plate. Patterning the exterigg of the nozzle plate

‘é\ﬂbgtt&u{u?g' Iﬁlﬁg?lg oL hRps |1 M ts dobishl acs a@tﬁﬁ@rstaﬁ@ﬁaexr respective

dust particles contact. If the particles can only
nozzkmvﬁ@{i cquiymoodivecireit ip ainetirien igplemeniaion oten feoms Ofprithead IC

fﬂﬁ&&ﬁ&aﬁﬁmﬁﬁ&%&%&qlhe particles and the nozzle plate is
mnimal so attachnent is nmuch less likely. If the

particles do attach, they are nore likely to be
}ﬁ%pﬁgﬁﬁﬂlg¥mgﬁﬂa&hgﬁgmgpintenance cycles. Inlet Primng
eature Referring to Figure 47, two unit cells are
shown extending in opposite directions to each other.

ReditBon Hlhd WHilell RAGRE 898led Bhe %HHlﬁl:ddQ@ hava lﬁoiz@es%ﬁ@erﬁs‘%h’dft previously
chanbers 38 via the lateral ink conduit

wopjddays 1sgiTed ghe norzle frnsitia ﬁff@iﬂ%ﬁ@l O spwses  Iigr negzle depsfiy has a
co?e%&&ﬂ?lﬁn olifffueh& & dm;\@lead relaf@bMir¥glalidEMS nozzles in an

jet printhead is conplicated by factors that do not
arise in macro-scale flow A neniscus can form and,

Trﬂﬁﬂ)%ﬁﬁ) 018 n85Y1d B&'s BRAMBLJEY irHairk Rah ARAGHBOR forl dactCdW extending in
itself to the [ip of the aperture quite

op@qg%ﬁgqcvonsﬂh%mava Arasiseaet with TCF’PeﬁtrtP ﬁ%qh@alﬁéso thyfdhe nyigting
resbiuﬁ@@l(dhe lpeSiné) & twik@Me dobAPHIRM (BdzlePpdd mcﬁ;sa1mgt cabiBlo@l ']By

the ink, but it can also_be problenmatjc E
COIESHIP 5 SRHROTENS PG Wit Pl Shigfat e gyl Wi{%@ %‘gﬁtd? reduced, the
sadd@intePbit doddibdcaR bé E&dﬂged 1312) a&iﬂg[htrbﬁaﬁjstééﬁ bhtvdo@{éggdréd 4ol ®pposing

rO%‘giﬁhr;’g?%‘g%@ﬁﬁ%ﬂcus Fialyeslidon (o ok G PROSPRSUABFE fasle To

tﬁl%/n@?guﬁ’&tacﬁls\s}e%goﬁz\rl]@plﬂ:h ﬁﬁlnﬁ@ tﬁalﬁlaltOUO ﬁ&zrbspaﬁ@hﬁ@ém near

SO at th en t hrou I an e 1

r%@f%me% ﬂe%nt% © Pt Fgsplytt Gt tfsiitead ﬁ?&ﬁee gaaa ﬁﬂ@ogmphm (1600

dpB ﬁﬂl@mmmpt)sﬁggﬁtdg@@ed ) 'éfe?bnsﬁcﬂerédb fmdrtaaﬁ isaxmlcame;aﬁawy for nozzle
S to the perl r of the et

e BRI drai A SR A A & JEIP SAUFS ti PG 1Rt th printhead

rerSaihd s’dﬁsﬁfadt&fﬁ SA@ms@fssea rdbdv@]‘thﬂ&ﬂlbcﬁiﬁﬁéht ﬂiowhhﬂEFigﬁlﬂé 54 mhsed footprint that

wll for atures 18 raw t he
s 1y wigp oo Beslors th? Bezz e?ﬁ?%ﬁow A& lseﬁ@lt R0 el b
AdchraingBeio sIRetGlaghdiel P&E yildergsotutidn bhabohd 3200 tewar d t he

i nk chanbers. The primng features 18 can take nmany

forms, as long as they present a surface that extends
With @8 $4B$a86n bhé peetiqulad Benefifs abdoiata @ith d herrovred irhineIMbE Applicant has

the primng. feature.can be an teqgral part of o
fodi5 P idep Lt CabSRn TR o G 1o tho NiyBhyhepgions of
str@’iﬂﬂbﬁﬁheﬁﬁfn&feﬁd ngoﬁeaalﬁplgwﬂemdﬁ noszod Eﬁhﬁ’lmgiﬂq} @ élét ftomi the chamber,

