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BACKGROUND TO 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 to Stemme.

There are various known types of thermal ink jet (bubblejet) printhead devices. Two typical devices of
this type, one made by Hewlett Packard and the other by Canon, have ink ejection nozzles and chambers
for storing ink adjacent the nozzles. Each chamber is covered by a so-called nozzle plate, which is a
separately fabricated item and which is mechanically secured to the walls of the chamber. In certain prior
art devices, the top plate is made of Kapton ™ which is a Dupont trade name for a polyimide film, which
has been laser-drilled to form the nozzles. These devices also include heater elements in thermal contact
with ink that is disposed adjacent the nozzles, for heating the ink thereby forming gas bubbles in the ink.
The gas bubbles generate pressures in the ink causing ink drops to be ejected through the nozzles.
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BACKGROUND TO THE | NVENTI ON The present invention
i nvol ves the ejection of ink drops by way of formng
w@amenossvapor bubbles in a bubble form ng | i quPdI/ATRG0S/000480

principle is generally described in US 3,747,120 to
Stemme. There are various known types of thermal ink

jet (bubblejet) printhead devices. Two typical devices

of this type, one nade by Hew ett Packard and the

Oﬁ&&é {)rgﬁ’mgcag aﬁmbé?sat}égi tb Gckprﬁle@ Qfﬁﬂ K Iﬁ%g%@ﬁn&nﬂe 5':%51%%a§

ders it 8 bt LB BB ST 1R TP GHSRY Kbt e prescnce
or gbeqpex o in Imyhe‘ chiprbiess ati@wtvert thamiamagtopihicalinofi tig: chantba aidgiatzley makes
theSRGHDEIbn bEABE Rt Sha Qs LIRS cSHATRED the e GRL RLR P 1 OF
eart‘ld eV|nce§S ﬁe top p%gte I's ‘made of K:ellptonr{’z?dc ﬁ)
which is a Dupont trade nane for a polyimde film
V\ﬁﬂe@é’hsﬂiﬁ&ea&&&;ﬂe&taﬁeﬁ extehdly ehh bivirbodent The nﬁ@chZdt &fl.cool in rapid

succes§§n‘%o [%%}{LI%EI%S th% Qﬁct{%ﬁ: hgﬂj«? ul‘u%gé Swdate? a:%ggga 3 eﬁe LRSI e

highle sondiedve tof the-oxidation pafigorrgsion Pﬁke lteﬁ@rn@b?yalf Biswivn‘goxg@g in the ink can
attdakIBb heeer duﬂacE bR oklﬂlke thJHaaergﬁ&nb U ek @sne GRduBE @ ces, 1BE RS FHafh out’
aus dr ops ected through the
wherg)il ch let%%Xf otrmél 0 I ?‘] ?trt]he heatetr Ereaks ﬁlaﬁ%lt réscmhuete d to be
primed with ink. Durlng operation, the chanbers may

dﬁemealaseean kifo BeRBdEIR AR TatidnS cAIRY bPthé RSk fyBRuIRAFEL BsdMalelt with
ect is useful to detect the

theﬁ‘i‘r %e ‘8“8# klﬁgsé“ﬁ;égbbgef ink in the chambers. However,
the m croscopic scale of the chanbers and nozzl es

BB Stect DBindt BE OFBQ stotxidgnm %m%en SRcsvigtioh bh &b Léateengeréﬁﬂﬁ.a
extra conplexit tion. proces

ric

e AP PP R Rt (R B - cean pror
deviray the protrgive layefdnesyrelariyslly thirdaUS &A%h,56 H©l Anildnson et @ssigned to Lexmark)
for SHEGRS S QFhnd & plofREe ﬁg&pﬂmﬁa&onumm nehgCt abl e 1iquid,

usually a water soluble ink. These conditions are

hi ghl y conducive to the oxidation and corrosion of the

heofbi@t a vagpdr Bubbia lin theDubtgoforedk 1iqiy,gieurifae dfiie@ profdétive @ers in contact
w1t§[h£ ﬁ\ﬁ)gle ﬁJA%Ing ﬁ@‘d%ust%lé Elia%ﬁ % mgpe%ét (Iixlnﬁ g%t‘xehlﬁlun% a.%t()@{': f%r water)

rene circunstances
Thle tfﬂwrewlh@ the fysptes e entise Bigkngnof | '@rvrqsqct“ﬁ &vers b%‘ieatf%e 3(We%1t Iéihe
proREtBa keSerd Aaemm &ﬁcikﬂ@xaﬁ the Gdatef, xhe§r Wil aboAta8dt moRMeall 15 Miseat cannot be

dls¥pa%g geqweex successnve %ﬁ'&%lmg{}h I{OE esgxe inRth tltte riozz?es wq{ boil F%guqu%ﬁjslly and the

orces associ at surtace
nozglet Wit piap ¢igstitg. Ginpaguenty; the hest @eqrbeégaihﬁwtethElaJ@r#Ieetﬁ the gefnsity of
the g&zﬂmnl aerbmtﬁsaa axfasnecmzz@rﬁqng:@ee Ithtid R h¥hn ihiRctRE &L Bfint resolution,
uf acturers use stacked protective

the PRyfp S‘“t‘{’iep‘?"EJaSPTe TS G o C and Ta. I n

certain prior art devices, the protective | ayers are

r Rleibis \e%cyeta;e mﬁ-&ié dedsl% a§d z&@ rad Re meéa si}emanone tm @érmal conduction
S 0 X a
°‘“é?‘§‘f %’g’gﬂe‘\% gF'é"“F ‘%ﬁ“{yﬁli‘eé’fi‘mﬂ?é é‘t"é‘?g m“f*B"“I’SBr"Fn

pridheyds[00 the Imurlkhl Existing mrim@eddsjbxbheanefrm UG a lakgg hieadsink th dissipate heat
abs%gc{@,gletheqjm&ggl@r otective layers in contact with the
bubbl e formng |iquid nust be heated to the superheat
l[imt of the Iiquid (~300C for water). This requires
t Inlgét ptilizadseat alsb sﬁédﬁ'dnh&zﬂenildgglﬁg frénh driefl @& SD@ing ipérivds of inactivity,
eva &&Hoﬁ Sltth v%la}ﬂ"e'lyo Ip§nepteof ng ngEIQ fi g 9{&%11 Lqurtahﬁ%hquld air interface in

tive ayers are mnmuc
the eﬁfély Wq yill deseease Hhe soneeptratiep P@hw@étﬂe cqufpoper| ig thy Hapid rt%mlrfdlsater

andQftrease the viscosity of the liquid in the chamber. The decrease in concentration of the volatile
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di ssi pat ed between successive firings of the nozzle,
the ink in the nozzles wll boil continuously and the
wmemshes7om | | stop ej ecting. Consequently, thepdiBaU2005/000480
absorbed by the protective lgayers limts the density
of the nozzles on the prlnthead and the nozzle firing
rate. This in turn has an inpact on the print
compesmt witlireout, in thia erofctiontofi esscramr inghie bubbde, prtharubldpiepdscdpressure
R4 BRPMEAGH h&ﬁé) Rl KeQ&ihed: dhid m@&ésettﬁé xhd?&: L8RS EinR%Ed Brough the
ensity and firin rateggre hi nder e é%ll imtations on

n°Z'r"ﬁ EF R e OARAREEPR BT OFe AP Fiore ¥0regest Rgnomentum
of igk fored throdghhliempzzlewnind iodreabesthuiticabwévielyngiihfor the RayRizly Toto instaiglity
goWIB&D aaab &@Ak%fff &uemn@ @@ﬂﬁehﬁ&d%ﬂﬁomak @Pf 1f i h&we At ifle for too

printheads onh the market require a l'arge heat sin
long;jthe apzgleisnphletp ela%% Fepiein the ghambeie Heper ??F‘h’é’aﬂe haga mfwweevme that
it cqrrendihefifls befat evapsaios willfckg the haenozzl e cl oggi ng from

dried ink. During periods of inactivity, evaporation

of the volatile conponent of the bubble formng I|iquid
OBJECT OF IEE INYENTHEN | | qui d-air interface in the nozzle.

This will decrease the concentration of the volati I e

near the inc

co m?g np?erégnt mvenLonfalr{\ng O\iercome (H amellofaﬁe som%c%r 3 groglexﬁsqofr the pnor art, or at

t he vi'scosi
leaiﬁeerléﬁ&‘s&ﬂfwllﬂlt%ﬁ@ent ration of the volatil econponent
will result in the production of |ess vapor in the

e i npul se (pressure integrated
oveABi‘F?giﬁghﬂeFQw will be reduced: this wll
decrease the nonmentum of ink forced through the nozzle
and the likelihood of drop break-off. The increase in
Vi SCOSI wi |l al so decrease. the nmonmentum of ink
AcPing iof ‘%‘% PRERGIEPREHBY21@ PEIeS At gy ferigesectipg Hyidigp device
having v 8¢ rgtmberftgersensbresomprisingi gh Tayl or instability
g OV?M@Nﬂgergﬂlgaer@h%eﬁ)gifmnﬂﬁﬁrg ﬁ,aéa.amvﬁlgg engt&%é ehmo.%eaon of

drop break the nozzle |s
tempegaiye. thehEEMRsrosing efewent payipe élewabﬁoete%ts fPWénqe?t’qﬁ rOdn F‘FF“?Cﬁ‘é’Owef
soueh fontxating tdaaBiag candit withzz klectitaksigaaljgdi num tinme that it

can, i I

T AR o S 3
the senving dlegrefithdbye or aneliorate sone of the problens of

t hethptdn@él cadultsy itdonfilurell @aBtermMe@héi tdeduttoEthe! &ensmg element from the

a! t r n at IFS) i€ vo§a{g%/%|3nYeasgr§d Tul;lr%ntlan ntF Nllown reétxo dbertl:%]gr% tge %lrrent

first e present inve provi

sen@@ﬁmﬁbﬁmdﬁveﬁ¥$ng fluidin a deV|ce haV|ng a fluid

chanber, the sensor conprising a MEMS sensi ng elenent
mat er.i al havi n resi stance

f or heqe t%re og Hl]@ M[EX/I% senrslgg ﬁlenéent 1ts ﬁ‘éle R}Eatlgré% vT%ﬁtg r étllse% act
wnﬂh%emdqgmerteé @uld i Ead el@tyml adtededtghe sgusimg elenéndwhendf isin contact with air,

the Bh8SiH leﬁ@éranﬁ@ WG it rSAIhE @l@lné Qe p\h&&tlll lgkgngtht}%aﬁ ﬁ?tsvl'e&gn contact with a
ontro

an _electrica n
At P M RR B TP P SR e SR Pt
whdtligeinkmpsseng el ement during heating of the sensing
el enent; such that,

As a MEMS sensor, it can be used in microscopic structures, and thermal inkjet printheads can
simply use the bubble forming heater elements to sense the presence of ink as well. The effect on the
temperature is more pronounced if the sensor has greater exposure to the fluid or air. Hence, a sensor

with little or no protective overcoats and configured as a suspended beam in the fluid chamber for full
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the control circuitry is configured to determ ne the

tenperature of the sensing elenent fromthe known
wappbiedivol t age, the neasured current and theP&IAavZN05/000480

rel ati onshi p between the curgent, resistance and

tenperature. The tenperature of the MEMS sensi ng

elenent is a clear indication of whether it is in
impgsitraa the it Willpr@ined gteetenvhanedin fekmpéerature thiin @ganset ta istparg@ly or fully
empédhe%%tﬁl@&%éra&@cﬁac&ﬁﬁ%bﬂﬁ&b&' ement when it is in contact

air, the maxi mumtenperature that it reaches
durlng the pulse will be higher than if it were in
co ntPsaﬁdrablM thetMEMS segpitig@lesert Iy ahgani seicrurddb @ sssndperged il éhe flow path of

thetﬂq %el%régrre& \Nﬁnét EE’J\VEE‘E al]; Bj.get%ngthe\ég mxd%'&s%}:dr kﬁ% is an ink

pul se i ndi cat es kK 1s
chagibefapith an jnk infeb3nd preeiqiindrofzl fFtcthas e BEFMErturq fxtenrfs dngo theghgmber

for tit@drdial in ink Kh@ttheprihthdaln 8 @dlsedc aih SiticRAry phbseered fo8n, lthd BRImBstructure is
a hea?er Flr Ta?mtg] &1% ‘eg\rg?r%u.rg ?fe g{gﬁfi el (r)]vségt? éﬁq%gg S {(l)gn}e a \Qa];)or bibble that
Ca"ms@ﬁ@a Atidgto b eJ?CF?éth%ﬁS‘bﬂrnoh?éfs great er expos ure to the
fluid or air. Hence, a sensor with l[ittle or no
E(ragtrlr’?S%L LYy ebogl}/q%rgtg gla‘i)llg] aﬁ%egnrer%o d ry tg ulrefiterma% enst'l ﬁl%pnsgsﬁtga bubble
colfapsg Pdntwmﬁ the hratstickementds frredina topelgived)ie orien oxtcmqv@oatswh that the
buabmmaase%msp;pa&mam thSheP@ diehidht! YreRfabll; Qkéhme@m@%equu@s an

s B Ry oo ) BT i faren S Ry i form sed

bub;blsspeml thdej ﬂthOIt d eaid drepy Ipwink ergfodiniams, e @etehtiod imless thap 2Q0mdr In
spegﬁ@&@oro&lﬁ,@lné Bk Wkl AW €8s kin §hyi NKj et printhead and
| ui d chanber is an ink chanber with an ink inlet
t|o ozzl e, such that t structure
A°°°“€mé=’r%° %Se 6SP?°H &° RREABEFPR oY iRTAY ?F‘é‘ﬁ“ﬁ’ pra”&n t he
prig of&zgyslrred In a particularly preferred form
the eam structure is a heater for raising the
t eNaBibBle Wriin® thafbdr torREpokdi td dAkh FRRViszzled SspBaidly, BE bitBicMrming
to forma vapor bubble that causes a drop of ink to be
chagpecidagledthccnuipljettibde ligodzhé. | n some enbodi nents, the
bubbl e generated by the heater subsequently collapses
to &htsigbtiereenictipeseths each of trbubbimiarmineshivear easpeetveliresueh thag

h d i t I | 1 I d | |
RGN N A ébeﬁﬁa%%glamff&sﬁw%% lapid forms
a gﬂ%%b?é&ha?!:aﬁs@?tﬂz eJCCP Sneoffg Elrglgj)f){he eﬁgt%hi lﬂggtﬁ% g%gn\;/herem

reqw res an actuation ergy €ss t

nangje Qé&'teeaerﬁeﬂtlﬂas 4 Rothadd suﬁfd@@&oah@fiﬂaef% le@é t@arff@ Nhm thick; and,
sufficiently to form said bubble causing the ej ection

of sable totjeoqinord thansaaillienddg@ei ments, the actuation is
| ess than 200 nJ. In specific enbodinents, t he

actuation enerqg is less than 80 nJ. According to a
secBffeevie 5@81“ alkoff e b‘P@@’éﬁ‘EOa‘i‘“ﬁW%‘m ﬁh%)‘i*Faﬁsfrfé‘!PF‘iﬂ @geligyipates the

th f
e g R A ol s BTGt hed e et gtnife
scaﬁ&ﬁ%ktg&nﬁl fr Q&aﬁﬁé tﬂlalnyss 151 SIVQ Ll@%%t%nefr W B9 ink %@pﬁ%§mg underlayer

adaptéd to contain ej ectabl I qui d; and,
(if any) prior to bubble nucleation is also significantly reduced by thinning or removing any protective

coatings. Nucleating a bubble in the ink chamber requires a much shorter pulse of less energy thereby

improving printhead efficiency.
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a heater el enent disposed in each of the bubble

form ng chanbers respectively; such that, heating the
whembeessel enent to a tenperature above the boiPETIgU2005/000480

point of the ejectable liquid forns a gas bubbl e that

causes the ejection of a drop of the ejectable liquid

fromthe nozzle; wherein, the heater elenent has a

pr ofW&tbut thirk proreftive by advitaign tdn@sion agd bxédugort dadirto Bk chmviled and

thick;, and, is able to eject nore than one billion
optigpsprechipuingiiis aagdivrpsed ipthe Retil Iopscrippien of the Preferred fanbedimenitng s

fromthe heater reduces or elimnates the thernal

i nsul ati on between the heater and the ink. The energy
Prefeghlyithe dehtdr elethentihas agprotpnting sedidce wetingo &t someg erstpdimess, the heater

directly with the coating thickness. D ffusive |oss of
clemireogys aiseif psevaEngspiecatrile #igpor ti ng underl ayer (if any)

prior to bubble nucleation is also significantly

reduced by thinning or renmoving any protective

Op&ogﬁfyl ﬁgﬁéatemgi s%ﬁ%c'e 0, l%t»@b‘tpifblpﬁz % . I )\ '§on§ét’f§}¥£§’ Gile heqrtJer element
se O

requires much shorter Ss energy ther
thidka&ey 1§)Udt\%n 08 hlﬁ&&ﬁﬁ;@bﬂﬂéfh@dlﬁ 06 Wro b1t hibctab1Diidild ejected from the
protective |ayers, cavitation corrosion and oxidation
nozple 8thetiveenpl apdhiplr Biefembly.zmd) heqdr Elonst fe@iiresrmhattenibm@ergNofdess than
are discussed in the Detail Description of the

S00magofouier @ thepiSbAt pratet dememsffigiendy foyforaid h@aieéeusm dprgigrtion of

salcrI (ﬁ%b E(rosﬁglﬁ ?réb%ﬁt | ése H%g{n];a?gxgqngrgg% {ess%%nﬁ,go %{ glé‘)artlcularly preferred
ayer. Optionally, the
o 2@?@? ag&m&%ﬁ% a%g&ﬁ%ggo etween 80m®2 and 120m®R2. In
sonme forns, the heater elenent thickness is between
0.8 Mmto 1.2 nm Preferably, the drop of the
Acoejdang teedxhiel ds{becn,ltlhdpresjete triventiod providet dnainkjed pirtiead for ﬂmﬂﬁn@@em a media
Ipl and 2 pi. Preferably, each heater el enent requires
S“bﬁfﬂteabﬁtnﬁlaﬂlﬁaéﬁom’élﬂgy of less than 500 nanojoul es (nJ)
to heat that heater elenment sufficiently to formsaid
bubBPQm@§&§1 St he ej ection of sald drop In sone
errbg) 9 bF]E nﬁ %}Ql%be?g?r}ésa %@ tcﬁggi% dﬁg n zz se r%?sﬁ)ec 1veq¥ thegtgnb[é‘-flormmg

I n par y prefe uatl
chafb&d A¥ptddSo doRES efeltdit 1BMaNI. Accor di ng t o athird

aspect, the present invention provides an inkjet

pri ahdaeedenfearpogitidned ih Bugh eftke®uisble voxthirgy cBdMbSHs Fedfettivelly i heating the

printhead conprising: a plurality of nozzles; a bubble
ejectadle ffyid)to dérmmisesrbubhis thas squesm thie picptipmofa@droh ofthe ¢jdetabln igquid feom the

respectively, the bubble form ng chanbers adapted to
nozggatdai n ej ect abl e I|qU|d a heater el enent p05|t|oned

:c gr e? ar?nbef-n[%f ne Eo?l %lgrg tg g% tlfe ejer:tg)g of’ op er %archnets en%tzzl K at it
actuTaJQ@eIny ERbL? fhe héar%% t@éj&% ﬂe&ﬁw& Eroﬁ‘lf @He (i}ft)er\gi be%@n &i:c%gstv@ lQc!ttﬁtlons of

liquid fromthe nozzle; and, a print engine controller

thatth@ates @athed prédaternije@ Gibolitin; aherélin apmg ldepm each of the

nozzl es such that it _
the density of dots on the media substrate from the keep-wet drops, is less than 1:250 and not

clustered so as to produce any artifacts visible to the eye.

By heating the ink prior to a print job (typically to ~60°C), the ink viscosity is dramatically
lowered: by more than a factor of two if the ink is water based and the room temperature ambient is .
~20°C. The reduction in viscosity compensates to some degree for the increase in viscosity caused by

evaporation and can reduce the viscosity sufficiently for recovery from decap.
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actuates any one of the heaters to eject a keep-wet
drop if the interval between successive actuations of
wo bab/1bs52t er reaches a predeterm ned maxi num REEBAB2005/000480
during use, the density of dgots on the nedia substrate
fromthe keep-wet drops, is |less than 1:250 and not
‘clustered so as to produce any artifacts visible to
t he Afieea nobyle e bden repverbefrdnntke ¢erdppad corditian, dedapitan pogyeventing from
occ(utngégQiﬁ lbl' yns&rgxg fﬁ@ ch)zles atrchﬁ‘)t lhﬁléﬁlfyédﬁ&gé{ohyexlze%dlgg mup Qlﬁl'e | 1¥ the

| owered: " by nore than a factor I nk
decgp,firsin B‘ﬁé” et casq dm'?‘Fﬂé hymidipnis lﬁgﬁﬁ’é‘f %\T tHPee'e‘&‘ﬁﬁ t@ H'i‘m f Bags fﬁ@f"m‘
keI;h@et’r &bt 'pn@srenu' mthvbrgdmlsinag,t) Benen®aicetbyttie adwire dﬁ@r @fware
etxggzlels ede§ é ddca }utlﬁlg gi}egtyr ?P\% ﬁge EX U%X %%%t%&kg%nm which

can re uce SCosSI t I ClI ent
the#?eemeu@&aﬁl bafifed Petaeeﬁ 83859 ‘éﬂeFFé%ﬂrYb@é‘W“trpé%‘BS/@Ffééowqné*mpﬁﬂﬁe n the

casdem&memhaﬂ@ rpd;htﬁdaanwmd.a&amew idea ﬁg@Mﬁﬂﬂtphﬂg' the 8 required to

pruR %%é'lg:e is C?n ecog(%l é? tlh% X gapgl;?’(ngrge =i g 0 OZtZ case am?xerﬁ hlr}non%i?y o?%&e% is

idegly @grgprentthamend secopdie wor st case arrbl ent hum dity is less
than the tinme required to print a page, then extra
"keep-wet" dots (not present in the original inmage)
nu s Prefreablythe poidengiok doytroflérds dneerathnid suclathel/agy drepd bf tdjeetable liquid
driving the nozzles. Preferably the decap tinme is
cieqyrdeplele fo epsyeprthat Ve ting inervel Sefipon sugcasvvegptiatipnsds lpﬁagen the wedeteﬂmned

h the k t. dot be fi
w5 5 R SR e
is a. sg}gs &% g%btﬁat% ?Jd Qs@éatthéiﬂﬁ{eé Qﬁe&%@ﬁ@ drogyf ﬁlﬁelgcrta%le liquid

|ntegr to a page w printer,

ejedt@GYIELY %d:nsil{% R ihOEimAintBRL Betlvsen AREesHRGOMAonsFOledk [hEn AL time,
time of the ink at the worst case anbient humdity of '

are gjodediiso gapietmiweyn Geoeaivepagtshateyoncfedpeoditle nd2rlef &raghttiyylarly form,
the print engine controller is progranmed such that

the gringheft ippragefidth pnthsjdect abl e |i qui d ej ected solely to
ensure that the tine interval between successive
actuations is less than the predeterm ned tine, do not
pri htsoméyrefertdd @mbxelohieats, Shethdtar albeenbie canfgyped fortrediving mn eergizing

pulie%- fbhl?t’ile lﬁfbﬁg e ege(jglgu%r pmse ﬁa g Wﬁ?x@le lﬂ%ﬁ H E;,?st dJ p%ﬁl@ularly preferred

res arate ges t asse
emlr?éﬁvte%e Rabdy omppd by ﬁ@heawﬁ@e&fsulismméy @’élt‘l’étﬂ tea hybple pffapse point,
and@heheit® diemek B khapddan £isdldgRaltyldpdn of lesed lobpsuthitha® the Bulbble collapse point

is S]?a%dv&%qm?éée‘tecrg%ﬂé ge].n "&%el‘f@r&ll %Qcé of t\ﬁ%ﬂggtgrsebe%ugrggléa% %neacglgt%g Qnergy
thatgjgless ey tham@mfl@a ams@é@ewnhlénﬁwlzqt gag be fepoyed pythe flrem |ba¥a the
enefgd Edzqhuea fheft b WElbiieE the lefSctadlcRRG S Yuthibnt ﬂ;rmemr&paamme k6m e e
temgera 3 gt{Y?lgé:g ﬁnfenlﬂ?uld eqx}%rnsttﬁcé prmtpeg% E)e ntéthero%enequboﬂfné goutlt of tThe erjectable
liquidq é’rmm @ach hepfer e@merrt grlavifemen aptuwseeqqm pﬂgss thatr 0 inanqiopless(al) to
heat A Reater QHRent sleiﬁcx@nt@@ft%ﬂnflddﬂd Blitb) cﬂfsﬁ% BE Ei8doLsAdirtE Nh some
enment subsequently

bl e heater e

em%QWFgﬁ §“W%m5ggﬁﬂﬁ¥é&3gllapse poi nt, and the heater

el ement is shaped in a topologically open or cl osed
Acéom@ R hRRY:, thdtRes AR GonGRIvIdaRS ‘élk}lp;lrﬁbedd%orﬁﬁ@ﬁ?d

fromthe heater element. In some fornms, each he

heat pluraitl 6fR#Aes; has an actuation energy that is |ess

t han t he maxi nrum anount of thermal energy that can be

r e e bubblle foyming ehanjbep porresperiding ta daeh of the nozzles respectively, the bubble forming

chambers adapted to contain ejectable liquid; and,
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energy required to heat a volunme of the ejectable
liquid equivalent to the drop volune fromthe

w0 esoprodrUr e at which the Iiquid enters the preait/Ae2085/000480
to the heterogeneous boiling point of the ejectable
liquid. Preferably, each heater elenent requires an
actuation energy of |ess than 500 nanojoules (nJ) to
heat hearatlenraedi@pseéingambaf thewbble frmaing dhymbes réspactivelyatheheater
bubbl e causi ng the ejection of said drop. In sone

clegeh erafi %Pé"t‘ftf%r heatipgsome P o iegiably MauideBaye ftnboing peint tyform a gas bubble

o ety S R et R B 8RR PR RGPl aral 1 Ly
of % %%a & Eleme%t 1@ ﬂ)gpédqroﬁlqr%sﬂgn ﬁ)@t@lr}:ﬂgi vxcltg u{)ﬁ%ﬁ%{\%o@eg)x;dglon is

each e nozzl es respectively,
theidayHa@icalyas ol advd M oﬁa@nfb‘le&ieﬁ}s 8iRGhRARbembhIGHd,; suetht Re heater
heat er el ement di sposed in each of the bubble form ng
clepénaivhefmssivagipect i vel y, the heater el enent configured
for heating sonme of the ejectable Iiquid above its
boiling point to forma gas bubble that causes the

eSSt i i R G O 1 FUTHEHEP st pmes
andtcgétgﬁ)h ;es&gllcgr%g g‘tllse Qil t dJ ﬂlgqix%cé%e oFco%?len%ngl Inye 1 Xl@&ieq ﬁnd he metallic

ation 1's thernmodynam cal avored above
boring MRBhStranditidnhtal KiRiBSIstch Qﬁrmﬁ@fmw zﬂdod&ult i mhestshaty suitable
the heater elenent is self passivating. Transition
for mBjeetleaters. t Hawehes, T is @othelffassivadig aait o:Sdi@bieddily. Y Testing habEsa that
wear resistance, chem cal inertness and corrosion
nozzlewsis‘s ensented TR kaatass glegifd noimeretihag b fatetens eEthayandsof dioplpieefass the
metal nitride bonds. The netallic bonding in sone
heatef e R T T R
y suitable for inkjet heaters.
ﬁm%§§%5éPME?lEﬁ&ggﬁgﬁéét%% passivating as it oxidises
readily. Testing has shown that nozzl es using uncoated
Ti N heaters ejected no nore than a few tens of
t1The upRiaghs reerlived the plidaticn gadlenrte idtoductig a MBitiveakt alR@E e metal nitride
circuit (that is, the heater elenent burned out due to
to seikpaghartafey Selff passivetioa s, defigi\balgars b baspalfysotaith tireanchrmoration of an additive
i nadequat e oxi dation resistance. The Applicant

whesgexidatiengs permodypampically Bergstse Bia%}h%‘}? aP‘ﬁf*‘?ﬁ‘d’dtﬁ‘E 12K Wé{ha low diffusion
coegllcjnent for\é?)ggnhtgtgl‘o?ide t?bamer t%?urgee} ox1dat1 n |t Hn d%n tBrgrlge tLe }E,atfr element with

passi va assivatlon s defi fe
echQ&' oﬁﬁitioﬁ( re@ﬁsxﬁé ;l,ugh tinn g pnlo[lgt% gg{u@ﬂe&&e%n&&sﬁ)d df'htn}u\{ﬁor removing
whose oxidation is thernodynamcally favored so that
the proteétive Catirigs G lgfe@BRednde tEhendrayREdetMotfiima bhdw. di f f usi on
coefficient for oxygen to provide a barrier to further
oxi dation. This can provide the heater elenent with

PLG&IIL ﬁltz adBtivER b ARuKE %lt%@lnéi% R WUGdRive ﬁ%ﬁroﬁluﬁlr of fakidine
comes unnecessar hi_nni n renoving the

coatin
emborligERit 81“\5% AR HEHIE ganstighmgt! @Jé'ﬂef TN, qaﬂéulaéwgfe&yed form, the
pnmebfemmet @nmpodesnoatrdd tilkbitre for Brivarfgeliccbdtyr cleddngs vadididtivey @lthgs of

appﬁ:lxMef}li’,%moltélvﬁl&ElH ﬁxE Eer%laééw tgng @an@?&“ rLétaY ﬁitrld§ hds IQ ¥e91%WBenLé3n 1.5

parti cul ar enbodi e sel aSS|vat|nq
F‘O’P’i‘ NI W*ahmn@ftgpa“m ﬂeerqo’ef@l Figguitry JfvRp thy hgater efgmpity with arpgy voltage

of apgrediedt¢l sl Vlar wheretnhiee self passivating transition metal nitride has a resistivity between
1.5 pOhm.m to 30 pOhm.m. In other embodiments, the control circuitry drives the heater elements with
a driver voltage of approximately 12 Volts, and the transition metal nitride has a resistivity between 6
uOhm.m to 150 pOhm.m. Preferably, each heater element requires an actuation energy of less than 500
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printhead further conprises control circuitry for

driving the heater elenents with a driver voltage of
wappsasssmet ely 3.3 Volts, wherein the self pasBCwau2008000480

transition netal nltrlde hag a resistivity between 1.5

nmohmmto 8 mohmm Optionally, the control circuitry

drives the heater elenents with a driver vol tage of
nan@jofilesai) Foehk kbt Hoatdr@letant suffiventbi tol forh eaidstmblile @asigitheajebtivg of said
aobransition netal nitride has a resistivity between 1.5

hmmto 30 nChm m |In other enbodinents, the
control circuitry drives the heater elenents with a

ver ta rOX|nate Vbl and. t he

neitrdihd 1 VPt PP P Rl e el PP P tnden 6

MO Rafi o 2iddONm m - Preferably, each heater el ement

requires-an actuation energy of |ess than

5008 8i18je @Hn @S cHafBer cdrRspbfrlg 1 hal oritRAbLles RIpediReN, the bubble forming

sufficiently to form said bubble causing the ejection
chagibers@ipgledds aptainAeaanlcdiqnid; ahd a fifth aspect, the pr esent

i nvention provides an inkjet printhead conprising:

pl up atnpttal}ﬂ Rignarhepses elergent ¢isppsed iy) cachiobtherpubble @ﬁ&lﬁb@\ambm respectwely

t o, each. of ozzles.res

e B EPUFIT RBHAABHE ATIGTRA" Lo T ROCr St plteghber
and d:mg%g < efgmggtmgcggg%[zglg gMgQ{)%Ft%E?p%e%fectﬁ%eq i bbove its boiling

in e ormn ers
poihit@SRREE fa¥ Bilb¥le of BEsiRERLNG intthEMBMer, b@ér&@ RQAMRBbIORULIE:
side to the chamber so that the other side faces into
ejecttxbeofelﬂanﬁbemq ej@nble Gl froguhe@dzAandr ecei vi ng an
energi zing pul se to heat sone of the ejectable |iquid
abothe chamberfayiingiadiglepiei¢ layer proximge e gdepd the brgtshtlamepipopdsd to the
side facing into the chanber, whereby the gas bubble
chapher@€™ithe "gj ecti on of a drop of the ejectable I|qU|d

fro H dlelgcnrnlcq%é{ fsa ﬁggml p‘ et %Q%ﬁg ?{1 SI?I%VK ng the qleﬂag a&tgemg

| ayer proxi eater el enent
pct& me pqh@mgsnw oRaERE, e,ls shhftic bl 1hykerCankl R¥@HerilSonductivity of

thermal product |ess than 1495 Jm 2Kr1S'2, the thernal
the py@duct being (pCk)' L, where p is the density of the

| ayer, Cis specific heat of the layer and k is

thermal conductivity of the |layer. The present

i nvention reduces the drop ejection energx and the

heat bArSet IEaefiRTequres S 1R iprtiphanprandpd the hesy dissippioguntnge
prifteed IChye inifadving $t@ti@tnaditolieh Weedan thk Beatacat! e s@ﬁtdtet MBese properties
are g:%p ?édrb?ta ﬁlele qg’}gr R ﬁlrextn{aﬁ oldtibiFis QJhi%V%d‘%? giegbfyu‘?g matenals w1t}(1:I better

aer Better thernmn |1 SO ion 1S achi eve
therpl haaemr?mw idiescionie THE ApPlisat Bag phoph Bt he relpaptpprameter to
confifdd B¢t skleSing @bkt layeg @thekhdrid! @ ducl RECHAPEICK)E alThe dhaxgy lost into a

soh§ uﬁld\éﬁeiygrl?r? éopﬁ& tfl 81' Eea%p 1% gtggorrt%% 'toetﬁ%tké%mﬁggﬁucﬁg{the\ém&gayer a

ar rier
rlafpistin whigh gy R Ylepived bivensiderioe gy lenesh geale for herpakdffysign and the thermal

energ@ debrbay e uranrema& tGiweh tilat g:&pembleaty 6 cah Be sBé'nQKh@i thér@BRarrier
lay?r ériug feglg:ﬁgﬁefl%ty w]d%eﬁmalll condlﬁztlvua ewr?ll é\‘;)% db {)ss eXer 81 the heate:rt he

| ength scale for thernal di f f usi on and the thernal

Preferably, the dielectric layer is less than 1pum from the side of the heater element bonded to the
chamber. In a further preferred form the dielectric layer is bonded directly to the side of the heater

element. In some embodiments, the dielectric layer is deposited with CVD. Optionally, the dielectric
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ener gy absorbed over that length scale. G ven that
proportionality, it can be seen that a thermal barrier
wo a00en03s7d h reduced density and thermal conduckCmAU05/000480
will absorb less energy fromthe heater. Preferably,
the dielectric layer is less'than | mmfromthe side
of the heater elenent bonded to the chanber. In a
laydr i spinein. Deafictactie thydr @aynbe afermahif BIO€0k SIOCH| Ryped¢feried eit@ttithenls, the
directly to the side of the heater elenment. In sone
Pfilélmfbiel pebfepaling intthigtheinedetegyiteg olegnprate teglrapyiess fheribe wxinwm
Optionally, the dlel?ctrlclayer IS spun on.

corpBP B o FeapTeniRYy PEETRD ‘ES‘F*}ﬁ%‘Fr egmﬁreavuesm@rtwp ey of
lessqga%fSEJ riag?_] %u?engﬁ )dto eamﬁct hea‘epg en }ﬁ@ %%g'acf em% %1d bal% eocladsﬂllg the

ejedtiBS F shifl @Qp.t 1R @onﬂ%&b&ﬂ&ﬁ@nﬁ Q&%@ﬂu&t%n QflessI he 060 tor e nove
energy. Preferably, each heater elenment requires an

actuation energy of |ess than 500 nanojoules (nJ) to

heat that heater elenent sufficiently to formsaid
Acdordiris|tea Silusspasy the bresentjinventiop proides aminkietgrighead ¢omprisinge

enbodj nents, the actuation is Iess than 200 nJ.

AccéPlﬁﬁah‘@°f’t92%eSS| xth aspect, the pr esent i nventi on

pr ovglg)gf formmgnkbajmg%'lcgrre oncpme E%o eag 0 e nozz egres cctl'l\)/elu(r:flaelbubtbtl forming

of n Form chanber-“cor rrespo
chaﬁlgé}badggtedttgl&mag%‘%l:tﬁﬁe 1fqﬁﬁpﬁ&t i Vel y, the bubble form ng
anbers adapted to contain ejectable |liquid; and, a
h e ah Bé’ateEélﬁﬁ&fospddetSﬁ@&E df the bubAE O rmahg dhhﬁbeb u&aﬁﬂc@zefygnememg

elm]%er}gcoH g;llfs‘ed rfoer%Pa%rﬁéslor\{l ofyﬂﬁa ejeht;?ble {qu{g)l agovr its rcrﬁlag %cfnq %ft&%tuaggggbubble

thatsayspy th?gewemnmf a drep ¢fdhe meqabéfdélmé fibrh the n?Zﬁlatwbera@s es the
e] et h@Rr Qémeat 6l foatfed Bomta MteB]l @4k ARthEorysialitd Gmbssamuhbige.
nozzl e; wherein, the heater elenent is forned froma
material with a nanocrystalline conposite structure.
Naremigatiing serafobife figmsgoampads frene twojol mrere plirases,rwdidie affleagtrpng ofighe ghases is
nanBBYsGalil) aﬁl@ %ﬁher\wﬁgs%a?t:e xllaﬁ&ﬁrstal@lﬁheor %orﬁtﬁﬁs ﬁh@y&%be' designed to be

| The ot ses
SO Y P BRI il UL PR S G o bt g phses
in iipation Jbe htamdig( ofA@noGivadllina nanpofie finandhesapplivhtion ftreinkjet hewters is
thei® kugg}hd‘r&ngg @Lll f%llﬁ%&t@ﬁg\él Jf Bl@ S@B&jﬁ?zﬁﬁ cglfltatﬁ)g Qed 'cctaux?gg tsmce the heater

E ases I n isolation. he a vanta e of nanocrysta i ne
itself G¥pP6 aPdeesienificanly farfleg ’ﬁ‘é F’F’efc?ﬁ?ﬁllmirec“é‘fli%‘iﬁ‘ resistaptihan githerpf thogey o
coatigs.t Inpiovedsotjdeion aesiskaes san @Rdbefastddved Wittiseme mamwatalliad compraites,

fac?? bRl h% e ?&xmﬁ%bédoﬁgﬂe\%mﬂ@&ﬁ?%c ?Zﬁ‘iﬂﬁgﬁ%ﬁéﬂ?& &J(}ﬁotectwe

eater 1tse de si
coatings therheates elepengreguings ruch ﬂeésffn?r@stp &rfaﬁiwhbhafhth@m s furtyy benefit is
imprdVeG@ack xsibthrid€ Svhich Bfale@uAdheidtithabi atvate@Bdaisance can al so
be achieved with some nanocrystalline conposites,
facilitating removal of the Si 3N4 oxidation prevention
Prefershlyi thrpanaByystplirprsgmprgitedies e aieirnignachistalfipegphases qmpedded in an
am&PRLIgAgs, the heater el enent requires nmuch | ess energy
to forma bubble in the ink. A further benefit is
i nproved crack resistance, which can extend the
In soiné prefemed empodimrrotscat loeht dne af the nanocHptalfinerphisksyis a trangition metal nitride, a
Uadaﬂ&p&JtM siliadd 4 @ﬁammm&ee Ha%arkit6n Bétal BWFi€. In some embodinens, the

nocrystal[in ses In a ous
amorp ous phase Es non-metalhcp e amorp ous ﬂase may be a mrgnc{% a.lQ) e, carb(gl or an 0x1de

Optionally, the nitride is:
silicon nitride;

boron nitride; or,
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In sone preferred enbodi nents, at |east one of the

nanocrystalline phases is a transition netal nitride,
w@2dos/a0857¢ i on nmetal suicide, a transition nmetaChav2008000480

or a transition netal carbige. In some enbodi nents,

t he anor phous phase is non-netallic. The anorphous

phase nmay be a nitride, a carbide, carbon or an oxide.