ﬁner éeloglet%r le()gﬁzllgg\”koﬂer drive %ETse &g%deftrergt%ahsmtors are gaat%faes geveloped by the

Applicant to derive some of the embodiments shown. Each contributing feature necessitated a

departure from conventional wisdom in the field, such as reducing the FET drive voltage from the

widely used traditional 5V to 2.5V in order to decrease transistor length.
Reduced Stiction Printhead Surface
Static friction, or “stiction” as it has become known, allows dust particles to “stick” to nozzle plates

and thereby clog nozzles. Figure 50 shows a portion of the nozzle plate 56. For clarity, the nozzle

apertures 26 and the nozzle rims 25 are also shown. The exterior surface of the nozzle plate is
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heater elements 29 extend parallel to the ink

di stribution conduit 23. Accordingly, the el ongate ink
web@moer’s7 38 are |i kewi se aligned with the i nkPCDAUR05/001564

23. Sidewal | openings 60 conp4ct the chanbers 38 to

paltétfed Wikth RAGEE profionse8f i gur i n@ctdnhﬁg laRkortdisthive fidmshe plate

t hat they h d | et
sl AT IS S L B SR AN el Ly s o

sphRll 888l BrriidHBEAY or billiBs. HEhRE i 1s®ﬁ@l’tb Bi@ste 6 QuithdledTV fkisk for the
ermeabl e structures 34 1o kerﬁ t#l?q[ CLO ita kt tﬁ) terior
Paiiorn SRIBBPY RENSTIPRASEPYI. ] 1S AT B {0 TR into thie exterio
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aﬁlimim milcm bpcmngnﬁhe chzeiblerssuppﬂ‘lediby matamletshﬂmay unpriziegur e 46

.Th |
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u

transverse to the plane of the aperture. Furthermore, the priming feature can be an integral part of
other nozzles features as shown in Figure 54.

Side Entry Ink Chamber

Referring to Figure 48, several adjacent unit cells are shown. In this embodiment, the elongate
heater elements 29 extend parallel to the ink distribution conduit 23. Accordingly, the elongate ink
chambers 38 are likewise aligned with the ink conduit 23. Sidewall openings 60 connect the
chambers 38 to the ink conduit 23. Configuring the ink chambers so that they have side inlets
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surface and the exterior of the nozzle plate. Using
contact angle hysteresis, which relates to the angle
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bd@@@b@eF@%ﬁﬁWWﬁﬁqﬂﬂgﬂﬁngﬁ?BB {5ed bubbl es can be purged

mtérﬁ&ﬂﬁrgéﬁﬁaﬁ:maﬁﬁégﬁﬁg\fwmmlo%r anfeCBxﬁhhﬂﬁéa@W of | nk but the
purged 1 nk needs oftin t he W coll
Tuiing nowrip Figdircd - oF ESANYIBBIcES! thﬁrﬁ%zz{é‘r??é orgwamg } el as that

shcﬁﬁﬁﬁ']?ﬁgu?ef@léhﬁ&g@%@éﬂébt el[)ElJelr ezl@dpettites 20 fe pcﬁtitﬁhecﬂxﬁgegff)hﬂmve the
trap 1s orne y a bu e rete strutur a
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meniscus between the capper and nozzle plate. The ink is conveniently deposited as a large bead at

the point where the capper fully disengages from the nozzle plate. Unfortunately, some ink
remains on the nozzle plate. If the printhead is a multi-colour printhead, the residual ink left in or
around a given nozzle aperture, may be a different colour than that ejected by the nozzle 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.
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nore of the wafer area (on the ink ejection side) to
have nozzles instead of conplex ink distribution

W@ ymrems47 However, deep etched, m cron-scal e hBCBEAU2005/001564
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effmﬂv@;cmmof/wftdmethe oﬂctﬂowfwﬂﬂwt amyzlzli leakaperture 26. In
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mBre 9 he V% fe!r ra]uegl (%L{Le 1[1]E %]tec&olﬁ%ldg% l%axee eShe toﬁ EOA%%ZiPlé distribution

ere at nosphere roug
syapast HoweRf. deélﬂﬁtczhed smann-lscra}tﬁdrdea rlitromcahqu:r@m tropre to clogging from

T
As bést stpsmsn Bigutk 48 riathsidygt@rding totthequeseitansatainehavestdepstivo ink
1n§ellJ {ﬂ%gpelyég ea{c? %he{%ﬁ)gp % Eﬁx;l? %ﬂ %(?ndtun 83 %ét@rgéﬁ 1AL ﬁJz¥le gfateaand underlying

ace tension creates severe
Whgedraul ic forces that can abrade the heater material.

%\Qd c%%tétn ollilgul%qmtgsppﬁlﬁsegegerﬂ%f Efé cﬁﬁﬁdegs"s%eﬁ% ﬂlti'ﬁgl@ supplied by

ure
deaﬂabllnle m]r@sntis redudee therchagice thatsttoezipwﬂldaa mtazved afink by indat plogging. If

I?e 41.81:%{3 fst 18 Zl%g%ﬁ tﬁgﬁk@&fdﬁ t%w | 2w L@g In?%roﬁat th@%mtats Wh@ tvafer.

e centre- e nozzle
DmmatSthmOISt he ink bulb 70 is deflected 78 away from

fo@&a@g&wf{hw a@t%h@?ﬁ@ Eﬁ%&ecﬂfnk 1ichﬁe ﬁﬂiru{ @E @hagaﬁ)glsi'nﬁﬁledﬁtely prior to drop

separation, can be a cause of drop misdirection. Figures 55 to 59 show sequential stages of the

drop ejection process from a nozzle. In Figure 55, the heater element 29 is rapidly heated and
vaporises the ink 64 in immediate contact with its surface to nucleate a bubble 66. This causes the
ink meniscus 68 across the nozzle aperture 26 to start bulging outwardly.

In Figure 56, the bubble 66 continues to grow as the heater element 29 vaporises more of the ink 64
in the chamber 38. This pressure pulse from the growing bubble pushes the ink meniscus further
out of the nozzle aperture 26. In Figure 57, the bubble 66 continues to grow and the ejected ink
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to reduce surface area. Referring to Figure 59, the

stem 52 eventually breaks and the ink drop 80 forns
w@p7oersT nues on its trajectory to the print PEOAE2005/001564

However, the misdirection 787emins for the ink drop
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The ink covering both heater elements 29 is connected by the slots 88. The slots can be

dimensioned so that they damp fluidic cross talk to the extent that the heater elements are in two
separate ink chambers, or they can be large enough to that both elements 29 are considered to be in
the same chamber 38.

The heater elements 29 are positioned relative to the droplet stem anchor 84 so that as the ink
ejected by each actuator forms a bulb attached by a stem, the ink surface tension, seeking to occupy
the least surface area, will attach the stem to the anchor in preference to any other point on the
nozzle rim 25. As the hotspots 86 are on diametrically opposed sides of the anchor 84, the bulbs of
ink attached to respective droplet stems will be misdirected toward each other. Eventually they
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Figures 62 - 65 show several enbodi nents of nozzles
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THe"é@ntﬁ@ltSBr of hl{s@}dﬂoﬁ'ﬂew”fcblﬁ@f;otp%efﬁtﬂ\?uﬁﬁﬂ-@oiﬁlﬁoﬂydﬁbde&n-cucle The thermal
nucl eati on enper ure re sl o t han e S ons
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oﬁt}i@rdﬂ%ﬁ@ééh iubhbasnd e ljeatien with the tintrplagt 94. OTts @Burtd¥at the vapour
pe.and that t i ons .have
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g&ﬁﬂ%&QMx@ﬁmuﬂmﬁgnﬁlﬁwades a droplet st em anchor for
.a i onal tro j sdirecti
gl e ban A SV e sacd el Bl i hication
IfiR@odfi@tofdte detiteal barr FaeRw tRelsdzalB 25 is such that the area of the surface tension

is minimised if the droplet stem attaches to the bar instead of a point on the nozzle 25, then the

drop trajectory will be more closely aligned with the central axis extending normal to the nozzle
aperture 26.

In Figure 63 and 64, the central bar 94 has a latch point 96 for locating the base of the droplet stem.
The latch point is simply a surface irregularity that the surface tension of the ink can ‘pin’ itseif to.