Opt ielomaiumnitriddne nitride is: silicon nitride; boron
thehrbiid ge; or,alum niumnitride; the carbide is: silicon

carbjde; the oxide is; silicon oxide; alum nium oxide;

or, SUPGHPIE oxi de. Optionally, the transition netal
theiogidome of Ti, Ta, W N, Zr, C, H, V, Nb, or M. In

a pPlekhar!ly preferred enbodiment, the heater

elenment is formed fromTi AlSiN. According to a seventh

aspaipinivmpgidgoBsent i nvention provides an inkj et

pri airbeiad ogionpri sing: a plurality of nozzles; a bubble

form ng chanber corresponding to each of the nozzles

respectively, the bubble fornia? chanbers adapted to

c onCatiafally} e rapition mefagis prs:of Binter, WaNhéaCoHid], heanMo.

di sposed in each of the bubble form ng chanbers

res ’Pneac tali'ti\étﬁellrﬁ/’ retfeprgd ehm%%‘éir%gnt %lfe%gzg ntelex% onrgls I ogxlflngdeigonf 'PlKlS'N
recel VNG AN PERar g T hg I Se s SmAL S fTRY L8 ¢ he
ejectable liquid above its boiling point to forma gas
Ac&_ﬂﬁﬂ@'t&a Jetkﬂﬁl_aw,aﬁﬁ)rés&hein%%tpi&ﬁeﬁﬁ inRj e%r_ﬁl@neéafcoﬁlﬂ}ﬁing:
ej ectlabl.e }I o] id fromthe nozzle; wherein during use,
theagﬁrér"éf’znloﬁges’pul se has a duration less than 1.5
m ¢ p bubble éynidg chanrker carsebording teqach of the nerglgs repectivaly, (e hebitferming

chalnB&s SEAR tb SnlaBSRcdtMAQuiiNgg, capaci ty of the drop to
nt head.. The .invention js

renove energy.fromth [
or o TRt AePeByfPHES P g35h UL TR (DFRe P TR A By
elemantieonfigackd fop reb¢iving ap aheizvgpekefor Isatmg paneof B éjetdbleViguid above its

boi?%gu%e' OReh B ea@k biBR ﬂﬁpaays@s%éhg{e%n BPBELFH Rt RLQ WA %he

e heat sinking. One technique to reduce the ejection

nozglpeybgrginidwing gsegr ' ve t he heater to the ejectable

| 1 (the eliefizing palsdtasd dukatio lkss o £S5 fildtoaskdoyds (fish kil thelehdrgy required to

reduce the anount of heat that diffuses into the
genpratg thie drop isdest than the eapatityeof de frop @irenmoe evergy &ern the pringfead. he

vapor bubbl e.
The invention is predicated on the realization that reducing the energy required to fire each nozzle is a
more effective solution than the conventional appréach of improving the heat sinking. One technique to
reduce the ejection energy is to drive the heater to the ejectable liquid’s superheat limit more quickly: this

will reduce the amount of heat that diffuses into the liquid and the substrate prior to nucleation of the

vapor bubble.

If the input energy is reduced enough far enough by this and other techniques, the nozzles can become
“self cooling”, in the sense that the only heat removal required by the chip is the heat removed by ejected
droplets. When each nozzle is self cooling, heat dissipation will no longer limit nozzle density or firing
rate. Instead they will be limited by geometric packing constraints and nozzle refill rates. Throughout the

specification, references to ‘self cooled’ or ‘self cooling’ nozzles will be understood to be nozzles in
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If the input energy is reduced enough far enough by

this and other techniques, the nozzles can becone
w0 s®bfiossonl i ng", in the sense that the only hemtT/AU2005/000480

renoval required by the chip,is the heat renoved by

ej ected droplets. Wien each hozzle is self cooling,

heat dissipation will no longer Iimt nozzle density
whioh thé enetgh epqiigetl @. ejekriskaatitht &jeyablatlilpdid ioRss|thapthe @Exitaym amount of

geonetric packing constraints and nozzle refill rates.
thermyg} @argh@ertcaqméeﬂ@ps@chyme@@m boing the erfergy eeAired totheat a s@we of the '

d' 'sel f coolin nozzles wll_ he unpders

“Je‘i:‘%?"é]é“dl‘?ﬁ Alegso R e &%“"F%'é’mé‘?fé?wmf“éedwl?“é’dmt i EE‘ fhe amthead
to tﬁier h%Bro?ene?us E%ﬁﬁﬁaxfttao? lhg €j Léta%téh altdl iy tﬂuse %ée Ihp Qead)t %‘%‘%t%%%ha%e”&f the

energy e’reno

pmmemhlpbﬁn Blless fien ﬁase&eaagerroesouamgpm&t of th‘seéj)erctaﬁe M&h, k@g&dlesfs of nozzle

the ejectable fluid equivalent to the drop vol une from
derkibefiding 1308 oatheipreserit onitietdise ohecohduttivd h@Riner s t he

printhead to the heterogeneous boiling point of the

efreferatdl; khe erferaiding pulbqhag hdusatiomlsss thap huss Ineafuhersirefereed form, the
voltaEJ@ fe@toUKteeQér eteman auring b s@ﬁbzﬁ@ lpasevm elwelEs vt 88 $21t. hfi"erferably

©

tero enous the .ejecta
T A BL S BRSSP BRI PO p R S i bl
elepenesifiveatlyde fooh bt bnbdecandinggheerichn of seid droh.elats@nersknbodiments, the

acn.PEﬁIl?feQ *alax zootnﬁ‘ exn%eaﬁge@aoah&eﬁy ks SenfAish eﬂergug @;slugﬂ sé 198 ﬁl o
rere

PafscaEfb( %rafeffe& firie! gﬁ@a*elaf[ﬂméﬂdé}&@ﬁ?eamﬁlﬁ%t St“ﬁ@“‘éﬂéf‘ﬁlﬁpﬁsﬁ@a bubble
collapsk p@nt] apd the heaeestentsi isshaped AV topPlogifally ettoh yr, clossiddvp neh thetrthe
bubBle CRRE F&&%bxc@@ﬁméﬂewaeﬁemgm energy of less than 500
nanoj oul e nJ) to heat that heater el enent
suffiC|entIy to form sai d bubbl e causing the ejection
ah saientbadlinisats, therhesemmamb(geﬁeﬁemmm dnd ﬁlslﬁﬁdeﬂl & thedbhile&Sforming
[
chalnge? Slg:% ﬁgﬁhegbﬁgt}lgfém}s é)ﬁ] Qs%% {%iles of E.gge%%l’ 15 ta ’Inp a;ﬂﬁllc%my é)lgelfei;red
Cm‘i?ﬁ@fe@rthwmfhe%dnﬁ a nasﬁendﬁmtheadf ornmed by the heater
el ement subsequently coll apses to a bubble coll apse
poi nt, and the heater elenent is shaped in a
Actogipgltogichth bypedd @ presmt igyeogmaravideopn sljetprinthat! cenireisingibbl e
col  apse point is spaced fromthe heater elenent. In
sonmd PRl af eEdes, the heater el enent is generally

pl an d su ded in
P L RO BTy e RS Pl e 6 v SRt e Pyl forming
I rihcul arl referred

Chaﬁﬁﬁg%‘[‘ r@ﬁf&ﬁ{& eeje%%kﬂi E@ Jl| s a pgggvvl dt h printhead.

Acceg g&kbxalgl ﬂleﬁigr&&it& ugbénhd@sm Giteachloh@e LIS BRthing (WY Bk r&Bectlvely,

[ rin n

e it B B vl B e RERp 2B B R e
liquidsabbive s bdiling peinizy foarsa gas Bybble thatcaisys thet dipetidn ebidrep df the mievigble liquid
fro BRABSESvREAPt ed to contain ejectable l'iquid; and, a

gen anar er el enent osgd in each of

AL R s N i

general ly pl anar heater el enent haV|ng a heat

gengfahletbn Rhdeh Snd @thn%@&st@&umnﬂe Aoyt BGir&d ts 9&@.% Qozzle is
liquid above its boiling point form'a gas, bub

a mpig ﬁffecff‘ﬁﬁglé@nf}ﬁ%théfoé‘&n “B’ﬁl aggroagh &fr“a&fma‘rg theheat sipldpg: AB‘P“emP“t
enelgly Gputedilcefl er@ingH, the nazdeszhrehecomretsedficonling”, in the sense that the only heat removal

required by the chip is the heat removed by ejected droplets. When each nozzle is self cooling, heat

eac

dissipation will no longer limit nozzle density or firing rate.
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the planar surface area of the heater element is |ess
than 300mm®2 . The invention is based on the

w0 smbii@sata on t hat reduci ng the energy requir edp¢DAU2008000480
each nozzle is a nore effeci{qve solution than the
conventional approach of inproving the heat sinking.
If the input energy i s reduced enough, the nozzles can
becone ' self cooling", in the sense that the only heat

Twb B{m}(aﬁ m fng ggSIQJYﬁCLIl?l9 reg{ﬂ:'m% tﬁe%Jet:tH)ﬁ exm?g@tarer enoved by

eJected When each nozzle is Self cooling,

heat df sﬁmﬁﬁt‘g %H“‘W“ﬁ the pepteptiyh s hatseaf thibes¥t e density

or fi ra. nedicaigehe hvdter arggpor t ant mechani sns f or

significantly reducing the ejection energy are: 1.

renmoving or thinning the protective |ayers that coat

t he Thrdtit apecpis the aehire’ A gpverH e f eaboerrefarersad coppdingjApplications,
ennaapsat Pabssivafingerrambitinetdial thnd?ce’biﬁﬁe’ih Haftersl’ DeriRkay Beaters with a

nigcrgs e{‘lheng gr(rjl o% rsgrhxcgtlgrl ’?ag(r!] @ﬁ}g ég L%Eeacti t\'ﬂzzle S%ICII are
mcmatt@rbs re,ferehrﬂrhemnh & weﬁemseqcys 0% Nhlea Of\tan erptisagiom| | | ne

Conposite Structure" and "Bubble Venting InkJet

F¥ E t head zzle", which are incorporated by reference

halP 872 T FHENEEEoNnd aspect is the subject of this
alp p thie ezt ey oaquired kpehedi ¢l theater zolenze up tf thefbidseperbedt limithe  ener gy

;zﬁg He ergggytmqm@ alhestlms pnfe@t‘ie\ﬁ g?auﬁgs mﬁ#%g@?éé kbﬁ}ée;s%lﬁéirlﬁaet limit;
D e e s it e R g b RO AABI B 1

s4u p e heathat Hiffiaset intoZhe itkpeiotte libble lnaleatihnf f uses i nto t he

underlayer prior to bubble nucleation; and, 4. the

heat that diffuses into the ink prior to bubbl e

nBedreng heowrteorpren AL 1R Qea{eh{?d%fﬁap a&%esawgfg apt hag gienpficant ippact on the
enefg@ eBqa@ies toxtbrim abibildr@d gedt @mkns and has a significant

i mpact on the energy required to forma bubble and

eject ink. Preferably, the heater elenent is
Preff@hlv j ﬂ@eme@a elsgiehiscopdiguredfuchdbpbing cnerey pgpifed i sersrafdbradroprigless than

ess than t he, ca

e fedfsy o t@%#éﬁpdvewﬁw%ﬁ%q’%ﬂﬂﬁ@?at e e g Sy area i e
tharpb@ atjiﬁ%l@ ef@x{'eg @orﬂnsthé AT sﬁljﬁa?garga%g’lg;g%an H’(Bruﬁz flﬁlg %aptﬁ:rxlarly

pre erred form pl anar surface area is |ess
prefbRli o, tht drofis mmtah 8 yicandraé(pp I BfsGhd @fbodiRéd® thé 86p §b&@Peeh $ pl and
| ess than 5 rico-litres(pl). In sonme enbodi nents, the
2 pld irogpeciife elnbddens, the dodp istravedh 1pipl to 1 Aplsipdibé dnergy required to generate the
enbodi nents, the drop is between |.Ipl to 1.4pl and
dmrﬁéﬂﬁﬁ@ﬂﬁyJwéﬁhired to generate the drop i s between
180nJ to 220nJ. Preferably, each heater el enent
requires an actuation energy of less than 500

na n? Iefgwalﬁ Seflcﬁurﬂga}er %lgmg?r%g !.%!%ta%%?% &lr ; éﬁeﬁ?tﬂ n 500 nan%) oules (nJ) to

suf cle orms ecasmgteee

heaQthat §é3le§je1&lﬁe9@ufﬁlnﬁmtl§ VAR OGRS tht BE:iBE4rWad 488 1h §)me
| ess than 200 nJ. According to a ninth aspect, the

emboHi@@ms) the ndthaeoi is Ios3 than @A0indles an i nkj et pri nt head
conpri si ng:
According to a ninth aspect, the present invention provides an inkjet printhead comprising;:

a plurality of nozzles;
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a plurality of nozzles;a bubble form ng chanber
correspondi ng to each of the nozzles respectively, the
whabbhesstor m ng chanbers adapted to contain ejBct/abhwes/000480

liquid; and, a heater elene % di sposed in each of the

bubbl e form ng chanbers resB ctively, for heating part

of the ejectable liquid above its boiling point to

f or Ab@bb@3SmRE BlBer htRlpof@MSEScH StheBbRMRt fe@Bct9fly, the BEUBR forming

of the ejectable liquid fromthe nozzle; wherein, the
chaimbart lapted te cranin ejestatdelppdainéd from t he nozzl e by Iess

than 5mnm at their closest points; the nozzle length is

| es8 hﬁaﬁaﬂer&ﬁ’rﬁlsp@m@jmte??é 0@}1@@?@%10@11118 “é}mll&rs hﬁsecwely, for heating part

Vi SCOSI | ess th n 5c¢P. The vo e of i d betwee
°f¢%%e°ﬁ%‘si%ﬁ'd ot 1t PR B R Rt 85 PHHE gha&%lseﬁ e 3 0 4 of the

qw%ﬂﬁﬁgkgﬁ%gﬂ%ﬁo e.‘;htlﬁgceleratlon in response to bubble

e heater closer to the nozzle
I edife Bsutet &ndnhi€ £ebarae4ﬁon¢tmomeodynéés BG | nREhEARRS! oln';
acceleration, so a |lower bubble inpulse is needed to
ejeﬂEnGQHMﬁ@hthM&mﬁthmB the printhead to use smaller
heater elenents with | ower power requirenents. Viscous
dra@wﬁnﬁﬂﬁ%mwéE@héwwE@U®e®mth-nvnentun1of fluid
flowi ng through the nozzle. The viscous drag increases
as the nozzle length (in the direction of fluid flow)

Thebvog g %‘ 1e§11d b %Xfeen %d lTlxeater %dghré%ozr%ﬁ)ezdgt!: i l e mertla (%%hle %\ci\uei(f and its

'S nee 10 6ject a

acc@LrLtbeﬁl rEJB@nsP{o 'bﬁﬂbQQ@leattog M%ﬁng’iﬂﬁle!it@rrclo&? %ttﬁer noSAeGHHREL: fhe inertia
with [ ower power requirements. In sone enbodinents,

of thd1@yuid @it ifdreabeS itSa PediaAitiE €b f 16\ bILBR iMAKE |s@edddd th §6&5a (ﬁrblﬂﬂ]hls
3mm at their closest points. In sone forns of the

allows the ptirithgad to tdssmpllyrhehter eleapays With lewdr peayer teframm@tsm
Optionally, the ejectable liquid has a viscosity | ess
than 3cP. Preferably, the heater el enment configured

Vls‘:ous Rra% te n{nﬁhlg re%lr;ceeg tgé/ xflome%l'“ [ Huxé go»gngtrlgr rgém)tncbz%e n{'he vxscous drag

ess capaci e dro ve
mcnfegs% Ehg ﬁonlE ieH%Lﬁ] ﬁl?ﬂe dulealog Q{ffuhdqulv?ﬁxcrmogb Eﬁ&h@ the 'ilpz%le length, a

drop Is less than 5 pico-litres(pl) and the energy
loweEfibb1¢ iBgulteQs FEARE fortfebt aldfp. TiKiOdkolaBows @R prikthad toREbdller heater

Preferably, the drop is between Ipl to 2pl and the
eleregnesivgti lavecpowergeluiranegener at e the drop is | ess than

22OnJ. I n sone enbodi nents, the drop is | ess than Ipl

and the energy required to generate the drop is |ess

In R TR RPP R T B AP TR PICTHE: st erdggoins. 1
soﬁeQ&mg Hlllegnveg@mtmg Nen! gtm lgﬁ%ﬁnoﬁm @Jﬁalh{: ﬁéctable liquid ha

print 't he cha anber w t
vis@btylikidn¥cet and an ejectlon nozzl e, such that the

beam structure extends into the chanber for imrersion

in ink when the printhead is primed. Optionally the

beam structure is a heater elenent for raising the
Prefegahiycthedeiprelegent panfiguresisuchiiat thqnoerghisquired l°§eﬂs@te|ﬂ?erﬁ’g>r> ;SSd?Sh than
the téz]%écgt? rggl a ﬁ\z/p(a)tB beﬂ"’ik’)&lrjfgg!%?’gf?tﬂh@et pn%riea% e?n partlcular Em&fcilrrlet?tls( the drog ?s less

than 5 pico-litres(pl) and the energy requlred to generate the drop is less than 500nJ. Preferably, the drop
is between 1pl to 2pl and the energy required to generate the drop is less than 220nJ. In some

embodiments, the drop is less than 1pl and the energy required to generate the drop is less than 80nJ.
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Optionally the bubble generated by the heater
subsequently coll apses to a bubble coll apse point, and
wo bechesater el enent is shaped in a topol ogi cal PgT/AapEI05/000480

or closed |oop such that the_bubble collapse point is

spaced fromthe heater ele t. Optionally each heater

el ement requires an actuation energy of |ess than 500
OpRGRR] tUNIESS (sllg dictheht@AtbedrIdictle QY suslefIZBRlthe flow path of the fluid.

sufficiently to form said bubble causing the ejection

of said drop. Optionally each heater el enent requires
Optignalhuhedaticeonangmigat pyntigdd anéthe fltithehamBO 6 am ihk tigmheratith biniak inlet and
an §&REHozA, GREAL 1R WEdnl FhERE ddendsQntd BE Plamdr tor BRROLG in ink when the

.causjng the ejection of said drop. Optionally each
priphead 8primsdenent requires an actuation energy of Iess

than 80 nJ to heat that heater elenent sufficiently to

Opfi&l%lm ) ?&1/ g{dﬁgrle% ahedder El@rgen{ Bﬁraﬁnhgﬁlg {ef?xf)]er e ﬂJaQ olqﬁeQ& above its

Opt 1"onal eater elenment has no protective
boikingrppigicte fors a vaparpubltyhat srsas p o pldnke bt Gqcted hevethhe 184l5s a

sel f passivating surface oxide layer. Optionally the

] nt [ e 0 an
orf kil b%%%‘%m%ﬁ? T L e
heafep elgipeatis thaigd i terglogically appn oCyispddpepl siah thabbhbublg eqdlapse point is
spaBld R Me hERG ek @S an actuation energy of |ess than 500

nanoj oul es (nJ) to heat that heater el enment

sufficiently to form said bubble causing the ejection
Optirfnallyach heptan plemadprequirpsdnaguatipreenerey ofdass han 590 eangigulpsqn)) odeat that
heateP @énedArfBidntly @PloinPRRAILLBAILRRInA tht HidibOst sfAGLEY 1S | ess

than 80 nJ.Optionally the print engine controller is

programed such that any drops of the ejectable liquid
Optgjnallyteanti heatrr elbryent mquapsw peuatibrenerg e ldss than 2001 1Jgp et that heater element
sufREUES Pord WG ERBBIL VeasiRbCthd ik iidARBsaldSirdpeSS than the decap

time, do not print onto the nedia substrate being

printed. Optionally the nmedia substrate is a series of
Opsailyreachdeaon gjesent daqutirescan @ctfiapich gpargBeflest then 3007 @Ihexs that heater element

; ' . e, e e liquid ejected

Sufg%g{éﬁ? @(Jtnggg(ﬁ%ugélg pa?ﬁgth% Jif}egnot%ioﬁi%h?%pé rval between

successive actuations is |l ess than the predeterm ned
Opfidn#lEy, thedhk e @le@éi B:A nd prbtectigaquFach edar@en successi ve pages

as they are fed passed the nozzles. Optionally the

heater elenment is configured for receiving an

energi zing pulse to formthe bubble, the energizing
Opﬁeﬂwlb/gher?gﬁﬁr gt fosps a i passivatingufrcq oxsdedayernt  onal 1y t he

bubbl e forned by the heater el enent subsequently

col | apses to a bubble coll apse point, and the heater
OpfEhTRRhediS SHEPEH a L@ o2 DAL QEBGAL L 19§, or cl osed

| oop such that the bubble coll apse point is spaced

fromthe heater elenment. Optionally each of the heater

el enents has an actuation energy that is |less than the
Optiraxdlyrtherieatgrelgmént thickness is between 0.8 pm to 1.2 um.

Optionally each heater element requires an actuation energy of less than 500 nanojoules (nJ) to heat that

heater element sufficiently to form said bubble causing the ejection of said drop.

Optionally the actuation energy is less than 200 nJ.

Optionally the actuation energy is less than 80 nJ.
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thermal energy that can be renoved by the drop, being

the energy required to heat a volune of the ejectable
wo papaitassequi val ent to the drop vol unme from t hePCT/AU2005/000480

tenperature at which the liggid enters the printhead

to the heterogeneous boiling point of the ejectable

liquid. Optionally each heater el enent requires an

actuation energy of |ess than 500 nanojoules (nJ) to

heat that heater elenment sufficiently to formsaid
Opfierpib1 the nflatrgsmrgcoetr?éeféﬁ REREFAMSI¢d gfch Watjagy %?Pé pf thayinciablp bguidypiected
solfaég? eniuﬁgl}?et%brﬁnenlﬁterval b?]tw%l A S\tcgegilvaeﬁggattcltgr?s?st llfsg %rﬁtpee Jega% tiglfe, do not
pn&%&ﬁh&ﬁ@ﬂ&LMm&Qb&&ﬁP&éf'd bubbl e causing the ejection

sal rop tronally the additive is

alun1n|un1Cpt|onaIIy the additive is chrom um

Optionally the self passivating transition netal
Opti¢rialtyi thkamdd subistAdteNs a €p¢siobsepdrdta/patd hat andkfedepasspd thevidag@avherein, the

further conprising control circuitry for driving the
dropwefthe cicetblehgpid 9ewdt8?ielat°dpquvérat hotirmeipterva betygsp pussasyigagipagions

wherein the s S|vat|n transition

5155 e e RSO AP G SR AR P eSep i ppesed
theQoddim m  Optionally the inkjet printhead further

conprising control circuitry for driving the heater

el enents with a driver voltage of approximtely 5

Volts, wherein the self passivating transition netal
Optidnbllyi titbcheha sle@ent B Sorditured fonredoiingmednergizing pulsa m foand the t3bble, the

nohmm Optionally the inkjet printhead further
eneggizpPilsd gingdratipless giar bdfst ry for driving the heater

elements with a driver voltage of approxi mtely 12

Vol ts, wherein the self passivating transition netal

Op%ll%t&%u "f]esfm%eg thesgelltgr e¥e exﬁ b\!!% téyco é{p en}oryhuﬁ)le c%ﬁ)aﬁse point,

ronal’ly ‘each er ‘el enent requires
andfd HIAL,] 'e@ﬂen@ R&ka84 iPf toﬁ&%&aﬁy‘ 1)?91 o2 s RO The bbIL cdifpse point
heat that heater elenment sufficiently to formsaid
is sprgbtrtom theeHeérrgmedae ej ecti on of said drop. Optionally
the dielectric layer is less than | mmfromthe side
of the heater elenent bonded to the chanber.

t|onall% the dielectric layer is bonded directly to
Optiqrallyspief §¢ heptprerlemant kap aw@ﬁ@ﬁ fnergafhaﬁ lbh%i May the H‘é’“m“m amount of

lectric layer epasited, w he
e ERD b 2 0vdody BERRS b SE b e ot Pt b2

ejeétaﬁayeq{quxh §t1uﬁral£rﬂ) [orﬁleQﬂopgbme 86m &E %ran@h'wﬂﬂﬁ‘hlk Mqu%grs the

heat er el enent requi res an actuati on ener gy of less

pridtieadito §0 RerdrogdiomiboRing foind df the@jcbiatad liqulaat heat er el enment
sufficiently to form said bubble causing the ejection
of said drop. Optionally each heater el enent requires

Opé’dﬁalﬁf(‘cﬁéﬂ%ait& BerRddEil¥resdh adrBfish dnltayor20ndA 00 RAnd)QAE (drf 18 heat that

ter el enent
heater element su!’ﬁcwntly to form said bubble causing the ejection of said drop.

Optionally each heater element requires an actuation energy of less than 200 nJ to heat that heater element

sufficiently to form said bubble causing the ejection of said drop.

Optionally the additive is aluminium.
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sufficiently to form said bubble causing the ejection

of said drop.Optionally the nanocrystalline conposite
whameaoss7®r nore nanocrystal li ne phases enbeddedr/Amms000480

anor phous phase. Optionally_ at |east one of the

nanocrystal l i ne phases is a'transition netal nitride,

a transition netal suicide, a transition netal boride
OpRénat®y thd RMElid @RofilRt. 2l carbide. . Optionally the

anor phous phase is non-netallic. Optionally the

anor phous phase is a nitride, a carbide, carbon or an
Optiotkitishe s€)fpasvadihg tyanditoe metak nitridkas TigddN.si | i con nitri de;

boron nitride; or, alumniumnitride; the carbide is:

silicon carbide; and, the oxide is; silicon oxide; ]
Opsignaihy the ipkist askthead fugher Compristg cormobsiicwisy forssiving ths beajsr lppaents with a
driter @iltsgetol gpproridia@ly 3139/00) @hdddin th self passivafihg MNinsitidhmetaChitridétas a

Y/ t the heater elenment is forned
rﬂ%%@%???%ﬁé?ﬁp f%g a '%'the energi zi ng pul se has a

duration less than 1.Ors. Optionally the voltage
Opagapilyl tRinkjé pridii@ad iR domPi@iFR Bitroldifchif@fof dHin@ B hehteZ E1étEknts with a
oGP RELNSED s 00 A Bl Ol SR
resiyiEify pasiea -5 (A mite3tuQpmmhat heat er el enent

sufficiently to formsaid bubble causing the ejection

of i d .drop. ionally.the actuati on, ener, is |less .
onfinah YrGpsoeh Fenert e pd o R B B ils” pgtegs win o
driveheptiag8Of apdroCpmately ha N dlipt WherepukylsklEpassivatingdratpition metalnitrdeches a

resSivEPBINvees bl RORAIMENT S0Yi08RK. apses to a bubbl e col | apse
poi nt, and the heater elenent is shaped in a

topol ogi cally open or closed | oop such that the bubble
Optahllyzphdeqiro element squipernedudtiponeinef 1d3ehinei00 adnejnwest(n)) to heat that

hea@él&n%ﬂ?sju%ﬁ}fi.eﬁtg@o ﬂaﬁastaﬁrbul%lle%glﬁﬁg tlJe §j o6 sﬁh thp. pl anar and
suspended i n"the bubbl e form ng chanber such that the

bubbl e fornms on opposing sides of the heater el enent.
Opt@psliyotrealidlegtrit ager kRt 1in 1@maroaibe sids oftheHehtereletent oteibd b hat

the energy required to generate the drop is |ess than
chamber.

Optionally the dielectric layer is bonded directly to the side of the heater element.
Optionally the dielectric layer is deposited with CVD.,
Optionally the dielectric layer is spun on.

Optionally the dielectric layer is a form of SiOC or SiOCH.

Optionally each heater element requires an actuation energy of less than 500 nanojoules (nJ) to heat that

heater element sufficiently to form said bubble causing the ejection of said drop.

Optionally each heater element requires an actuation energy of less than 200 nJ to heat that heater element

sufficiently to form said bubble causing the ejection of said drop.
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the capacity of the drop to renpve energy fromthe
printhead. Optionally the planar surface area is | ess

wo ba1@R5mP2. Optionally the planar surface arBeI/AB2005/000480

| ess than 150nm?. CptionaIIY the drop is less than 5
pico-litres(pl). Optionally § he drop is between 1 pi
and 2 pi. Optionally each heater el enent requires an
actuation energy of |ess than 500 nanojoules (nJ) to
he hat heater el ement sufficiently to formsaid

OPB‘U’Ba% R RATE PGt ABPOR [ SRY B T Y ‘?&?°HS%P‘&?¢’.‘“’S€§§P’PES’H%E‘I T

amegrgipios phewt er el enment requires an actuati on energy of
| ess than 200 nJ to heat that heater el enent
sufficiently to formsaid bubbl e causing the ejection

Optignally 4t lgastions BE theyspqerfallineyphasesds 1igagtitign metal mitgds, p trangigonfpetah,

silitifiepa MaziddnaNdDY bdrids @ atrhrainoBinl airbildiei r cl osest poi nts.
Optionally the nozzle length is | ess than 3mm
Optionally the ejectable liquid has a viscosity |ess

Optiqqally theamorpyys Pgpeds 1op meRllicheat er el ement confi gur ed
such that the energy required to generate the drop is

Orp R MBI pRERAF U BB B b it ") B Chan

pico-litres(pl) and the energy.required to generate
OplidaellydheadrideSs:| €ss than 500nJ. Optionally the drop is
betgﬁgpnkgk_and 2pl and the energy required to
genérate the drop is less than 220nJ. Optionally the
dr oporenifrides or.t han | pl and the energy required to
genghahfimigdLrop is less than 80nJ. In a further
e ASP ct there is provided an inkjet printhead further
“&BptFsing a MEMS fluid sensor for detecting the
pr esitivoearde; atdher wi se of the ejectable liquid in the
the6Ri@per, the MEMS fluid sensor having a MEMS sensing
el ement formed of conductive nmaterial having a
resPY°9A88 t hat is a function of tenperature; the MEMB
sensiumjivel ogident, havi ng el ectrical contacts for
conpgGhiQllid an electrical power source for heating
the sensing elenent with an electrical signal; and:
control circuitry for neasuring the current passing
OptidaslUighrahshtdn metlSs dbg ol AEW] NigZH CBf, ey, bigo. of t he
sensing elenent; such that, the control circuitry is
configured to deternine the tenperature of the sensing
Optiqnallydhethedter slemerhis fqeneshiiemappSiNed vol t age, the neasur ed
current and the known rel ationship between the
o Co%[y%teh L85 Sk a‘é?d&%n[eses ghgture. Optionally the .
PHRATET & as a protec 've'surface coati ng that
is less than 0. 1nm t hi ck.

Optionally the voltage applied to the heater element during the energizing pulse is between 5V and 12V.

Optionally each heater element requires an actuation energy of less than 500 nanojoules (nJ) to heat that

heater element sufficiently to form said bubble causing the ejection of said drop.
Optionally the actuation energy is less than 200 nJ.

Optionally the actuation energy is less than 80 nJ.
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In a further aspect there is provided an inkjet
printhead further conprising a print engine controller

wo mocoesstol the ej ection of drops from each of PaTi&U2005/000480
nozzl es such that it actuate§ any one of the heaters
to eject a keep-wet drop if'the interval between
successi ve actuations of that heater reaches a

@crna@ete eﬁumen&ﬂlemxmermmr elohgdt ﬁttbte &tutty JOGhpbES B a bublk cfél%s%l pbit, and
Ira

e s Soron et gt R 5P Sl S el B o
ﬂmgﬁdmmdeh&Wyebmvﬁfacts visible to the eye. Optionally
t he heater el ement is forned froma self passivating

tr ion petal nit tion t he heater el enent
Orpg 3 e S i ST S LRI g g

the bulblslf@mé ar apposmp sitidsof the¢ hvater cimel. Whi ch faces into the |
chanber, and the chanber has a dielectric |ayer
prOX|nate the side of the heater el enent bonded to the
OpGdaa ViR heatstloRn&it 13 coifigureli sedhaRek thé Eneted YeQliired @Sgeerdtd YBY d¥& is less than
product |ess than 1495Jm 2K 1S1 2, the thermal product
the lpapadqity of tixGkyp to temovetraergy fomi e grindeadensi ty of the |ayer, C
is specific heat of the layer and k is thernmal
conductivity of the layer. Optionally the heater
tﬁrlal wWth a
th %Fehe laf’aéIS‘I‘rgﬁe arec?ésr‘}f)%?f"?zg Yt ucture. Optionally the
heat er el ement configured for receiving an energi zi ng
pul se to formthe gas bubble that causes the ejection
Opt@nalB tpOPar Grfatd teay 1@C thabiseudd qui d from the nozzle;
wherei n during use, the energizing pulse has a
duration |less than 1.5 micro-seconds (ns) and the

energy required to generate the drop is less than the
Opttf’aﬁléléfteldv’l’dﬁflesﬁ than %R‘??dmtefép }enove energy fromthe

or e U P eI el han 300me. EZ‘? ?oﬁéfef‘ﬂ e
Op&ﬁﬁ%ecéch%}eﬁg%fg edt ?éqtii%pzﬁlra%aq gn gner%g]ohg&% ths gO%' é)B lgsn(g.ﬁﬁ) heat that

elr osest pol n nozz
heatepelementafficisiiio farcpaid ebblsjcesing e geqtiprpfiseld fras a
Optibnflly CahihatdreRfert fk&ﬂre5ﬁlacmﬁflﬁﬂﬂeﬂ§%@¥thé§2w& fo h@that heater

elem?ngj Safme lalet%%(:ljo EX? ﬁiﬂl% eeictlétgl ?he e_ﬁet[}lon 0 salg dra% SE’: P Ie b :Jd € |c':]te Ir g In n,

i s caused by the generatlon of a vapor bubble in a

buﬁg e formn g ig whi ch, in enbodi nents, is the
Opton M5 BERFT e aaﬁ A" B8 nqpiE Dipless e imeat et elpgst Pee
gener at ed bubbl e causes an increase in pressure in
ej ectable liquid, which forces the drop through the
OploRNIG VRMb-2I2 W & s JpMbDI € i's generated by Joul e
heati ng of a heater elenment which is in thernal
contact with the ink. The electrical pulse applied to
the heater is of brief duration, typically less than 2
Optignally s sicesabipdiquihas atviscositydesethathdsBt in the |iquid, the
bubbl e expands for a few m croseconds after the heater
pulse is turned off. As the vapor cools, it

Optxon 9119 rthe %ea?er %ﬁémen? CSOHfE %ufeg %.le{l Hxatk%he enedgyb gch%rlf,'datg 3& erate ) e drop 1sk?ess than

pses ermne y Nnam C
the &££c§§ pﬂt@ﬁxdﬁfto remove energy from the printhead.
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inertia and surface tension of the ink. In this
specification, such a point is referred to as the
wO pwisnossed col | apse” of the bubbl e. Thr oughoutPd1yAE2005/000480
specification, 'self passivz ion' refers to the
i ncorporation of an additive’whose oxidation is
t hernodynam cal ly favored above the other elenents in
optlmmg@&@ns 1esIlaﬁn SEieH-fitkeM(Bl) I kIR neRey Fo4E ACEgeRFAtEBe Hr8Y S ess than
with a low diffusion coefficient for oxygen so as to
sogi.ovi de a barrier to further oxidation.Accordingly, a
"self passivating' material has the ability to form
such a surface oxide |ayer. The self passivating
onent need not bhe alum nium any other additive
()\ﬂﬁ‘g‘gvéhecﬁ%‘?f’d%\‘%ef“ﬁﬁ‘ fpband el ppThRAnerRy TEirpd o peRsrat 819 490 isfest than
&3her conponents will form an oxide on the heater
surface provided this oxide has a | ow oxygen diffusion
rate (conparable to alum nium oxide), the additive
will be a suitable alternative to al um ni um
Optidhalo U todptis k43 thas e Bridfthe@AdrdyQeuirddad gh@ne s drbPis less@hahn 80nJ.
cool ed" or 'self cooling" nozzles will be understood
to be nozzles in which the energy required to eject a
In gfpisr gypect these ippravidedisn wkiptpeifhegd fugthqr é@@nfww‘é flvih sensorifor
detefiBthd pr&énc& Hrememiise 6NBY GRttable Ht{uxdﬁﬁilﬁe Qﬁmﬁ& mﬁ\l\ﬂﬁvﬂ)ﬂuld Rfor having
l\ﬁl\&osensmé Fle:gt?n gfnilecel 0 dpog(}{latlgv\g/ %tena? Elq[vmg fl ﬁesw ce that 18 ﬁlﬁarﬁ%onf
temprretulteethpd@im senungzlempp mmgtehemqal qspptelctsefnltcemsctloh@ an electncal power

souﬁfe'fcﬁilagxl@gqmts@nshgelerh&t @M%ﬁ&@d@lﬁs@gl daing point of the
ejecta e

SIFE TR P G FETA T AR5 o g b esing of
thedernslmlqnmm, wfhtgtopl et travel, of the sidewall defining

a nNgg %&n%ol%ﬂ&ﬁéy% &nfi %ufe@ k9 Jel@n%nﬂe%e%rﬁp@xram&fof b ﬁn%%m%% frInQ the
t he ext ernal nozzl e g ate, or nozzle % M et

e

pr o} WEPERRYCG ‘f"B?Fg*t“i‘Fé“eﬁW‘é pestepiand the ey lapan e

thenmﬂmeQMam@mhmme i nfluences the viscous drag on the

ink drop as it is ejected fromthe chanber. The

printhead according to the invention conprises a

plurality of nozzles, as well as a chanmber and one or
OptiddkIE tieehaite kleénE N A biSte@iVE Suefada Osutthghat isQesCBMD. InGZKEILIE .

Each portion of the printhead pertaining to a single

nozzle, its chanber and its one or nore elenents, is
In o furthst asstt theey inespiden amiakigt prinprad fugtlsr pompriing apipiengine controller to
contrPlaKd efeboa bf débs frod e4cR oﬁtﬁﬂcrﬁizﬁ:@ E‘uEh {hs& m’ﬁ&dﬁestaﬁy dﬂaﬁfttﬁe Haz&érﬂg ejecta
keelt){]\ivgt; J?cg{igtﬁe:oigtgrlv :i)%a)hr\{eeea\é\{llcce{s]sn{% actuatxfnbs og%%t rl}leaé heaches a d)ceﬁet%rﬁmf,d
maxijypm; vdweindfiringge, parts is heated, it is capable of

heatte Aghsity 1 d¥ JaQHe nRRa#h bubstRMGRImltRAdGvet MBpsPififetsShan 1:250 and not

t hensel ves, m ght not be in physical contact with each
clu@drdiiasd as tdprsduce dnfp ertifacts visible pite eyss used to signi fy any

ejectable liquid, and is not limted to conventiona

i nks containing colored dyes. Exanples of non colored

i.n clude fixatives, infra-red absorber
Op?%ﬂﬁytt‘?eg‘ﬁ"éﬁr PSR & fmedltome self ppssivating sransitign B‘F‘E)‘gj‘i‘“& |

fluids, water and other solvents, and so on. The ink

or ejectable liquid al so need not necessarily be a
Op&dnbilyth hdhtePeldnteRtld Sbaded Bl od¥BMe © MR chtinfBerdo HEIRGASUOKIe Bfms on the

solid particles or be solid at roomtenperature and
othérisigjel ivhictothced i@ tejcBaniberpdnd the niaeba hatraclielectric layer proximate the side of the

heater element bonded to the chamber; wherein the dielectric layer has a thermal product less than 1495
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BRI EF DESCRI PTI ON OF THE DRAW NGSPr ef erred enbodi nents
of the invention will now be described, by way of
wexampéss7only, with reference to the acconpanyP@yAU2005/000480
drawi ngs. The draw ngs are g scribed as foll ows.
Figure 1 is a schematic cross-sectional view through
an i nk chanber. of a unit cell of a printhead with a
Im3R S e 8dmPERLRE bBhEPEDY, vhtre B isIRY dehstiylbatle 1§ERAOR sphdfit At of the
its operative cycle. Figure 2 is a schematic
layerragdlsis eddal condktivity efthetlyeough t he i nk chanber Figure 1,
at anot her stage of operation. Figure 3 is a schenmatic
cross-sectional view through the ink chanber Figure 1,
ef .anot her stage of op eration. Figure 4 is a
onfeonbiiin Fue cFaes Sate G *{}‘?r@b\‘/"‘fhﬁr‘%‘t?@‘ﬁs“tl'l‘f’é CRPROSite E TR
Figure 1, at yet a further stage of operation. Figure
5 is a diagrammatic cross-sectional view through a
Opkidhhily theedter@femeht BnkidAga ectilin @ SCREBRRERIM o @Rk gas bubble that
enbodi nent of the Invention show ng the coll apse of a
cauve i lejeddioh b alroplof fjei¢j&table liguidifrCihenmatle; vhertin 818ing &6} theA@kizing
vi ew t hrough an i nk chanber of a unit cell of a
pulpsrhiasy dyeatieh logs than BS fajcracsecohds fichd ehd itheagheagy reduisedmgenerete thedrop is less
particul ar staqe during its operative cycle. Figure 7
th""i1 the capaci e herdrop to e e%eé%tﬁioﬁﬁhaﬂ prigthead; t hr ough the i nk
chamber of Figure 6, at another stage of operation.
Figure 8 is a schematic cross-sectional view through
Op@dallylke pERATREEe £da oPhitibhitr diileht i0Ess haPSdophnead with a
roof bonded heater elenent, at a particular stage
during its operative cycle. Figure 9 is a schematic
cross-sectional view through the ink chanmber of Figure
Oppnallytthednater lement is aqperated frapptbe soziloby. lesk-ihgnifvasat their cldspst points;
15, 17, 18, 20, 22, 23, 25, 27, 28, 30, 32 and 34 are
sch@ﬁﬂ??%bﬂg?§H§EFWQémV?%m5 (Figure 34 being partly
cut ce f printhead in accordance
wi t B5 at’eé@bleq‘g?u‘ghas i V‘S°°?“ytl?1ss t%l nssg ntion, at various
successive stages in the production process of the
TERMINOheas. Figures 11, 13, 16, 19, 21, 24, 26, 29, 31,
33 and 35 are each schematic plan views of a mask
suitable for use in performng the production stage
As Widlrbe uinlersiord byttliveasdilledis the ep tiesrtog df 4 drort dfi the rieggdleditinith & described
heremsat 85/ e oPHeREGAF Japbi HHER o BN Smag hhu?d @mhy Met}fsa;dmems

schemati ¢_perspective view of the unit cell Fi gure
is ﬂsecfafgﬁrmmfdw%astwleﬁ@iez‘rqg'dpifl&tgénemﬁdtbfb@& caysqs gy P@ease/mmgessare in
ejecablediquid, ivich @x@pibedropBrowghehwrelpantnbazle C e batieyfs geaérated tyidule
heafi@ of 9Jateﬁelmewhnﬁ@sqna fiofe Qa&gw&rgm% fh@xls ¢ ngxglsba%}{llieg% the

anot doart Icular e I nent eat er
heater is of bnef uration, typically less than 2 microseconds. Due to stored heat in the liquid, the bubble

expands for a few microseconds after the heater pulse is turned off. As the vapor cools, it recondenses,
resulting in bubble collapse. The bubble collapses to a point determined by the dynamic interplay of
inertia and surface tension of the ink. In this specification, such a point is referred to as the “point of

collapse” of the bubble.

Throughout this specification, ‘self passivation’ refers to the incorporation of an additive whose oxidation
is thermodynamically favored above the other elements in the heater. The additive forms a surface oxide

layer with a low diffusion coefficient for oxygen so as to provide a barrier to further oxidation.
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Figure 38 is a schematic plan view of a mask suitable

for use in performng the production stage for the
weeaiontibesad of Figure 37 for form ng the heat erpet/aUB105/000480

thereof. Figure 39 is a SCB mati c perspective view,

partly cut away, of a unit ceII of a printhead

according to the invention having a further particular
Accetibgiy] ia eeif pasGfatidipe avbitenial s chrahillity toForgiusnad a4@ facesoxale Higdn.lim sellfc

plan view of a mask suitable for use in perform ng the
passpypting yeseronat repdnpebefalyminiyys agyrother 44div vﬂlpsepwgﬂwsggmw amically

f t he heat t.th f
e F%@?o@eﬁm&?ﬁnf%@a&o&”%&we T

oxy%fﬁ gx.lflf{lsmn rzge co%a{abIMO aglrrsxj}ﬁn &9&} h‘ng adi t@g %ll%g} gutntgrﬁle altEHnélHé f

rspectiveé view, y cut away,

ahmg&mg unlt cell of a prlnthead accordlng to the

i nvention having a further particul ar enbodi nent of

he athedugidhrepdcification) ikf@endd td ‘Selfxoslah eTeelficoolipd’ aezies elibof

a mask suitable for use in perform ng the production
undegtang ¢ tegpzziehia which the ¢nergyi regifiregtjogiseta depp of tbq*eﬂrcalalﬁilwgﬂ i¢ Jges than

heater el ement thereof. Figure 44
the ‘E‘E‘H’éﬁ%&“}"&m pERRE crerey dhaf sop by r6‘f‘°VF?1PeY ‘Eﬁﬂ“ﬁp’ beae |‘heaPef%i e ©
heat a v?]lu c%q‘ghe e%ectamlg tp % eQ oéa%entet Rll art g Exqrrxlgotgrhpgﬁ éhxéhstheaﬂuld

ect roug er o
entegrtﬂerﬂ)mﬁe@@to%%%rqgen&ui6311@ &H’Gﬁﬂé é:f&ﬁt)le afiat he i nven“ on
showi ng a suspended beam ﬁeater el enent immersed in a
bubble formng liquid. Figure 46 is schematic section
t hrough a nozzl e chanber of a printhead according to
an Buvgurteinspedficationethd ‘nezeln tengin reftromitiedisancsis he dicretépn °f
beam heat er el ement suspended at the top o

f bod
dropjet Eztyﬁlbq;féhefsygfvyﬁll ﬁgﬁnfnigd B?zale aqubr&rﬁ-@m 4}1’3 lliltg'IOé fdl?eﬁ o] E{lf, Extemal
edgéO cﬁ %n I;}%zga \f/)\{ rr%’rﬁ' noz%fie {uH 8ro,?ectm %‘Pm %e F%Zﬁfg \R/IQ & Bk }1 &%w ngzzle

I'on a nozz
aper&lge +fﬁm1ﬁ auaL 6rﬁh&hl@(§}oﬁ/ds /\¥ te@ﬁcﬂﬁ € @nbey. of uni _t
ce prlnthead according to an enbodi nent of the

i nventl on show ng a plurality of nozzl es. Figure 49
The IP%I(L,]thLFad ac)écpfuégrto Tntlox{] d hg?s%r ?urah of nc%z sfv&go%lr’% ast %L%ﬁr?ogre;ng ¥ne or
morgheatar el@eg}moere@@pd@a tveachagsler Freb mrswm Oéﬂi‘él pv%@h@ft?% to a single

nozAAtfchhii¥er 4B &s 610 6F 1Bdfe EI@RHIs iEdfefralto Ms@“ﬁnﬁﬁ:mtl on as a
function of nucleation time. Figure 51 is a

di agrammatic section through a nozzle chanber with a
In tHisspécificatioh,evirem tefeqrbrdsiniald td partsbeing ghermal eontact with each other, this means

that they are positioned relative to each other such that, when one of the parts is heated, it is capable of
heating the other part, even though the parts, themselves, might not be in physical contact with each other.

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, 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 or be solid at room temperature and liquid at the ejection temperature.

BRIEF DESCRIPTION OF THE DRAWINGS
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Figure 52 is a diagrammatic section through a nozzle
chanber with a heater elenent in the formof a
wempaosded beam Figure 53 is a diagrammati c SBCL/ATZN05/000480
t hrough a nozzl e chanber showi ng a thick nozzle plate.
Figure 54 is a diagrannaticz§ection t hrough a nozzle
chanber in accordance with an enbodi nent of the
prereﬁvﬁrﬂbbameM\Me Bferod il riomezd%tcﬁbaal @tw%y ofexgtmeemﬁ,&mhéefaeme to

ranmati ¢ se tion . thro a nQzzl e chanber in
65‘38 HEREEREh lﬁrﬁkam%ad?%gﬁﬂ’e ?"ﬁﬁ‘ﬁ? i nventi on show ng

two heater elenents. Figure 56 is a diagrammtic

Figh€ ¢ bl aQbheln M QU e BioRRlibw atougrﬁan%ﬁantnbmft ui€eth §t aHfintRead with a

print head according to an enbodi nent of the I nvention,
susgq‘t@ﬁﬂnhi’?&’ plentat e P%‘P%‘Hf stage, Jyne s AFTRtEE C¥leops  havi ng
di fferent vol unes have been ejected therethrough.
FlgExje g Wl gghgé?tlczrogsr slgéotlrggag Iiﬂtgw &I’p ro:u%ht tﬁeglg%éhgﬁbel‘ 131 ﬁlg'y 9 I'AE %gt?eg g&ée%f'
°Wﬁ@ater el enent enbedded in the substrate Fi gures 58
|s a dlagrannatlc section through a nozzl e chanber in
. n with an f nve t 0
F 1gure E?sa tsrglr 1%5}0 é:rr%snse&x it v1m %bonehr%e augk %m hb p t yep an?tn?r\,\%ge%f
<mqaﬂéhent. Figure 59 is a dlagrannatlc sectlon t hrough a
nozzle chanber of a prior art printhead shomﬁng tmo
F1gur8 stearsch%rlnaet{gleérg)tssgs)e(cl:tl na? }l}u[ovﬁ thr600 E elglf1 ::i'rg e‘tge:: H%ﬂ'%\l? ghy&t efs\ftage of
om%m@nents Figure 6 1 are experinental results shomnng
the current as a function of time for heater elenents
unit cell
A A LS PR e
embedigngntef G2 ingdntershevieg theagllgpteafic epafbusbls uspended Ti N
heater vs tine during a 2ms firing pulse in an
overdriven condition. gure 63 is_ a schemati
Figyg pisgadamyyis r@fféetﬂr%“w @wu%ran ipkighambenof abmtrfﬁ‘a?ﬂa@matea%wh a
flogp béndédteaet ekmemradd pagichlar sage deriipddiopeeanbe Qtlet he i nventi on.
Figure 64 is a schematic perspective view the
_printhead nodul e of Figure 58 shown unexpl oded. Figure
Figgs7 jsg schemptiq sivnsrseionsf view (oush, thedplesRpmisapfiFiayreionat aroghes shge of
opetiod. he printhead nodul e of Figure 63. Figure 66 is a
schematic plan view of the printhead nodul e of Figure
63. Figure 67 is a schematic expl oded perspective view
Figgre 8 i agthiemati exaes-secsionst e nirorgh aa ink shasberi of it celf oftajpeinthead with a
roof BO¥&A héa@Relertng btfa@ariildr Sagd dSifab @NFetaivelcyild her
perspective view of the printhead of Figure 67 shown
unexpl oded. Figure 69 is a schematic front view of the
Figere P istalsehgmatio brofsiseptipeal §&w through the ink chamber of Figure 8, at another stage of

operation.

Figures 10, 12, 14, 15, 17, 18, 20, 22, 23, 25, 27, 28, 30, 32 and 34 are schematic perspective views
(Figure 34 being partly cut away) of a unit cell of a printhead in accordance with an embodiment of the

invention, at various successive stages in the production process of the printhead.

Figures 11, 13, 16, 19, 21, 24, 26, 29, 31, 33 and 35 are each schematic plan views of a mask suitable for
use in performing the production stage for the printhead, as represented in the respective immediately

preceding figures.
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Figure 70 is a schematic rear view of the printhead of
Figure 67. Figure 7 1 is a schematic bottom vi ew of

wo bwepessnt head of Figure 67. Figure 72 is a SCRENMAU2005/000480
pl an view of the printhead §g Figure 67. Figure 73 is
a schematic perspective view of the printhead as shown
in Figure 67, but shown unexpl oded. Figure 74 is a

Fighe N8 R irGerls@R@itc Yelipaahe AOE LRk BNOEE IS 18hdHni with AR 36kzle plate
of Figure 67. Figure 75 is a block diagramof a

fnt er system accordi ng to an enbodi nent of the

invention. Figure 76 is a schematic, partially cut

Fig@¥8Yis a Q&Eé&%@ sérrpvﬁve/rlewpeﬁy @t &, tohz@t[mt%ap&g béRibd ffordng to the
unit cel of a print Fi gure is a schemati c,

“”ﬁQPNP§P¥?m@Hngﬂﬁﬁem@QBFﬂﬁ afkﬂ@%@ttlve view of the
unit cell of Figure 76. Figure 78 is a schematic,

Flg&@% 1s glséhyma(fly Flax@x\/}@y of apxﬁgkssglﬁaﬁ% Ifo\{ @se\{ﬂ &Wﬂ%n&%’le I'EI dLJ&gl{ stage for the

di ment a unit print gure 7/
P“’éheé‘?:‘rfgrﬁﬁ’te|36f°rf5’§?‘t‘$‘§? ‘I““f/‘e’cfﬁffne“a‘\ﬂiéif"f expl oded perspect i ve

view of the unit cell of Figure 78. Figure 80 is a

f .
Flg?r% 9&{%2%&1% nE’@J %EC%LJ M?VP gin Jﬂc‘(}%y BFJ &F%%éifof\c{? ‘ﬁL?&’Xa&du?g to the
inveritig fainga frtheg pagticylatraypdiment ofiheater plamyny cut away,
exploded perspective view of the unit cell of Figure

Flgure 401sa gtiﬂgn?atlg 2lan v1ew ?t‘% ma?c sulﬁa 1€ for aerxg oplfratjormy %he}progx\cﬁ%rf %tage for the

perspective
pmé]@PCI Of@fgura 3% for fwweaﬂj@ heFiFrg?!?rnent %fepfs a schematic,
partially cut away, perspective view of a further

. emhodi t of a unit a _
risg? 30 Rt achemle Perool it ety Pl e PO o o e
omigelew of the unit cell of Figure 83. Figures 85 to 95

are schematic perspective views of the unit cell shown
in Figures 83 and 84, at various_succ |ve stages I n
FigprR a2 i g SO BFPRFIYC Vil Py Py a3 P HtoH ég fa de’gwg%“g to the
inventioh Vinghfomhes gAn@niat embodimpanr d¢fihedter ylergant. away, Sc h ematic
perspective views of two variations of the unit cel
of Figures 83 to 95. Figure 98 is a schenati c,
Fighrg 3 5 arqhvnaeaelmawf a FaskSyiable fog usen Retfprang sheprpaicties stage for the
prirtieB O Figera 2 ff foninidthd he@erlelemexdt tharepft | Nt head. Figure 99 is
a schematic, partially cut away, perspective view of a
further embodiment of a unit cell of a pri nt head.

Figmeis p forsheneobermtipperappetivevigwef theanibgel! pf Hl@lﬁe 15y th the fegzle plate

omit@d. r espondi ng reference nuneral s, or correspondi ng
prefixes of reference

Figure 45 is a schematic section through a nozzle chamber of a printhead according to an embodiment of

the invention showing a suspended beam heater element immersed in a bubble forming liquid.

Figure 46 is schematic section through a nozzle chamber of a printhead according to an embodiment of
the invention showing a suspended beam heater element suspended at the top of a body of a bubble

forming liquid.

Figure 47 is a diagrammatic plan view of a unit cell of a printhead according to an embodiment of the

invention showing a nozzle.
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nunerals (i.e. the parts of the reference nunerals
appeari ng before a point mark) which are used

wo pdsfiéssrent figures relate to correspondi ng peCcT/AU2005/000480
Wiere there are correspondi %Eprefixes and differing
suffixes to the reference n ral s, these indicate
different specific enbodinents of corresponding parts.

Fighd @8 Mia ewgr%mstta Blah ANEHHaI pﬁpah@rwl wiGROIROR) prifthS£iSDHR 1
eferenc ures 1 to 4, the unit

t
embdg?'fegtflfg‘lgméie“ﬁ?’t ﬁ?%aop 1‘5%‘(%’&&?? Sto an enbodi ment of

the invention conprises a nozzle plate 2 with nozzl es
Fighre 491868 RperldftaARZE LBV Hhd¥& S Bqufirkd Fr tﬂrbm@rarénatm asa
i E {ures 5 extending through the nozzle plate. The
o699 91 2 H1ate 2 is plasma etched froma silicon nitride
structure which is deposited, by way of chem cal vapor
Fighte @@s%b\fvé agtn(ngt@)and teeeetwarldasafsrtrefeh&%at TR 57 e maﬁth ab 3
subsequen etched. The printhea ?so I ncl udes, :
ﬁmﬁ@%ﬁ@@meQI h nozzle 3, side walls 6 on which the
nozzl e plate is supported, a chanber 7 defined by the
Fighfeh1 ; liouRh b
o] 000 e SRl S SP il LA RS
subpigfet j - | ayer substrate to the far side (not shown) of
the substrate. A | ooped, elongate heater elenent 10 is
Figure :? a 1$%amwmz}n{; segtloélul%g%u&ﬁ 'aré éﬁ%cehgﬁﬁ%)er s?(htltl :D Haeater € e%tegt etgegnn otsa
ﬁm%ﬁ@ﬁhﬂms a m croel ect romechani cal systenr(NENB)
structure mhlch |s fornmed by a I|thographic process

d
Flgure %S% 1ts ﬁl 3 es %c sectlon éhroulg ?(noEﬂe &F%J?ﬁ gmwgrg %Wg\h?zzl(: R 8?

shomn) enters the chanber 7 via the inlet passage 9,

| FighOst & aalagrmnaab RBRRhrdugh b So7310cHhEer InGVBliaRS Wk hbbdinent of the

u Thereafter, the heater elenent 10 is heated
“w?%g‘@NM§ﬂﬂﬂ”W¥§§a?han 1 microsecond (ms), so that the
heating is in the formof a thermal pulse. It will be

FigtP 95 &5 h@éfﬁﬁharﬂp @tztloﬁl Ia‘@ou?f? ?ﬁo@ﬂe &rlcnﬁl%? fala n%c])Qiaﬁé wltlpan eHSSdIF?Jm of the

cont act he 1 nk he chanber 7 so that when
“W?ﬂ%”%WEHEWPhW§rﬂ%%?%d, th|s causes the generatlon of
vapor bubbles 12 in the ink. Accordingly, the ink 11

. . . | u
Fisfip s bk fisle BYRA o) b pads ol oBi a3y o
embedimeptaf heiiveation; fhewipg e ﬁtﬁferewpszgs afiepdrppsihaving diffsrent viqlumes have
beehejidddaeRasoupitist nucl eated on the heater el enents 10.
It will be appreciated that, as the heat is applied in
the formof a pulse, all the energy necessary to
Figgye piip adiagrantieatiptgefion gropgh § rozglgchpmbes erfémriprect prifthead showinga coated
hea®héMntenttenb®ided ibithekubgraler i ef |y to Figure 34, there is
shown a nmask 13 for formng a heater 14 (as shown in
Figure 33) of the printhead (which heater includes the
Figashfisratdiap@mmetfcseatierkhionghalnoazis chanderin spgordante with@y eraliohiment of the
invadli QGBS Ang ARatlRBMEd: BEHlink P o dpRESeAShdI ok mb Ok, As the
mask 13 1s used to formthe heater 14, the shapes of
several of its parts correspond to the shape of the
Figgt #hiemiiagtumafihectiva dioug!Ba toade erhoeeoffarpdvr ad @antbeadisheding two heater
clehdalserence by which to identify various parts of the
heater 14. The heater 14 has el ectrodes 15
corresponding to the parts designated 15.34 of the
mask 13 and a heater elenment 10 corresponding to the

thﬂggd ave g&ﬁeﬂmglﬂﬁtx&gts comparing the oxidation resistance of TiN and TiAIN elements.
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10. 34 of the mask. In operation, voltage is applied
across the electrodes 15 to cause current to flow

wo booeagds7a he el enent 10. The el ectrodes 15 ar ep@mrali2005/000480
thicker than the el enment 10 .50 that nost of the
el ectrical resistance is provided by the el enent.
Thus, nearly all of the power consuned in operating
the heater 14 is dissipated via the elenent 10, in

F 1ﬁﬁ‘ﬁﬁtakd"égpehﬁ@nt41 hﬁflt@ﬁiowﬂhl ke @unreﬁ‘t ?z[ fuﬁ,ftiior't & tlﬁl@ ?Of\fl ﬁea\g\p%%nfents TZ’!

escri bed above,
P R A BRA PR FHGE I © EIHL-EoEHERE o gpEodmmAf e nvention

appearing, in the cross-sectional view of Figure 1, as
FifuPd 2 SRR e SesRQHCE bANSsperABer qiﬁ ink 1 egnefne L
oL tions .shown i n c%ggs sé%?%gﬁ% egag%ﬁgf% %?H%HH$

¢ @W@P&F&H “causes an increase in pressure within the
chanber 7, which in turn causes the ejection of a drop

F 1g11€é (gfls atsgﬁmhtﬁ%xp]rédeé &FSB&E‘Q VET ofa %gl ead m dule oﬁi é)ngtg%ag &ccorgxag to an

n§SS|sts in directingt rop

Qipegt ofitheiinyeignt he chance of drop m Sdl rect ion. The
reason that there is only one nozzle 3 and chanber 7

FifR 64k 8L mR essyre wav

1%’1%; d rlsat gntgm E?ﬁr?pgglvgwe@ ﬁa%tthe%l morﬂhr}lﬁ 88{1%‘@5 Stfowln hlgexploded
el emrent 10 and form ng of a bubble 12, does not affect

Figafl] 63 @@Rthe @Al BIBEViEy, D6 biHBY 1h sl mgmﬁgm&ﬁﬁ:@f ﬁigure 33“ e
advant ages of the heater el ement 10 bei ng suspended
rat her than enbedded in any solid material, are
Figyje &6 ija sebemasie plowview-flknpeintheatl meduls ciFigurabs 0 advant ages t o
bondlng the heater elenment to the internal surfaces of
Fih1€ was&RmMI These are. dlscu§sed bel ow with reference
8IS OER § SiPgatip APty I Pespegire yiew s apqigthesd agrerme fpen erhodimep|of the
invqntigy. tmo successive | ater stages of operation of the
printhead. It can be seen that the bubble 12 generates
Fifu %her and hgnce grows, with the resultant
XGOS & SRS BT AEPICEV] FirtRi g PrinfleadiefFiaues 63 shown anexpiedod
of the bubble 12 as it groms as shown in Figure 3, is
Fiee k&L inertial dynam cs
ggﬁd €E§ﬂ§ﬁﬁ?§%§“§§ﬁ§? n %Q ﬂigﬂe "11. The surface
tension tends to mnimze the surface area of the
Figiyti Bbis @ sché@nasiOredriviatv,of thy prinki@adiof Figurascer t ai n anmount of
| i quid has evaporated, the bubble is essentially
di sk-shaped. The increase in pressure within the
Figprp, 3ivip  fchemagighotiom vigw pf thepaigthead Rt Rigurai?t  t hr ough - t he
nozzle 3, but also pushes some ink back through the

) i nl passage 9 is
Fg&g%&%xgﬁé?a%%miﬁgH?&e ﬁ#??@ﬂ§6 ‘n length, and is
only about 16 mcrons in dianmeter. Hence there is a
Fig&I1BSik adthdnidlic geRBdclive Fie@DEnY} printh@ddSis o9 m|F|1éJ}et6'7 e sE@v%l unexploded.
flow. As a result, the predom nant effect of t
pressure rise in the chamber 7 is to force ink out
Figyri FMoseyisherade longitudinal Bctias theonghshegeintehd df Figurdld, r at her
than back through the inlet passage 9. Turning now to
Fi q) inthead is shown at a still further
it B S g PBPITGIRATLACTOBHIE | i Ritp et ofdheiifntion.op
16 that is being ejected is shown during its necklng
g\Pthﬁsi@asleﬁ] r th Saisk
g e 1 th%alg‘ngh}?%lgg‘{%p rpg{?\%%gg Vifg{v ofa fusther ¢t r%o%m%ng 9%n t he [ofa
Prnfigad begun to col | apse towards the
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poi nt of collapse 17, as reflected in nore detail in
Figure 5. The collapsing of the bubble 12 towards the
w@eioati053f0 col | apse 17 causes sonme ink 1 1 to bBCTIAEI05/000480
fromwi thin the nozzle 3 (fgpmthe sides 18 of the
drop), and sone to be drawn"fromthe inlet passage
9,towards the point of collapse. Mist of the ink 11
Figake 3T a saherthduic, amiallyrvatraways exptodatrpefspective tviae oftbeumiiteelHf Figure 76.
form ng an annular neck 19 at the base of the drop 16
prior to its breaking off. The drop 16 requires a
Pl 7Y 57 HEOSFRIE R CHOMERPRACRS CER 8 GHber TP IoiRcat of i oot
priftieades, in order to break off. As ink 11 is drawn from
the nozzle 3 by the collapse of the bubble 12, the
di aneter of the neck 19 reduces thereby redu0|ng t he
FigyirdUis & schematipiratiallygrtiadere cxplodediperspeptive dieti gf thyait geliph Figwre 78.
that t he nnnentunrof the drop as |t i's eJected out of
Fxgur]@ ?0 is wc%em%nﬁ a!fH cut ay, perspecti e view f IPurth Q d t f kt 11 of
3 (ef f% yb‘r’ S£f<° i f“'f O her S PSiTept S s el ofa
prigheed. caused as reflected by the arrows 20, as the
bubble 12 coIIapses to the point of collapse 17. 1t
Filf B P P PRI B oo PR L YR IR e o
cavitation can have an effect. Manufacturingprocess
Fighte BN 8 therRAE tp§rtl5ify chtRay! L RGW d7g ﬁﬁ’tﬁ&%ﬁ%ﬁlmﬁéﬁt ofa unit cell of a
m§F<Pthead according to odi nents of the invention
PAFE now described with reference to Figures 10 to 33.
Referring to Figure 10, there is shown a cross-section
Flgﬁrp §§)1§| gg}:h&na%l: lphrﬁﬁ@ c&qaﬂ Ee@stp&n%qjietuj 428 ﬁgtilrer emgddﬂlg:nt%f aunit cell of a
portion of printhead, at an internedi ate
Pm@Fﬁbe in the productlon process thereof. This figure
relates to that portion of ‘the printhead correspondi ng
I
plgtrgg@éggr% AE oy o3 IGIREABLAR Plicl Bnd TARUAAE KA £19
ceII 1, although it will be appreciated that the
thmm esss aw' sbﬂembte p&@ﬁlzfiv@ Clied o f ehe il dell EHAGH inTFiguftel BPE@ B4, at various
suc ss1ve stage th roductlon roce: softﬁ'hOI rl nthead is corrpose_d.
f 18 presen? the hex succeSS|ve step, during
the nanufacturlng process, after the conpletion of a

Flg&Em At 9 shWIohehrdy, paerdlly NavRl QEIRMEtC pbidsebtdd vid@s dER variations of
9gMCS drive transistors (not shown) in

C
meth“wﬁ EH%%$S§%°|n the substrate portion 21, and the

conpletlon of standard CMOS i nterconnect Iayers 23 and

Fighe66ik ¥ @hdrllc, bAULE cd 4way¥eksbftve vl of @ hutlr B¥ibda@nd@s el of a
lines 25 el ectrically interconnects the transistors

el ot her drive circuitry (al so not shown) and the
heater el ement corresponding to the nozzle. Guard

Flgtgrle 509 a ;ﬁen"i]aﬁg pgrgz{llm atv %eﬁﬁecgfetv?clwl o'f 4 ﬁﬁ'theq @ml%fdm{eh]t%f a unit cell of a
I nterconnect | ayers 2 o prevent 1nk 11 from

pringfiedk using from the region, designated 27, where the
nozzle of the unit cell 1 will be formed, through the
substrate portion 2 1 to the region containing the

wiring 25, and corroding the CMOS circuitry di sposed

DET ESCRIBHOesi gnated 22. The first stage after the

conpl etion of the CMOS fabrication process consists of

In ﬂleetd%sr(]:xl'ilﬂgn %a:? 8ﬁg&spégrrgsgon%£§ reference numerals, or corresponding prefixes of reference

numerals (i.e. the parts of the reference numerals appearing before a point mark) which are used in
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passi vation layer 24 to formthe passivation recesses

29. Figure 12 shows the stage of production after the
webmiilosy7®f the interconnect layers 23, to forPCEAU2005/000480

openi ng 30. The opening 30 is to constitute the ink

inl et passage to the chanbef8that will be forned |ater

in the process. Figure 14 shows the stage of

dlﬁaFth%ﬁrtsé AT ﬁ;ch:‘?Jspohﬁlﬁg Iﬁh§ rWlQ:g: tﬁefre die J&Ql:sﬁonal]a% hx@ﬁxtepzﬁxd differing

ubstrate portion 21 at a pasition e nozzle 3
suffiges foghageferprse Aprals e indiFa ‘ifFée“bsrpﬁﬁﬂ‘if&WE%m‘ﬁPGE“é’ggsp°“3mg parts.
further hole (indicated by the dashed line 32) will be

; ) isSiks Shown) of the
OV%g‘Egﬁlé{é‘gg%%Plﬁ%%Lgﬁd P g&‘flﬁ%up emth the hole 3 1, to
conplete the inlet passage to the chanber. Thus, the
With@dferend2toBigutes NOY, theauni cdlia die piritteiedcoadidg té hﬁnm&yménf &fife
inv Il?lgn f&ngﬁg’e% %ﬁogzq Jte}\t)ﬁl n%%e%lt} Eh@llel% tgsgx%gil«i%?la\%lg%o%z% rl(;fs g,taﬁd

erconnect
apcﬁaqe%é exendipgrthroyed the gozale ehtédT}mnpzz{ewgte\ga%,plqsga ¢tphed from a silicon nitride
strctuteavhich e Sohite, DY B Sofdemidal@por UepoaNI(AVID Ve ¥ 8ifididl material
Sp as to destroy the transistors in the
€ hol e 32 woul d have to be etched a
greater di stance away fromthat region so as to | eave

Th@premerdam RcIBRE, YR refget & éaaltnegklebsysmerbeuaé 6@/&&% nt)ﬁre plate is

etchin s. But th f the 1
TP T B UG Kb EH P8 BB ORI PG 24 i
paspags P ¢xteading tsrhmhtﬂen@ttl ldwpsubstrate tot theefartsale noBRownrefthssubshate. A
loobﬁséﬁﬁatémﬁtg‘ eﬂ:m@xﬂ 1@@ @Qpelﬁged iy the @ﬁ%bsrh'asto it the element is in the form

ubst a t| a cki nS| t nozzl es
°“H’ﬁ5’§“d6 beap- hT%\?E‘b‘g"a @1’"@‘ "‘5‘9 %’ﬂ% %@%f‘éﬁ?mdwws) structure,
whiok & dunotd by ligibgraphic arof:ezswhxm iedespnibddhin mére Haaildelo85 of a
sacrificial resist has been deposited on the |ayer 24.
This layer 35 fills the hole 31 and now forns Part of
Whenyge hﬁ‘if‘t‘UF Bsegfk ]tlr?é?mﬁr’?sﬁ"l"?i’e(a@ shopgyenfegsdhecchantbgs iayia
pastad€9) seti{ @R ethmbertfills © @fellaelas fhad @ FizSre (1 AThefaafr, eseeﬂdteelehgm 10 is

heaIeP ®or E%%&ha?ﬁgsmn h IﬂucEA l&ﬂcf(g% Hl%&?ef 12kt Es%?t%? ?)%? ot%Qheg’%]‘agpuzilse It

rovi ornmatli on O cont a
Wﬂ?fzsrapnrweteé Fheféleerhszaesle%“ Hyis tnﬁl@%@ﬂnmt wath ghgisttl 1 ingheshamber 7 so
thaff vHefY€l elbridnEiE hdatdd, ik a iR G hdrA0ibn ¢TVELEESBbles N tﬁé k. Axordingly,
the\g#llk ﬁymt%t:zsgal%hbble&%t o ggqliu{] I}‘t?gug 1 SF wd%*elfgrgurmotn% a bu I‘ I’Tﬁt I on
appecrinreisyr | 17 aftqrigeyerptéon f the therpplpulsdn thatds, b thffbquolewt inestpated on
the aéateeaerﬁéﬂ@ 16l epRlive b@f&mat@ﬂhatt hethk RYEE apdfied uo&e @mOef‘é pmsec 5100

hi c er 38
enclg aEeETeS SR B pPobTs 12 gy D b FCH A 1 v i e
Figure 18 shows the stage of production after
Tul@f $r€e¥19 loﬁ@gué@ﬁi &F&h&h@&l Hhask hﬁfo%é&ﬁ‘g a Heﬁéf@li (a§’> &owmf&hmn) of
" t he ‘f@’ﬁfééh [ %Cl eggtt he he te | aﬂ
© gringhep epter inghydgs fpeelegpntd i pficre @by %‘1‘ *tﬁaﬂga CRIPSTS 2
desarfbbdin nareaithibbeloya ds e maskdB isnediteorm taglmteﬁlg theadbapag of keveral of its
parmc&'Fe%nJ tg ke ghapmghe bl@lﬁ@lt ﬁfj d’lﬁgmasE I1 Qéﬂgrgfo% %ro%la&%setqu ?eference by

stage of production after _a se heat er

Whﬁlhi%qep%fr Vﬁﬁ*ags retsehthekeptshdy Sbe he?‘ﬂ léh‘ﬁ F’é?"é’F"rsé€I°°“SP°“dmg to the
par® ﬂh(zdateﬁﬂl 134 oftthinmisl Byaed a eler eleinks@ 10 bveredpbridavig td‘tﬁtﬂiaﬁf debignaet

10. §180f the g‘ne é’atﬂ;h %&%e% Qﬂspﬁ& a‘i:xlogs%y e&é@ﬂ‘o%LsUl@ﬁ't allﬂim:urrzrét to ?ow

WthE 18 sg)squeénny ?q(f‘l

this second

trqugstperleniat 13r Therlestroess 3 e PGB B RerGRan 1D o Bt Pt ke

eleqrathlire¥istin@@Ss provided by the element. Thus, nearly all of the power consumed in operating the

heater 14 is dissipated via the element 10, in creating the thermal pulse referred to above.
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shown, indicated by reference nuneral 41. In this

illustration, this patterned | ayer does not include a
whembeesstayer el enent 10, and in this sense haBCTiIaU2005/000480

heater functionality. Fbmevgr this | ayer of heater

mat eri al does assist in red %ing the resistance of the

el ectrodes 15 of the heater 14 so that, in operation,

| ess energy is consuned by the el ectrodes which alloms

ater e onsunpti.on her ter
wih e oLt AR watee b ipi b b e g g ment
thitteblilesppa@rinn dlitieervss-se¢tionnd viewa bidtigurerl, #5ifgun bubbld Portidniy@ne for each of the
ek&gﬁﬁ&&ﬂpggaygckg%gﬁmﬂo does contain a heater 14.
Fi gure 25 shows the stage of production after a third
| ayer 42, of sacrificial resist, has been deposited.
Theltubblel mafcﬂ’mérathd% vanbes @f indrdabeSn blﬁ}l&é withid the chamisk 7,twikick intnle causes
the efé&f%ﬁ ofsa%Jp% Gt &J i nthe&a e Godle 81 Pnedind pasgs% ih e&e%g the drop 16 as
. 'S i nner extent of e ej ecCtion
it ‘%Fﬁféﬁei‘ Sig *@ tcsmlefm%eﬁl@ chaa%zqf drop midireRtisnght  of t his layer 42
must be sufficient to allow for the formation of a

Thpr?zgantﬁat Hre ls’Lﬁf %ge Jog%! Plly &%F% 9 %%1 Gt g%sag#g ,*[s £}9%a‘r? &g rgr%stsﬁx%’ Rave
gengrateg wmlm'égclwn@r ﬁaé@n@rof thpRlemdag 10 a9<h measts e Bubiigd 2. dpaspet affect
adjhcBnt OKachBérs 4nQ tHRjr Eifespondip@pdzRE.. I n |ight of this, the
printhead structure of the present invention is
desi gned such that. the heater elenment is nmuch cl oser
The agvantages of thacheptenelezpes i baing seshended; rathen thamembgdded i iyrpolidpatisial, are
dischE}8d BBRSS Hatveden Kleﬂa’eeé 8o LiYantd tcbdémlﬁg&hé Ratér@RMER € thelitmal

t for the ction of
sur R St Bk e B PR At i e FEHET Sy 51 hor ooy
i mproving efficiency. Figure 27 shows the stage of

F 1gﬁl'€§32jdﬂ§§ 'shQQ tIquIn@Eelltl IQQWB gQéean@Ya% stﬁ%%s &%ﬁenﬁ@r@& ﬂg%ﬂﬂ&'a& efgcan be
t he ée%Fmﬁ constitute the nozzle

Se%ihat“& bbbl 1r’1§‘f"é’é ““Fé’f"ﬁ‘éd“‘P 6 FSUTERS 2P BEnt efinkcik
thrqughl thé wizzle3. f bk shapd df éhe bbbl [1 Raspi gadve, a2 stiogm fnHigueeh, 9 Hletermined by a
conﬁallrlah&l%?thg ln&x?xél q’ lcya?h.td tl% ﬂ&agé‘ tcofﬁl% Eth.llxeqlﬁ( 11 Fh’?elé[lﬁacgénsﬁ)la (t)e%s to

duct 1 on he cheni ca
mma@ﬁo%? w ¥h armf@)e byjpoled? g thasypy H}CI“P‘F & EFTPiB AR f‘ﬁ’éd haggpaporated,
the Bubblelassetamydigkahdpkd/ et ched at the position designated

45, so as to formthe outside part of the nozzle rim

4, this outside part being designated 4.1 Figure 30
ThesipaRass i presswe wigan 5? chaplss 1) eqt Pdvipusifes sk 11 b theoygh taf nogdlq 3, pysalso
pusﬁHs kdnhedik HaaShbQA he @il bRt eed. |Hotwb&r ,\@ Ynldt Bzrsﬁglegﬁhls @dproffnatelyQ00 to

300 rllseng lg h%dflsoor;lpagoug){k crot e n o%e% l I? s a suﬁstan?al mertlgn and
eCta oh ape PrUT e \ RKe

VISQQPSt 4rqu@lthlabaCb é@n Aemw@dhwedpmarp eféqcttqf the PrdESWE feran bejchamber 7
is tOMORE ik bilt trSugRBE ndzRAEIY hs'a8 ShectddidEbg 1 6 radtdr HEHDASK thrBEbh He AR pRfage 9.
production after a protective Iayer 48 of resist has
been applied. After this stage, the substrate portion
Turfifig pogv tb Figwre drtigprithdad pivhawn st .otk Grthes reesgive stegesii oparjiont @ which

the fn@ QH)E &6 M}% b%ME étzcﬁe@tlseshmr(idu%ms f r[egmg pi1§$e %m&&' drop breaks off. At
mcrons to out 200

ﬂusaﬁae R B%Ele e éfeé%aaamﬁmmwﬁeﬁ hag %ﬂl beFia | apoegiwards the
poirfleécoklaphel 734 riflsctaiticinerd détol iaFigeps.h such that it neets
the hol e 31 Then, the sacrificial resist of each of
the resist yers 35, 39, 42 and 48, is renoved u3|ng
The(fﬂ%@?ﬁ 06 Fhaglﬂpg e 12 towards the point of collapse 17 causes some ink 11 to be drawn from

within the nozzle 3 (from the sides 18 of the drop), and some to be drawn from the inlet passage 9,
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to formthe structure shown in Figure 34, with walls 6
and nozzle plate 2 which together define the chanber 7

w@ pasti0ssf0 t he wal | s and nozzl e pl ate bei ng shor€T/AU2005/000480
cut-away). It will be noted_that this also servesto
renove the resist filling t%& hole 31 so that this
hol e, together with the hole 32 (not shown in Figure

tov&aﬂ'ﬁs the P&t o110 ma,gee a1l emldvm tHhslnebhel Q@ralwﬂ\ﬁ@rﬁ th% n6ig1e af
he sub tra%e %§§% (% 1% the)n%%gle K
& SR L Bt %8 £ RES Fep Topriasie s dLakitge generally

deS|gnated 9, to the chanber 7. Figure 36 shows the
Thp&rbmkhe,@ﬁies%&Jamtam&nmznz)hemgm%da&m st R Sion Bkl fh order o break

enpved to clearly illustra rtical
Tt B o B DAL BBt b SPB bh et o the eck 19
rededeemrehyd@scuﬂg&he awhidt of tothl euréalorerdiop haddlugthd dxqsp, X theC S Sroi&ntum of
the ldﬁ)ﬁ gs 1t 0% ejpé’tquhlt%?thg le@ﬁ’%ﬁ&éﬁ% talloqj thJ (D% Y r)l]ezﬁctolﬂe ad S hown
in Figure 34, further printhead enbodi nents, having
di fferent heater structures, are shown in Figure 37,
WHhen (el dregs 1 6Hoealsvdf, dhvithtiortftides Ei‘egw‘s&l&s #Rected by thd arrd36 DO @dlthe bubble 12
1 i dh7 Qﬁlrb 5@2&% o the vicini
00_5 sgstntg%te ugrqg& gndegﬁ o t e | n{tggn%%m\)/\%ﬁ?% o%g ?ﬁhe’ vicinity of the
poipteherfanse 1708 dich ge Fal"féa“ﬁfefét‘ byvepnrefle®] i d surfaces within
the chanber allows the etching and deposition
cation process to be sinplified. However, heat
Amngbﬁwwgf 5% 0 the silicon substrate can reduce the
eff|C|ency of the nozzle so that it is no |onger 'self

RelG\QQtl pars@f the H;E}Qlfa%ﬂ{g%rocésﬂ ofQIFRREI2 RS r8indM3 @Bodint@ts BARS iVention are
yﬁﬂa es within the chanber, it is

noy eéce's%dg“r'lg”?f%e’i" rl‘(’F’g“reeps % thermally isolate the
heater fron1the substrate. One way of inproving the