If the central bar 94 is not parallel to the plane of the nozzle aperture 26, or there is some
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is mnimsed if the droplet stemattaches to the bar
instead of a point on the nozzle 25, then the drop
wao e@jeetrary Wil |l be nore closely aligned with BPEEAU2005/001564
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etrfﬂ iFth@pdsRiof 3f hatulble t he Candléatibn kites, tRldrbplet sbem may latch to

oi nt_96 for all the ase he
N St o & s penlaagop o heer g fird s to snag
ott hakurfletesdidd ddie drepdsisiem ;mﬂ aﬁ&her it mkhe:mﬂdtemffhe bhdt. Sk kurface
f the cent a S not
%832321%" Y Pf‘%’i“éloﬁé’l gy Sf“i’i‘@ﬁ 5@@? P@"SS such as
thbﬁhb‘hﬁ infOgiré 64 Mn efthelr bede,Abddrbgletitend c&@ﬁﬂa&ﬁ ﬁﬁinttﬁsmlddhﬂ)f the central
dr stemmy. |latch to an off centre part of the
bt Rzt T Teton i feuS RPutisRREy S 66 on ¢ e
DaglHaf, Foudkihk, HeatecRid®ertt0 snag on the surface tension of

1 he | et tem e.m ddl e of the

Figie o phgv i P P RFER 1k 22 et sy St atns o0

proeidedby @parate b&mesteﬁdiﬁg hedwieed Shesdonratts 28 Heir glarity, 68 pther fedtures of

bos 8‘% %aﬁt shown in Figure 64. In either case,
%&V% L PBHedy i gi nates from the niddl e of the

central bar 94 and so any misdirection in the drop

b B 00 o b e bR oT e P P R PRERE bt

substrai@irdreadizhearAfad twoitightradiug cuoves ar klﬂﬂ@&htvh@n @@rves of larger radius

9(15) r ]Igg grgbog%ng’nggl? tl(ﬁﬁa\? rragife.\ag'lsﬂf% e dlhgg %\e?fg t;fleté/?pouﬁbubbles
mwh&ate diislis brasse the ememnﬂow eﬂbundﬁlhe kibbaﬁ?&smﬂ@omem:rate towards the radially
T o?ﬁxe € ementhl%Z nbe rﬁ*o%nsth'e: Qutb 1dg]1{a<rﬂu§ oo’ s ac% s like a hocallsed
'ssipation rnto ubs € and each
reidweioh iimgdross sentibu whxchl m&ases the kesrd@c% thebeponee rin(thﬁrlmgs ragfus curves
[ r adi. e , L: '
ok iearghR A Sirdac A bl R AAPASITEY, aad 88 of gk MMt s so
theuicreasd ie resFhinee is smilboapsed tdibatgu the diglt kﬁﬂkeﬁ&ar ound the
kinks 98 will concentrate towards the radially inner
side of the elenment 102 and away fromthe outside
Th@tﬂglm EinkQFB, ha¥dha slativtly ldv beadiag resismhiese therlempitodinad mxpansion of the
A vvh| j e t
pOI %f’%u?ﬁ% lact? 1on Sé})njn?o t|%§ gr%g(l)ﬁt \Bgck!ug%f’ngt:(ﬁ‘gﬁt dﬁ;f?i;%e é)rl%l%?gthe page.
This ntalswsrthmosxﬂlem sf thg/hctimom thechantien3§ whtiedyggatinthetchpmaintaining the

[ Je ncrease in
qrgélﬁ)s% h@% S smaqm%L &8 edsd]%r in the tight

ki nks 98. The tight Ki nks 98 have a relatively | ow

b LYl Es §m6§ﬂletthe | ongi t udi nal expansi on of
uation i s accommodat ed wit hout

buckl i ng inot or out of t he plane of the page. This

TH@“frﬁtSceh gﬁ oWl 'FE%:B%G%ES 5 @tliﬁ%%%glgé %Oé & tﬁetﬁﬁ: x‘gﬁﬁl %eu e%%4 to each

atively stabile there ntal ni ng the qua pol e
ckaprheel§. yI'he pertierilari rmtlﬁmggvaélve@bowm sdhovecasiadlesla Relve. i A yectifying valve

p%@ld!?le?sthymtﬁicqgmg tol ik ﬁ&wing into the chamber 38 than ink flowing out of the

chamber. This can be used to reduce fluidic cross talk between chambers 38, while not retarding

ink refill times ( and therefore print speeds).