RefbAiBY OB Tgu.r'e $6 kiRleli QR REL NRER iR Bur SIS SlfcoRfBsthid sorﬁamtt{eag g

i.,s to d,, terlaJ Wit h better thermal barr
p“b?"d’ﬁ%W‘i“Jé% ?rH’“ﬁa ot PR RETPeRiP B RAgTdn o PRRHOp §r°fﬁﬁ%‘h“e°f This figure
reldtes gocthat paptivalof the prnchehdichresspradindyan nnieell |.alhe descripeisicofitieed i
max&‘d%cénf?ﬁ]pgocgsg ﬁlat fJ n)%s éﬁlme Imcréﬁkn n)aasun§ Ue(ﬁwnaltlfhm it wﬂpoe apprecnated that

rel evant paraneter to consider when sel ecting
the gropesy vaifl by applied to 3 raultityde of fﬁ‘é*ﬁ%‘rnﬁ Ol atthichtserbple pmﬂﬂ%ls composed.
energy lost into a solid underlayer in contact wth

Flg&h ) Qﬁ %tgrﬁ{ th(!: r?exﬁ%[u%psg(l?t gt ?ncﬁl‘m e éﬁ%%bﬂﬁﬁg% s b g{ﬁg Eo gjegon ofa

ayer are 1 Ons erive
star@erﬁ SMASTibRigstipHRIodes riglyfing %lfaén?aa?n of ﬁwlairwwap%fgﬁ G S%Ph‘iﬂ) in
the telgen bhig ﬂﬁ’&lbst&ﬂﬁ:b@lyn Hb&ﬂmbeﬁinﬂéﬁeﬁ oftstaidard GANO™ ilﬂteﬁ:ﬁrﬁll?@ layers 23
andtpﬁssxvgllop l?i er ZP r\91[1)'uq [ 1In(|119a|?e Eh% dasfleta lmes gectnc fy mtearﬁcam(ic re I’tr%.IIISiStors

arrier Tayer uce ensi
andoghariluiee ¢ingitry (alap pat shawl;t)@mbtm kegter eéenemgweﬁnomiwa théhe hezaleer .
Thi s aspect of the invention focuses on t he use of
teriLals ed de

Guaggﬁxzﬁs'I & a[re/fowﬁ in tﬁetrﬁeta‘th tronBart}lp%rlgoqn%{:t layezs 41& %pé'Fvexét dnk 11 from
diffusrebcfromalztrégianhdesipratad &t whag/the nozzleﬁtlaclmng:lltl tvall berforehied, ittwevgh the
sub§drate p&abh Hiowé Q?ox& SMf@ining e witidg §5 Gt c@xrrodmrg Iﬂle%l\/m%@&m)qlsposed in
" he |nvent|g ocuses on the use of |lowk dielectrics

eé§”?ﬁ%$ﬁﬁ1 arriers Lowk dielectrics have recently

been used as the inter-netal dielectric of copper

Thedfﬁm%%ﬁ@ tHe @&ﬁ;@crtl@t; &%e@l\f(%*’fhﬁnc&t@ﬁ p@&gsqusmts%&&u}éé%gm%of the

an inter-netal dielectric, the reduced density and

. pasggien layee 4o fopp (98 PasSjvaen fe95ey 28w k di el ectrics hel p

reduce the dielectric constant of the inter-netal
dielectric, the :
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capaci tance between netal lines and the RC del ay of

the integrated circuit. In the copper damascene
wa@ppbiieata on, an undesirabl e consequence of theCT/&U20£000480

dielectric density is poor thermal conductivity, which

limts heat flow fromthe c%ﬁp. In the thermal barrier

application, |ow thermal conductivity is ideal, as it

Flghrb ) ;hswst th@sta%@ @frpgo\auﬁb;s&ehﬁéﬂeta‘hrng mtsmexlaﬁﬁéceraye?sw@ to form an

opegxgg % él'?xﬁ%emﬁ%&o 15 tg Fg)stg?teét%wk’ eé%lsj%e%&lhfe g{agéer %?tp llkgcaformed later
intiRipgevessd(t m) and Novel lus' Coral (tm), both of which are
CVD deposited SiOCH filns. These filns have | ower
density than S Q2 05 ~1340kgm 3 vs ~2200kgm 3) and_ | ower
Figyr &4 %‘?ﬁ‘i”s RovrgRPragiaion a(ﬂerdhezﬂmnm aholg g1 miheé teygertipy 21 ata
posifite wheethd ¥evkzz140 i9 hibe fosmddo Latértretbeproduttion p@bess, & fuethdr bl (indicated by

the ?Jsf?eld nige ﬁs) Q/f]lmc I&cﬂe§ fr%l the gﬁ&éﬂ%ﬂé &g( sh&vn%é‘iqgé ﬁﬁ&gﬁd{lﬂoﬁ 2 l]'(?iom up

% reduction in
with the lem 3alt @ C?Wféﬂt‘b‘é‘ﬁélfi‘i ppssg iy the pigmbise Thsy ﬁhv@ﬂe Byl eophaxeiofeg
etctidtl aPthe gl efomaleadtiter sdetohtht §uBS@te Porti@I201 & tBe lev¥DeI e Sntddolver layers 23.
equation 3 in the Detailed Description can be used to
show that ~35% of the energy required to nucleate a
If, ipitaadhIths hplg 31 ware tofhy ctehisdpllvhe wayitd theigtersprnpqn fayrerg Hethen to avoid the hole
32 bheiid @lched ¥@ds 10Dy Ble (insidiod @1 they@8n2 achéEhold 3@ Should e RBBEEHA 2

o= BRI TS Tt o gh S gy o e acmhe by RaaPpraf o

etchingrifiacqurpeids. Byt thhesching of theketet3 1 l&ymehsrmavf thegpbstiate peren2dyand the
result&:f SHoF8Hdd &e@thrb@@lla BN 2, Healtiioh ﬁss@tnnalgm ﬁ%@d&)@ f0RPMSat ed

o e R A BB = S LSS PR bout 1 od 0% | o5

energy for the onset of bubble nucleation, as

F 1g|gﬂ€ i %mﬁﬁedstagé/ on:fo@tYUuS}gaftExQQmp H&mn%ék(?z{y@pﬁ lo®4sacrificial resist has been
stroboscoplca 00

boi’l
deppsypet OdRres Bn T %’évfehzf 'ﬁ)afhé $°la I agd {“B%ff’mf" IPEfF of the-piustupspf fhe
prifgeal. Thoiedist fuger Ba5 thetlexpbsed withxeitairilpahirhsl (as@epraa@ited &y thomask shown in

Flgly}% E(B Q)%xg?rg%fégkk ahd dd bt S Gﬂh@?’{?{n&g f %rf(g%atgﬁ pfsjc%% ?sqa't O n

catin e underl ayer | er na

elecgrf)(&b 1ot lfﬁﬁ heager Plﬁéengta Be‘efowg: {ater }ﬂﬁl}etprogpcu?%oc\ﬁﬁt The sjot 37 w1ll prov1de
later-id €3 Grocdss) @t @@ formatiom of tiyOEz% vl the wilh R ikepalt Yf thd chddhber Up

to 55Q0C, as described in work related to the use of

these films as Cu diffusion barriers (see "Physica
Figyp gl BewvsthestaePripdictionedtershe dappsitiprh enibe Iaier 35 ofp-OOmyieran tblplaleyer
38 $PAQES nbterghl, ByicE RGN Prése BmdinRAEL byl alualididbhiliox ane”

Journal of The El ectrochem cal Society, 151 (2004) by

Chiu-Chih Chiang et. al.). Further reduction in
Figurp) £5- shretvs thesstagerefproduiction afteripatternaniz apd eiching of thamidatereyercif da fgym the
heate£3Uiné1@fheltR HBAG kRAHE 1 Panb RJRbRs PRY be provi ded by
“introducing porosity into the dielectric, as has been

done by Trikon Technologies, Inc. with their ORION(tm
Figite 20 showsOhrsstai @Prdddctidnftenahatiohsabrifsiabregie agdr 8% abpfut HAigthigkahas
beersadalf] thernal conductivity O -O1o0Wn 1K 1 (see 1ST

2000 30043, "Final report on thermal nodeling", from

the 1ST project "Utra Low K Dielectrics For Danmascene
FigTopobows| tit sepcdiprodationSdtkbranvasiid) layeMfOtofiheatet thaeriaktias been deposited. In

a preferred embodiment, this layer 40, like the first heater layer 38, is of 0.5 micron thick titanium

aluminium nitride.
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product of -334Jm 2K 1S"2, this material would absorb
78% | ess energy than a Si Q2 underlayer, resulting in a
W@ 808504570 27% reduction in the energy requiredPdDAU2005/000480
nucl eate a bubble. It is possible however that the
i ntroduction of porosity may“ conprom se the noisture
resi stance of the material, which would conprom se the
gtub o5 e shms%egegan@fayer 50 meate\e@atteﬁal fresn Bas b&e bR to%x‘ﬁdhbcﬂattem as
0
Sh°P‘YB’| ‘%‘\‘%‘F“éb%&é‘ﬁ‘°é Pz, % b I‘b%"s ‘lﬁ‘f‘FaB&‘h Blé‘d’a‘begte%éeﬁ deefygot include a
healvelayee eleraandl1 0f dnd irt thiesensg |hastya heatee fupctionplityt Hewévera this layer of heater

ma®Ri}3 @Jeplsklélrﬁl x‘e&hc& !h§reL1§Aﬁ€J of i léiegtrohésl’ig btnRGEaE S AT éHeJauon
efficiency: |n (Pre erred enbodi ment the thernal

esSgATTRY ‘éf°"f“§‘°€ﬂ’>f‘eec°‘t“t°? PR PP e BN G e etor
greftérefitvaeches of, thé heattr elemefO10. Imthdldualdeiteredbddingeht illishfed in Figure 42,
the LAIRL e} LAY 2 HesterRG €f €rably no nore than | nm
eawa dg?rlrmogm%{é{wdg% eat er i gyfg? as it will have little
effect otherwi se (the length scale for heat diffusion
Fighra 24 shewstheldtge bfipraducticidfer e(lﬁxrdlli}.@r d206ftsachGeifd etsiStShab Beede@osited.

Theﬁig%m!)s?level J) élglgl% Ie\j"‘&ll%k&s&utﬁ IMS s&r?ace Jf ltHe n!;]z%{e plag\ﬁ{ lger}gmed later.

con
Thig j5 @lsasthe ifoes priet |ths @Jte?qoe spert%é hf t%@snoe&NTéblmgh'ng giis layer 42 must be
suffidat<h by fortid fothaltaSf #bubble 218 the ee@md H&Ighéfédmy d@tfng Gpeilaawmf the

Pﬁ“;ﬂ‘gad\}\j I-{o;v;g{eeh 21@ E{]%l? ]in’ l{lyireﬁls%z%ftﬁrrgtrl]nesa §/ mass of 15@9& thQ gub%fé': n%ust move in order
to ejegigi desepleh delighpfithis, ﬁlasrhvh@e#wmmfalmprqsqnymmﬂqnos d$50Rnch that the
heafeN&erRRad 1§]ﬁlucﬁfclo§é9f6%reﬂ:ctroﬁ grRFtete theh ih BBor 3R pimRRus TR n%@stcffinﬁﬁloved

SENTI RN TR O e —

requigdesE4nergy, Idlegmepahlhg/efﬁmmeas es the CTE. This is

inplied in "A Study of Current Multilevel I nt er connect

Technol ogi es for 90 des. and Ee%ond Takayuki
Flgmy S oxr:sd § sfagg 0 md%fil? er qﬂ?éerﬁé eeﬁélsgflte thagF o[ layer which
wnllfoonsnebembme phas. P mafingmmaﬁrmKl 00 miFvi thick ;g;lyhmxkeﬂihyx the
nozki@pifE 2 WS hed 508 ohelBud PiiclolEyaf the overlying heater

{Jerla l'arge stresses and del anmination are

likely to resul t fromheating to the ~300C super heat
Fighre P$ aho@a‘themtgeafpkba&ﬁdl dfterdthe chénidtalHydpbd d@mmar(cvbeof@nibrernimde

a M ich
fortlnxﬁgt?ﬁ léx lh% bee%?érﬁ?%e \e/cy ag ghg %S%Fdﬁlgnated% &‘TSE Fo%-m TM% o&pde part of
the wpzalp N lﬁe‘rtslmbq“wdwaﬁﬁedd@l am nation of the heater

vvas observed in the Appl icant's open pool testing

Flgure %(? show DU tge sltj«.l € cgrf)roguc a%erqﬂecé\ﬁja tJ s&x on m S&erflasebeen e?ﬁhe aﬂ the wag

e TN are
thrayghas 4@CRemplpte tha ﬁmmith)?fnhemozzle Wﬂfeanwmordemwcedpwe ﬁsand after
the @WD siBbARFdediok RMBEmIvEEat BB biitioMdekighattd 47 (e if is At lreqRivdaNt

of interest relating to.this application relates to

the lateral definition of the thermal barrier. In US
Figlye 86sho@0R stageofipredyctiun aftrauprdtetive|layyred8 of ssisrbaibéanepplied tAdter this
stagd ecﬂ’é)s%bsﬁrht%bn?oq 21 R@Men BrofR FoR s &ﬁer kx@ nbtRESWIRo rédbdefdSiinédrdiey

exi sts inmmedia nder neat eater, wh
POk PG TR L Fg o A0 GH™ hAPHEAD et Py Ereshadowed
abo@e to:tcd the hle32a Thamipeiderrtchédso aldepihgurd that iomeeessisl hole 31.Ww0
conflicting requirenments: 1. that the heater be
thermal ly isolated fromthe substrate to reduce the

Theéﬁ%q,sg?iﬁ&ifl r@jséctfﬁcg ﬂf tgenrasist layers 35, 39, 42 and 48, is removed using oxygen plasma,
to form the structure shown in Figure 34, with walls 6 and nozzle plate 2 which together define the

chamber 7 (part of the walls and nozzle plate being shown cut-away). It will be noted that this also serves
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2. that the printhead chip be cool ed by thernal

conduction out the rear face of the chip. Such an
w@reooangdnent i s unnecessary in the Applicant' SPODABR®S/00480

whi ch are designed to be sek§ cooling, in the sense

that the only heat renoval required by the chi pis the

heat ermved@é]l)l/ e%ect ed droplets. Formally, 'self
to eRgYehy restst fillinggherhole d bt thﬁgthlsmdz,zqgetsermmbeold@f(maawﬁmtgare

34)ndefind emsshge exvbridiig o he ®IRF G of ﬁ%&bsﬁt@t@ p$r90nezjl &the x%zzclie PhRis
he maxi num

pas@zfge gepﬁngg% B R L X ?:!lr?g asga%égeavalpﬁgsﬁgx%cé# Béhercgmgd by the

anmount
drop, being the energy required to heat a vol unme of

Pl 5 8 it BT B BRI e
ui d
Vertﬁr ?’ﬁstt %{(gagni éeni‘eﬁt Oﬁ%}{‘\gfebg“é’i‘%ﬁ (eanA g eksigdesdint of the _

ejectable fluid. In this case, the steady state
wmempa;baet;iptfdect@iﬁ prb Q& ik dtb Sage &bl s Lnan
2, Ifunger ﬂcleea&)gxb%ﬁgus b | | n’%fgm%t n?) X}k’l‘é[ltgtﬁgecpt a%?ags#of”ﬁfﬂd:‘g‘“e

regardr ess REYS haying d ‘itﬁeatef $Uuptegs, fraghewn iyrFiguivd7, Figures 39
andﬁ#’éséﬁw%?a@t%ervm se of a conductive heatsink. If a

nozzle is self cooling, the heat is renmoved fromthe

e of the printhead via the ejected droplets,

Bo”de'}(;ﬂd'ffeg'%’ﬁﬂf need to be transported to the rear face

of the chip. Thus the thermal barrier |ayer does not

no e € < 0 e 1n - h
I &@&%b&dhéﬂ% BAh g Téﬁxgnéaﬁl bfyﬁgldt 1 ItIemzflgv s SF l’%?lkﬁs Bosplighe

heat to Ohneat heat ers.
B0 foHE sugfasst \‘f’éhm the chagher alloys M@gwemrylorsﬁam&tpn Brecess to be

simplifigde (Hooelvel) Bdavve@aductidado Moﬁ Qﬁswhtﬂyﬁrredﬂ?@%'eﬁﬁfeﬁcg B¢ tﬁﬂ:%zzle )
that it lfb%o hb‘?néér &Lir !:o@l'\{_ﬂ%r There%oxg 1{1 l@gl\éy}e%b\?/lgegestgeelieaergs b%\rll\clied to solid surfaces

reference to
within heechamber | 5r8|n9°e§ﬁm tekpetents enttieallydatae the et Bomea bibtraten

Figures 6 and 7 the heater 10 is bonded to the fl oor
of er. 7 nd Fi S and 9 bond the heater
to (%"E gva’?%%“"mvf‘“gtﬂ?? e gerﬂ@g the hiafsrgnd the gubpteateds to find a
mateglg)with é?i@ﬁbewltbﬁnﬁmgnm than siliven doAide, iiantis ﬁlh&)dltlﬁﬂﬂ%(xsed thermal

barriuby, @:sckBed b Ok 2313 29@ ﬂEQp%llzﬁlt Fa@ Elloyvn BLARS Slevant o t
consJ'j_jQr v&hen sele%xtner & 43 gqaﬁ H (oKL Thareatr 8n ﬁed 0( "
o g 81 argt rﬁ§ E@fﬁn{zl ctépw thgﬁgprgyrlq;_spmto a solid
undeéﬁly@@p Fanractivath ¢he beaenis propartiael. to Refhatbl pR@udt bt tﬁetdnyerlﬁy‘}r a
relatlghsﬁly rv&ﬁﬁh ﬁa)%QCJved lg)nzgnsm %bl{e le%%tg scia{étﬁ%r %h%rnllag%glggg %xgi tltleothermal

the i'nk
e““%’( agst“bf“o ?stléﬂf length yegle. o‘“éwéhat Rsepogsianafifyeit q3p bssewrthat othermalybentier

layer dvith gefdticed deinsite at thdminal goriiinevig asISibyab 1e53rén&@%ﬁ§§ﬁe%ﬁa%§ *lfﬁ?a%ﬁect
the I n I nl et

of thSiRWbn I8t ud 0
bam101 €5, 30 g g s B ST i1 LapFcp by s el
arriqr JAvery insseedaemepth the heateplayep sepingingatheitratiipnal sMivbsdioxide layer. In
partiquigr, ghisragpeg @ N ihvedfiontfbv@se L BES fikw- Pﬂel&@’gy%%ﬁna?ga%&sm S
the heater material 38 from being deposited int
holes 30 and 31. In this case the heater layer 38 lies
unbidt-kéisledirios Aeve searatly eerised as kha yntar-n861 dicTdainis ofropr@idamb e

1ntegnaed)$1rchlaty®hol<5g@ W&nb&d M(ﬂﬁér-tnﬁgl (Qé']ecﬁxl@ Qheﬁ-%gédfdérﬁjéﬂnd lnas n?er

as 1S the

cases?é’osnjg géﬁegl?}gle( ie ecm(is help %8 Hﬂ: %%lﬁclxréc copgpant of the jnteemetal; dfeieetpa [the
Capacf%egvegp@etql érqag pqdélg: RG delahef tivamtgeatedelr@iremtthekOppeSdahfbge d
applidation} dﬂancﬁzhﬁﬂf@ &fnsefqheg&r of th%@&c@@tﬁele%&% H%ﬂg'quoor tﬁerm%l coriduclglmﬁlg

nt deposi tion sequen
thhq tg) e soévc%n saé’ f P"fq“ ‘?‘J’O al pagties FPP&?‘“%Wéheaéﬂémﬂﬂlbedty is ideal,

as“lwtfﬁe?r@'fgéﬁ@wb@ﬁtomﬂﬁlhgamres 25 to 35. To maintain the
efficiency of the printhead, a | ow
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thermal product |ayer 25 can be deposited on the
passivation layer 24 so that it |lies between the
whembeossed enent 10 and the rest of the substraper/802005000480
t hermal product of a materi and its ability to
thermally isolate the heater elenment 10 is di scussed
above and in greater detail belowwth reference to
equation 3. However, in essence it reduces thermnal

| 0S§ywh @,Iasaplte@& 1&@@&1&%& ganabheafmgplzénoﬁ Mer;&gal Bﬁ}ﬁerbz@@xﬁpnai
heat er el enent

e.
Mok B B ROIS Fe R AT e £ D1 pep i SOCEFFims
Thés1fims u@p epeainsiteietiof aBrilgat’ vore2gikend3sd Ides aeinaedbnductivity

o I 1 T'ﬁ 2yr-l -
CORPF R SLOLBNAE"E R Bl kel i RS B s
’fmarﬁ‘hﬁuf acturing sequence is unchanged until after
1495 Rt for slbgaaeedr 603edustiop &f theethd) @@ dah drochlGdiackhe b!&heﬂt hhatmay be

derF/F]cl by r%p'i %jg ﬁé é‘]tderg}/eﬁsr w1t4'14h e8matt rlgl%1 ﬁ%’gg oésmg g(?]il{’l on 3 m e Betalled

an-i erve
Desseigtion ¢4n bt veed fo gpwythat SVmﬁ/ﬂl@ RreFeirErauipsd dcheleatd aelylélrle 12 B)Sté)a ghermal

dlﬂbﬁoni e thH dﬂgrlai.y& wthﬁﬁsmﬁﬁﬁerlhﬁbéefe udedl. TR dehvait of&l’fé@epﬁ@éﬁeﬁtﬁs therefore
60% 8%’32 o 1. e e?’ é dﬂcu%xg 13 ljnécﬁerz]itlonteﬂer%y I}S.l F%l\é\{:é’tth?sﬁnteen cto?ﬁf{%moﬁu ftheséé)phcant
bY@Qngﬂlch@réxemmdgo Iplelle%fea bubldner ol of ink drop ejection

Ref er ryi. ngeaggca@poagau,&cﬁfbn% Solags 34, the unit cell 1

shown,  a with part of the

wall's % g?’?ﬁfrsﬁigﬁ‘ gg'fﬁ“g‘Pém?l%cEP H\ﬁ}\é}@ whi ch reveal s the
The lptteerequined 290 Ibds enecely darithe onsgt, of Hibble nerdentinn, at Jetergrinadly vidwingrthe
bub%fdtforﬁmx stro%&cépﬁ@ﬁy 1@91 erﬂﬁb%@ﬁnéﬁonﬁg‘ﬂﬁﬂ%@sﬁr@rwaﬁ} & m?e@ttﬂugdo The

can _be seen. I|n oper.ation, i nk passes through
opep feel P%‘Imétwab%t% ongyer bbi %‘é"émﬁwh Wéh"s?)ny ghoft ‘f“uf‘r“lleail?ﬁ‘é’“efgy or
degedaioh effthe bubbld) aticainy b trelertryér & tmppdllly eeblauqrt@ the supkrieat limit of the
wats,l 86 t36cg€ eﬁde%ﬁ sl 1a9§§ ahbd tﬁamaly s ﬂgvupott, s?do@ G fd 151 s&ibftﬂﬁ (&R telated
el enent

roug1 eat er el enent

to theo*se A dreppddpy s bo diTavaPaier (SFf‘eWb)tsicﬁ)‘ﬁ“‘iW 5&9??@161 of Argprphous
SiliEarORyarbid mlapsosimdbp PBC\'mn frénn ©cthnidthy W ditBtraildx e, Cduaalb@ Ther .
Electrllehe\r{u%%lls\?ﬁ%\é @ &EJ&%&@Faget gy the heater 14,

Shown 1n res”37, 39 and 41, and
42, can result in there being many variations in the
Furfh&tri:d&ct@fl inl tRUAG1 bonmnvﬂydmmgfpmﬁmadaa@teg&gyekqamns Suclklle a bubble

magtre é) rPé’ldF l%y%%:l‘oﬁ%%ng %oro%nﬁ 1nttohtg (9 lec%lﬁ as Eas een%one%r ?ralkontl"f:cthnoqogles

e Sams S| gn | Can
Inceﬁme*@F@RéﬁN‘t“ﬁé petopscHOTHE im, which @f am}ety@f ~ oMk andgirerneal

conditelvityRELEfeME'KO set 13 2060 30018 & FRQIL-WBR Bn hEtRalMRIIEIRGE frah the IST
current to achieve a certain power of the el enent,

projef g Lepy KPielssiristhior Bamascer RS, Mtreoniegtighemgs™) eYith g thermal
prolhRVEIF-3 31 W' s VOihis 8@@8al WBadlabeddb 1878 rkess KRS 1A SiOMikddrldyeReulting

in &Fﬁ’i& g%t-.azg&gf%du%foa gr:rlllrtﬁeveg%r%yrrg' r1]1§re t<tc)) Ir(;urscl?c'eat]e % trn}bglg {t 1S é’osmble%owever that the
intrpqugties ioStogsityamay gomaréreipeghe nsmﬂmt rextpof the elahn@ tyéhichevgnld ent
contpRdRifRiteiteYmaRpH ehsay\@mcewa et @ggm&%ﬁp@@m 8f 159 RN P! Q€S Shat of
S'Ogﬁxgeratlﬁ uq 9 Jeferr t a&%ﬁ{% rLﬁ%l égl .
Cenapastse “B?‘éﬁ eé’i’ﬁ° Y5p< b 6Fr he PG DT R g frea
absgrptiandrt this &yey fwotlth Bkebyrdogratic wandll eCtTcwndyem pre iprefelrechanbg ¢imow the thermal

barfidr $WirEetip B cofdfe CRRHhd\Blickside BB thEheddr. G ifhO ndt RIS BHtaSt, b Bermal

shape o
barner lar)aer is preferably no more than 1um away from the heater layer, as it will have little effect

otherwise (the length scale for heat diffusion in the ~1pus time scale of the heating pulse in e.g. SiO, is

~lpum).
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the heater elenent 10 of that enbodinment, it is now

referred to in discussing that heater elenent. During
wopmsaoisom, current flows vertically into the PCT/AU2005/000480

el ectrodes 15 (represented gg the parts desi gnated

15.36), so that the current”flow area of the

el ectrodes is relatively large, which, in turn,

results in there being a low electrical resistance. By

contra nt 1 represented in Figure 40

£ he Asahiriagie e PO e Shrmal Ry SH o ot e
spigforiditiecttcs, kv aePan@uming’ s SIkKTMswhidirthaschi theametl cdaducrigity b 0vl SOV K.
Th@ﬂ)@ Jnh'ﬂ’mg claﬁ Qi@ﬁ)@ %de%@ﬂoﬁkgb@ as2v§th I'tﬂe@‘\/w]tﬁms hltat r}My c&m&?&n&%o%glre

ure
fesgia@cm %1%@5%% HICEHP & B B OFRPEeFEs g e i
diebrowns tha they gpodraly B&ve laagedodiiigenss ufther@al skpagsiod (CTEI)D Idied, it seems

thaA‘E&%gk E&Lr){uy &aﬁ%e?lh@ﬁ’ﬁ@trh?sqs QbW Sgud§ Zf ﬁ‘M.nleJlt Lﬂxﬁ‘{e%ela

ower €lectrical resistance,
Intgieogprst TeehmplpirstorP arNoten and Beypad ePsé?ﬁéﬁPklP@baeFuw g\agaéme olume
38l tpapen B r VLI Ifer ekadfle] ia@SCEE SOMPHmEI'| THis ¥ Gkelyrg Be udh theplet tAlthe

CT@ o%é/ &Ql}l}g&% o tdg,ngl Qﬁ lal%g %‘egsas aq’l? %le{r]m n{)g] daYeellrlkel?' ko rF'sult %rom heating

o %%’P?J Sé@e@e%b‘a% %frwambaFPSWn §IOCHd e an B¢ othsr Basg e a 1gsonably low
CTERE 19K b OhkER R NPpliReht eevtcbbemaaﬁethuom of@RIThAIY heaQa Rateral: no

delgr?nga%gn %qj tlfgleaier was o%F'erved in the\Mé)gllcant a o%en Ipootl Féstmé aéer Fblﬁlf)légugble

corr er sur
nucjeptions. Spirethg aqateblaﬁerﬁbmé inje W@anpb%mn agd] likph pothave (T2 arpumd
~103pHIKC [ RISV BepW¥itelt fims MbiprliBirei BRS Be Yin-dr@meippEr €1 ement
10.1 are 1 micron in wdth. Thus the energy applied to
ink in the chanber 7 by the lower elenent 10.2 is
t wi Oge fitabroinapfipitérestirelongtitibis eplietiorsklatasn the b@ral defiaitioneof the
theﬂiaVl%Fherd th V8§ 5 ml dom@ theRHal HRkHe SIS Ay ﬁlailﬁéaraﬁer iPositidA8Y Wbt ?egﬁsn of

e of vapor. bubbl es and hence o
low tﬁ gmag ?1?!@ %tf_y eflm(lm&}ﬁ%ﬁglé ]J.réi&lf]?&l ﬂﬂﬁj’éat‘fr Wltllﬁ g.lrther out a region of high
theimabdiffie ity ssstsiliegprrbdgerhent i) desigmdtgrysotvp proi centlidtiog felpdremenls: by
the u ppe Ehaﬁkeq{gﬁatbe El-xgrmal %&ate%'ﬁo}ntthe\%ds&'at & re@lRQ [h@ de glgquectlon

that the energy applie y the | ower el enent
about 2X®dand t he ener gy applied by the two eI emsnts

t oget her thasheiiatitad 3 belbolaiby iRfnal doRdacRMBLiINE réup Pkd Fehe chip.
Sucnfg?eamng%m %rug&'ce%;s};ns }hlﬁ RpftOGE ﬂo&gga‘bm%,'arse d%s?g[?g omlégﬁooamg in

I on can
the peyee thit e prbyheptacnpval sequired &y Bip ehiis ﬁlabqabrre@oveql byesirstedygroplets.
Forﬁautypuaf d¥Blyd’ BObelfRolAg o216 chn 6X&Eihdd Yo behoRleR R WhER the &Qfg? requlred

to eg:ct C? d%og g&]le %g:tabgqx?tﬁp 1S l&ss)ghaCEhe S ZI n Of tc{%ﬁnermaﬁenera t%at aantbe

lve V 0 a es ar e
remoyrd By thﬁﬂWP lbeing thepppreegquied tohgat ¢ vo&#r@@f theeievtzble Guid pauivalei¢o the

dropl R{heie f@b&ﬁ@&ﬁpeﬁ&rejat Mﬁchrtﬁg fﬁltdQQtexts bt PRk ad B the AR GYdenddus boxlmg
at ive to.the | ower el

a
polt Gt bt SRR ey e B ae Bl Bt S er gt e s
thargth¢ ksteragenoishddiperedhe ot theceivomtde fluid regdrdiess efymrzéetdensly, ifivieg rates or the

predehde GHbthedwisdo? AL dal R BvedRAbiRAHANS Y ?s%el@cfooﬂ@rttlé Hehtli&bmoved from the
ussed ,bel ow, ngs er appropriate

o B ARG BB T 9T B e PR bR e e e o

the ehigh Gldiateathemad foartiérdayer does not need to be patterned to confine it to the region
underneath the heaters. This simplifies the processing of the device. In fact, a CVD SiOCH may simply

be inserted between the CMOS top layer passivation and the heater layer. This is now discussed below

with reference to Figures 6 to 9.
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invention. The features are described individually to

provi de a conprehensi ve under st andi ng of each aspect
wmRooshesstnmvent i on. Effici ency of the print headprdhigu2005/000480

printhead of the present inyvention has a design that

configures the nozzle struct@re for enhanced

efficiency: less than 200 nanojoules (nJ) is required

Fights Jk@atschsmcmk @ﬁmn&o okt inGhed E&Ldonmlegs fuolngaréa 6RO Enediér 10 is

in the _.ink s to i nk throu
bong4 135 o S i cardinr, gt o g BT RS 16 o 12 g EE
Thesfiguesn gangryilyrcegespand et Higdresri nmds2 iptHairhey shaw ublge i niacléasion and the
carly §Ssts Bw G B inteR¥s mm@@; [Tyl ,co,pe'slsoq&mgata hgdf@svj ts §§how1ng

ener al require over m crojoules to
co ‘@ﬁ@ﬁ‘f"hiﬂ"%‘t?fefeF‘toiné?YfP?f’“f"B‘“@%ner ate a vapor bubbl e 12
to eject an ink drop 16. Thus, the energy requirenents

. t
Ref?rto'l{ll\ée 1§}§t1y95 ﬁ@&% a?tahg’])! gEBéa%peI% it 1 &5&%‘3 o tRJ ﬂogpcg‘rtnetu&qgi?ﬁer 7. In

_ nown ermal 1n et
this|casgéhie heatte layy 3% Aaript 9ndhe nevsiydtion @geq%aéef %ﬁ@v%tﬂiwrpgsswatwn
rec&@S dB(besSslit i@ n:lgmewrbeﬁﬂmahﬂng 8f; thed AKlinS thoR$130 daam 1 aall 8osition of
the gacgﬁ:%tl la$ :#S %él% Wi O ﬁglg gﬁ??‘ed gr?(e)rlnénP L?Pthe ma.nu V\"?urlag at
seqmnwem%heohemruwﬁal 3&&@5@%@%& hs'FCS %Qﬂ@d b'r dn thistcase the
healeP RN 1RE uRAEReaBIRAEIrBLIA Yaysr 39 NTHid mam thé 1dof 1581 90 t&RQALIREd on

o B R B R S £ B
No pther szp:riﬁqiql haegtjare rgquingddif the hqg@delmpt[ 119agbondst gpthe chamber floor, whereas

sus&ﬁéleti 'h&@@l:thlﬁglm@ﬁts Itegcﬁth&[e alibead Rﬁ)fsc%[lé‘n't agur%g%@se&ﬁd sacrificial layer
ur es re._of he .i néent

o2 ot phiieRohs B g T 4 APy St a low
theri@l prapludt dayen28 candp dappsitbr dolthepasiRation lags 24 o tait @ ¢s betwekmdi hdadfer

eleI{'PJnt 10rlikd éié-reét%f &meﬁps\t’r@tg 8. f THe rﬁlemﬁprgd’u'ctmf Q m@tgnali)%d?ts ability to thermally
nbj nati on of heat renov he ej ected dr

’S°‘i’“c‘ the paater elgment; lﬂés "i’sﬁ‘!fsefi Ay gnd “‘t%‘?&‘@hx‘?‘%‘%h‘t’ feh ’ﬁfefeﬁ‘teﬁ%“éla““"“ 3.
Hovaveriin kdsencée mi’edu’ceﬂ&mm loss ifith Ok pskianityg layel Peduriggsttld Heatif; pildei. S

is that the net "novenent" of heat will be outwards

fromthe printhead, to provide for autonmatic coolin

Figyesheand 9 hew éhedpates E!ﬁﬁqﬂaWcSe@ndeé Freshaspofiof e inl chaphes 7nlptterms of the

susgefd héakdr amcaml b&besﬁ@ﬁinbd’d@wtﬁyﬁdr&%to F#gred 1080 44) e BdadPlaykB3s is
depo 1tecP C{n%)é)agﬁlf sacn§01 ettlee maengtiac ind rsezag[\lé\@ger 1% uné:hange% u{ml f'lﬁer the
healsylaxehé? lswﬁﬁﬂqd)ﬁb‘gﬁ@ﬁd Iﬁt ghat PGmt ok 44dssthenderogifel gn topofdife
etcHelRea®AIBRY msﬂwuﬂ ah uit@veﬁxﬂ@éé&rﬂcﬁﬂﬁyef QA BY¥ MHeBSSprbdiet 1548125 can be
inclg%égn ebroof(l)aﬁ nerﬁ? géa]ter Q% X %ﬂcgrﬁ%c?\j:%l thg llgv% th%rma[ ;%Xduct layer,
there‘tmeiucmgath@malﬂqﬁemhéte rfrOéPﬁ}iﬂahg thef heptang pulssner gy t hat

results fromejecting the ink drop 16 and the intake

of th epl acement quantity of ink 11. Assuming that
C‘"i"}‘fé"fl"g‘&"gc%ﬂﬁ’ﬂt quantity of ink 11 is at anbient

tenperature, the change in energy due to net novenent

RetQ'tmgt Jﬁ@e a%lu@ E)t re@@ Qher uﬁi@ké\q %Hf%t as %@tﬁhédtab@% 19§‘h0\!vrp\l§1tlﬁﬁlq of the
canveni ent | exp ressed t he heat hat_ woul

waljs 8 aefl ToEf He 7 st i feéff*b*é‘ileaffﬁrr(’é“d?e Cflﬁ’éb%i ot Efa‘eﬁ’r“dbmt
shodfogut away] sb thaehoeh halivesafiib¢ latr degneipdd adnlbe een.t 0 t he act ual
tenperature of the drop as it is ejected.

In operation, ink 1 1 passes through the ink inlet passage 9 (see Figure 32) to fill the chamber 7. Then a

voltage is applied across the electrodes 15 to establish a flow of electric current through the heater
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It wll be appreciated that a determ nation of whether

the above criteria are net depends on what constitutes
WO bweaedsient tenperature. In the present case,P¢TiI®U2005/000480

tenperature that is taken tg,be the anbi ent

tenperature is the tenperature at which ink 11 enters

the printhead fromthe ink storage reservoir (not
ele&hmwm)ThMéa(’shhei elpmero o) @cdestibediabove Inttelglioh todiigure 1, to form a vapor bubble
in HOAOW; {Qher $0 the inlet passages 9 of the

print hea Typ| cally the ambient tenperature will be

the room arrbl ent tenperature, which is usually roughly
Tha?ﬂn&ﬁpésﬁ&lle &i"ubhﬁl)ss foHbeewer 14, so€ofaitzh e shotve MFeguRt 8T, 89 4@ Y1, and
42, le rLs%ﬁ' §1 the b]pm? ﬁan‘?’%@r&%nﬁ in tl;xéqrgtxo of %E‘%tl%tg W{t“l{ o léﬁlceaaglr ?gments 10.
Suqherﬁrrarlgvé (eafr@bpugh the Yrfece gmféhere@@%h*@@m same)yay have significant
effRfsioMihk a&!ﬁhchlsresﬁﬁﬁde gNBcleldn@nBGhd Bt Efore e:rmtl maﬁces)edwﬁenm%lita@gand

e ou eat energy due to the net

curgefltfto acPleveacfrﬁmpé)weeré’% e%lel%n%apr epl acenent quantities of

ink 11 is equal to the heat energy added by the heater

MoRr 8RR tlechQpic coRipond@y tef to @RI WRr drive SaHaE:s thhddarleN@rsio wilbliower

is the bubble form.ng,liqu and is. water based, thus
e SRR R B AY B SR erh ey oS Tty e
areq thoiearnt tendenapte highay carentsapdBiliQ @d 1o wre moltageaelgancs ingadrasorastim
gerfatidd0 OC from the ambient tenperature to the ink

boi ling tenperature: that is the nmaxinumtenperature

rise that the printhead could undergo. To ensure self
Figgro 80, irafigredl 1o abdve,shava ghe shapdy & plan eiegyof b ewepltifor dotming thp hadugcture of
the %ﬁ&muﬁiﬁ&@ thg- Qrmlfﬂéﬁ sh&ﬁl 111 ?iﬁtﬁ'e SJ] ﬁ&:o;d l@ly,r@ﬁgm:l ) W thcpsfhape of

ener that can be taken awa The maxi mum anount

the hypie %g}nephlgtof that Gmppdinten i 1§ noNfERPrTPLo (o difpipeie that B ttlﬂnent During
opefatiop) atrieatilody verdadly éntqed OE6&dgs 1D (repredetited Hyeheanmsiedighated 15.36), so

thaty@etcgﬁent &w aria%& g&trodegzls ?ela'}rlgel};lng %@E@b@:ﬁ &Egsh%glgrggem alow
ele‘é‘i‘“‘éf‘(%fﬁ*mee By gqqigst, e 11“2?5'! 10sjfeprpsented ip Figere ¢py therpast Fﬁswéeééé%,
is 140l @AANiE,GvitB the Rddth dfthe eldinént RXANIMbBdiméd: bditg 1tnR&kn 430 (e tHidRFSs being
02§m1cron to eject each drop, the tenperature of a dense

ray of nozzles would rise with each pulse to the
p0| nt where the ink inside the nozzles 11 woul d boil

It wqowrio@amamﬂemeatar fis shb\?d/\ﬁvﬁﬁre 37 iias L ggkﬁdamsmmamm%ﬁm dhat @e
e a (0] en r. r er COO
ele‘ﬁ%‘éﬂ" ﬁ ¥ i?,g%{ig %dé‘%sdvt %‘“t“%f%g“upﬁg &éi’fﬂ‘&@é{‘]ﬁ%m\%u ??q”‘g““’ 37

wilkteye 4 neuch bivengletttienl tygitdnean gpd(yall permit altighar oyeoet flayrthan the element 10 of
Flgﬁr@ Bl @drdthe reg&&éﬁﬂobéf d;{\%tv@l@agé/ t%tdatvgr a‘gwI@éH@ng?f& the feater 14 in a given
Eej ectl on/ pCV (equati on 2) is desirable to avoid
Mg v ng ink tenperatures wt h| n the printhead (other
than at tinme of ink drop 16 ejection) which are very
In ﬁ%&éﬁ dn@hel oth@r HQﬁH tnb Bbol Eﬁ%ﬁ}‘sho% nIciilges h R ted 4 hahEIRE BésteP&&Eems

ose to boi | result 1 n elevated evaporatiaon rates,
10.bapdd9-A @"“P‘Hi’é“di“’ﬁ R" ‘P‘W‘“Pﬁ‘é”‘ﬁb‘%lz | Qog ofjthesg "6"“?‘33‘}5 14§ oyigg hegrdipas the
othérialeinier COE iwity a Gofrekpaildiagly ldiger suefacz hies . ThE-uiribis@athadT éhe ldwekelement
103 SE‘P SchoaS egﬁ t@%}é%hoﬁe of%@uﬁp%Pel&ﬁ%Hé@ 1 VS SRR w R Thid the

wat er I nks
energy applied to ink in the chamber 7 by the lower element 10.2 is twice that applied by the upper

element 10.1 at a given drive voltage and pulse duration. This permits a regulating of the size of vapor

bubbles and hence of the size of ink drop ejected due to the bubbles.
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out of solution (known as 'outgassing' ), formng air
bubbl es that can bl ock the ink channels, preventing
wo gfoshéssof t he nozzl e chanmber 7. Accordingly, BCT/AU2005/000480
preferred enbodi nent of the_jnvention is configured
such that conplete self- cooW ng, as described above,
can be achieved so that the ink 11 (bubble form ng

Aséuinﬁhg kidDthd dlerdy Hpiicki ki il b%*;& elemrrhﬂrls X, itvd b@%pgkaaaymat the
il

rat yre sul bel ow t

eneﬁ%u v@e%@ﬁ%me Fragt 1 ?? rﬂ"X P ety ‘e“acyr?l?"\i‘éo clgmpen
togttlmels@bzc&e})@fOf\mUErthmgeﬂapphﬂdsvhettdﬂ@lestl@mys speatianal, is zero. Thus, in
effdc € BRI A M mbeon c&%@khﬁfedhﬁﬁ%e‘bm{&zz@eos 0C, to avoid

out gassi ng of dissolved air. The main advantage of

self cooling is that it allows for a high nozzle
As de atpid fictanet efl@g‘y aatplingpll n@peatieaf] exrtiyrit preaide, @qmer‘ aid t(nfhg of the
exaws&l}lgb'ttthéf e‘Fe%htE {Ganh & % 148 dGRAbEAG uflﬂrb% edt@fhem, may

preveénti ng undesired |ng I'n nozzles Jacent o
reqyifsdz| es from whi ch ink drops 16 are being ejected.

Thi s can allow as nuch as a hundred- fold increase in

It VVrI]lP be n&t?adctll(at {1]19 &E&%emteyt 16 li]% olﬁé%%gug? ?8&" hl?outC aa\%gicil fa)ass r%lctltl'e to

the \mefeelqrf@@t 19ﬂe§'@fh‘§ s0 tmrhelhé?crfeﬁee” 4ref nog weméfnéalﬂw*@ iplegendenkc
conh@HRA6 *batit@drik Gctuies ed by equation 2 is significantly
bel ow boiling (~60C for water based inks), the firing
frequency of the nozzles will not Iimted by thernal
Featigevind advantages dftperticedatiembedigéntsi ng rate and the resulting
print speed wll instead Iim'ted by the refill tinme of
.the [nk chambers, Note that t conducti o ut. of
Disk4 B SR PR s S P T as e O rpfoiments of e
invéstignur EhedSYurdsharedlengtibet! ndivideatll to(prdvale 8 cumipeebensivé urderstandink eff each
asptbradeliRkRioRPPOSi te the nozzle plate 50) or through the
wire bonds will reduce the tenperature of the
printhead integrated circuit (1C further below the
Effgkeadfthsiratheadt enper at ur e det er mi ned by equation 2. The
degree to which thermal conduction further reduces the
printhead I1C tenperature will depend on the tine scale
Thernsipthead af thenresens fyentien kepa drien Gt C?q%"émﬁrﬂilemo%‘asauwe forahanerd
effitibiay: 1etss thEh 28C Bdn6j o SITIRIS @Fuitkt! to'hedt i eleinént ifidieatlero i@ 3 b@BER 12 in
the\llx\-'{nl’]kos eso s oe [ aE e?r m{cﬁuougl 11%)%2'”3 cil? s%lmlelg Pé A]g}l %an“r%gzle designs,

0 Ol OMISIgm
the pryeggyy (RapiEoy ¢ ble intthe ks loss thre8 Gl dBY sogperisp, prica pift davices,
gen&’auy&equaswef SraidijolRh hQnN@Eslenteht uosufﬁcr@flﬁefo@b:le&ceta&a@r Babbien2 to
ej ecb an 1?]( S].t6a l:l"EuSG ucax%g% r%q uerr;leaflcs é’§ %g %r]%slet%rl]rllvferlftgr?' gr% zél}sl cg%r :otg n\iliggnitude
lowptr@althad%f ﬁfgqmyheoﬁal il ey $yetemsT Hiis lofwergnergyeconfumptina proyidesievenn
operaehga&)a@ smertﬂae«erd,%ﬁést aYld sd, RAf 4R, dram‘auaanesuﬁmﬁzd pRifithehd Qddling,

referenc , the nozzle
syt el ShCHS Ol St ST REE 86 TP R ooent
aspect of the invention relates to the packing density

Théaé adocalZa As%m@»pr&@mmémm%m &F&fany Mmaé Qe&lffcé(ﬁﬁé IpMthamvhere the
nSIt of he nozz hat surf ace

O01Is
md’d\?‘lé@r] eJmedo‘&o*% 1% Fh§‘§§eh’ﬁsfz°°6?““’éﬁﬂ“f laaé% cwla%\mecf*ﬁ“sa‘r?é the prnthead, as
desgrived rticetleanbodi nent, the areal density exceeds 20, 000

nozzl es/ cn? of surface area 50, while in another

referred enbodi nent, the areal density exceeds 40, 000
§ﬂ§§%§¥€§$%ﬂ¥ﬁﬁ¥% some of the Applicant's




10

15

20

25

30

35

designs, the areal density is 48 828 nozzl es/cnR2. Wen
referring to the areal density, each nozzle 3 is taken
w0 o0osnaedsode the drive-circuitry correspondi ng POT/ALB005/000480
nozzl e, which consists, typigally, of a drive
transistor, a shift register, an enable gate and cl ock
regeneration circuitry (this circuitry not being
Refepiog adaincalifuyesil deift this featie of ¥ infentiefper@naimt hoerkigg uppleddda
heateraemnpfb S fofth 9%}‘)& Hibble 1@@ ak toJeJeLé d&,&;qmmﬁh & 1R RInPRS

the unit cell are shown as being mcrons I n

“%’ea? By asgmpaating ofythsheat reroved Rythpciect értp 85551 3ad the gk thatyjgraken into

the paithead G &S ik yeervot\(hodshow) Z Theassulf sfeigs ik-ihgtlileded Bpvement” of heat

0

il AL Fo L HOROS PR Py RAAE SoinB Dkl BRufupges e

P“%W?%%ﬁ%%ﬁ”@ﬁ?ﬁ““ﬂﬁ@@@méﬁ@mﬂ8 828 nozzles/cnR. This is
about 85 times the nozzle areal density of a typlca

As {hhgﬁ(% 6L c]lte%t A d | h? mk lqr&gw%? (QD Q{mé ag to 1¢ rfEce the ejecﬁq drop
nozzl e areal  densi i‘6Z0e] ectric

are ﬁg}stﬁutmalpﬂsgg@y@fof bguhil, e wa eéggptlaax;lpﬁgqfthy sa|mg rqas@wt IS convement to
exﬂ?@&ﬂtﬁé @C&Wein&@ oi(‘eﬁéiéy, as aﬁ the bﬁ% hdﬁi\/ th€ &ergd Ecﬁie&l@tﬂﬁérheatmg of the element

10, ancp Lor tlﬁ: OOZ S gle Peﬁ oval o a? enaeagg ﬁ%sﬁlgst éo&x ectmg tlga dré( dfog-ll-g Fﬁd
the @ftaks qﬁ;@trpmcenent qwentlrvmf mk thb Zsshuasngdhenthp replhcabert gaptérlofjink 13 is at

am§%@ alnser%a@fs m,chaagu i Ehe;g,y BheGethek Yo RABS bﬁﬁée éaa‘ed Qﬁee Yél@efn{éﬁt quantities
e CO0S (0]

f
o PR BT TR E PR RSAA0E e Fraimpersore of e
eje¢temvdeIpt] p.ofit W at hrobigoemperatire it the actual egperdem bf tbé drofee it is ejected.
nature of patterns that are forned on it. Therefore if
the patterns are relatively small, a relativel I ar ge
I e e grecifed g A amingtion, i whsher e Fageseriaip etdeae e
constOE | tigsmBied mthperatme. Jartheptespacs, hotetnperamatist &cikon © te thoimbient

temﬁasmé anR t&ﬁé!anéeamemmﬁ@%sas AT Mh%mnf?e%l B bﬁegm%u( ot

ower areal densit e cost Is direc roportiona
shopp) whigh iserpngetedsiedigid Blyw FHREMYS3tiPD. é%th%mletmaagﬁegf Al grinthsdn
Typicallylthe antbibyit tShpRta@irewilt bdtRy 106h hribidnpedd)ersalie Whick 8 8dualBabughly 20 °C
«ksﬂg drop volunme and ejection energy strongly inpact
steady state tenperature of the ink in a
self-cooling printhead. Doubling the drop size, for
Ho®aaiat anble;ﬁszu:bﬂ,e&&ré e ba iR tor &&mpIEaMle rédnBetlie ARG wErad € the

. drop size will generally
mk?ﬁﬁ&(é“n%’g nﬁ’eg‘)jlsr1rr§’:r§erzn 50 the steady state ink

tenperature will not necessarily be lower. In the
In d3é £re@ld emBIGERYn, BB prmftllaﬁi 1p&elslgﬁed Residevk Bkt sb1®Ebolisfh (i.c. where the

d an th eferr e i s betwee
ougige ey Sy s Gy it B R e SEBOBe oF s S
the heapeneray sddedhoite heatey elgwimint ¥).space vi si bl e between dots if

t he drop pI acement accuracy is very good. Drops that

are 2pl will produce 1600dp| dots that overl ag o
By #pyidi F’faimelé’rf‘ﬁuve thetSRs il Aigher HblS fargine amd pd 15 Wer S5ty iy ving 2
boiBiggoidr of ppptaxinjaeiyt100 3C. St thedimiblettyenfpeanreiyHOyC it med is a maximum of
60 ‘I’ICdﬂ'Jnﬁtﬁé Arr@)ﬂ:ﬁtl térﬁﬁé;a)ure to the ink boiling temperature: that is the maximum temperature rise

that the printhead could undergo. To ensure self cooling in this case, the energy required to produce each

drop 16 must be less than the maximum amount of energy that can be taken away. The maximum amount

of energy that can be taken away is

Eremoved = pPCVAT (equation 1),
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Equation 2 can be used to determi ne the rel ationship
between DT = Tsteady - Tanb ent and the energy

WO enpailossd t o ej ect drops between | pl and 2pl . FOr/AUpI05/000480
drops of water based ink, a 300nJ ejection energy
results ina 7 1 0Crise froththe ambient tenperature.
For 1.2pl drops, 300nJ results in a 60 OC rise and for
2pl drops, 300nJ results in a 36 0C rise. Assum ng t he

WOI S sg. anbj ent tenperat $.40 0C_the stea
wni i D00k e 1 B e S P oy et o e drop
voluu'ld dnd BE=6PE". Esuml e wiaybf ewdniple, the ad 3phdeoptisrgectodi Th thisgaspoi Nt

,,t ﬁ §b2§10 g‘ﬂlus e)lagxlpleqf @Qol@ﬁx&@ Ihhxpf(}ﬁﬁ Q&Iejéchécﬂ cﬂ!ﬁ; iMé teltnpgzﬁ'ur@&f a dense

m@og%zlfs%ulg &ﬁfg\{llph%iaq\mpélsedﬁmspw W§?’EE‘ glh&lSlfiﬁlrbe nozzles 11 would boil
contiiapsy. af, bidveyer flaboktldfsethmaemm produveesachi deup, (BEQepdrdiess of bbs @ovling
; I ' i
B SRl g .51 00 GO i ] 2B e
teml’ﬂ@“éﬁ‘ﬁ?j’oqyrrents shovvn achi eve self cooling with nozzle
designs that eject with nmuch | ess energy than the
priaqrpart.Thi e devel opnment of a range of
S‘“?‘P@'?fhaﬁ’f"g‘hs 5t /ég\} cﬂ"ﬂ?t‘ag‘&@ for reducing ejection
energy. These are best understood by considering the

It lsaiaalragy toraeamamgi ink @npératirey @tfﬁxﬂﬁmﬁlﬁh&a (@{éﬂmﬁa@ hm&ﬁ'hﬂk%p 16
eje(glﬁla whxclx; % tv ose 0 tfsleob%hl%t eo?ntV\% e ink {l \Pem raé.g1 S.C oeegcg ?o(gl%ng result in

expressi on e energ
elevatsp b\raeorﬂ@p rages.icamaing the infin'theipzzigs 11 o m@umpreaseﬁmwscq;snty and clog the

nozled lFQﬂ{énﬁ‘bre( Rik femierdturés a]bm]e 66 - éan ?aug-ddscﬁﬂau ai hl%tegl)ased\'m@ fo&ome

e tenperature. incre from n
ou TP HFTRN & BOFRT e TS A Ch I et T i s rence
refi]l gf thd‘r@ij)sl Gaalrer 5 Uk adingln p egfenéd dnibedilneng dfale mvpntxos is configured such

thatd:@ngﬁétg Seif- cg;)lfng a§&§§1’oéd| aGov@ Q:Qx{ be aEh1év§d Jo%{apthpm isl (b&bie?ormlng liquid)
hermal conduct tivity t he t aken f

in at?ﬁ‘BBi‘*’é nezgle phappE d e ae?f‘?ﬁxdytsﬁﬁ t"é‘l!fb'ét&?"ls‘ﬁ’@%“t‘ﬁny ‘%?1°Wl3hcéﬂ‘d’°1lmg point
whdnefiedheatingelbrmat Bris noc@ate Mothe dasechE ivhterybaded mkilthe sidady state temperature is
idea(n??eretﬁJn' 696t Yo avIIa%utgagﬁr{gl BisshRedd}y Passivating or
otective coating placed between the heater materi al
and the ink, assunmed for the sake of sinplicity in
Theaﬁwaddmagaof&af cbamgnssﬂangklawhmmgmuﬁe de@yt@find fdrlA@igh speed of
prir‘éh era on “Ilt%l(l\}].lt regumng? orrzlltea co llmlg ! er{l l}ari;])rev ngng %naes%reﬁtboﬂmg dn

ne a
nozglpy 30441 afes?thOZFlh%ﬂomﬁmhenlqm léﬁawés ejgqtese hl@ ppn alityj ag much as a
hund@a ldeH ihdr&ke th e&me §acﬂﬁ1@d}n§it9 elam&ﬁd teithel chsy 1f@tflch 7] @a@ﬁl@[ &hd the

he, ch an | | or r oof
tem %'%tlére Brgfna mentlofned Wﬁ‘ rresegtu gurglﬁ é)r teaﬁy S%Qe mlt( E ratlllres

predigitd by eqw2seﬂgnnﬁ¢anﬂm Relow lvplltnh é~6@°§sfer vmer basgiusi@e ﬂvel édng frequency
of tRERLASL Wil KEE by BHRAL chitrdifK TR Radithein BARRAE dnk @R rdkihg print

|de@tlc% tot%%%{nl g‘gm{(lesb FL is the loss in the
SPeRH T Hdimg Pt Pgink ETO§S, hon- nucl eat i ng

resistances in series with the heater. Sone second

Not@ E}Qtetﬁer&lfﬁ (:&ﬁucﬂ&?’&?é@e%%ﬂma& lﬁte@r@@tﬁ cd’cﬁ@(@é%@mfﬁ Qrﬁg(ntl%ﬁqﬂ'g&h he

heat er have been neg I n equat] on
bach&@o*f"cgqcﬁ@f thegvale AR ﬁprf?snetﬂﬁé‘f’@lefg F’@ S 3"%‘?155? Vigedjonds will
redye €18 ielpipératiiie ©6thd @inthedd ixitegrarsd nigeutt (1€) Snler bpjow theptHadyesthteftiiperature

detGMRBL & LAY TR0Gegrbe toWhidh BhAl IRALRE aB%&EFedbies the printhead IC

temperature will depend on the time scale for thermal conduction out of the printhead IC and how that

time scale compares with the firing rate. Designs which operate close to the self cooling limit (ink close

to boiling) will still show significant frequency dependent temperature and viscosity effects. Thus, as
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2. mnimze protective coating thickness t,; 3.

m nimze heater thickness th 4. mnimze phCh and pcCc
W®2006i1085M0 ze nucleation time t 6. mnimze (p BRAP2005/000480

7. mnimze (puC)"'7 8. mnimze FET loss FL 9.

mnimze series |oss SL Eachl of these options is

di scussed in detail below. Reduced heater area The

alréa@ﬁh&ﬁm@a % ﬁfakb@afé aifh f!)ras{egﬁ staf@ 1fid kebhp GO o ficatly DRy boiling
ne scal e direct area: the energy required to

‘eﬁgaqulﬁéasﬁg%i‘t"@f“t’%“{‘ﬂ‘e filmboiling point DTAphChth
and the energy required to heat the coating to the

ArJiA*E'&Q&A ing point DTApcCctc. The energy |ost by
5|f'ﬁ$|oﬁ Into the underl ayer DTA(puCuku)'/It'/ and
the energy lost by diffusion into the ink

ThiDRAGRIoThKinyentidnireldtds tathedeasit®, rby aB4, f tid Hoedlg 3 yn de paiitdan twitn

;

refégngft]b FM g,lqllnje ﬁ}é)ggs[eb dlsl-h eatuéb r 5§ ee?;@e\e/sla\flwﬁec?& tﬂ ufventlon

relates sthe Rapkdnefdpsivy ¢ 6?443?1-’90%‘ ﬂwfa%Mereqw@raﬂyh theiarepl dansigy fdhe

noARRYESn tha ficthce 508 l0,0009bA3REcrt* BEsuffice @l SL ternms in
equation 3 can largely be elimnated by design, heater
area has a strong influence on the energy required to

In @ preferregpenbedinaens the arg3) depsipeacefds 39.800mazriselpra tofjpugface area 50, while in

ano-ﬁhép;ir@ta{'eh )L‘mbohﬁ{eﬂt' tﬁ@ar&ah&pﬂ@ 3tcBdds ,008 ndKIBRR1 NG séhteof th@ g;ﬂfcant s
desk S| stqgge cang (%lwkl reduce the energy require
esjegs G &f “%“yt ‘b f&“By ~60% The heater areas of

printers currently on the market are around 400m®e.
Wh-glhx%ﬁﬁmg %aﬁeearesl c@ﬁsﬁy CRY 88818 3 WitdiBh 5 inc 188 (R arifE-QLcBiEY &o\ﬁ@spondmg to

rot ective, coat S [
e A T o DDA BtS TP 0T e AP P, LB i clock
reggv@stiadir¢uitryliga tirqugry inbrebpipg sptcifivallyl identifzdpossi bl e to create
self cooling inkjets with heater areas as |arge as

Om®2, but the drop volume would need to be at |east
W*@ gﬁferffnae o Higwre ¢ hig vhigh, E:f‘?géﬂmé it sheyym. e dimensigas of theunif gell are
sho@y®@ Actiek Bglmidﬂaﬁﬁn $idag 6hxicpeoip leagte XTHe hoz2la G @fthd nextshi@essivd row of

a

noz%llgéa(gee %f g@a%el)S Fgﬁtltp%)sgg thts P@zglﬁ %Q Lhat, Js% egl?l%f W kaln%ns Cél%f the

ce t e reso on 0O
outpr@eriphery pfiiks PEABIA fhlbfhewla{m“&ﬂ%ffnlezz&?é(b@ F 1 hlw abayt 8%5%? the nozzle
aredl Iﬂﬁlﬁlﬁ_,by a fyﬁedl thiefnat ihlG@ phidifeh® bndRsughil BOVGimsk thbgd4tle areal density of a
erb % 9 paper cockle. Drop sizes of |-2pl are
era as they allow ~ 1600dpi printing. The
Appllcant has fabricated nozzles that eject ~ 1.2pl

ThéYadieddvRASEM a high arcil BdaSityM 168 mardi@0ianeRh R G ihOHevRELQFed¥tch fabricated

on HEb Bt 50 PR, DEGL €T 5. The

plezoe

The more nozzles 3 that can be accommodated in a square cm of substrate, the more nozzles can be
fabricated in a single batch, which typically consists of one wafer. The cost of manufacturing a CMOS
plus MEMS wafer of the type used in the printhead of the present invention is, to some extent,
independent of the nature of patterns that are formed on it. Therefore if the patterns are relatively small, a
relatively large number of nozzles 3 can be included. This allows more nozzles 3 and more printheads to
be manufactured for the same cost than in cases where the nozzles had a lower areal density. The cost is

directly proportional to the area taken by the nozzles 3.

Drop size
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correspondi ng tenperature rise of the chip with an

arbitrary nunber of nozzles is predicted to be 40 0C,
wermer0a7d. 2pl wat er based ink drop 40 O0C aboveCEAD2005000480

can take away 200nJ of heat, In reality, the rise in

chip tenperature fromthe aﬂ%l ent will be sonewhat

| ess than this, as heat conduction out of the back of

qutatlﬁl ﬂlffmﬁy 5m3= 1nm§gtm 4 ec%[)p@\f}tsﬁbv@%mdﬂtthddfbptvblhﬁe and ejectlon energy

SRy PR s SRS PEEBE Pl Med s OB TR Mo bt fg?
sizgyéor brampls, rigubdes khe emountef hinete dopemn takd a“by biatvigubdingihé drorssize @ill
gerkafPreduitbd it el QWi biSadP Qhed fnpngQénGE willthot 13&ssErip 6&15@9
range of anbient tenperatures he anmbient is
0C, the steady state chip and ink tenperature w | I be
In theg et maential) the Gxint haad neadlitien is60AdiE emisie pyeférieé dmpdzlicetwaena pl
and%f: Ifﬁsi,s Bt atk%a o lp&)kw 1506&,\1 & o£ b 5&%&& a%v iR sgcms@ode

pper tenperature Iim
betwfl ot ?tha 1D placggnt acrﬁbfaWngrytgﬁ@ P&’é’% Fhété“e&Pl VBlB ?@%@ H{0pdpi dots
thatnwrbriap gnifdamiyelodshrdig thexbqeérdhtbeaccutdagind op @ajedtdiedtabllilcommonly

a is less than 150m®R2, the steady state ink
te %n%ge&tg)tﬂ{jl‘r%g)can be < 60C when ejecting 1.2pl drops

- W|th 20C anbient. Likewise, if the heater area is |less
Eqiati@l? 222 to defetmifd adMticathd) RiwebkAT %m@g&t LS. szﬂrmneka@ergy

requuegfc:x eﬁe’@tedp S {)e%xgeterll 2;8 arl 22P FordIQPcB?ps V\fw er ase ugy ? %eo ’ éetctlon e?ergy

resiglig ingp 7 cﬁé rige rﬁreméfWémgnym rt@mfﬁtpredwr éﬂpllﬂwbb B@mf otutibin g 6h°C rise and for
zpla#a,gy\moaﬁemtss.ﬁ b $6€st. oAsa@m@g B W &Ise/ar@eeaﬁmfa&ge is 40 °C, the

s o et e oot S pn preadop b BaF Pheator ety
boikngfppietvath 3pGudripiclaptezetion prdol igneill dnd the dnEmpeanvithy30prdd . 2p! drop

ejedtiad. ABve Ble cERtrdiSSh-dropQiz€ak h&%ﬁer&tﬁ% 156hd prezert B5dnBEPI06E is
ext raneou o.the heate se_devices, the sheet

chojep & ?‘Eﬁ?fi‘"‘&f’f"tl?‘f8°"lf§%{§ye‘g’ ﬁr?ﬁatbwggﬁw\%g“f%asur ed using a
4 termnal structure |ocated on the sem conductor
Feal¥Bk 6F10@ LRSS oL Qioh N€ devices in question. The sheet
resi stance and the heater geonetry were used to
predict the 2 term nal resistances of the heaters.
Thé Mrbodihdde spiwadiiGdve ifsocking Ritloabbade@ghs Waf diecidvithexuah 188 kenergy than
the g%’qa I‘ﬁul'ﬁ tt§ the Eevgllapgnent o@g fihee eo??,\l,gczxgrgs%% gr%l t%cﬁrﬂ%u%g gl‘ &&u‘@fﬂg l:_]ectlon

Series reslstant
ene%nﬁemmbéa upslgrstopdshyconsidering theerargyrenyine! ferdublpdormatpnandseach
souddh Gﬂ?:nérﬂi 18ss dsdoidAWGE Biivirfp the@iSdtér! AMSProvidfate RiPresdidhlfor tik energy
le?o nngquatl on 3, the theoretical energy
|on1-"(l own in Figure 49) closely matched the

exper| ment. |If the series resistance were reduced from

22 £hah *{Qca, QOE + (GKyerB orydel) +PLeGLCt Gqubiia gner gy

required to nucleate with a pulse of the sane wdth

woul d go down by ~30% The | ow resistance shunt | ayer.,
whege 4T fisi theetemppedtuggningrease frem ambienit ontho ilmmboflingipeintrig3 08 8¢ ifa gvater based
inkd), cm, R Bindd Qr fabbSAA of e LIRS F ls@@ash}c ess spwm%%@at rt%stmtﬁnéss K is thermal

°°“§‘1[“TE 5 gEiR Iié't“? Egﬁ?‘é’dg‘e bé‘b%“e‘P apsies é‘bd ‘BVWF%%P‘%‘%; éd‘cﬂ”gt ﬁeghm heater,

coatifg, wigledlyér|agd inkkesp@tiyphn €Ttk Sodting im ah) eassivekingremirgetise ¢oating placed
bet\uaﬁ the (ﬂgazelr ﬁlatexlmn axtdhﬁe ﬁ]@scx?smgéd t@r Ma@er oflg%ﬁg 'upkﬁuatlon 3 to be a single

evapor at ion of water fromth I nk décr ease
homogsrewsiaveta tTP%WdEffaymﬂéﬁrmﬂ‘ﬁﬁ‘a't‘ﬁ@erP’é'gCP’H??‘ B’é‘f hheptes ?féthe Opp osite side
of theelhter to aliethide vehich 3@k ehe bubble that causes ejection. This definition leaves open the

possibility of heaters attached to the chamber sidewall or roof and the possibility of a heater suspended at

requlregl g;r Clil%
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I ncreasing the concentration of other ink conponents

such as the hunectant glycerol. This increases the
weemenaistey of the ink and al so reduces the anmoRri/AD2005/000480

vapour generated, so as the evaporation proceeds: it

becones harder to push the fhk t hrough the nozzle and

t he bubble inpulse (force integrated over tine)

eac@\éﬁa VRt ieuliPinRiéabd hR&. e Ea@gM{éeﬁspen atawmla@lk}evlsmeand its
ter c ncentratl on be ween

and the nozz|

pf°6?‘8°6§reb G 9 te ettt U S t}“’t e ﬁﬁ@?"é“é MO Fe By ﬁbl‘sé°ss n
norenyoledmp oeistamckd inlreries rvgthfthe icatent Sine sejoed brdtrhtermis rksociak@l with heat
leaffdS HEPth€ QARL bWt QRer hivk bl n@eckdifi e @Qﬁlses, the interval

pbet ween successive firings nust be less than the tine

taken for the water concentration to drop below this
Acevidifg 16 @hualid@\3e khereafet dny phiwhl golviliez ot Mininsizigd he edetgy @dayired for
bub%leq&glgt% This time period is influenced by nany

ractors, including anbient humdity, the ink
cbmumies ksaer e heat er - nozzl e separation and the
hﬁaﬁrﬁrﬁmacfﬁ&ectf\rd'kﬁadﬁgﬂﬁoﬁﬂiessa{ ea is tiedinto this

p@e&gﬂq&gg& rqﬁlqggg the ink viscosity. Smaller heaters
have & amal er Bl'e, are less able to force viscous

£4. uiminimiag pEivad p6z 2| € and consequent |y have a | ower
vj S afdShzynukledtioh tihof €j ection. They are thus nore
usce t ] b @kép evaporation. Heaters that are too small

vv|IIm 187ePet gging tines that are unpractically short,

rquunmﬂg(pifhlal nozzles be fired at a rate that would

aglverseLyrafibget print quality. One woul d expect the

S50mMm®R heater of the present invention to have a

st gMFPEasETry sHor t er ¢l ogging time than printers

currently on the market, which have heater areas
Eac%@tﬂ&@'op‘b@&1§H¥s@ussédﬁ}1&eaﬁbmvﬁsem i nvention, however,

there is the option of suspending the heater so that

it is fully imersed in the fluid, with both the top
Redscdldeammareainder si de contri buting to bubble formation.

In that case the effective surface area i s 300mR,

only a 25% reduction fromprinters currently on the
Thehgpeares APHYYR lefee RIS gUAtiat B nitvoinst wele diretlychinreidhs eraey
reqifife® toi@4t th3 @ekeRn Bthel il bty @ 6ihiA TR, O hxd&teleﬁaagy ré&QIr¢daS he@tthe coating
to tf?er}qm% ot rate{r A;ﬂklﬁ)%]tc L’fr:ing tetnzre a‘i { by%%%usmn 1nto ’thﬁ qurx]c:l( l’lzryler ATﬁéxé% ko)t
andfthec?mra lsﬂ\hy diffijsion @tpdthetek AW@@@ It a@v@rvsn raqrestqomlsckmnﬁent on area,
sindeQdBRfds SOA: s tnauet R ihpat sgmauusoﬁmz %gﬁaza'ied aﬁd)snﬁnuil Q61843 Wl reach

e By R P oS o e B SR e B Rt ssp
equatfoin 3 kandaygeloe elithipatgsibydesen hpaier|agry bas g strong aifludnesapy the@neTgymequired

to eyééttahd m@&@aﬁmume@ﬁaua}a qppw%uy thmlﬁ HERMAS arre,la gxe@ptlar%n ithe! hedRG
e

t | n
s e il e PR Pwécq%re&%e*?vf Ber o
el imnates the DTApcCct term Renoving the

Theq{e QL SRbd of Emlte‘:’s\’c%énlé‘&&ﬁ’e xﬁdrﬂ»%é Ar&ﬁaﬁ hbdﬁmp G %&t&sj}‘?‘e covered with
diffusive | gss terns Alp and DTA

~14 ntﬁ’fleofeafve poafings. hg ergteglvg fPﬁ'i“}gé?“ RPBT ‘tﬁh"éa‘?fgc%lé Ibﬁﬁmﬂ@gfoee(l}mmate
the aneeky Svamdd| i licatibg thempis wauld He possitile o drdae sélf dobiling dikjeis Avih Pediendreas as

largmmom &lglhy?]\% Sl WY §Rd &%\éﬁhﬁmgﬂgmk@m;’ﬁ@&u oPRRE oPldat

at'i on ow that renovin
aW"‘p!r BfSeee%eravém@afatP?drbggeoela RXPERRAErE dn theyat thas drpgyyplymeg tipallerghap gpl are
desidbRcb: by as nmuch as a factor of 6. Thus in the

P [.efe%{aﬂc% %e?émgtg)ln g?tﬂg printed image and
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there are no protective coatings deposited onto the

heater material. Renobving or greatly thinning the
w@embeaisive coatings (while maintaining a prackdTai2005/000480

heater |ongevity) is possible, provided: 1. heater

materials with i nmproved oxi #4tion resistance are

selected 2. alternate strategies for avoiding

cavitakd Qaamgﬁ:;@wpa@gmt@%orwtﬁew BIRGGE tdstr Jrifkhg without

option of thinning the coating rather than renoving it

entl"t"éqe?atmﬂrﬁﬂ’é‘l@c ased on equation 3 show that ~0.7 nm

is the thickness Iimt for self cooling operation with

Dréé@[zgsr of PQ&%Q pl‘e leaa§ ‘fhg lﬁg ~ @&1 print 1@ r'tthe ﬁ% 11? lgap %Pncatﬁd nozzles

even at|ve
tha “ﬂﬂip i 2P} watss baéTdd’éiéi“ipé WB%*%OPIH QJ"%}§P pRgTEY H?“éﬁ ~Hffivek brass. The
cor{efy@adifQaénmpagutdiRe faRANIE buith th dAe@dry m&mn@zﬂaemmc&mo b¥9R0 °C,

sméeqq Z?ISV% tsédo 1k dr(%) Wl"& Llﬁ)p? an{bleraltqtgr?t%tag @I $0bny '3; 1% ?In rea?&yt the rise

in Cﬁw@@ﬂa@a ﬁ@%@é@h@ﬁﬁ‘%‘ betsweewhetﬁw thenhth% nﬁ@s@owmn out of the back
of thY dhtpaChot MEen Q@@dcbdil& in ﬂm Gzﬂ&llah&l Ine&s czIsH aﬁsethoﬂzlsmnada fhe tidkRition of

=

selth:ogmg a?T’D ?ygre%bu%ago Cfcsﬂglig ln{gamamsm té)lanb eaft roef,ngva l?'?’ d%cgwgeés to keep the

mklbelp\n s hoiling pofey in the qﬁgfcleﬁ@nawbﬁmt teropeproveat 1the ainkier § 20, the
stedag astsfm@%l@aik lteﬁltp&&mqmﬂl wRNs mtaso@é Qp lnlalter &szo‘gnsie§ ﬁég&m& are

ea at e ure w e el.o
packet P G s BF BT SRR Eoog b Mot v s e e Bl
quitkdadebydrageraediclogRbchgezbad ohwgppsanir bubbles kwestbat Bimperature hEherefore, when the
healdd RGeS tHaf Eibhﬁs ﬁl@ GibAY ayle iMc Eempaﬁa% bme L B cRhald %hﬁn' \{©pl drops

ner a
Wl‘% G Pt '&P%/Waﬁ%"é%‘%‘ 9{%24%% by Ste%%lﬂlﬁ&jmwféﬂe can
be h&AC @hentefettink m.elﬂﬁrobd’mwwtlan)b@ndnﬁtlvle bdotihge benefit unl ess
the coating is elimnated or nade thin conpared to the

heater. Presum ng that has been done, reducing th wll
Figyr; % fheys esamenal epdborstisthistaley tsengseyapauised fprrhubbisgfyrmation, shown as
disdusseklitd b&gstiongly deerkaging Ructiod Ahadtditafea. t"ﬂlé BRperithtintabdatGvat dGlen from

sorrgloi’ tfhg ﬁéy})\flga'% dJaP"f deglgise s nu%%lte{ij gg‘n agt prc%&#x %qtg%n%equ%ltlﬁhad large
Seﬂfwse KTQRsEBAR thaberes aﬂs’étﬁnwwanepgﬁm @ahelatyrs inethrse demicqsgthessheeh an

resibtalcé oﬂlﬁe Hedi® n2ieed gzys the@§iiddd ﬁlﬁﬁ’g ablytexﬁntgl saldMrd Baceld olﬂﬁaieﬁﬁconductor
war?o ckosT to e deaJictes m uestloq fl‘he s{leegl rg{% ?ant hl ? Stser ng%g?rﬁe were umo predict

prob epos
the & @mmnfé resmesmﬁ the htbtesﬁ Shethe mm@prame@ igompprgd mz témmé

merhr&kengfof Bt Reles @9 1ka8lEeR lah QlAithoRHl DG s\ dehes$édEMAnde Mhd¥ound to be
congﬁﬂt <ﬁ r?,ﬁs%algcgs %}e{%{ﬁ%{é tctr es I{egt%fl? r\gﬁ%ﬁ tl'gse %%iwgri‘eg reeﬁl%{mc% g%%at into a
model plsed (oxt Efuettoncirihe Byoretingl eaerey piedigtiorsh@rlin Sigake fO) Tlagely matched the

expElERaL. T tBSseddd ChsiSRRE Wik peda@@ﬁosn o ol m@ﬁsetﬁe Qﬁl@' model predicts the
materi als are ener al

rotective coatin
°“eggé Eovied F‘V‘“@‘Eﬁ’?c“@ihﬁ%t“&e o Fie pame At wenld gpaym bys~|3P1é gThe low resistance
shuprlaypreiedciiged baowe In tigsecrigsinstininizing seriosdbd b OMUsEES itede andes: these
res‘g@g&ﬁgglsgqsgeggdtst ance and cavitation resistance are of
greater inportance. However, if these considerations
are put to one side, materials with a | ower
ThedMisd tiielstei@hter atca bt redticedlis déterdined Wik el fpbiaton oRethtiiidkg

conﬁggfnts ﬁ*grg (R ?r&%legi&qs in the nozzle. In the case of a water based ink, evaporation of water
from the ink will decrease the concentration of water in the region between the heater and the nozzle,

increasing the concentration of other ink components such as the humectant glycerol. This increases the

viscosity of the ink and also reduces the amount of vapour generated, so as the evaporation proceeds:
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in equation 3 has the same effect as reducing th and t
Cenerally the pC product does not vary by nore than
w@2doaaossro of 2 in the class of material s avai | Btit/aU2005/000480

the .i nkj et designer: considgging the case of an

uncoat ed heater, nodels based on equation 3 indicate

the heater material selection will therefore affect

t e ieleesniy hzfr@qtoipnﬁahetmk tEph the Byzzia bndT0St 30%

IM(SQIStF% bzuli)lggllm%glg (?o‘?ce ertgraEd over &meg avaE[‘zlib% on gtllsﬁi ovzerdl\l/c%s t he
Wheh everpudlly ghe I‘Vé‘é@oilcmt'@thnﬁ’etwr?%kheélmﬂﬂ efrﬁ’d@rm@}feﬁfops ity o dertadt level,
mes&lme bﬂhemusmmxglbm will beSinsu Ficie @GRt thd k. VIR ehuirtﬁ cBrﬁmlgﬁs firing of

<:and in

et i el eis o S Bh MLILS B e At BB v
concgagraion to dropielaw thiscritigyl levet, hften whictcthmozzlcis pfectively cloged.
sel ecting the right heater resistance and drive

valta to set the heater power wer. resi stance. or
T P o4 R i P RSP BB B AP g 5 gppgsrion. e
heateg-derelt bepavation anduie| hemidtr mron Th hestet arealivyied kntor this piet@uroen tigeugh the ink

visQSityP 'Sﬁlylleg&gtetg){av@b. §RE vheLL Y ambe YA i&bus 1EE bétttﬂe\ﬁr,gzré and
or makj ng the heater w der (and shorter to avoid

°°”é?‘1f‘%‘8¥ 'raﬁ@a ‘AY"" VISeRBYT iR Orteerion o Eex frg firugmere sysesptibie fp evaporation.
Heqretha ke &gl soyl wib) havh Ologpir@timesrBat ek emctmgy ¢hbr@ requiFihgthdt nozzles be
fire 9&' 9 o £4RAa ervgégélméct il guaﬁ ephd Q8 g tmsor,ﬁ%a%@%ﬁﬁe

0SS I NCre Séries OSS
prerfar ipvgpfion todwetaﬁeméf%r Sh?f&hHOggE‘é fipgithenarrs BB Rihe maket,
whieh 0§ Keakiadacarsl@s 100umt ilote ﬂéseﬁt heedtion heveval thér&k the optlon of

sus%egEE?%t?erGlg: e sa%gt dﬂs Exﬁ{%ﬁ%{ﬁg }hc \ﬁ/lélﬁls;gth%gtﬁ kehgk)g s1de Q’rd unc%vde

consiibting s\ publtiesfommstiart dethis gesoibe ¢ifveive suTfpes aeealls 3ﬁQH¥bern§/ a 25% reduction

frofl Bfintet€Aré il BA @EMakdton 3 for an uncoated 0.3mmt hi ck
120m®R heater are: 175nJ required to eject with a 5V,
1.5n8 pulse or HOnJ with a TV, 0.5ms pulse i.e. a 37%
=y X158t Pre eoogting) ener gy obtai ned by sinply

changlng the dr|ve vol tage. Thus, in one preferred

i ment he .vo tage and resistance shoul -
To BGOSR Comp e A LT A B e
magyfdouaisyeeTrqtectivedaygrs | tipivgidy readel frore 8164 $i€i @wl Th Bhescllayges are thick in

nﬁ:gr@s%rﬂa e Pedtd k@S 8 ﬁ6 5'733 to /E'Jdg%%t a5 Qas§£1gm L@M) lpﬁr&%ﬁﬁple of this
and theoretical data for the eneraéber U|re