For the purposes of this example, the heater element 29 is a simple beam suspended in the chamber
38 between the contacts 28. Also for clarity, the nozzle rim has been omitted, however the skilled
worker will appreciate that it is centrally disposed over the heater element 29. Alternatively, the

chambers 38 could have several nozzles each, as discussed above.
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The unit cell shown in Figure 66 has a rectifying

valve 106 at the ink refill aperture 104 to each
web@moer74B88. The particular rectifying val ve sPONAUR®S/001564

known as a Tesla valve. A reggifying valve provides

| ess hydraulic resistance to ink flowng into the

chanmber 38 than ink flowi ng out of the chanber. This
Theetnmbers 38 edt stpplieé with akfftoni ¢ nkdnleslS visathlatvet] wkennduit 23. The

08 I

Tesq Y eler 2 %a}:lé%ﬁrﬂ rglge 164315?’! gég (ﬂ.llﬁ 16§?et\ggeélsa n?r%{ %maller
secemialmoadmtsriéO heatnb rﬂowb antethe clpgibes3 8atksrenphtde Izsiatance to the flow
ngBRRARER ool % SIARRE D L R SR AP BEb Ry Huctr. Tue
upsiroque vpenirgh ef tk sdchmidryvmondats 190 dd nc froe xtd the Bow satittle bf fhe main flow

I
o GFASH AL ol TORRRUET D66y B B gt v
fromghenaig cerdult 108 dovdisteusepsuing b BasefFigcthe beapivleryso8drital E0 have

ne%'ig 1&11?)9'1:‘#& Con%hnoﬁ@é@h%ﬁlﬁﬂ?,gs: gl Sfal \1/2 \1”02 fa?eeach

reflll aperture 104 has a main conduit 108 between a
Uy L G DGR SO Bty o B Bl
int¢ mewtqrairt@lugmdmhﬁ Rk flow frdlstrimenBdtostrereicctimas if ses wing of the

RERIAS & BacRloliAen 508
enu%?%?eanwopen%ﬁﬁﬁMq%' he gecon%%rgg%%ﬂghé%hésf%ngnmﬂmmﬂm
ejegtipashirpgteristipreotta Jewnt:,@allnbftfﬁl e of the main flowis

diverted into them The downstream openi ngs direct any

fl ow paral l el and adgacent to the flow fromthe main
The Septralve 108 registyany bask fw b Hsing flow remdheseeondarygonduits 110 to

conﬁﬁfepﬁ&tawmfgﬁ ﬂfé%at]ﬁco]ﬂlgt h%V DuBRIbAd i ethb ﬂps%am eﬁknsn;gkofthe

flow into the chanbe . Upon~act uat i on, ure
Secmaw%wtsdﬂ%aneéaoalgﬁ%ﬁtﬂ@w flignatiest SoriR isghe ur@veam\@e@namb? main

condiBit "1‘@8:{ ”ﬁﬁ%sbt{% ?ﬂjﬁ&@f&ﬁh@&l@ﬁg th&¥a ARG Webn R coRRRK hf)\]v% the

IS etrlnenta ejection as It uses ‘'sonme of

dowppirpagy openéngs pibe fﬂc%féléﬁfircén%? §10 dirpidheiniak fipw goyorsand aqn@ts:r to the

maftl fRAY @reclidh. dl*h@se%ﬁ?ﬁ@hﬂg@'lol&s'éﬁ% t\ﬁ’f)&l@&% $nd i‘ﬁyd?aluﬁg Edn%ctlon in the
characteristics of éfcent chanbers. The "Tesla val ve

maippenudish0§t Slepgapaskalaw trayeh By madt segdiit 1% and basecprdary conduits 110
is SHREO WAR YhiflPRGSLAS tdlHek HOw Ca‘]%&&ér p@f;tlofl bite hiabaRuIst RGised to eject

mai n conduit 108. Durin he upstream
&H@HWﬁ&@“@FﬂPW@ﬂ$§€65H5€ r@@ﬁﬂbﬁﬂghﬁ%b are facing the
flow direction. So to is the upstreamopening to the
mai n conduit 108. The pressure pul se forces ink al ong
0 © 1 ndary conduits however, the
downst ream openi ngs of the secondary conduits 110
direct their_ink flow across and counter to the main
Figpred v rbgmatispersnestseotagnrls with septplied dor misdipestion. Thisisa
diffetthbappeiacietoamdindsifyidé b nsda0dvhhl GitdueRd bbovk NBy tRdnRonally
conduit 108. Hence back flow through the main conduit
misgecting thedreps siceish Basvwrycimee i the emrgw@ ceptqlieg gmoupy. the painted

imdpb WeqhRaleHitd BEELTdPa RAGHKisEd @¥p nsdBERRh BFintBRK (AISd Bhhtly et

pressure pulse is used to eject
from the nozzle array).