Sm*ﬁ%bi“ée hesy irali mw}wh&ﬁ tatpelshigkness o e prq fcnreéayars §taf il gpm-
Wit efara@neestb pation Aothis @erndtheraiwitllbe atT HWC A, itemie that is +7npmets lafpetl tBa@ the

ATmhennenclt%ﬁlh%ga{ r&%m%@rs lofBimi M%tm ﬁﬁ,kmg'uragr&eme

e ua nucl eat 1 on )I’TE
laye&%se SIERERE oS S RS YedReE TS o e ORCATA(PCH)e", since a
smafippblumanbeisy leaed yid SemeraeIBmeswiiC Rach tHeffign Bilidg HOIRR KtodJuitRly with a
. Or . SE | s. [0 .
gw&él &:gip%{g\{ggt. ?fﬁgelscb%&ﬁ gﬁéarﬁﬂ%h Y st3@%hal r’%‘&%‘?ngn e 0! it tlLJ&tﬁ;]cgectxve coatings

e serles resistance ex ou ‘
canfigdugedhesndrgy requisdido eiestpyce muchiapalagtpread 6. Frugingheprréaredembodiment,
thed elatnepmtaalt/eromigs RPSitRAG tHe BEhtet! HhtBh1. azeﬂlotleg &¥igRaly thinning the
prois ?]tlve ca)tatumrgse %Vhl eC %&guﬁa g%na ]}rac?ca atch§n§evlijtyt1§e)éoss a I'g\élg laﬁ(sj e t ‘I:’]g

hle ahegter Ig%n’etwrt&/ mmervei qzr@e@nre@lstpfrcem edecehe 2 terninal
1S hifetndl SRt gief fof NEdIRLALRES: da¥iR ArelBpteBr €di Cti Ons were
conpared with 2 term nal neasurenents of the heater
resi stances, an additional 40 Chns of series
With espestitatheertions Hirping the coptitgratbe thian iepotieadt dasirelyemodsls bvabm
equtich B OGAMS~0 QnmlidBe BRAIQMithit O8I LobIRE Spefiflod IHM Witk bASH inks,
resi stance was put
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into a nodel based on Equation 3, the theoretical

energy prediction (shown in the figure) closely
wormioched7a he experinment. If the series resi st anCBAUBIE000480

reduced from40 Chns to 5 Ohnps, the sanme nodel

predicts the energy requi refi®to nucleate with a pul se

of the same width would go down by ~30% The | ow

assﬁrﬁiﬁé f.fd @Qxﬁtﬁengnx‘dﬁbplldﬂﬁﬁ Evef] %95 tem-?@bj sﬂ)aﬁ 5. ptﬁ%hér% ifkWill be close
zing.s in these devices:

o foyig %S“tgé‘%‘nh’f@eﬁrﬂ?ﬁla%‘f‘%‘ée ?°P§“°BVér'i’&af‘ F‘tlﬂnglﬂte"‘?ﬁ‘éfw og the gssumption it
wilhigtiedequinafor high dvasity nazle bagkitg dnaigh firirg Grpieivgal Biprefrapes

emmdknlleng WeQOM&ngggﬁpﬂﬁ@%%?aﬁﬁg llay%l?s id l€s§ th%r't @Wanh Hl@ Heater can be
ot hers exa has two arns

One
PUEHimOFs el ézelr?ntﬂﬁlés e 5)F¢é Fofeip | pigiop FréPSéBﬁﬁtr%t@t eaten bums o5 o
Asaafnifg tha lafbivit eh@iperhtiire 520 °Q héafe remsIL0&E abid thdraphasizetihie2pl, 6o gready
act l

s B8 ok A TR S S B el R B
ar’eries resistance. This explains why the extraneous

series resistance of these devices with an Onega
Re(eug{%%aqe” eater is higher than the parallel bar designs
SCUSSE m the reduced heater area section: the
paral I el bars run straight betweenthe two contacts

Smw &ampc Cemaésyoeteatvﬁtamﬁﬁm Si86diivOBgers iV\EdnbOtmdh Bl than the
out .resistive

ATA%%,‘: qtérm assgc%ted purngﬁxgaﬁm%%% Beagr aegucénlg fth&t{, aéer 8‘1‘%%%3‘?@ gg of little benefit
unlepg deeaating i3 eliinmpted pr mdde diimicopparebtodlt lekrert Rr¢seming thist Hafbeen done,

redﬁ’dufgfthl-@@ ﬁuth&“re@ucte R vbl[ﬂl?e @theta@@ tﬂé{é%&u@tﬁgﬁot 9[[1%' @é A’f@phchth term, but
n e

ation ct on the vo
o s e AR i s Tt S Vs R o b ¥ how that
0.1gm e qo@atd eatehell inmpisellyseuid less ten bafdtheenqpdyosiuied by a 0.5um thick
hea(et We&? aﬁerx(pgﬁézt@ rédﬁUe Wk@ets@glogl\()qrﬁm% 1 to c-gu%é Br%blgés%ﬁth deposition

shown that nozzles run wth shorter i gher valta 9

thicfpess Cé?rm% ardRessilaRlRs T gRay Tp AVIdhoEYiohgeqpRiggtion failure with such
thir( Igthtsrs UlsSealerakyiutyi needs @l batat lo4st 2pOhited tcachrd e tuerent AEmBiRy) is not too

xpl ai ned by the reduced inpulse of the vapor

mgﬂe—gpﬁlgls‘l%éﬁ which is less able to push i nk made vi scous

by evaporation through the nozzle. The Applicant has
Miadiling b Opaidloyc, not ed t hat shorter hi gher voltage heat er .

pul ses reduce the extent of "m crofl oodi ng"

M croflooding is phenonenon whereby the st al k
Thejjensifige ehdisedsifin aeatSWé the heatet tlrtﬂlgméhe@fs lceatingamatesialy @t gprerplly ¢f seogndary
con@d’xhe tcS lal Enkh dEJ'@ern @iZtZe' ﬁolfbﬁ{és cﬁgﬁ ki @S okilkRioS Wshase, Q)f'rosxon
resis nc n%zchlltae res1stance are 0 ater 1 %‘t Cce. \’%ak ffese%gcl rr%ttJIJlsa t t

otf f i Cafafop rS SRR AT a%r? ’h@ T 1RENo itt prat e, nsareputto
onedeip,oeqtqnalm itk & uerglewsy-gpedifichertprogiin ang Wesirable. Eﬁed}tgmgl piCy and p.C,and
in Qb TWks RS YBI L £ &ddhding@Nm@e si de of the nozzle can

cause printing problens, because the stal ks of

subsequent droplets can attach thenselves to the ,
Gepotly telpC prgdictioesqausiyrvg matestah p &actbi of @ inghe dldsod eradnayrvalalie to the
1nkj-gh@es1§1§e¥ %Q&f@ét%g @ ol priln%co%{eéllh&&r [fabik g&é&ﬁor@éqﬁﬁi@gx iftfitate the

the nozzle te encouyrages further accunul ation of
heafer pajfr! Se%wtl w&l BIEHOPSHATT BFEFFLFettP Herl Pray™mas 40%-

m sdirection is self-perpetuating, depending on a

bal ance of firing rate, evaporation rate and the rate

at mhlch f|UId IS re- |nb|bed back into the nozzl es.
Minpgiging pucleation Hme (mipimizing diffusive Joss)ch t he dropl et stal ks are

dlscouraged frontattachlng t hensel ves
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to the nozzle plate involves reducing the surface
energy of the nozzle plate with an appropriate surface
wo e@atiossme or coating. This al so encourages rePCTURI08/G00480
of fluid on the nozzle plate However, the Applicant
has found that microfloodi n§’ can be dranatlcally
reduced without surface treatnment by reducing the tine

1t if A6 tO B LSRGt éaeénweldmswﬁbg hed RORk md%&ehg@r [The fistsep in
st roboscopi c | na this is npst

I ndi cat es
m"’c“B‘Z't“ﬁé‘Sé’f’Fdé‘&etth%‘Pg'ﬂé gﬂkeésat%u‘ﬂm hés QORI RmIARg |Ach %aé%mélggase of
a htdwe bbrdatyb h salfd unbeelaydr, GRCAL)”.s Madikiziag d themsecbrinds @ Inkaneradl seddting the
ngﬁt R&tc e &cé%nh%ﬁ@mga tmss%l Jw feQreiPdGerS L Hfer QJSIS&JL@ on%%,l Rltage will

Mnimzin rommnlmZ|ng
InCRGERE Fhe RAET t?é"sﬂéﬁé"d‘éfﬂw{’ nvcéeampeuﬂﬁlg Thbyter [egEanes oap ge t»rﬁ\@dqd Rk either
lowatingQhe He@tert rEsiti GySE haltiig the heatedwitdri(dng shoster6 @voididecting A) Lowering

the%gglsﬁﬁge 1se lgot EI'Q ?Femed B 89 Hﬁvseve(rp sgbba"h)ng éhg cilrlc"enlacoql%tcg[sé ?obléms with

oper nS|c ase
ele‘é’PE‘éﬂFﬁéPn’ mF@%se%Fﬁémth EL anginpapasH serigsslos Shuélwhv d%@se Phie ptagr hand,
cole @ﬁbd @tobtelaaamvmcemyt(c&malmoaKfﬂusheam Mﬁxﬂcsddﬁlp&laaﬁ Jdén %pmnuse is

apptr(ﬁ)nate lﬂ thet ;H'efe erred emg%dmap Q%Eg rcfi'a'lve vc}{tages %utweenner grrd] &%’t are con31dered

ner does-n O e
optintyen.  Fypisel oemlers @h‘sﬁég’r@ml qultlbtaé or aswwe@eq houn thiek bé@w heater are:

17585 Fe@0@4 Yo @Jcmmtasm n8ud gats€ roactomm{ 7V, 0814 fise V. tam%h&iucnon in
i tion, .ethanol .and.other s

el Direl SO by oD Sk b ot SRR (BT e Bt lment,the
voldgesguil rasistarry ishrogld be dpseado efaleect<i.ous- émepgh@$ﬂyphénubm@pmnwm the

voldERl felifshc@blPRERdsEd 6 mRRALFisTeanl ess heat is able to
be taken away in the droplets, and the reduced boiling

poi nts nean there is less margin for operating wthout
Figlye 50 $hogs dxpreimemd agighroreticabdagi fyr. the@aamgrreduirsd fortbeblilnfignetion. As

dls&i@sgd ﬁ@@er it E Q%oﬁgp §écQ§sEn§ l?tln@tlotl %ﬁ%@l@ﬂbﬁ Bnd cﬁ'ulpgt ufs@@ldth (the drive

her mal ro erfies of the underlayer, by selectln
Vdﬁ%ﬁ‘%‘i‘dﬂ“étie W the ipRyEpuisp Wf’f‘ﬁﬂ“abpéttfd‘&"clea(‘@d’@ik j The e"PE’H’W“taI data
wad thiefi frerh soe@RHEA pplicahys derly deviees ikl sufferied fréh ccﬁﬁft@&;ﬁlemgand

con‘é{ghe%% ﬂag 'iLrgfe‘B i !‘i‘é‘stse*ré &l; :aﬁe%&%% ‘Pélxg c.ere]ﬁx% usqgﬂnr: M%Feys it tese

Itu ass 0 aval
devipgs: Bp Fha?tseswtm P%het féer PRt eves prasweduping:a 4 tegdnat fyygiurg located on
the Sni@hdudibr VR BlodeidlBe delwﬁes Gkequeytib. MThe gheMASHIHRE arfll the heater geometry

were use 0 rpredtthher?Tﬁr?nrlrlag' swt;arn%e(s:I {)LJI é{xeal‘leﬁrf_lz\glec%l% _QIT L?t‘&r;l%’l v%rﬁ?vgmpared with
2 tes_rmzf)l mggeregineRt Qlermtm%staam 2Kadditiofap30 Otgjs 9 serigshesistapre aspfoun

to te E&mﬁ&&bﬁﬁmtah&s &meaatuﬁhé 1Rht8rs. W Ben\iS 40 @anssxeas rdsibtarlc® was put
int aﬁtﬁo%!ﬁ aslgtz)%féiﬁrcjggl{])g % lethe{;rStlcfalhenerW epé%lcé?] (?}5834 o Sets tIl%urﬁ?céosFlH glatched
the gprpeiimdni \IBthe sefies rdsitarise atre rediced fixpnde@hnts ¢p FOIBsCfle same model predicts

the Hﬁ% rréq@:)/e@ ho nuaeatet WBaGulkeof the tdnleQvidhh fbd SU6En b}n~30% The low
dlss?ﬁﬁ |ve g bet ween a heater bonded to a

reSIEf AR T ey d&?‘i‘&be iniReSPLPT WINBBHITE ISt B yeHPob Y “‘f“lﬁf‘ﬂ dgvices:
thedemaywlrss@phasise its bdaefitThus t here are at | east 2
configurations in which the heat loss into the
underl ayer is no worse than the heat |oss into the ink

It shoyiddpe pqtes\fhat withowjapuntiaggr, sHReFates shapes wil] by morg gRipneays Seriss

resiStinct tharsotigist et Onapga shepeofor dxanypdd, Bas two arms which attach the heater loop to the
contacts. If those arms are wider in the attachment section than the loop section, the arms will not
contribute to the bubble formation, but they will contribute to the extraneous series resistance. This
explains why the extraneous series resistance of these devices with an Omega shgped heater is higher than

the parallel bar designs discussed in the reduced heater area section: the parallel bars run straight between
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shoul d be selected on the basis that the thernal

product of the underlayer is less than or equal to the
wo besmeds7pr oduct of the ink. O her candi dat es POTI/AU2005/000480

underl ayers with | ower thermal products than water or

Si 2 cone fromthe new clas48of |owk dielectrics,

such as Applied Material's Black D anond(tm and

theMQ(y @J‘nlaé{f'thhg&rréls&\temtachrp&t J%ctgfxs WiLGH a St 15%%&1%&9&%4 »%ﬁllout

Si.OC f used % (ﬁ{) damascene processing. These

resfs“fer?ﬁachtﬁ?}‘éseftl?{}t?ear‘eﬂf &%y than Si 2 ( ~1340kgm 3 vs

~2200kgm 3) and | ower thermal conductivity (-0.4Wn 1K
Sidh M ofred BRI idymeConsequent Iy, their thermal
~ product 1S around 600Jm 2K 's | /2 i.e. a 60% reduction

in thermal product conpared to Si Q2. To calcul ate the
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esj. st ance ). th
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plateohiduid it gasymmegEallyton naessidd of trervzAbycat dvese pEmfing probléres, EMDE the
stalp{ &t %eﬁue%t cgople%\éaxpa(tta&maﬁémgc{l\l/ey% thU?)goléf lﬁf’i)id Q,Eusﬁlg ﬁusFJ':eItlc}n%f those

det erm ne ac I Ng densjt y nozzl es -and
droplefs e 2%“‘8?“’“&%5 BHPIFG K o Guid ety b o “°ZF1F| Birie ERSPYRpet frigher
accpradtion of lid@in,Sb thy phdohensrad thico flbdiing ldmisdig@io R Gelf-gRepeRARE
ol 188, REANSS, SRR o BT I ey e
the ﬁ%ﬁe‘f i beyfrafligona] ragthod by wejghiteedroplet prptisprerdisgoursgedfoaragizching emselves
to tBéSnokdle ﬂlaﬁe iadlives ﬁecﬁlmﬁgﬂhk sudfa eﬁér@'%f @t n&zﬂ@plh@ﬁfﬂﬁdm abﬂ?oﬂn@te tudBce
canno

tretitmenl or ¢ altm %IS alS(% encour S re 1m lbl Ptli]lu(? on C no z}ég a‘ie ?Iéwever Ehe

use
Ap@wmgh@ foupwp#twqu@loom cmwaﬁl@llmmlm@omwfehe ltrieagnent by
redh‘&ﬂgdﬂemi&e e th ﬁ.@teﬂé beﬂﬁw ﬁls p@iﬁﬁ ﬁxég\éﬁlce@&) .@r’o@o%coﬁﬁ)ﬁna%kl?in@i@ites this is

mo%t EEG n)bc?uef ﬁ% e%fo Sbﬁedlﬁ%u se S\ﬁxgh Ire uqs%és Ifnglt gglf drzfplet stalk and
theﬂlkqhh@dhftgdmkMmgttwtftdi‘éESIMfﬂleswzslt ance, so that by
the vol tage di vider equation, no nore than 20% of the

Mifihiz@p{dcipower is dissipated in the FET. The heater
resi stance should not be too high though, as this

reduces the power delivered to the heater,
Aside from minimizing 1, not much can be done about reducing heat lost into the ink prior to the onset of

film boiling, since the so-called thermal product (p;Cik;)” is a material property intrinsic to the ink base,
be it water or alcohol. For example, ethanol has a much lower thermal product than water (570Jm™K's”
12 versus 1586Jm™K's"?). While this would greatly reduce heat lost into the ink, the inkjet designer does
not generally have the freedom to change ink base, since the ink base strongly affects the interaction of
the ink with the print medium. In addition, ethanol and other similar solvents are less suitable to self-

cooling printheads: despite having reduced ejection energies, the lower densities and specific heats mean
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i ncreases the nucleation tine and increases the anount

of heat lost by diffusion into the ink and underl ayer
w@ei0e035e0 nucl eati on. The ideal heater resistaPCEAU2005/000480

depends on the CMOS process chosen, and the type of

FET (N or P). SPICE nodels ®! the FET can be used in

conjunction with equation 3 to determ ne the heater

les§ lﬁ&'lﬁ%ﬁrﬂ&lﬁ: téngll ML{ EH tﬁH d%pze%sang E-;g réd@é& b(WngIBQMtts mean there is less margin
roni si ng usi ve | oss. Typical resistance ranges

f°’PEFfrE’%%W‘HﬁE‘88‘ll‘%‘hel%??ﬁ‘E’“ﬂ§]é{t er are 50-200 Chns for a 5V
process and 300-800 Chns for a 12V process. Designers

bl nl i1 il -B60 ARidh igin shoul d target the upper end
!é ihese ranges, to mniMmze device current: high

currents can cause problens in the circuit external to
Geiiehly the aikjet designacaticbndidgrable @€dd60 A tg)loAthé ﬂiﬂmalﬁ‘p&l’pbrﬂé‘s of &8 Snderlayer

by %%XYE% 2 TR XJ L B9 Pne%?j;fr%f gtgﬁ‘ %(‘5@ “&%Smerﬁ{ &ﬁuc% s § £4d imitial

Freslstances wou ai ne
scrma& wieripror saprip] elpctiontsierk e wpivi? @r?%fmfun@mm@fm thiyelass of
aval) bRl rfer QIS R thy/produttPCOarkts BR&Han 1l GSlbrf hﬂgnltlyde Wil dbterﬁrﬁﬂrhlﬁﬂlether a

'crllxa Igl?qéal’lea is s “f'%o m% 18 msﬁ'l.lech\zel ttX L?gau L1} ll?,rcg Sl’llctg bt(”l:}’ogg I%g% Klg
)srulited to a 5V process is ~2 S5mohm mto ~12rTq hmm
sloIhﬁ» 108 it N3 YSihc Y reSidl fr&flctd &F 1R cded MatBHaR GRS Sry bBse] B bl
. nllanto -1 OOmMchm m Thus in the preferred enbodi Sr?en{mosSI °
CPHefieat er resistance is between 50 Chns and 800 Ohns,
whi | tle hedt @nergyddseinto the grikgd ionghly pqualsto e beaeaers B 1vef isomherunderlayer if the

andllggerq@gmemoal\glidyumemy@,g serl es reS| stance | oss (SL)
Referrin gures any portion of the

PG st AR e st P £ PR 4 nderaerand
c ontheatdy sispentiad abaaliEng ffllg imradriedimind. | | contri bute to the

TR ﬁlrelle%l% 4 lQa§t32 cglrﬁgur-gh(ﬁxs ﬁl%‘cﬁ 'th@ Héak Bi%n $ fﬁe i§1ldenjla9§ s'“iﬂ%vokpﬁan the heat

cont act resistance of he el ectro
lossipsp the ik Sundirlayen g SiPa aRdapd erlﬁg% 7 ink) Te § w&fove efhihie gituatiounderlayers
shotlll 8€dele@eliam thkDadisahat the thbreal pardude bramterhr isldacta op afullitOhs

| heat but wll not get hot enough to
thel%al tr?dlgﬁgf&g%dgt he bubbl e formati on. SL shoul d be

m nimzed as nuch as possible. Gtherwise it can raise
OthibMt@ndsda@a@yundérBieds witiBRF a&rma@rdaﬁctstm waldKor 3] cEMTRIORE ®& class

of lowtcgleltféncs SU(%%IS']:IAF}'X]CC] léle?t!erial Sd Sctk ag;lé)P%Aﬁnl ovFlnlg’ ora%q)ohl olflghich

ance eanl1 hess a
are E¥Pafnebited PO Ailms Pseqhmaoppﬁﬂﬁ@nmwm@w@a&@sqﬂm@awmlpwh density
thaxtc%@z (hgﬁb@tfn ek @dekt@ﬂe)sndlléwwtﬂehnab?nd@ Jogdvm ! v ~1 46Wm'K™).
nsi rat,l on. mu Q e p S|
ok Sy R R b L B R
comparedtn §C. 4 caichlate fhe berafitittormayfbe darteiyreaplicieg Pibawdglapars with these
matSRRCHhEREs udifk ea&fr&l %&%séa d Ihb\!{l ﬂiaafss%%hhé &Mx%{: reqﬁﬂéd REejection is

[ nslgﬁpted bgltvve % and he
ey BB DV S BT A G S s G o i gracement i
therefoi66% afitoes ief a 2higedvadh inpnsgyodnaeios.i Thys i heotet eftrted e@bddinent,
the Lrni@rlapg%tn%{de £ cepl%n %p@a mc&?&u{@(ﬂéC% {'H: eﬁ gar{)Jﬂ%oped SlllC n

di st ance bet ween ends ement
oxide BOERndn &@ﬁbeae'iefeﬁ%&eanb°d"mm dhe siliga priltermal P&oﬂﬂcgls feé“ochs‘tYa%é“‘"“g
pordsity o raluce@RaEainedny teepbehduaditand patterned | ayer of | ow
resistivity

Minimizing FET loss

The resistance of the FET depends on:
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: heaéef ‘Ff"?f?“é‘hsé‘?)ﬂ% 14

material. Figure 23 then shows a second | ayer 40 that

can be used to shunt the series resistance. It is also
w@omsiltdseo t o put the shunt |ayer underneath thectaabs/000480

| ayer. In the preferred enbodi nent, the series

resistance contribution froffthe contacts and

non- nucl eati ng sections of the heater layer is |ess

t Hamehida GhiEepTBUbDl € formati on on opposite sides of

hbzater elfeF nt Ref rri i)o Figures 5 1 and 52, the

ati&Pi g "r‘if‘lgﬁﬂ‘i’ d so that when a bubble 12

for mh;lqan(mhe)nem(an®d11w(nkbmbblFETf ormng liquid), it forms

odj RRICUSY fsss 0F. shei1Reaher el ement 10. Preferably, it

fornms so as to surround the heater elenent 10 where

the element is in the formof a suspended beam Figure
Th&ards of ho BT & Heeriiat tgnthephdkig Bénsifly(df thel aatiesthnd 1heé sxieh»eeahubbzllﬁs unit

cell]'Excxjeég1ng %‘ér&t L,H§ o a:\sv%ﬁlég& éo)t?eel’;}?l\? sgg a.rglml‘elas% ﬁﬂer}"E'Ftegx OI‘ madpannel
FETyhaysdewer epigense thap-SamGhTETs bpeaysecthirfeprgienmebilieys highet Hewever a
PFETidy 1@ preferaild h€it & Ahle tb bal dael il oF thi BeafeOiip (6 the Rl @6llaye. IFETSs cannot do

thissela %g dpgpfg ant h}ﬁnchl?yats%;? &g %Jf o} tge lpe%tgrn o»fvrz tsc’)t ho%?cﬁ lrr%gplﬂ%&qelhesaieé is
nor@alky heldhigh-oHolting the @Pterésa RPopitiveC @@nlfav g{bﬁattheélpﬁt% fo efertepghegnical
attdoll as the heater elenent 10 here is suspended. O

course where the heater elenent 10 is in the formof a

suspended beam as descri bed above in relation to
As Fudpof thurpb, tietheatds csibrhnge shpuld be agleasphviraks highdr thamthsitE Toom resigtance, so
thaﬁiz}rtlfleUlﬁge 4il8er 8 rhd%rebﬁa 7% 'oﬁﬁ@d%ult-ga@erasdcﬂﬁpgt@gﬁthngT The

é or mi.
e t?o

g}g’r{’o@\y ﬁ{%%re I d etée p%\gerfﬁlggerf%tg Qne heater,

incregeR izt fudpatipmtinirerad intrieads thesmoyans ¢fdeht jost bl diffudiongnts e inkland
uncﬂﬁgyﬁ' |r1§rI t& ndcféatfol? €T '1&511 'ﬂba&ey reggtan'%:@&:e{)cnl@@&n%e (ﬁkjl(%ﬁ&t:ss llQ)sen and the

contrjbute to formation of
WPer‘i’ﬁFET ﬂ% o5y %Fé?'? sl of the T Ifit e vecp in GpRiupeEon ‘h‘&‘ eé\‘faf‘?i\/%" figgermine

the heackr @siftancd Widchmpvigives RES 1@ wiﬂﬁaﬁcompﬁnﬁlsﬁlbﬁfﬁsﬁk losk. Typical resistance

b
ran%eg E)§ gr[elﬁlg(%t 5:{'20 ;]1—1 ﬁeet@{EEelégptr%g qg‘ta SIV(})?c%cesg %d%ﬁ? O%gﬁﬁlg foﬁg 192V
Progfy é}eflay@ fwuh 315 ffEﬁd%‘E (PSSRt e (gt (R P EdposrRges i minimize

devidg tadehtOighTurrdnfs chr@use prdBlErhsaiy e c1f<>81t SiteeX] to @B hd:afer Wmdlﬁ@|
elec%egl[ oa)tcll? etﬁlgslcl%(ss gg&'gr su%{r,)myltd{c]agp arx]l igrn ¥nd ?ﬁéef ;P(r)qber% éltthe he%jfr Tesistances
Wowi bm@tnedzwﬁthﬂahbwqt% gesxﬁteyltb@@m teanmofifiestiprs Af thekepigsreeometry, since
hlglﬁb‘i &ﬁﬁivﬁy il r&i@defthetosidr bll}@ntdl&ﬁiqg &dﬂiﬁ{é ﬂbmb&h&)dfomematele@&bmlgranon

fa 1lur|e ‘H} gxstm lr’la.?iteI sgllged oa p¥c)ec£ 1s ??}fl mltot 1 np eres1st1vcljr¥
I enents “of cool'i'ng 1o eS|

rangpssuitetd tqmll2y pd)@@?:ls p&hminhe ~é0€>e@gy my Ehugii tb,@rtfcﬂeﬂ gnlmdalent the

. heaQHlQQJtﬁlce i Eetvde@@@ OHAs aftf 00 D&hs, Whie tlﬁe%@:zﬁ& ré@lfstl\lit? 8 biwhh |8ﬁ®hm m

d (R) o i kel i hood of ejection or the inpact r enovi ng
MENEBPBt ecti ve overcoats on heater lifetinme. As
di scussed in relation to equation 3, a key step in

Midi@¥RE ket ten&MRE@Y) required to forma bubble is the
reduction o eater area. This has an undesirabl e side
effect of reducing the force of the bubbl e expl osion.

Refdfroingtapie Bgart<l Oft@44, dng @orti@chi he teafeolaze 14 thh & rddevedymeaives not

conmﬂﬁt to bubble formation will contribute to the series loss SL. The contributions to SL include the

contact resistance of the electrodes 15 and the portions of the heater layer 14 that connect the electrodes

15 to the heater element 10: these portions will generate heat but will not get hot enough to contribute to
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1. reduce the heater-nozzle separation to reduce the

mass of ink that needs to be displaced 2. reduce the
wmemsehesspd at e t hi ckness to reduce vi scous dr agpeof/AtU2005/d00480

passi ng through the nozzle 3. inplenment an ink

war ni ng/ nozzl e decl og schen®lto overcone the increased

susceptibility of the nozzles to evaporatively induced

the Ibmreqaa%nl 61 InBkid M RiRRSkd %. muEanfsths@ﬁ)ﬁDbﬁerw% tt Bantrl& the steady
oxi dati on reve tion coa%| ngs rem)vtgrec desi gner

statg fraperpth PEESInE 1€ CUBRPEK YA 2ohe e °Wﬂﬁer|al with one
| ess susceptible to oxidation. Wth the tantal um

Musaatéint BdntaONesRle %Llwég@lgfagetdamgoffcﬁmxegand tt;ehdﬁeétr%ﬁ bf the metal

nust find an alternate nea preventing cavitation
S“‘fi“a"t?&@é” hickrfhe §?—9‘eadﬁfr?‘teb katill P“e‘tﬁ’e‘?sl“é‘rrgﬂ‘tsgeréﬁ‘oé “HF‘§’E gixadejthe
poskiBilig\af m&dﬁﬂﬁﬁﬁy‘efs(ﬂﬁing atgiraiitat inBifacd B resak ofaleafbii@tion of undesirable

I r {&r

pha\{eg ;f)els gxg ?O}TQ léas%sgi;t}ug iéetn‘tue& E%e‘?‘ fn%e u?s%}ﬁeld¥f1tg%€1g?§3 YA xlfe?atl and the
hea&r ?3‘tfﬁ 4émwd ﬁﬂﬁF"ﬁ*‘"efeiﬁP‘a‘éed at the bottom of the ink

chanber about 12mm bel ow the nozzle. In the present

| has r rred dro ze to
g BRRGS B serdetpmbeuE MEREoB  BE B 0, MR

the rrmﬂetﬂes thedsmeateéveera@e@dt o the éeqtelr pleragnel Oxiad the EMOSS icpngpct metal,

opepation with that drop size The reduction in the

ater .area of t on reduces .

LES b BB rFS‘Sé"‘“‘(epWr“ésasS?Fa‘éte 4 H‘t‘p8sg‘r" t“S aa“(%‘\}‘%‘fla’é‘f‘ %fé° ?:F“V“Y

ti mepteridbo the |ikelihood of ejecting a particul ar

ejectable quuid is reduced. It is possible to

this e duc the forces acti
Fin o] SRR S PO 100 B 5 5 Foat Lt 1eGer 14 o possivl
mpmedumedhhmbbkm&ﬂﬂbdb&eﬂnenalns possi bl e. The forces
acting against drop ejection are associated with: / 1.
ink inertia, 2. surface tension and 3. viscosity. Wth
Indhp pﬁ"z{?’t"fi E‘Etf°5‘tmeﬂet5et Bries spisanes iy fram tﬁ‘rﬁi’.ﬂ‘%@ and ‘ﬁ% nucleating
secticnesflthecheaddr laydras lessbhanOl@hmdet er m ne t he accel erati on of
the body of liquid between the heater and the nozzle.
The inertia depends on the liquid density and the
Bubbls) formationon pnoesife sides afhggterglemens heat er and t he nozzle. It
|s p033|ble to reduce the ink inertia by redu0|ng t he

RefV rrmg ngl ures gl agw §2t %1? l?eﬁt\é\glt I’c]:ant brc]:%on eat(f ﬂvghe gubFlo%% mn the ink

&r' Cl oser

11 Gbelfbérfem@e hﬂled)FF fgums en botlpsidegofglee heéttwebmrrs 1¢y Prifsgbdst it fipyms so as to
surtdSid @ hdatdr BleiGdad A5wheR fthelelRBers RGH thé fofih &¥la shspd@Ed 2n.| €SS

than | Om If the inertia is reduced In this fashion,

the liquid accel eration and nonent um produced by the
Figiyel hlthewsthd Heat¢riglement $@adarited foriedobbirgl 2ttberfermed ¢ntseonipagtider while in
Figrk 958 eldeRnd i RafiQ%& 1R bubYRE 28 et fortnBdéh b'omtsfaesa&(émt

nozzl e clogging fromincreased i nk viscosity because

of water evapor at i on.
In a configuration such as that of Figure 51, the bubble 12 forms on only one side of the heater element

10 because the element is embedded in a substrate 51. By contrast, the bubble 12 can form on both sides

in the configuration of Figure 52 as the heater element 10 here is suspended.

Of course where the heater element 10 is in the form of a suspended beam as described above in relation

to Figure 1, the bubble 12 is allowed to form so as to surround the suspended beam element.
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If the heater is noved closer to the ink-air

interface, the concentration of the volatile ink
weopaossnt (typically water) at the |level of tbker/heatneno04so

wi || decrease (a diffusion gradient of the volatile

conmponent results fromthe dss of that conmponent by

evaporation at the ink-air interface). This decreases

Thi manvagé SR b@fblevid F?&Mﬁlg g.mqlrsﬂfeegth@mghe; aﬁmén@wit %ed@efvaﬂxeh @his is
bubbl e and nakes tinme shorter

th shoul d
duebtg FFSlfcé}an i Hfﬁ’l{ thqt e aﬁ%dd{l h@r’l&? olhid%aiqnéls ’Qﬁ}?r"{cﬂ?%\‘)tj the heater element 10,
whigh garcatdnwibyte @rambtive pftobtde 12h &his s dhubtiaged 0fFigulved 1] whkre the arrows 52

indfbheS Bk ﬂ,seeqleag ngf nbd? ﬁltol RO Aot 8S AN R S EAENAL b %maml 51
not the chanber volune, In light of this, the heater

depadsn o therpal Paqdvﬁeﬁaeomi‘domf‘ﬂ@yebai ?‘E?Hﬁsiffea’thﬁé"“ih PP ERRion .
If thd untidlgyedlis SID, eis SypRpleappretdmarely Bl ofl b &t 1b@ frbh ehe h@f pridf to
- in

RS v b s TRAER A By B, 1 o

the bubble inpart sufficient nmonentumto overcone the
Ottt Rpdets bR e limpGledifhGinAlELBbIO HimaGbeCct i on i . e. those

associated with surface tension and viscosity. Surface

tension and viscosity Surface tension decel erates the
Altaeveh giiuetign P isrery dseful d19pes et erbadi il the tepuimenisof ypificoplipgmozale
desipaZa8 kit@nip eﬁérﬂb& tﬁeQaanJ}l rﬁnﬁur&dlo tas a peRNE do@JnoﬁB'r&lﬂ:t the force of the

bulil?)L etﬂen%(ﬁﬁhogd %f ejéction ?r tHe uélﬁaat of mlcj)wggtlheo%'i)tgcttwwvrerrzoafs 01r1 %ate lutstlme
this droplet will drag a stal k of liquid behind it
As tﬂa@ilgse&'\lnlrélatl@ﬁ &)@@lﬁtl&nhea 1&19 QHJ iff Iowtn%gtﬂl?:%nér Hfuﬁledrt@f(m‘ﬁ mxﬂﬂe is the

surface t en
redp gt Qe o PR OGP s S s BEebl
explteoe| Braatpwsatelfer tghraipded forcelxtd desifnet thest:dr op nonmentum i s
hi 19 neéﬁmatertxlagzle%gﬁ}akon% }ehucé Ink RS Iaf ihiOth A néHJ tg b@dlﬁﬁged

| engt h drop break-off to occur (a necessary

cOndrFder "othe ogre Raichigness i ’e"é‘f"e"ésf?‘ﬁ ﬁ‘)ag offjid pFSé‘ﬁéihf?“’Ehdhe nozzle

WA cilpleien st ik arminghoziie dslby eh@ivadovesohathgiedryaseg Gnseptitelity of

by t It ei gh- Tayl or

[ nsttg no(lzilétsgif{e %Taﬁﬁwqéd%%ggﬁe%%sdf’&ﬁrﬁ%%é’am ng function

of liquid viscosity. The stal ks of higher viscosity
FuﬂtHeﬂLd)tedﬁlthMlé dxdetidh@feGd’r\n@U:batiﬁxgkr réeEd, e ﬁ@fgﬁbr boe &Jpl-a&ftlﬁe conventional

I Vi sur C ns I decel.er at e
hea?eﬁmut CP Lgne R Siseep gbq t% 0 raeué)l 0\9*&?8 um C wIta%{)n rote tlon coaétlng

rerwqdhthhqlega@r myet find s Plteywqe Img#ng gf prttVPntlpm@wvawa@agenpul se is

too | ow or the viscosity is high enough, the drop w !l

bre stalk will instead pull the droplet
Theﬁ itipna req‘i“ﬁméntsrﬂf%lsﬁ Ssn%bel ‘Nozzl e plate thicknesses

Vi SCOSI ty plays an additional role in reducing the
Hedbrki6lzicR@@di@f drop break-off: viscous drag in the

nozzl e reduces the nonentum of fluid flow ng through

the nozzle. The viscous drag increases as the nozzle

| en@hdrink ¢hamiee vadiinree oftinkget padters durrerdly bh hovmerkes pre gpEdly w@ter than

devices with thinner nozzle plates are nore |ikely

105 Eheheziers afrfEoupd 198K aP‘h‘ﬁUP@éd 3t e peyigm ofide inly eha@é@ée% éaum/below

tion to t
eyl s o YT AR £y B RisB oz e | Fogdp feotuion
anci ltggpnp(?szcﬁ)sgn ! ltl%%%?errlecﬂe&t@%reg %%?cﬁﬂatte §el@ yo%ﬂﬁé ogg}atgﬁ ith that drop size.
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thinner than in the prior art. Mre particularly, the
nozzle plates 2 are less than 10 nmthick and

wo y@saedsty about 2mm t hick. The |ikelihood of B¢BAU28000480
can be determned with a parél cul ar heater area,
heat er - nozzl e separati on, 02zl e dianeter and | engt h,
l'iquid viscosity and surface tensi on usi ng
f i NIThE€re@lc@IMBNhe RateltidaONSe frQedt BFerioVle@lcasBleDBb%e impulse (pressure
equations together with the volune-of-fluid V(f

intageated ocbr drea & tiid) b ehe tikedihdod @ Begadtifgagertiombdr lejeaable'lriqas & reduced. Itis
conput ations can be used to exam ne the opti mal

posgible tpapitigateinefiest by reflesing ths\fprees aqting agains the idrop eigctien, SOMat pigotion

a r e of uids of interest. In particular, the

W“FE?F‘I‘CBW“ﬁng“fpﬁlFet'§mﬂ‘§\Péss‘Bl§en determ ned for successful
ejection: 1. the heater-nozzle separation nust be |ess
than 5nrmat its closest point; and 2. the nozzle
Ienqhéﬂfomktin?egahet&&pkjsamné@msocmdwﬁh the, ej ectable
l'iquid nust have a viscosity |ess than 5cP. The
Appl i cantidksnedlayi ces sati sfy these constraints, along
with a nunber of others described in the above
r ef er ehcedfaesgengiemefidng appl i cations. In doing so, the
Applicant has successfully fabricated self-cooling
devi cek, ViR drop sizes of Ipl to 2pl and ejection
energi es of ~200rJ for water based inks. In
conpari son, printheads on the market typically have
h eatw-lmeézrhelaseraelra@éalmb@mpmezéé BerdiSE¥HeS A détengﬁmr@ r
nore and typically have ejection energies of ~40

acctlérativh bf thddaEig@e beateetlthbieatehung de aocpler TiRkGaE dépands hethancfmd
that any reduction in ejection energy is highly

dengiygind thdYadunfeof liquisbetwoeartieebeatir pid the nogass ilignpossitdgta redhee ¢ insfinertia
whet her that reduction is sufficient to achieve self

by EH61E g vorpfedt éﬁ&‘ijvvemthfe‘]eee&awbﬁhe RFFS enly rgq"g\atheuheaqﬁelpsyr to the

nozzle dw%l‘ refereXce%dﬁ ngtot‘te’ﬁ%lggg ur e 5?{éd§ggalutﬁgwe tg sgché' gxmleﬁrer 42

less%qgﬁn qﬁfﬂéfﬂwa @equcfa laltmas&lfaf he 1R d&adoh aadsno@r%m,{l Broguced
the degree permtted by sel f-cool I ng desl gns. em ca

by HEBblE wilepesiet ed nozzle plate, and thin nozzle pI ates
The nozzle ejection aperture 5 of each unit cell 1
extends through the nozzle plate 2, the nozzle plate

In cilgUsllﬁg B t'hé M:;lt’e%sé tostl:lt{ Hoehdlbfe rrYl\@tl tﬁ(@ mltosacgogﬁtmwlg%ggmg from

chem cal vapor deposition (CVD ). I'n various preferre
InCrERvERl VISR Decrui ROl CHatey §V&POBHO% | i con nitride, silicon
If tigtihentdr theno@¢d cmsdr keaninloadtyintarifdce, ithe @oncehratioa dthdrioutje irkfcothfv@ent