As with minimising drop misdirection, this approach uses a droplet stem anchor 74 is positioned so
that the droplet stem will attach to it in preference to any other point on the nozzle rim 25 or heater
element 29. However, in nozzle designs that do not allow the drop to form symmetrically around

the droplet stem anchor, so the drop trajectory is not normal to the plane of the nozzle aperture, the
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the ink drop through the nozzle and fiuidic cross talk

is reduced. Controlled Drop Msdirection Figure 67 is
w@2@chermat i ¢ perspective of a nozzle w th contP@i/AB2H05/001564

drop misdirection. This is a4different approach to

anew il s ﬂ&ﬁub&% 2615 SintThad Jill eCt | PSS kbivmGhiSE ARGt GIBM & the same
By intentionally msdirecting the drops ejected by

medpEpdp e FE9EOR A YRR OHICF BYFZIB YR e %t r ol | ed anount, t he
printed image is equivalent to one froma nlnlnlsed
drop nmisdirection printhead (al beit slightl

e
T caP e 1B B HFPe.§h ProRGen P PG 6t T G oL  eteral spur 112
exltenaﬁg RS the @Paz1d HeSurd PPEOAER slés ©5tha nZAANhB DS smsrh@mhwes a

i S positioned so that t dropl et .stem w |
o P PP ST 2hYEk REROn APoTh ARt BiA e hestr
(dédcﬂbe%ﬁb@& hﬁastmrcoﬁdr&mﬂ;s m&QireckHiONBUE B drdpﬁat gted ahdhor. Tt will be

5%'%%3?#%@? Fiprg bl obtiae it SToGe U et o tegga geesony

HQ\E«Q@r iffafljtRCIpQFsYn 1hS nb2le @y ﬂﬁbaﬁa@el tafiChavt #eeaaé pdsitidn relative to the
nozzl e aperture, theanchor n be |t| ned at a

hegisr plpmeTFhe RiStirecEgR, aoss e afﬁa%i’f T8W ™t hat is the

same magni tude and dlrectlon as every other nozzle in

he arra The i,ment sho n Fi gur.e 67 provides
e e Sveuttabs g SGie B raPsFo sporae eparap i be
uRiEsRod1 bﬁ’e]lo!;dﬁkﬂleﬂ Rethe oz thivhaipedntion MaPBe éidicd e manydehed forms.
the nozzle rim25. This nozzles uses a sinple
suspended beam heater elenment 29 which is easier to
deposit and etch than a theta heater (descri bed
above), but still controls drop msdirection with a
dropl et stemanchor. It will be appreciated that the
spur 112 is an obstruction that deflects the drop from
the normal trajectory. However, if all the spurs in
the nozzle array are parallel and have the sane
position relative to the heater elenent, the

m sdirection across the whole array wll be uniform
Al t hough the invention is described above with
reference to specific enbodinments, it will be

understood by those skilled in the art that the

I nvention may be enbodied in many ot her forns. CLAI MS
1. An inkjet printhead conprising: an array of ink
chanbers, each having a nozzle, an el ongate actuator
for ejecting ink through the nozzle; wherein, the
nozzl e has an el ongate shape with its |ong di nension
aligned with that of the elongate actuator. 2. An

i nkj et printhead according to claim1 wherein the
nozzle is elliptical. 3. An inkjet printhead according
to claim1 wherein the actuator is a thermal actuator
with an
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el ongate heater elenent that generate a vapour bubbl e

to eject in through the nozzle. 4. An inkjet printhead
wa@ewondi7nyg to claim 1l wherein each i nk chanberPCHAUR®S/001564

array has a plurality of el orgate nozzles aligned wth
cthpiel ongate actuator. 5. An inkjet printhead

according to claim1l wherein each ink chanber in the

array has a plurality of elongate nozzles

1.COr I 85 PR Iﬂﬁha‘a@c@ngﬂsm@al ity of elongate actuators

respecti ve 6 An i ri nf head accordin

cl ai®APeaqfd E‘iﬁrﬁ?"l@aﬁlﬁg PPRFS: T PG F?“?%‘rgf"f gjecting ink
thiugl ihe hbgleawhdtaibor drive signals via a pair of