(ty[ﬂgﬂylela(?erﬁlt QLE Fvé?' o(klﬁei H! ﬂerfv@l[ &E@lgasp b{: d@é@or{ acfle!ﬂ?(gf tﬂekolhtﬁ%%)fnf)onent

ace wth require
feswltﬁ éonh 812 E’P‘Sé’f PRLEPEPQnEnt Ew ?Yéﬂ“"&@mﬁ%‘ﬁ akei ingefags)- o Shig %éremlﬂres ,
voliBnef vdphie genatated axdlte irhpulsd Bf the BuBbl@dhd imakee tht alogirdiwa Soatgre
because the assenbly of the nozzle plate 2 that woul d
ot herwi se be required can be difficult to effect and
It shoglq be pjed|thpithpksetetie nogrlp grerushispasation gad thaseforsthe freitia of feegink
dlsplaaed arkRe ﬁnb@'taﬂ@i%ﬁgﬁtcbrﬁlderﬂﬁoﬁmﬁ ad tl@fchatrﬂB@fvﬁﬁhne ©1% 3HA 1 tBI) the heater

neeg) not ‘fg\ga%gc to the ?)gt?o of 91' mIc eha2 earnlgj may a?so Be suspem}eg orvwgacﬁel'gi to tthe roof of

the chamber
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assenbl ed, the difficulty of successfully keeping
conponents aligned to each ot her, keeping them pl anar,
w@paheaassom, during the curing process of the aPtEAU®S/000480
whi ch bonds the nozzle platg42 to the other parts. The
i ssue of thermal expansion is a significant factor in
the prior art, which limts the size of ink jets that
It ig pPORRE fregalize 1ot ip pddigion tpifessiaj sycopef bajpsonrquireg rhmrt@rbebiv@empaﬁt

& coefficjient of ansi on hetween
SUIIICIC

ST Benel P e (b 95T S5t SR AR SC0I, Pt e it
smlMaé ehid R ; ‘nsggsg% e plate is connected, where this
substrate is of silicon, is quite substantial.
Consequently, over as small a distance as that
&éﬂaﬁ%%mnamp¥i say, 1000 nozzles, the relative therm
occurs between the respective parts, in
being heated fromthe anbient tenperature to the
CUr ig0Gack RARKIdBIIFaRs the bk didiqhi@ frork B8 Bhomeht b BieMRsliS the nozzle
toget her, can cause a di nension m smatch of
beghisgnbulge cathd thymegt o diop bredkkodh IfahewkiHlcampuise 2d seffibied gt gash thelbheRiscus
woul d ‘be significantly detrinental for such devices.
outAprsndvel. 2 groplet vakform drtakisdsepldy yilltdmg afselofiiquid beffindtitthat will attach the
i nvention presently under djscussion, at |east i

in

droifta die HERd Smaipes B 8 inkichambeya e aciipn gf ugfiee iepsion iy gallgacts like a
str c%ﬁ}% PQ% d?}fét Je% éate:s] glrergrlo%l él?l%?lé' @S & n}:l)lloggnn A :hal eert]1§ ! thystalk
wilf @Redh folaQiNBcith 1ehdd 81 drdprehi Bir BR &t (a‘?n?c%ssa.t;r mn&tl&ﬁﬂr s[u,%ccskﬂllt

i n breakages or undesirabl e deformati ons of
ejectidy). Q@Slengiihe whietphisstdlk ©ut w@fstrdtdhed i0 RZEly @ovead tﬁeamran wavEidhgth

CVD in the enbodi nents of the present invention avoids
of thhRayleigh- Tfaxlvrtihebiliadvﬂmhtisageowfy increasinprferséamtof Fquigtvisra@iy. dhe statks
" the invention, at |east in enbodinents thereof, is

of highey W%%ﬁb%*tqs Fil) %trftgh St prherbefoss bretly off FFHIS ST Ee tension more

tlmB ondl'I eIL{fA d\?\%le dsr'oim %Bgardetr gve %Oﬁ éah rdvascP]sxtY HléldS' if the
bulfdle! 1&1&&@ ?SQOcﬁEw Bhﬁe v%@@lt)els th Jﬁg&ggatile nﬁépl Vl’lﬁ 4 bx\é?@tf o?fr the stalk will

production, using processes normally used
msﬁiﬁfﬁul-l&@ﬁﬁbﬂ@ttb@dk inainefretmbee. EXi sting bubble jet
systens experience pressure transients, during the
bubbl e generati on phase, of up to 100 at nospheres. If
NoEj\J%lMéﬁn%s@ ates 2 in such devices were applied by
, then to withstand such pressure transients, a
substanti al thickness of CVD nozzle plate mould be
Vls%%ﬂ)lfllélgﬁgn adé%%na rﬁ!e ukr?chgl}xs‘l ntgeelbl%t geéj %fg%f) nogfz vxfcous d?ag in tge nozzle
re%mhamgmw@mrqf feid floyipcthroygh the p}??@bl @mﬂsa@s érpswgasee é the nozzle
lenf& knQMY dirkdibn @ﬂ&ﬂ'ﬂlbﬁ‘ incledyey, Jombﬁ&éﬂﬁﬁlsmﬁfler RAZE1E piates are more 11ker to
eje%% utfether%g%bz nl%lp&ls?]a is n%w &fggr]{g)s/e%}g ow marglﬂ;%i g)rlt?rﬁrfge: tEo%%?% ?cﬁzle plate 2
by C¥P eané withethe agvantagesdescriiRd inyliaf tehrdsﬁgmzlaplm ift the priedentinvertign are
thifnSr tmtm thprRE&H0 M YaRicWMrly Nthd d3S-1d YIRS 8 Rfe 1dsOUAND LRAMhickAREypically
b as such a thick nozzle plate 2, it will be
®f t@ ted that such a thickness can result in
problems relating to drop ejection. Increasing the
t hi ckness of nozzle plate 2, increases the fluidic
d r aa hebkskihopdpfgigetiopgan E‘b‘?ﬂ’@n"é wilg a ?wulahheatirlarqaéw@r@eqz@d
.can sb%m%flcant reduce

sep%r]atfon gézhetc{)amgg %né Ilen%lé Tq“é§ Viscosity an ace tension using finite- gementhsolutions

to the Navier-Stokes equations together with the volume-of-fluid (VOF) method to simulate the free
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Anot her problem that would exist in the case of such a
thick nozzle plate 2, relates to the actual etching
w@emeres70 This i s assum ng that the nozzle 3 iBCEATIOS)00480
as shown, perpendicular to Fe wafer 8 of the
substrate portion, for exan% e using standard plasma
etching. This would typically require nore than 10
surfitChddi0s - 1ikse k& Sustiond Bantvd udd@ ol ide - optihie adnfMEEeoMEiry for low
resol ution required to expose that thickness of resist
enc@RRcONES SO nf)f forarhrige dfdiqadsvf eneest. Hopattiogarf tba:ftalloud@pﬁﬂits dve been
the stepper that is used to expose the resist is
detpramingd forsufopssithgigerion: A t hough it would be possible to
expose thl% rel evant de resi st 69 using x-ra

R o e e PR B ot e igh iy s oo Paiat s
pr obl e/ at. Nl 85k lod atUsh @ thi ck nozzle

plate 2 in acas 'fcron t hi ck | ayer of

nitride WekRcpDqeie Rashived viaddsid 18 hinsep Substrate

wafer, is that, because of the difference in thernal
TheeAgpHdast salavitee ta\ﬁffﬁ these enstENAR, dlengevith a Ainbehd othetb dds¢ribtdtin thasbove

well as the inherent stress of within thick deposited
refdrenyedico-penhias aprficetion ol eindse. thadrpbicinthes syeppsstully Borichtedsself-cooling

degree that further ste s in the |lithographi c process

devifh P Bere| 1&&5? 2L pd gption s ofy 2%1 fof Wﬁﬁasﬁ‘iﬁ“& fn
comp%s%n erumn g‘és oal é.rkgt 1callP havek)rlléwgaﬁfe]: s€ atlonp and n?zzi% ﬁen@tﬁs of 10um

nvent | vantageous S Erente
or Me ankl ﬁal%@e%}eétfoﬂmfﬁfb@ bMboohNk ej ection d _EVI ce
according to an embodi ment of the present invention,
the CVD nitride nozzle plate layer 2 is only 2 mcrons
thick. Therefore the fluidic drag through the nozzle 3
i B wiibte apragotated by thesk yxpsriegeed fn theeanttthatiandt rddgctibihig iejeétion encrep s highly
or cause of |oss. Furthernore, the etch tinme, and

desibl Tyramy gl kEk R fﬁg@alt%ﬁs Plthethes e TefroiRsAy uEigion tq gehieve self
cooﬁn Ii‘hea eélgrgw e ectpon wﬂgbe St 1gcant1 recFuce%E d%at.m%réxﬁtmt%% S ? ﬁ:gssgd a%ove

XCes ts o
Tmpms&m thé Sy Eeth 25 eRBrdnG alRR)! n%reta&s M9622R dbrfSinPind m%lgxats '8%9 if it is not
nozzl e plate because the forces exert'ed on
to tilBRgrbePermittd By feli-clolinghsighs. ON I n heater surface ar ea and
i nput pul se Iength: both of these factors will as
previously nmentioned influence the anount of ejectable
fluid that is vaporized and consequently the inpul se

Chof t he bubbl e, wever, a requqed bubbl e i nmpul se can
agyical yapqur deposit nogzle snal | heat er-nozzl e
separation reduces the |nk inertia; 2. the fluidic

The%% Ofbﬁoqu&nu&'_%&a %%l:e@l l%xaeﬁusr c_ﬂgl?tﬁéjnoz% pﬁtbf ui%sz%wag thus

| oss due to I nk I ow t hrou
conjtighing pyyucture whigh iy fogped by ghspicalapas aepeﬁm% é%‘??)e I@&aﬂﬁ preferred
emihigdE khe € VDaChfeliSonaAItae, sil2brDdidxtid¢ ovslichiBdxgQitddet ween
devices; 5. the nozzle sizes have been optim zed for
the bubble volumes used in the invention; 6. there is
Thaadyaptagepfithe pozpleiplate 3 heing fravedren O\ 6 dtibis forprdtinglecn wiknptthe s
requ?tre&ent tdn &seﬁﬂbﬁﬁ]g tR] EeAld ghie tb SthéricadoBenlsudh @YhEWANP 6 of the unit cell 1.

ThlS 1§ lanolcxsnlpgr{ant advantage because the assembly of the nozzle plate 2 that would otherwise be

required can be difficult to effect and can involve potentially complex issues. Such issues include the
potential mismatch of thermal expansion between the nozzle plate 2 and the parts to which it would be
assembled, the difficulty of successfully keeping components aligned to each other, keeping them planar,

and so on, during the curing process of the adhesive which bonds the nozzle plate 2 to the other parts.
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As previously described with reference to Figures 10
to 44, the etching of the 2-mcron thick nozzle plate
wo 200em03876 nvol ves two rel evant stages. One sSucCPCBAEY®S5/000480
i nvol ves the etching of the_region designated 45 in
Figures 28 and 54, to form 8 recess outside of what
W || becone the nozzle rim4. The other such stage
i nvolves a further etch, in the region desi gnat ed 46
in F| ur e and 54 whi ch act ual forms. the . o
g Pt T s G SR B A Y el e
cathe enaiiigturedy Thieis baasvee thiudiffakinte/in De roefigiepef therag! egfansion between, for

exdni%@ce; dléf(hltn)fzzle%}é@% éas(lbsgﬂe t%twhtcn the h&gle htk is c%%éda&&re' tls substrate
e nozzle will cause the concentration of

is qf §ficopiit @ity fikstRBHpOITERIenibh ovenes smAka dyrarRfe P‘att°6°“6’é?:'i’ye%€§ d000
nozaRs, ghe Felnnied thaifal @fpatisionehat de@gy esenahe respetifel paitslindbibgietited foom the
ambif etz fo ded tul; ft%@raeme réqawdxf g@m DB Bard wggtkﬁétr%gn SQed

concentration gradi ent or I on -
dimpgiatmifsicd 8 LY g %*e*aw*rolfweﬂleﬁ@a g™ quidos gigpificantly
dethiénil foageh defiSest | Me progresses, the depl eted region

will extend further towards t he heat er and the

concentration of the volatile conponent in the fluid
Anpthreiblam eddgessedbicmipaties ofibe ivanties prrsentlepndoridispustiengptdeag &,
emidaBnefty BBRGLAI thein bacs afl mlcekelhoeﬂmm&uﬁt Rt 8 6¢ SsemblR@are generally
lan%ll\ﬁ f?grﬁo {hyrercr)lgm&er of ﬂtg prmtpeaé mgrr!: tdl'}m{ls aghelyqlrl] ql {Iiﬁs 'H'ns can rgsult

ncr ease,
in hr¢plsagery zridemalam@fqrm%lonﬁo)lf thﬁéevsfs ¥ mxbposxyetr@ rﬂmﬂeﬁle\matellayer 2 by
CVIAE he aR dimke RO GlePesdnliBvehtiBRWcRR 1 t he bubbl e.
Eventual ly, if the nozzle is left too I ong w thout
firing, the inpulse of the bubble explosion will be
A furthex Adfan@ geand the prosehtdeaguees bfthe ihventiad, 4t lrasongibddimenis Grredfeis tpid

coaﬂa@mmpm &ishig skmlbﬁe&rsemma@mgmcésges ebeg)aa%ang J&%@le% £by CVD
he maxi numin en success| ve |r|n

iyl etk n‘éte.tf’dozﬁ@x%é*btamt EACatRYRl armpksiten rpmigton.
usigy peocess inbrow gyChsdyfortséng-cprduidr nengacruee. control | er. A short
maxi mum i nterval before clogging is undesirable V\,hen
printing i mages with a high density nozzle array
E’“Ftﬁ‘é PURPlS 0FA PYStRIBY X PESner By sSHR Tpsignts: furing tie bubble ?ene‘E‘éPélpiy’se °f up to
100 uaEEpHeres Ot thzheplitésr2atisuet dedicds fverg u@nmfoylcws;s theda Rviths@d such

preggﬁrx ltr%ﬁt& ngu%gt%l%g ﬂgﬁgg 53 CQ)IDOnggﬂle 'te wou% bF fegtg}ed eﬂsgwou% bf:

frri
unddiﬂ@?fbby thoseeskillgi} ip g aif sl &u':étwssas qfﬂwa@ﬁ wzlhplgtﬁs v@ﬁ@@gﬁ rigecio
cer@@tolle®s RYPtus@d bddwvever , the dots from keep wet drops
can cause printing defects. Ideally, if keep-wet drops
are required, they are fired between pages into a
Forgpimpieobnthicknegswbiitlide wfivientipuithstandg 18hatmpsgheprepmrssurd-i the pasele
chabdrP nR P8, lsayplhm&fs Wath IR Sceltd B guvd Qcﬂlﬁéhts}{ovﬁfa utuh&llil rﬁ{ﬁt is not in
crease X 0
sccp g TRy e e Pt MR e P BPRR RS Db et
thatt Sh¢h9 th;ekses cap psulide prpblevsstrelding ppsirapedion.olntyensihg the thicknetsef nozzle
pla{ebqn&eage the AfiGic é@péxkr@ea B; th® nddRE Kasltkd i1 Ss cR@nMPASH tﬁémmie This
Wﬁ‘hlf thvg“:}é % gotsfromkeep wet drops is |ow
canSIeBitEM Ly TeRes ot dife to the human eye. To
achieve this, the print engine controller (PEC

AndHi¥ brtof%n? thgt%ulla @)@Q mviﬁetcagelo%\?h %cl@%@flé’ pl:ﬂé)ZZ Qla@es ﬁnﬂe actual etchmg

ensur es that he enS|ty ee -wet dots on

age
propesss Jhis fgpsunping ﬁatz@@m&ﬁds et astst&‘epeﬂ’GTdéC“]éﬁ' t@ ‘hﬁ o*iafer K of the
subfrtatepbiibie €hr exhhnpls usirfgfs@ndatd\p@brya eohing. (Bhiswvyildaypicallyrequsre fnbrathan 10

mic?o%po@%is%ttc?&tasaie@ yl'hte ﬂ@el of resolution required to expose that thickness of resist 69
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eye. However, if the keep-wet tines of the nozzles
permt, the PEC will keep the density of keep-wet
wo 20m6a04320 ow 1 in every 1000 drops. | n additi onCt/au2005/000480
havi ng a keep-wet strategy tsg avoid cl oggi ng during
operation, it is helpful to have a strategy to recover
bcI o?&?ﬁg nozzles: this may be useful when the printer
epoge} difiguto achiext psshe faga! depih af hestapery thatitisedys giPPie dhetresisiigrelatively
swhlh uddchotghiit woeld b prsyiblsth I@ﬂio&gmeﬁletfalﬁaieptﬁ bfreddA6K visidiglk-bkd, Yhis would be
a BhdvBG bdsHPprockss Start firing the nozzles at the keep-wet
frequency while running a |low | evel DC warmning current
through the heater (the fire pulses add to the DC
A fuehee brpblein thagiqluM egistwiti kick a {Md:k S(Fzzl@f)lateaﬂl MAeWhetDa PokhiS@S thick
Ia)Qlle girtr%e q}érg %%Qig%o??eﬁ on % Txllcon sub ate Qva}glre aég %Jlﬁs n(%%lﬁ: &3 grsegce in

trat egl es can ‘gener recover nOzz
theﬁéf’é FRPRRS{oR betysgen Glﬁ avg lzg'erdia?thg sibeipo.cd Wielhasghedghgrent stress of within thick
de@meu na@artﬁmaferm\w tﬁ)épjs@n@mm@ sREhidple Ihkt%r&leﬁské sclﬁﬁé 11blb£a%hlc

ron VIS o ys.te r at pr.of i
proces[s( woxﬁ%%ecome L%g gr ’?he arrp %ronggﬁg ngzz c? 1§/possrb?w Qﬁﬂlkf o the
praseet Wpesetidn) diseyanitagepus. r om 200C t o 500C. The heat i ng

conpensates for the increase in viscosity caused by
the ink

gse of the first strate ]
W b S NSRSt BHite 4o an pbaghgrnt of
ﬂlesarqsm agpptiqvihe CYD nigideogzele platerfpadri2 i oplyintidrors ok CIvhaGefelé thy Buidic
drdg hlﬁ'&x'éﬁ th ¥ozb hﬁi nbd pﬁrﬁcdﬂiﬂlb §1§1§ﬁcta.m%ﬁ@1? lhgrgi%reggtqa%a%? am%f Igss.

warm ng: w th each unsuccessful firi ng of

nozzl e, the small anount of heat retained | n t he
Fultheatogy, thatttetimef anditha gesial thitknekis :guifed toastch RbAled 1id suéb h his¥Ble flite 2, and
the s!rééé&%hﬁ‘st}atg @éfler%dwﬁl(ﬁot% %&Essxt/ Om the ink chanber,

raising its tenperature a sna anount with each

firing until eventually its vi scosi ty drops bel ow the
Embodithdntsfobthe presest Gs/adtioh arejitﬁﬁb 108 reladeJbSthﬁanﬁfe pRteNWERAGRE theforces
exeﬁtz& &Mees%alfl rdli‘tQ% I %!Sc%/ FA lg?}ea e¥sur acsés eg 'Dn%n éautt lsé lge Ci: gg%gese

nozzl e may SUCCess restorin

faceﬁé‘fﬂé%smtﬁﬁwusﬂwww @ﬂ\pfmerﬁhe a@nmvf@secmm@ﬂmez isevanpan:d bwl

corfsdqﬁ@dy it infpliige dTHHAbHABIA m&@eﬂ/\@kdlfc&ﬂﬁblﬁ@iﬁﬁulﬁe(émp{nﬂ¥ﬁa trops

bec? Q99ing fromoccurring. again. The 17kHz frequency of
€ warmng pul ses was enpirically deternined to be

o‘b‘t%ﬂwﬂ heafeppozelp gepafesion tedures thhinlcinertit|mve a chanber di amet er
Ohe RRAArag kitben HORHANTY re@REd;€SpPOnds to a | /17kHz =

- ul se peri cale for heat diffusion
'u‘ﬁemv\%“é"r“”ﬁ “gg%°k£x%w“‘§°“?g£¢*‘“§b%<fs6d‘§‘ lcl p 1C 1 =

. gha&%@,zem(@&s@@hm{zmm HubiBloRshe DRI i the A dibn; t NE
ter hasmeﬁﬂlap % is 48mm Thus It appears the

: éea‘FV L FeslkPr ™ erdaradss dxceed the time
. Shea1r® jeotionlissgble di 16w drep wibcidess oss t he i nk chanber, to
ensure the entire volunme of fluid to be ejected is
heat ed.. The warmni ng pul se interval should not
As RIPYRSY Hesrbed V“*b‘i%’@‘é?d tq rigures L Qrie 44, s ctshipgpf theeapicron thick nozzle plate
layed 2 firfvol$ds 0wy relagant skiads. melshchaﬂaéeGﬁNotvébahd'b&ﬂﬁag BiQhed’bg&ﬁll dpsidn@ed 45 in
Flgﬁw agc{ Sqnt]otf(l?ﬁ H&@sgplﬁg’lclg ok f)}g\(‘@fn% or%?ﬁxe nozz f nm 4 Ll"l‘lje othe{ sucéli stage

enperature w num pol n
mV?’YFé a fughg el dp theazf@onahagwa%@v Eﬁwpﬁa%ndaﬂn@g@taptva@y Efrpethe
ejedtibn atisd N@d GRiseedsSRA4.evaporati on. The opti num

tenperature for a water based ink is considered to be
50C-60C. hi gh enough to | ower the

1.

2

3

4. 5R¢rmte folimication pm2211683rwg4! thagleal edfcey drépealbocitividansibetwedndetidee
5

6

7
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W

viscosity significantly fromthe roomtenperature
val ue, but | ow enough to avoid increasing the

WEeYapaosie on rate significantly and | ow enoughpeAEY®s/M00480
out gassing of dissolved air_in the ink. Note that as
soon as ejection is restoredwith the 17 kHz pul se
train, the tenperature of the ink in the nozzle wll
settle at the value determ ned by self cooling: it

Dd es. not matter that Jhe heaters are being fired
= afdt 2 s an advantage of self cooling

is that the steady state fluid tenperature is largely

mgg)empsiﬁmu@i( eLJasraé&naeMgtlﬁterff@mlﬂeagzz@%mt .]ste'iﬂe R¥hcentration

ntoref he nozzles after firing is |ow
of ol mkaPffwalt Pﬁf@ inkshapberdo dacreasy a%@rﬁzms??@é timgy Rpeigappbthe fluid
clogteltiedkett imérfate Wil tiryoatu®e: qaickly,cloh ententidtion @piddnt @ a¢plcted region of

the le;tl?lé u% H&%Qﬁ'ls e@tHtheE g{lf‘ tjhé m]%\%l} imexqacg Oﬂ&ime%?ogljezlsﬁJ(Mg deﬁjoeted region

jectio capab
Wﬂberxtepmugl@s topprds thicheerl ag@het GoBfepfTatign 05 the aﬂﬁ#wg@erﬁ éx thebiid
lmmdaeteg'flﬁ emfatt\W@R @S Seat2f wﬂllh&:redﬁ:c Irmvfpyﬁh@ hadtho HelteriomSeire@ethe -
VIS%OSI%)O the ng Igéetvsvegeﬁ tohlj ﬂﬂh teE ng gle n?zz {1Qcoréase rrrlglunﬁatlsharderrgo }Ig]uah ink through
the neyelepd hey kolwgie] of vqs@r eopspted orill decreque eeticdng the dmpudss pighedybble.
Ev&ﬁtﬁlly}/lf ) n$z|31€ isERCb 1B gGEdR firink! thé frulbLUE 816 Bublle \e@lasia@wm be
|ven

insy r;[%ent &o%o(ﬁqu nfgl%d t@'gfg%\/g?oz%gand enf)ﬁ‘e(%\g%‘% eunabﬁe 0 e?xﬁc.al'l'herefore,

the dhaxiingg dntadvablfetveen YEeqaive Brings, before the parkls é@oraqs elogasfl.ickpete fleterpined

and ¥JnRor&l By A%2HR MeChhub@s been left for a very long tine
may not be successfully restored to operation by the
above strategies, as the reduction in viscosity

A sharowaxgheih itwgrvdl héostipmne @5 uodesitable whgn pioting lreagesufithiahigl dénsityo

nozz1® gpa?nﬁ %ﬁldﬁg Bozglpseméyrﬂg{is@@%gulaﬂy VEV%&Q&ZEXhOQﬁ%@ ﬁl@d SBA frequency
evaporation. In this case a third strateg

s e e R SOFEIoE. oD e SR SR O s ing
callbﬁ“ké@@x@t?@fo@bli € diops firlies £frgiengyLhighteadugles avdirbdlogging Huweiegnlie dots
ﬁo&?éeﬁwe Y pp&mczglhetp)ﬁﬁ r%géfé‘étss ?&laxﬁbl? Sep- @Qtoc/ﬁotp% Ieﬁunéd heysl fired

ct ant enou
betyfgen ggsesinty ﬁf&ltr?en R YIS PIRIPReatiey qnéwegé Hpeven ‘§’8’09§]ia‘t1 ghagyper
voliithe® the R§cokity df the in@ hﬁﬁhasrquicﬂy afd tejneginahltite bewre tlogghg i tipidlly less
than &Véurgtf) n%gnrg% pagg ylngl? f'lsslr’lelz H.l?e I ed eK)Xrops needgeber}gecciis onto 111e élageml'}ge

alr I 0SS e no Z
Appistt ANPrs in thlp%rmhaﬁﬁomg that lééaﬂeeaty@f doprfeom| kyepsveeaﬁrem 1dpia prioegh.
the CQY £t Vikible iR mﬁmﬁtyh erGchiobt thiR, e HRALENEIRe &fltrdll[&i (sm) fn®@nitors the
vvitqi n tth cha The, fi rgt . tho é:(t) us1ed .
keeg—wett lmﬁfjo ey notzz and ensure that ensi wet dofs on fthe Ipagfc] 1S cas than 1 in .
ont'i ousrﬂ’/ reven ogai Frionm oceur g during
250pf0d that thesmdotscase mhéusmm Hnseffwtlmbmmm any\prfifacty e garebe détested by the

eyeeﬁ@\p@&a;f e ﬁeeﬁ%ﬁmegﬁfﬂfe%&lecm&[ tHe bE@Wﬁ&épﬂﬂe defifty BYEEG-wet
ﬁ ioog E Alternatively, it could be used
t““%*??ﬁ‘f’? d'FeQ’eré 4oBYvedi al measure, in conjunction with
one of the warmand-fire declog cycles, to recover

In ﬁhlg(glgg gavﬁg r4 Kéeﬁ Wet sE&th@ ﬁ)ravéﬂ@Mo tnE @urﬁ? B&Q&qoxh A% ht:lbﬁl to have a

advant age of hot requiring t i.cation of
strafegy 9450 HEREB A P& Wpmavbe W)’fﬁ‘f Yﬂheﬁ 8’F PR & tprgon 6‘?‘? it iflg geriod.
TheTmllmurﬂBﬁdTe@v@wﬂn’atdglfsaﬁat depauisdatlytetfequve v ent
Clll. OM ﬁ}glg nbzggs 29 Ehle %eb Wt’ fregn}ékcyqxglﬁé gm@% aqf\@gveli Bc Wax%l\ﬁ?gr&rrent
cl oggi n S

gﬁ@g urlngl perio It cou 0 be used as
r BFRugl the beate EIF"@PI‘IEPSF‘"@&?)‘P%PC@I"@Qged nozzl es: the

2. apply a ~17kHz burst of ~30 warm-up pulses before dropping back to the keep-wet frequency.
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cappi ng nechani sm coul d be applied, then a
war mand-fire decl og cycle could be used. This woul d
WO ewail057¢ hat printing be stopped however, so PCT/AUSI0S/000480
wi thout the humd air wll general ly require the
keep-wet drops to prevent cP®gging. As discussed
above, the PEC can guarantee that during operation,

Thgamtegx&m Sndily! recb@r sdzn&qhaaﬁavmed 1@& RENAD a @gmn% ofin afaﬁw

keep-wet tine of the ink in the nozz|es re the
e“"R‘é‘é’&“RﬂE‘l" ei‘l?l‘i?étl‘%“§e‘1‘|‘l§‘é‘§eﬂ rskécﬁesé‘(‘esw*%etsuf’@ VISERTSY Y dmeratug grofile of
the\wkicsthpod@sseF o Blamglnt thehvisnastly dfywafeois hdlvee bylicattig @om20°C to 50°C. The

heagﬁ’geJoﬁ&LanQa s fol (€ infolctse (B sc&lt?&u%{ ¥y Jv&}wﬁah& ° hﬂﬂé’ se'%‘? &P ﬁééﬁsﬁrategy

rops between ng i T possi her e u0|ng
theeréh%aef%r vegrmed piith g PG gurenyy bths SfCH%&strg}@&y (‘fﬁlr‘?hﬁ% Bere eaypptipls with
the TS, drlHszﬂcﬁnﬁltHe ﬁ@pﬁls&ehems@mpraﬁms@watﬁeg mm 2dck Gnshicessful firing

of {){l %ge%r%zz% tg(g%xaﬁ ISt c;f RGE %% ed i 1{1 Elg hé(agﬁ% pat g lelfrcF SS%% into the

avol or reducl
VOIEFP‘tﬂf@“ld mhich fqéqdﬁm@t fiore p ik ﬂ@mh‘e‘cfﬁﬁﬂ*ﬁ 1§mntparﬁmf§raémlbp@oant with
each ﬁHﬁgdmﬁlréVdnﬁx@lﬁﬂﬁ rotscofs@rdr@ts Qfﬂ@@tﬁe it fohRcp¥sfuldjech@adhidufidr8g
mn ) e i v S i e e ol e PRI b8 e
the gprale ¢of operhéonyfepmrthisa padnt oivwasds e @pasly canebe lficed gt thaminipam keep-wet
ﬁe@&@f,@,rpt;eegltaggégglﬁgﬁmom&gggamr mand fire cycle used to
decl og the nozzles prior to printing is a ~17kHz burst

of -30 pulses. A DC offset nay al so be applied to the

The 17KH nftpqpantysd e wemnigmrolséscias enpirfcalbydigtenvaneriorbg optimumgprtthe devices,

wh@i, smg; wgrg%ﬁ agée@& opa‘op&l lrmmeqaéwc%ﬁesma; to wl)ﬂzkf@-%@ﬁs plilfiEperiod.

nk
Th"x}F‘th‘égﬁ‘etfﬁf ey d‘é‘HS‘%ﬁ 'B 8?‘5‘61‘ %“S |“E’6 él(“ * @ﬁé‘l%g nH P&H 0158“‘“ while the
lengtinscalt &b haandifision i tieadyican! shenpet (Abiciteddins belett ailxakeyater has
evagérstgds §8 pprp bﬁllﬁt %Ee;%%%l 1&@%1?& Hﬁg mlteﬁ'a?sh&rld &Eelgc?fﬁg time scale for

accor I ng 0O an e resent I nvent i on,
heat difusion pRspsethe Bk FLapE B ENs\E Mg sntise Vﬁb‘P’ﬁ pf flyfd tg by giegisd is hepted. The
warfGy @k 1ﬂ@rvil@hd.ddaotfs%ﬁilﬁbbﬁ1&y BERS A hﬁlg/scbefon@amhﬁtsleﬁseqdat will allow
the E}Q‘E‘b %sapa eé'awgy O{&ﬁtﬂ% c%xtatgill%r [ ehl %Q:ste ﬁ glt és)r%tfuo G nolt']beullccil Sp to the
OP‘WW‘@Hmt Fhthe ppawtse et ae%m#wwawa@e@tlvv&sqt tm “BIige Grarsedpvaporation.
Thd (fpﬁxmuﬁ {aﬁapdmaf& RFa @Jlt&miﬁs@& sk isksRiigeab be/50°d bec: mrgh eﬁolagad ldr\;vSr the
ere is.n t eril

Lhat
VlSCOSlE’ tgglg 0(111} ~] raoom ?per?rure vahueobu§f)w enou g O-Ida mcrea%réq

apse
evamt@n raggrsighyifieamly amd [ emughmtavctlhwmlng pfﬂqs@ted drevu teeaink. i s
largely elimnated. Referring to Figure 58 i n a

referred enbodi nent er elenents
Noff B S H9R B BRI e SR e, et AP of e ink i he
nozgle @pksedesi the dalimydeteiyaned by @if céolihg: italped notanaftey that thetwatbys lob bag fired
partlc%laﬁfqv.ﬁ&@t as Epﬁlvﬂl%g@$§elpcfool§@ llsj B HE stéIaZy §t§e Hmd t@xﬁpe‘alﬂﬁe is largely

bubpl es. col | apse ? | ocat ed at E
indspER B PG e i A8 e e ke gl it %ﬂtﬁgﬂ?}ngmlg)" enough,

firigp\tiod rxd&les a7 kit enonthejchreegiecldgged Wik nd eabecaprableendhd Spph&ntaendzzles

typf%l@ {?ll%ﬁ) Q%Jgast) Ql} 1(}‘?4 eﬂecllcnl 1?w§1tv@1ﬂg%{eg cﬂ)gl#]ﬁ)& art system

as shown schematicalTy in Figure 57 e heater
el emrent 10 is enbedded in
The number of pulses in the pulse train is a compromise between the effectiveness of the declog cycle and

ink wastage: too few pulses and the ink may not increase in temperature enough to declog; too many
pulses and a lot of ink will be wasted if ejection is restored early in the declog cycle. Thirty pulses give
the nozzles ample opportunity to declog, given the total amount of energy involved: if the nozzles are not

declogged after 30 pulses, more pulses are unlikely to help.
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a substrate 55, with an insulating | ayer 56 over the
el emrent, and a protective |layer 57 over the insulating
wo a00enosswhen a bubble 12 is formed by the el enmait/Al105/000480
it is fornmed on top of the elenment. When the bubble 12
col | apses, as shown by the @ rows 58, all of the
energy of the bubble collapse is focused onto a very
smal |l point of collapse 17. If the protective Iayer 57
wer e absent, then the nechanical forces due to
A rozls highhesybesnieft for gy dong dmp mpy *PrWﬂ?ﬁ@?yaeﬂféﬁdﬁgovawtl%nﬁwe
abo@nmaggiest @ tHeh@lu@ion intvisaksityqgddvidadsyahelwarmig 9epcld manngy basnefgieo
cong;eﬁ)sgtg fotr nEr%?sL ﬁrws%sm&gd !;Iyq-,v pm%\/ ﬁlrthls Ea@é aSthﬁnfstrategy is retﬁxired

revent e rotective lMayer . I ca

Th%lAﬁi’l"@t“esdPWé hqugr‘éil shgwyn fode ggroverahlg laﬂ*a%ﬁwwmsewew}eathz grabient
reldtiOe Hu@kidify & raied yoolkeaoeh. |ARMB levelfof Ruaiidit| theBueitinOX hd @ik (akasdp
en()u%l%wa(t:etrs O eétén\c/)?pbgg t}é/geﬁiﬂ&l rv%sﬁ‘cls&[ogﬁltng{kuliﬁ ntiL% célf%rtﬁ%rt% ngjgc?able level.
A bsmighsrdropseent i saplisddy auretheds: t he cavitati on, then

OXI dation wll again occur at the underlying tantalum

sumldsoblas tgrocseskf) %Ez'le\é%l y repair the tantal um

pent OxI de’ a8y TREUGN” t he t ant al um pent oxi de

f 21N @ répping mechingprm; nre‘hfimg/@esmleduonmqsny spaledeharniedr gaveriog thpmrinthead, with

t her BRlkce bitkdiglre SMet @O Bambet, has certai n di sadvant ages.