el ectrodes, for each actuator respectively, wherein.th

ot RS sah £ RaF BV P & SO Ui g i ot of e Gongate
acla@pgat e heater el enment extendi ng between two contacts

on the pair of electrodes wherein the thernal

actuators are all unitary planar structures. 7. An
2.1 nkj &h inkfet piidiead agoriiedd bgint Dwhéreinthehortieiseiliptiealt r ench

etched into the drive circuitry extends between the

el ectrodes. 8. An inkjet printhead according to claim
3.1 whanh gikfet pattiead ﬁcobhﬁangj toklahawheteis ticaematar lathabltagtuatbr with an

ng use e.ac
o Gfeafeairalr et S itk B S RSt P Blouen s e o
the chanmber. 9. An |nkJ et printhead according to cI aim
8 wh eln ea nk. ch ershv tvvo noz
1) iteaf pocp a0 S0 HHG B RO ey hos
pltlfaﬁtymﬁzlbh@se ioazlescatignaiheitthibe elamgtear:ﬂuamged | naline
parallel to the length of the heater elenent with the
central axes of the nozzles are regularly spaced al ong
5the Meafigt plﬁithmté a¢cofiding tAnlainm k jwberejprencit ihle eldmbercio tigtiangy has a

p]]uﬁ:kf o? elmn$ ozzle cg)gt(e:sh 5 ?uri%{tf ofeé_ll_(!f{gv\% g?tgAtOrs %ﬁé%ecﬁ@ely

najor axes of the elllptlcal nozzles are aligned. 13.

Kj ead ac ordl . 5

S VO BB R BRI Pk St Bk ¢S Ehpl B Foroviding
ac(nEIE)T)dnfzmgmﬂwlm afaitdf eletttmlemﬁ;t ewh baeredt@mrsspedtively dwhiepan the actuators

ﬁﬁi ta e Oe]:torts he%%bh ra'v%’ eaEC or gé[ﬁenii Q}ﬂ%gl?n %grv;ee%n t\x;% contacts on
thel phiv ef amtrbdtg evherfemtth@thdnma\]/ @hEtE)'fs 3re alPurbtakygilanar stdsturedin

i nkj et printhead according to claim3 further

conprising an ink conduit between the nozzle plate and
7t he Amilkjet printigadveccendingttdrelaiomkwiosein atrendhesiched intp the drive circuitry

e)&gn%a%vge%tthé)&ecw&&. the

O

:ﬁ

8. An inkjet printhead according to claim 1 wherein each of the ink chambers have a plurality
of nozzles; wherein during use, B

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

9. An inkjet printhead according to claim 8 wherein each of the ink chambers have two

nozzles.

10.  An inkjet printhead according to claim 8 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.
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openings of a plurality of the ink chanbers. 16. An

i nkj et printhead according to claim15 further
weowpoiikng a plurality of ink inlets defined POI/ALZ005/001564

waf er substrate; wherein, eacds of the ink conduits is

in fluid comunication with at |east one of the ink

U harbFE o PR P HEREH e OPAR AT SUPeH i m

16 wherein each of the ink conduits is in quid

conmunj cat i on of .t Nk .i Iet
13 nkj‘h “lE’F sl pestbR i h@ ez s B ks of 8 giptig] nozzles
ark Biggnelk i nl ets has an |nk perneable trap and a vent

sized so that the surface tension of an ink meniscus

across the vent prevents ink | eakage; wherein during
1use, Ad iaRjet priathead seating td dlaiph Thwkiceeih thed@aise kitthlitydms & drivefield effect

TR T R MO R S ——

5vbayber s have an el ongate shape such that two of the
sidewalls are long relative to the others, and the
opening for allowing ink to refill the chanber is in
14ne A inkjaeprintiead sicoleingld daim?iB. wikfein thk detve yoltagd dfdlaedirive FET is 2.5
Vaﬁgording to claim1 wherein the nozzles are arranged
rows such that the nozzle centres are coU near and
the nozzle pitch along each rowis greater than 1000

Sn 0z ZAn jo F prmtheacp according to claim 3 further comprising 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.

16.  An inkjet printhead according to claim 15 further comprising a plurality of ink inlets
defined in the wafer substrate; wherein, V
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.

17.  An inkjet printhead according to claim 16 wherein each of the ink conduits is in fluid

communication with two of the ink inlets.

18.  An inkjet printhead according to claim 15 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.

19.  Aninkjet printhead according to claim 15 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.

20. 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.