One significant disadvantage is that, in effect,

virtually the whol e protective layer 57 (having a
The first olethod®uld helseddontthudnyly tdpeevere flegemg drempoenueing Hurb® ppermtig as the

hu8 elVE SR A i@l BE eJaﬁ)r;InB@Héfcﬁ&eaEH,@or eﬁx%l&tfng the GRE kR )(ee -wet
into the in eat it so.as to form.a bubb 2.

drogg, tAltgrRttyely (‘fég“’%‘i’ﬁ uged;sparipgluas @ remprdial RSATHES: B romHagon WHP &‘ﬁ of e
wartregpdifiregielclept cydldsero keeaved cladgglingaaias. eRithdy 9ay, the m@thsdhab the advantage of
CEURES A dhiRah of NGt RbnaflES IR AL TR lifibgntly to

nothez‘at !{tﬂ{e&ﬁ?%ﬁ&lf bﬂdngl t g I so Sr esu ']ﬁtléo ?’ﬁﬁ‘ggtts)ugls anti al
thermal |oss to take place in the directions indicated
Th&ycohmﬁetﬁtfdrc&hsnoﬁﬂe. useliSo pleeatBgE dandgl phﬁt[nngiut dould 8¢ BEED ﬁﬂvent

cloégrmgedﬁnn ea]%engds ft h(;uﬁ'i ag!) _?[%ﬂé’d%”!a %gxgdle\ﬁ%léasurs I?oor%copeg cl@%g%c? zzles the

capgige méeusmulmpﬁw thep o é’P‘é’anﬁrﬁfeth@gm%ﬁt “@Blfi pe/esed. Fis would

reqaire- thafSrinfighe B@pﬂe@h&wla&r fs@printbrsQrifabue Se HlInlu&’ aithill @Enerally require the
for a protective layer 57, as

keeawet&gc’pf)é)d’re‘v%’ttg%ggmgs avoi ded by generating the bubbl e
12 so that it collapses, as illustrated in Figure 58,

As alm&da%o@ ROPEY caPfuafaftbd t@d@&%ngapeatmv\abmzﬂmme fiRd m@n interval
arI where there

eri al artic
nor e i e SSgors sG F als. S O Ko S pdhBetpedgewhatis
congider¢dvigr rsit-casqranbéshthumfglgy fontke drinter’t gpetafioni he MEGsmdyabatry ifire any,
keef:%ﬂ dPdps tb&w@rl Q@eﬁlf P8, @Ieie@ﬁrlduc:h@ﬁg @enélé ofifle IFE@;; @&'d%s that get
hat can be eroded here by the effects of cavitation.

prirgddo hepA8®r at ure at the point of collapse 17 may reach

many thousands of degrees C, as is denonstrated by the
HuBl&%H &%\&Qfacr&g ﬁlg In&g"esqg ﬁé%ﬁ&hgglné ot u}MeLJe t}Q ﬁ(@tﬁ l%vefjtﬁ:Rﬂénthereby

nponent However, e vol une

avo&ng@k{eﬁ%ﬁéﬂ%%&fmewedwme poi nt of collapse 17 is

so smal |l that the destruction of ink components in
FurB)inBr%fe a%%p%[gg mec% at ciai? brgﬂ{i fag"ﬁlzig%nvugﬁeﬁlgﬁ&%rr%g bﬂﬂe pg% l'remieduring
idlectigtes, A48 ehwdlvmf ighigh@pygh |t<sall% regyey @t thmoe?lffsarwr&awmsas using one
of tBCkdre Yedirdk&biogmétas.er el ements 10 corresponding to

that represented by the part 10.34 of
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the mask shown in Figure 38. The el enent represented
is symmetrical, and has a hole represented by the
wo efoenessece nuneral 63 at its center. Wien t he BUBABNIS5/000480
is heated, the bubble forns around the el enment (as
i ndi cated by the dashed | i n@l 64) and then grows so
that, instead of being of annular (doughnut) shape as

In thé ﬂ)r&&&fd%ﬁ@dﬂlu&){t 1hb RarAsHEd cfclehes tcﬁﬂacl@%@lc &Qles'phors fing is a
~T#P? eleaﬁﬁ i ncluding the hole 63, the hole then bei ng
P& %P RS e vapor that forms the bubble. The
bubble 12 is thus substantially disc-shaped. Wen it
A I§@J)d°s@t ?§lso ﬁeuﬁplﬁ@ |tl§m§§g ﬂu%esd{o p%@ﬁ@gstéa@%@éming cn.meﬁll amné &ith a

surface tension surroundi ng t
set Pﬁﬂ%&?s P e eing PEpRe 2 1PrgHne GhreER euees & H’éﬁ’}s@ﬁfy toan
cjegdbdedevelas far as is permtted by the dynam cs that are
involved. This, in turn, results in the point of
col | apse being in the region of the hole 63 at the
PreCRSEN cftatbh@idd@etkeRkha@ €MENt 10, where there is no
solid material. The heater elenent 10 represented by
the part 10.31 of the mask shown in Figure 35 is
As deserivedabpesdafiers tubth B\has bgensfomriefl tnra priantheall accordiing ta at ¢nebodiment of the

preREAReRiof) Qﬁlﬁa‘h@cﬁé J&gapﬁ’é to'wﬂxqé £5¥%irfe B cQ]Ya §ehe A&@&&lﬁ‘ﬁd o bk REu L Bresently
1%%5 t he 9 I nt l apse to wq I £ .
P ete Hatn e (B RO o st b g o
collapse hetatvardsShéch tte dtidbies elllepyenrt at pOsitioeppaedininetle lsgtet dievmepar t
Prefefhb Qhé}fmﬁlgﬁ 1@%@&%t ihfre Fing W18 m%thah E s@cl\hhiants of I'gzollapse 17. In

con ured to achieve a simlar resul

thisgyay ﬁ"é( tiongeing® PYCrarohleR Ll IR B “’Lkﬁh"(ev‘f%és 'ﬁ’éflé"l%“afeg

smal |, manufacturing inaccuraci es of the heater
Refgjnﬁ‘é]@ mgurrer@%; uﬁ{ﬁr&&'}éd Lrnl%dﬁ?éﬁtetﬂé% heLth e\(MerﬁpIOaarqumur%d 3L Bgts 53
forned suc Its polnt isin

which-dsfing gappdfepragstre Ry “Ef’ri’gf"ﬁ &P eand Pcf?“"é‘%’eh‘f?ﬂleé 12 gorfat fieypainty pf gollapse
17 b @/hiak tht bubblescoBmpsetard lecheMt@ﬁoﬁ @@s a’ﬂfeQS\&ntaé%BﬁlE featu@ ks that it
subLt%l\ﬁigll savcgis cg\ﬁtgt'ﬂ)rn%%agé {(1) the h ater elg P :!a'x% o%gr s%ﬂp mé-t) naPe

achi éved, this may resul ol €5 rep résented as

12. 36 that are somewhat IopS|ded SO that t hey cannot

In al'l&ndii’cfﬁl&t SiCyste VR 616 sdh@hdatallp fn FERd BPBERMbrleRinBur $016 BnRdded in

NN R —
laygr. OWBCMPQ’“WE 2heforyied bopthe elezgnt 18] ihip foymdg@n tomiof theedementh &herityze
bubbl@ G &ﬁ&dsélgas fslhﬁ'n BY #Sarfws b8) &l s egé}g)j cﬁ‘ th‘é’&!lb@f@ c&lﬁﬁse Q%cﬂged onto a

bubbl.e is . S|t|on

verp il Sei R Rt 1 bR SO e FHE STt et o st Bees et
the taviggtion thatarouldesdl from thy fodieiag dfahieenergihio gfie poietpf e@dlapsé 17, could chip
awdy OV AR e Yieddd AbmddF QY HdGSvel BRI P vertdad e blokeriBRLHBESS,

wear resistance, chemcal inertness and corrosion .

resistance. The netallic bonding in sone transition
Typivellyabucina protedieslagtfhis aanthiubd, ahich okiideCta form A vaglbhird lay@hof tantalum
penfo%ﬁyhg ds)n Alltf?a’thI{ &%&Lﬂ r}{zitgrlxls CM%’Q&IS{ tﬂeee‘cﬂ%ctpéft:z{vktg%ﬁ 1f the tantalum

sui t for use as CMOS driven resistive he
Penesmhrdvl berfippad Awpycslug fdhe spvitations then gpipation il ae%rmscwt ﬂmederlwng
tant6lii S@tal, 8 a8 forffedtide | phomitindntalum hteddealiove) t he heater
material described was Ti N, a columar crystalline
nitride used in CMOS fabs as a barrier |ayer for

Althopghvhetpntpimhientgripq funetions r?latlmlﬁd%lsn thistregarl indepeit thegmal frikpgt systems,

it hel'é a&tatnhlgacfvﬁﬂte{g@él\/lﬂﬂg s@a‘ﬁh&:&rﬂ Hl@@eﬁtagﬁs &athxﬁ URA, vkt 1@ [hb %ole prbttactlve
adl aval l.a

layer §7 @?vmée 1cknf{s% edlca*?ed% ¥he regzll\-é(r?e nu{neral’ 59?3\%9& hea?e% in order % transfer the

a rmn r om a
requlred energy into the ink 11, to heat it so as to form a bubble 12. Not only does this increase the
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nitrogen plasma its ~2ng hmmresistivity is well
suited for heaters driven with typical CMOS voltages

w@ 208Nosso 12V) it is very hard and theref ore POI/&U2005/000480
cavitation resistant than traditional heater alloys
the atom c bonding is stron@ir than that present in an
alloy, so the electromgration resistance is likely to

ambBit J)’Fh&h Qﬁlch Eyenest ,the\h!vt:lh%atmo ¢ tﬂé t@xﬁlpe%réj@% @Nel designated
ter

at e
o0 Pl Bt of s LB RSt o g v e sl Bt pspiaipe
dirgstigng indicated by ttm@trewsiohgAciimussed earkiérchath refesenfectp Equatoh 3, this disadvantage
woldl K&\B@ prEsent m&%@:&& ek (h@a@(n@xre@ s%&?ed 'oﬁ‘@éiﬁ?cg Qr‘idayas not covered by
oxi dat i on reS| stance. Transition netal nitride heater
the@ifEY MY i th a sel f passivating conponent The
Appl i cant resol ved the oxidation problem by

Aceomu{%%ims teme glraseaﬂ%&elr xlgcuzslaﬂtthe%édqm phddeive ﬁa@a%bta's @cribed

nitrid to ‘sel passi vat previ OUS
abayp- dsayided gy g@@ﬁﬁfng Hﬁé%‘ab\?é% pofppt it F‘é‘P@F% astifpsteaird iy %S%isr oyjards a
poififof evlispsé f7oat @hichxthdleis haspid matsttal s nfokeepadinil Al whées thare lisAW gap 54

ber%.éetl%% 59 Qf tﬁ:e%gtir el%}n&mo gAgllihe%%y rgﬁ%gy @& mﬁzloltsgﬁﬁrth%v ll)c%aon%prior to

I er t her oxidation
but@%e;s@}eramtﬂ&re i @mepsl thabyiep b areded herré)yés@ueﬁ%ﬁs.oéwwtanon The

tenfp&Stluﬁ ananu:pamoéfcer liapde ANklayTreath Madyera»hﬁﬁdse{f REBRICS as J (léﬁlor];tnmzc“)y the
phe.?mﬁnﬂn of| ?%119 ggnnese{cg aCI et gdlgea e{h tng 6{%? ! C(ItS gt 70 Nmt rTHowever the
volgrpayfieireme eppesitere emf)e Pmmécqﬂem I7t ip ypgpgif Nt Keeldestrnasion of ink
coriPRhefsiirfthis bélumeSEck sig@R&dcvat i ng”, inthe sense that it

forms a thin Al2C3 | ayer on its surface. This oxide

| ayer acts as a diffusion barrier for -oxygen. Since
Thet deweratiof $figisibolrblecld esp thatgi ahdpses wardxa/gpam ofi cpllapieA OFhérs there s ino solid
maJex@cM\@cﬁ] bk mgv&l Rade Hodter Leflus 10 Q&Te%hcg@gttb @5} rdpRldn®h @?ﬁ@pa?tf 10 34 of

gl ﬁ/ast{ﬁy F%ter than Ti N, he ext%nt th

e kB BB AD] S-S e -G R S apyp Popprgrscned by e
refdnenedt romerel 63 raetstcslteus\ﬁhhnltm eleiners isthexsdd, thachubblsfosip@rvdsithe element (as
ind;gﬁéﬂﬁf thetdgsﬁéﬁmg\@lﬂ Iargl tllﬂig Wil&ﬂﬁp ?qutfeéra (Jf MeﬂMﬁ'&?lﬁQdduEhn’u?] khape as

in this cased he"in ers were ber at
IHUWéFt‘ DYt Japhed tnes o qnf o) itspaas theekemeptdnaluding dhe ple §uthe bele th ?11 being
fill@iwith thERapsr tha SordOhebublsle. | The bubble 12 hﬂmm(xbdﬂaﬁdlly @isd-ghaped) When it

collg%g]@m:oﬁﬁ}se 1'5:'%#_}]5] &)%g Brmuy}@lﬁe Lu?fgc% te%glo U.FOH%CII}({)\%’ ts'lblful%ﬁg %)2 This

Ses IS anount 0 enerdg
invefesss thy é?béls shpgmPWneiteyards a snhprical spe #dties i W!“Pﬂ(byttwéié’@amm@at
are B0olGHdf ThiS linEm ) r@G%s iRihelpdiid 81 coldpseltblg infiRWgicR RERENble 63 at the center

Of eQneatereanq wgergéer 1sn950‘i!1]§1athe?t er terrper at ure. The
F ?or coolI'n 0 ‘conducti on out the ends

of the heat er was msasured to be ~30ms : fast enough
Thetl@ater@ralnextt m@reﬁesaﬁt@irbyhe psrhm 3 @Etkegr[l&ld mwarnlﬁgmga@ cbffigured t

acht(eve a SPI)I ﬁr rre? @tﬂye beb lfcnerafuﬁ% %‘Sggg%bé’ élte éipsﬂfdt IWE) gi’ fﬂdLﬁ]eémgt of
collm@awh*é@hmebllrbble a@hpsmhesem thahpls 63 athteatrtar oithesdenmht. 164mMmP2
and heater thickness of 0.5mm the 330nJ input energy

f each se was sufficient to raise the
Theqleater element IA represented as the part 10%6 of the mask shown in Flgure 40 is also configured to

achieve a similar result. Where the element 10.36 is dimensioned such that the hole 68 is small,
fnanufacturing inaccuracies of the heater element may affect the extent to which a bubble can be formed
such that its point of collapse is in the region defined by the hole. For example, the hole may be as little as
a few microns across. Where high levels of accuracy in the element 10.36 cannot be achieved, this may

result in bubbles represented as 12.36 that are somewhat lopsided, so that they cannot be directed towards
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heater elements to -1000 OC. Figure 60 shows a rapid
rise in resistance of the TiN heater, wth open
W@ 2006/0357(ur n- out occurring within 0.2 billi onP@UABE®S/000480
In conparison, the Ti AIN heater lasted for 1.4 billion
pul ses before the experimenf3was halted (with the
heater still intact). The resistance of the Ti N heater

a pm&fy&laaée Wisk ebfl aesmalT h,,gén V¥R Such DONG Mhth LefarPE e Blakel Dstheiie t O

heat er rather i an a measurement artifact such as
‘ePFFé‘TI‘?émFé%“FFé‘@ theGepTaL laen ‘g’t"gﬁﬁﬁe‘%‘ﬁi %’es"PB)bP"c“&F‘i'eﬂ thesehy inerpasiye the
siz@f the€pion anialiehshegot of Sollapsa df tBeshublletis @d#par i son, t he
Ti AIN heater resistance was relatively stable, but did
show an initial dip then rise. Several effects could

explain this, but only two have been proven to occur:
W&%@MWI ling, alum nium has been shown
to mgrate fromthe bulk of the heater to the surface,

Th(l,: Qgﬁ nftr% m)rﬁL gt%nsﬂfan Int'tgl nﬂ'ﬂeg A€ l\lﬂlﬁ@g@@(ﬁ g&’aie&@ ‘Qﬂ ;Jrclv]ldcs thermal

I.ncrease t heat er resistance e renbva
stabifityprhprdpesrivear essistenge chsamige! iprneshand serfosips tristape: Theymetpliisshopding in
soridtAnditda inetal nitdidds SucREBCTEN akli TAN@anth MditiSn e $n 16 Selsistivity, @aking these

. b . f ). inh the resistance of the
mtér‘{g%lﬁue?&ﬁl (S)e aIEPR) Srdgg%lql%lglﬁvgtg%ﬁers since the peak

operating tenperature of the heater in ink is around
In GSHX 16/728\804t0 theprevent BRlicire (REsfAe Ufoss réfereidtd @cnea lidtda@bove) the
hea?eﬁmateraal EeSﬁngBd;vh@ﬁ ?ﬁﬁ ogurr]nenlgr];crysta 1{1%1nbtre‘1€ieeu§eed: ! (gl}]/lgg f%? as.F\{)NlT\I 1 layer for
alumeamen%allaﬁttoe;anﬁeatt¢qhg>am &iNhas the fplovige@dfaplagey ay4 heates material:

len gtlmad%avﬁﬂam’é it MO O £20) e pEREH usin Dre AW CHRAEE o a T tab}RUA 2

at 400 0 To further prove than the difference in

heaf®PErPPE ne in air was due to different oxidation
reat @s~2aotmnotsisdvigiif #@irseird dor heatersRlcivea it bicg CODSbItagss,(3.3V to
the apove tests were repeated with DC current, to
avoi d 't he repeated expansi on and contraction caused by
pul #iisigrythprd apd fherefore moragayjtation fepigantihay uqdiienat hepter abeyd
VaS ﬁﬂe)ﬁtoh&%ﬁﬂ‘i&@q’s strbre@l thafl Bha GREBRIMGH allo?, sI'thNel@&x@ﬁl%Faﬁon resistance is

?%I ed th same anount of power. When the Ti N
hea %O\R%IP “Coated with a 300A | ayer O Si 3N4, the
lifetimes with DC current becane conparabl e,

Ho{vagll Qfﬁﬁolu&gmgom oQ&lQMh grgéctﬁfl fa§ &cha\(e% Tﬁ‘a(ﬁqu \*/1@ @nly eject a few tens of
protectlon UIC y Crac

ed
thopsands 8WW§ﬁe@ﬁé°% averc%r@acamngea HBRE .fa"mah é“‘tet“i‘s"a“mated
Tal hdafes heva dreddquteoa@thtfon edsistadce.0of t her mal expansi on
(CTE).In terns of ejection performance, the Ti AIN
heaters agai n had vastly |rrpr oved IongeV| ty. Uncoated
Tragsitzpg-mstaknitydehes g fia gl campaient 1 i nk 4nm
directly beneath the ej ection nozzl e typically eject

S ev %eakppﬁééﬂt%s%@?d ) oxllhke h gr%gl?m §¥ m{r&iﬁ?ggrag Reaicke@ P;Q%h&iﬁg

everal  tens of ousan unhcoa
trarﬁeart B¢t nigrjde 1o sglf P?ésa‘ta@r 4s pravigusly dﬁswsss‘bmé\f raysivagiogiggfers forthe fgnation

ofd du@'zh:E oxide 14yBiS wiRdBOHEo xR0 PR il s ofl bR ElIRMIfGHQx 1% Al fo PRdvide a

bamereo r oV aglo | ongevity over TiNresults fromthe
| oved 0xi dation resistance of Ti AN, which arises
from a self passivating Al 203 | ayer. The cavitation

resi stance of Ti Al N has been investi gat ed wth

Fi h(gsgls‘lyvee "%ﬁ"gﬁal ol ct est | n Ofd tnons F{Qe[aﬁ‘gg

gBrS a" BP abst ?“éﬁa%%g W e é"é‘s f W {gper
elempents. ﬁthlgh@pgd it madg teplpeing thecTi target (used to make TiN heaters) with a TiAl target
(50% Ti, 50% Al by atomic composition). The resulting TiAIN heater material is “self passivating”, in
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col I apse of the bubble on the heater: stroboscopic
i magi ng i ndicated that the bubble was in fact
waeolobagsing on the heater. Despite this, none BET/ADE05/000480
pitting traditionally associated with cavitation
damage was observed, even after 1 billion nucleating
pul ses in water. The hi gh ~25GPa hardness of Ti AN
the l@éngevtha@%nﬁmk lA‘E Wafﬂ its@frkaO) ﬁn@%h&tl%@f:ﬁts Q0 dkbrdloNbarrier for

hus the use of heaters (in addition to renoving
°x>tgﬁe SRS ‘H%l‘i‘ff?ﬂ?“ ﬁ?egtcléﬁttf?‘ﬁhygr“a‘? &R0y s Bushdoy e Banbatiof HPx thie
oxiGivn deddtdn@bf PTAON BG/hstlp bettbralag TiN, evidexwhttiaoantoxidative laenti@rpating

Sl d to avoid bubble coll apse, such as shaped

eaters. As a result, use of this material facilitates

a dramatic increase in ejection efficiency. In the
Thé nmg ele@EdR Lﬁjacﬁﬁ this@dt eichu@Ppraiad fRadd: these Sould Gormhtlyebe Gl infidrd in
mk bu Hus ¢ netﬁ leéh%gﬂeps we¥‘ehi§hberafa‘l Nzﬁmggﬁeg ko th%}% h& ?sccic(){xlcril ge pulsed in
e er, caus H open Ccir 5 S

air. d@w vcaedonﬁ Ieiisolatsclee piidesiye &flweme@lartfm [Epchiheqins Msseylse% é Kz wit us
33@3 anbdsa rigkis dﬁwnaafte@&y iwdulk héremlynse dM@é‘ed}hﬁsﬂ)ﬁto i€ Without the ink
thenfe wva\llse ffulsxhze %s 5{1&/\0 Sll og’a e mgut efler%y contrrllgxteg ?o ar(a; U'Ot tge ileléltt%rt tex%sl'prc]:raai{‘ure.
Thttgmlﬁ forpoelimg Huedo goaductdniobt tlae;pnclswgm kegteiyyas meetule«ii tadpe ~30ps: fast
eno'uglf t8tdolBe KeSiSith the b&ﬂgr&uh@prﬁx@leﬁab (&) Mbé%ﬁlnl: between pulses, but not fast

BT TR CTE  E R

164podihnd heaga tivka®6 o D.5ikrh, the 3B Inbe envraylobath mive wassuffigitr to rpise the
hw@pdggﬁgkpg&bo@onflguratlon with 99%reliability.
Exposing the Ti AIN heaters to acidic (pH<4) or
al kal i ne (pH>9) environnments, or chlorine or fluorine
Figi® A& sho@suragesse alykdistane of he TiAl 2488, witiopénvartuitbgmioanyoeeurring within
0. 2-grﬁo§ p&l?eg IL) @?.%afls%n %ﬁer § hga% Fagéd 8 Hllﬂ&]‘ﬂuﬂ& b@f&g: the experlfgent

ure o enment vvever t he crac
way hamdﬁ@&l thq Hegserisilbinggg)- Jﬁ%ﬁ“%‘&? of he F{Noheatersuas venaunsaplp- Glisgvas

tholidfit 15 BY/@friadic toeha R&ter rather3h¥d AméBurdihen &iNa& Oh hs1Qisé, dltehch resistance

~sp1kae|ut§?p?ca Xclor(ljsI sF ~58 Qa ka?vexoﬁt rtugtrltgg Lac%%grlts%{raé §1Alll\%{e§{er Jes?stance was

| NCrease

relatipby %bleﬂyt cpréglgw %gﬁalf@oygen rige. Sepgrl effeqts could afqqutgthm 'phté)nly two
havé 6éeh PRVeA dcOF \ﬁma\mg& d@)fh pTdﬁﬁhé\laMﬁﬁmanWeﬂ sBoafto digrate from the
wilSEESASL I UCL 100 cof L Acteasing. nLLragen, cantent aad.,
resisthn wlﬁleAhekbmqvelgf 41¢nymnrg from ehe bulle ofghie rpptetiplAyill é@&?ﬂe |thg hfa@r
resislﬂﬂ%{é Q%ﬂ@e 50 fsrlé?;fﬂﬁﬁslﬁvé tﬁz_ﬁi_ﬂ TSAIRN $ﬁs mﬁab_ﬁ{tﬂn tHe ORlsiaht@ of Be BAM i€hot of

aprj cate an a la or Ila oatl.n
e SO B Gt e FOPEHE ST o AP D0 P il the
temiperaturs eduifed for thin effefi tA\mardfos itseHfgfurthiei tadts imhrsayersshpwdd onlly emdlivbanges
in Jé xeélsléln&%%m i;e%&lts Gffer hdd il r 910078 Mr IHud 18ngth Sffintel ge,l e hour

| ake off during operation. The addition of
(Ofﬁﬂﬁﬁ¥8§159"f6°Qﬁ% TiAl target to |nprove t he heater S
pitting corrosion resistance (see "Chrom umion

To 'ﬁ.)Fmén?QL%An% dfifﬁfen&eqpll\egtlett llfé?lg’le QIau%%E ﬁlg% Qﬁer&ft ox1c{e}t1(|m rates and not a

nium Surface and Coat i ngs Technol ogy
dlf%ggnce r@g&‘ﬁ]@mcaﬂ p@pengéﬂeépﬁyé fests ¥&g G:yeated YRIDG gdiers 8 ﬁvodﬁ the repeated
expaision b co@ia@ih CauseBby pubsirgli@ clrre. A, Ghe TiADNY hda@fsthadavastly improved

lifeH AL %%%a'}?ﬁ§ Il"ﬁ\lehe;tgrg éﬁ%hlé& fhe &Q@Em&mﬁt of power. When the TiN heaters were coated
with a 300A layer of Si;Ny, the lifetimes with DC current became comparable, indicating Si;N4 provides
effective oxidation protection. This Si;N, layer quickly cracked and peeled when the heater were pulsed

however, due to a difference in coefficient of thermal expansion (CTE).
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nore resistant to crack propagation. Several other

aspects of TiAIN require discussion to replicate this
wowook/108570 st |y the al um ni um content of the TiBRCT/AEZYSD00480

i mpacts the oxidation resistance and resistivity, both

of which increase nmonotoniclly up to ~60% al uni ni um

content. Beyond this point the phase of the deposited

mat eri al changes to a formw th reduced oxidation

resi stance. A 50% composition was chosen in the
In e I°?“é":§ﬂ‘t“ perfoRpage: {16 Tgﬁ D beere againhgr gisy ‘81?’°§%i1f1@1g§/“t?’ ({ncoated
12Guu0 I 05 g THAN Beafels asspendddamigle4unbéiceycheneath tha ejectios noatlé typitally eject
sev\ex@ﬁﬁﬁcﬁé@ §f 1@1%%@1(1“( &1@1!)5 cXm@a?ed@o Je%%(f Iehsocﬁ’ ;thsadngfr d?o%ss‘ fopLglcoated

ro en ow I n reacti ve osi t1 on.
T%%fr“f“is euTl%l ﬂ]%tﬁ%%ﬁ%#%@ﬁﬁlswh@ ﬂ?&é@h@( the/sbeye @rﬁwewer&%desgussmg
oxigdtia, [tHe ym@Sve@lohg@8ith over TN 2§ubé fi@ik thp hgs@eCRARDR resifthiRe EXQQN,

wh{éh%sgsqﬁ)g]aseﬁ;%xc% am;gmégwla |s occurs depends on ot her

araneters s flow and sputtering power, so
it is best to characterize this effect in a new
ThélQPGb rbsifinCRATHAGY hadd Weeh LRt ¥ith &densife ogaanﬁaitasdu@ RBnon-
sus en&el'& heart]e(%ﬁr beo?f«feh ?o% (§|2I strsg eesn ftlllgeé%\(esgsttlggnggetgrgvf%ssrlfogs(ela%eg %(I) av<%15 ghe
collaepy ef the @leaowmm@mroqtromcomp inpagige inditdtesikhapthe kbble wesrin fagy collapsmg
on BOH&er. ljeEbltE b, Pﬁﬁ@clf't&@fﬂﬁng%ad&@fnlﬂly absbdidi® WMBLSitSIRR @a?da&eevdas

ob e Ssa S kire BErR v 0 DR 7 R P By provices
excplehieayi@tionuesistaice SmTAN. rijhusthd Useoft ThalNrheadrs(in addition tofemo g the

ox1thlgxhpr?tEctt151?Q€eﬁ) ﬂﬁtv%‘n{oaeh oWﬁescaalﬁgoJHBtmlonT T, megaﬁ{out a mechanism
[es] Stl Vi

deseii R ipiddy éﬁwg%rfac F*’t“%"'ﬂt”e‘\ﬁ‘ﬁ A SBé“‘f"o%éP“g”rﬂ@?r@% f%?léates a

drambt@dicreaseiiggjationefficiescyl ess | i kely to be a probl em
Unfortunately, the oxidation resistance of the high
nitrogen naterial was worse: with 1 hour treatnents at

In thejne tesm ejgetion apdopipgpqel gstingris HEma gihrsirachasige nf it ol hgpters was

cra¢kih@aerass éd héaker, k@SihGindp@eirbif 08 ofEiavi@this Occﬁheﬂ%ftefro billion pulses.

Th&?aﬂ&e?({ <§ev1£?oﬁ%1l¥fgt9rﬁ]\xia£%n% B}ga \LJSVQ%F »UHId% %%‘adslﬁg %ote flﬁt that

figyry i pptisticolaslysipef eprcking. it iTiRpmPR mﬂiprwas%lelelttg figyfes Ty plptripedifesime
resd o {A¢ & eIkt Webbull &Ed‘lb(mod fwHeh &hislWat @nk,ad wak &eteﬂ&ﬂ&’l&haﬁ @ﬂxm thick,
32 p.mnlox% nun%" \mdg Jl"m eaters ccHﬂdZ raafclll %U; nrngl%l:;rg%{)lre guaé e%t&o\'r(/xse in ttél)rt uté e/n opggpool
COHﬁBiéattO{bWﬂaQ%"/o‘nhabﬂltYan insulating alumniumnitride

llayer, which will greatly increase the contact

resi stance. The for .0 f. t |nterla an b .
Exigoh G lARy un et s F Hine P B g v
iong paysiestabiiige thhdlels passivaingayer.i Buis chialp@irto gressgprrdsion ¢ripliing and ultimately
failhrB b ROUETehO RoRdver it &8 BRitddHERimE BEope R ters éﬁsmg.loyed by

as with TiN, Ti ATN forms col umar crystals. Both of
SeVER RSt erial s suffer froma growh defect when

che pASSN0ATh @TeN cdatnyiiviEichaulso geidinms tdadity b formk TR06)0 MRk Byedfs

trenﬁﬁﬁkﬁu A %halPhntt gﬁ}é‘ the &fe ti%f.éleﬁgry]@{ﬂleis% ?a}tom of the

tre growvertlc e crystals on the side
val A 3@%%@8?%0%&%@% repisterias of TeAIN (a8 found to beagiagrenpipgsfynction
of bh@craaﬂ@@drdgbmntsda hﬁalma&as fomtd td) ﬁavmalc&koeloﬁ REistinBéthan

I Moy
ay ?‘ tl%l g gse BPH ?tmg gO 11’IIPI'OVC cgré ?SlOfl éealstgnce glg T% co&tmg is

al |, a Ccrac
th apasgrtexfebn@te ﬂtah eTs cmTeN fating, asmuTsAl@Mexrmgee uae@ for the TIAIN

di f fidpeditich c4nQis6 BOVRELDr the TiAl coating. TiAl also sticks to the TiAIN heater better than
Ta or TaN and is less likely to flake off during operation.
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the heater material to the CMOS netallization, as it
must be deposited into a trench etched in the

W@amsi1vsie on covering the CMOS netal lization. HA&T/aU02005/000480
probl em can be overcone by @& ectrically shorting the
bottom of t he trench to the top of the trench with a
net al er ore or aft at er .
[y e st st GRRY L BB G peset ekt b BT SR Fecorosion
ens usigtaret et Chromlumgarimplanitioy fooinkibitierré cartosipn fplgmingum”, Surface
ensg%%o?&ngn UkLBR) VBt $b 1Gud ABACHnbeL, Sod8). gh enough to

avol rom gration. Readers experienced in the ar &
vi | Thepdgifiensit at &% @iamick Pt PrFiphires G BTERcamArg sructre that is
t ar gefe rdsBta tddrdck p@@IBatdh.nOSphere i s not the only neans
by which TiAIN filnms may be fornmed. Variations such as -
the use of CVD deposition, replacing the conposit
Severat gt aspsicts R HANypAvire dipcagionfo rephenteahis perk gBirty e alE}%‘PJH@ cgptent of
the B ba@gdt lﬁgneﬁhetohanloafegmﬁe@u tebigvitn got? of vafiitiicease tfdBotonically up
0 not Lt Ti

to ~ é@”? glu%uér‘ (‘\?%fné @ on% esr psomex l%ase eotrt;%:ﬁe pos1teﬁzl\£r$apchan\ﬁes t? a form
witafed@edphiviraisenct. hA50% besmpprn siat Ghesen iphecAPRLiantisiy@rk to provide a

margh o@ﬂ@e’qt 1h QR iR bidd phitk Eﬂ'ahéie S&Sﬁﬁ}e the %ﬁhﬁft& i@&r&aswrﬁoﬂot&ucﬁﬂé} dsa

pass] vat [ ng .co ot her
oo AT TG SovahiR At SR P P et ngh 18T
resistivity incresses skdnsypas atrdyalt fehdthepphewicheatd. The eenpiseasnflow ee@lch this

occlf Iiiepkgt'ﬁis B MG E‘Ar%ers@ﬁh‘ﬁ aQ&rEkﬁrﬂo@qm sEﬁt%éﬁng%Q&eso @4 Béﬁttd dhﬁl'actenze
i's ther noaynam cal | %ﬁyavore er -co

i SR G O B ) PPt o] Bt Lo o
deckdaiisy spatiesit phas, potting ve sheytgesistadiciof isicaiting Byes 45 ¢ Smpion abikogen
ﬂo&/ ?r sg'l\tﬁ!m ’yowép %edlﬁ)phcaﬁt@%voﬁgﬂllnk ¥ dc\!ﬂoilged Qﬁ)oﬁ sk Jf @1@ bﬁ‘ase
hative to al umnium RNano rvstalllnec § 3’“ nil
chanea'@se?lat?ﬁawernfﬁasenﬂawoPW%StsaY"iy Phige 0¥ HgseP MaeRd (”rﬁsﬁ §Pgm.m, while
the rxreaﬁlea@ hOAA HighQuit@Eeniiketial pROKEAm. 0D ke higko esiytsinak bicfemble fdn @kjet
hea?ers as theecl:unrq'r3 I‘np cnens%? ﬁnd% e??x‘nh bOBRAC rfé(e%éfcﬁé leie&%tmg?%on is less likely to be a

I ncorporati assivating transition netal
profyiemy Dnfertunptply, aheavxﬁawe eﬁlywavﬂtheﬁeh 750 dletedal ¥y YRR LY g 1 hour
tredtdenksSit 400 5S ihktheds rha@e frohf thb Bigh ﬁlﬁﬁgémﬁerhﬂﬂdﬂﬁ&ﬁfm redisi@eaed, compared
to 9 Eokllefmtgny Ing? ;ﬂﬁyggtﬁe lovg rrulérg Séln fc’n%t?rlp ?eAs% r sut all Qﬁﬁe 4@*’1'(%3%‘5 work has
focuwppmelowmrommemql-l es of T| A N by add| ng Si to forma
Ti Al Si N nanoconposite, in which Ti AN nanocryst als are

enbedded i N h he
(ﬁ“ﬁ chﬁsgof gﬁ\sg gpdxégresa \l'/%rrstﬁﬁ.é% ﬁate'ial 1s_iiﬁposx6|d Pnto alurx%%ul!h
meaﬂystoahslmgmectgp siufteribg v diog@gtmiobrire.aare mys be takep to Cavoid the
forfhbdch U?An%ul&ﬁa% Qﬁmfnﬁfn A& 15%@%9}9&&1 g@fitly%%@ﬁ Rheictiltd2t rEdisin®¥. The
are ‘renpved Eusn of o en |1In%]q | %Iwilundreg'an stroms thick
formatign offis wﬂm{ecav t’ﬁ%‘i“g g‘f“f Rt ForOXy JEN OF
ash ISI&xeSla&lenqn hassntededsi afgitbdve infd ¢ dhamizn oBacyndtyads avith 2iN, TIAIN
ford golu%l? Sﬁotﬁem&@ Rerh B St N ﬁﬁﬂﬁ)@erfééﬁ\hﬂh &eposited over non-

pr-ovi des en anced corrosion resistanc gf ESS
plaggrgpoms iy drethescoma af TeRgies, e cofimapranRfals Py B hytomiofBs Epgerow
vettibeBly,Sihabihb érfsyalsag de B¢ wallegavyigtiaintally db ingrin(a@swapatdless of the

de%os190n%q%2tss it %éc%s%d“b e 123%_.‘-:%AF&| Ibé(ttoﬁltaﬁp41& wil totrf3t x;'xél'&oaggﬁ but

he materi a
e et KR RY ST Y VT A 8163 2° PR ZERS LA o connec
theM3R& nAtefial SRRICIOS Raaliftion, & itmilstbe depositedliaforaitiamt etchvd ik .

passivation covering the CMOS metallization. This problem can be overcome by electrically shorting the

bottom of the trench to the top of the trench with a metal layer, deposited before or after the heater layer.
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4. The hardness of the material can significantly
exceed that of its constituent phases, inproving the
W@ a006t1etsron resi stance (~50GPa for Ti Al Si N, cOPEEAELHE000480
~25GPa for Ti AIN and ~19GPa for Si3N4).5. The
resistivity can be increasefi’from2.5nChmmto 5nmy
hmm (for simlar nitrogen contents). This allows a

Thé 6l %ercageds {a b@ HEck @Imlg}ﬁa th&uascgfesl cslﬁnaaywer the @%h RYnduRGts
i ke such as ground bounce and

°“‘é‘1“'e°8’?¥“&§rﬁa‘§f"ﬁi‘f ISFP en%“ R R4l ppig@ Pef ect caused by the
change in direction of crystal growh in Ti AIN

Re&i@,@ Qﬁa'entleﬁgad‘fﬂthé Jpﬁm%team @fe S+Jn§ﬂgf4%§mﬂoghe% rargémqmgzn

structure 1s less brittle and far | ess prone
a‘“l?FP&E'R ‘SﬁP‘d‘ii‘Pa?glé{t“}CE}ﬁ by Y"'Pf‘ébrTéﬁ‘;Tr" q‘lﬂ‘b’f‘ﬁﬂe ﬁﬁm‘t"h?éariaf“?f“éf“i"h@é &tﬁfuse of
CVDhiepdeitiad, eplacingAbe onnpdiitelthrdt Mith tospiitefes ErhnA Al tr@€tedt usiay W ridttod

om?ﬂfknska&o#s%t@rﬁns%%o EJrﬁé?ﬁgﬁis'agn& ?ééééﬁé Yhi IyyofEfAn\T loAL1§¢$§ivate

ave b
tested by the Appllcant As with Ti AIN however, the
Re:ﬁi@rrs ExXpSticaded inthd HivaNaS a@ﬁrediakb&hdﬂihg laanﬁh&m@e B thel ‘hﬁfﬁmon metal nitride

heateﬁ mgt&rn%]s w1tlg]a s{ff qgl!llvam %‘osme 0? attb!a %{t%myr? leo 8£e&‘ {ransmonQneta?s such

ow ni
as fpptlypg fornrmdwavedm@s ftslﬁo i mlfSPSNV¢tlp$ epEPenehtinprdiotde nlalmnmmny
othbraditi A6 BidAibn & hlernﬂﬂﬁhlﬂlca‘ﬂ!y £R0ref ovbMigR dﬂfey&hﬁl}n@ms will form an

in.th
or R IE i P EPRLT S B 101 PYE ARG GO BBy o
alumipgunf gx{de, thmdtﬂhfemg ib¢ 4 mmlepémm tagleminivay eases from
zero, the crystal grain size becones smaller and the
filmhardness increases because di sl ocati on novenent
is hindered, as described by the Hall Petch
rel ati onship. As it approaches ~5nm the hardness
NaR€RKSitinelcbmfoBiR nedidr a1 Per centage i s increased further,
t e gral n 'size w reduce further, and the hardness
rease to rds t 3{ of the anorphous Si3 mgtheogxer

VYI§ &“PQ DHITRILT '8 PR BPIT OB RO R PO h 2T 2!
amerphoegy, sibofabriocripgdligh. BY hexriolatingAhd shif pagdivakingtanditaon deelsdtrides into a

nadoSHG@llin MmpBAY bihudile GPis pRIDIS T ARRE imftb B RarfifeBCHHS stability, oxidation
toughness i s erha s nore relevant to the heater

r"'s‘ﬁ’é’tCé pddn Paﬂick%‘é‘r‘?‘aflﬁés‘%ﬁn&fc EPrFganele: it fipessiie 6‘11‘5‘Hr°§°rﬂ’ed’f‘°pe“‘es of
TiAIN By &dding Bigo forma € TIAISN haoghp@Ss inOFhich AN haisérgdtdls afeembedded.in an

ﬂﬁm&%ébmaé btoﬁmrgah Rlgel J;lgr%lghtghness of the

constlltuent phases, ecause the Trysta can terni nate
cracks pro t he. anor phous phase. Lj t he

har hfecg@ gﬁ&‘?‘l“&%ﬁﬂ‘r‘]’@“ﬂdwg ﬁﬁég@s é%z ﬂ'f%fmlwatas ﬁl‘?{a‘g‘? FAgsRe &f
a f uxygén imn TN e Femoesd. Dffagiendf pafgéncino TIAGHN ksi IMtbdsby the low

S il Idfi’i‘&ﬁon%ﬂ&ﬁ&éﬁ?fop&&gcék @l‘ th@thﬁ\s ShaA’M euas@ﬁg aQJc 5 ng;

too_rmuch silicon and crystals t oo sparse
o Jhefie e%seteéﬁaﬁil%% Wnaaqegfmlwo‘ﬂ%éer&%m?m@n ffﬁl&gr@e
V\z | ThaiN, ptateeparati@icha THAISIN cris@ls @frévedthesthbilifaikaifishrecrip@disaion

o A AITERAN AU USSR B MGG BhORL Bbc rman
con&efefea! rsmr%ableg withsipndjshethigh tmfrawe%th% epodere yepended heater
e g U@l pulpddapdplimedtBantdbr. Ti

4. The hardness of the material can significantly exceed that of its constituent phases, improving
the cavitation resistance (~50GPa for TiAISIN, compared to ~25GPa for TiAIN and ~19GPa for
Si3Ny).
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and Al, can be sputtered in a reactive nitrogen
at nosphere to produce the nanocrystalline conposite
wo pdossossAs wWith the Ti AIN, the presence of Al PGI/AU2005/000480
i ntended to inprove the oxig tion resistance of the
material. It will be understbod by those experienced
in the art that the anorphous phase of the
NN ABe tysdigityl cales iRpsage0 Ko . 5@hnasm RO OB M felr Simil & nfidoldn G&ifents).
ni t [ﬂuggllow?p%d Qﬁ(gn 1h anh rﬁ urrent e%sqblrgdugilntt%rﬂ(a ooc? of prougms such
| ow oxygen TTUsl vVity suc oron i éh
al u%%?“&ﬁ?%ed@wﬁwlwt@en car b| de) will suffl ce.
A.saq, craElhEkerdlaB& Gafu}l’e‘a'bﬁ{hla tHafege thﬂﬁ&loﬂ Sﬂﬂysﬁpé-ovhﬁma‘ 1AIN deposited at the
trags& i on net ellmtrd de, as suicides, borides angp
car bi'des” ¢an al® mllralevery hard with | ow resistivity.
SI- niThestrigpure is fpes blnrth A farilesmpromettadrack edagativn, threeby fnipsgying rhe
as Qihes ofiedbdd i ON netal s such as tantal um and
tungsten form conductive nitrides. Finally, the self
passi vati ng conponent added to the nanocrystalline
As gt PO, ineremrad wtrager content chnibe tisedh © imkeawitiRiresinivi@uf/TiAtSIN films in the
ran@lbhdh Yo M@‘ﬁﬁ npasm&t:a B lo ik nsglmd ymhq@&mmo&@yr%@&mm

over the oth Wl fTorman oxide on the
s ¢rBe i PUGER BP0 OO PR & 6%@?>d8efelﬁtavglya°crro%wawybeeﬁfplwam
hasdérfcéntratbdomm tiiedévenifregemfilas.abl e t o al um ni um oxi de), the

additive will be a suitable alternative to al um nium

Usi ng the heater as a MEMS fluid sensor The heater can

Thed’é’d&?%‘tf TipdSiY fiimps rpfbispmasgpum that depgnds prethhgraip size of the pyiaal
emi20&f ini thd RdEph@k SheShaixawideh if hifddepends ofl @He @ertinfage of 5111con

inc%rﬁém %ruﬂé {ﬂg E]ma r}g thte I's]ﬁcotn crb RS gcll}ilgreeasets goxg %etroe rthrcpcg'etal Igralm 51ze [)eéomes

I'S surroun
Smaﬁﬁéﬁféﬂlaﬁlel hprdpesy ingapeses P?Cf‘fﬁe ﬁém&wsnom&pt ighindsigd.tap éescnbed by the

Hall®&th ealaaoxﬁﬁlp sssl if ap@n@aihesngmm %Zﬂirﬂ&sstp@akb eIflths €ificoh aer&emage 1s increased
at e ast

furtiler Sf.he: r%ratm S1Z€ fwﬂf e uée %{:ﬁg eCdttlﬁ)thé%IOle\?ée vrv@ro gareage t tg/war ﬂﬁp o% the amorphous
Sla&@hﬁ@@ﬁﬂa@womﬁw Fliding decomesslomipant ffeerrematse Hall Rogh affest)t he

heaters fromthe substrate. Considering firstly the

ec ive | aye t hese are t ally apout 1pmthic
Aoy D s WS, B ebrelcagapy g e levan
to thechedte chatexdal gilven the drackifyofpiluragechapivp of BALN. &hd fiacefeaighrass of
nangt!’r)gallmé &QSSSEI@hAYMlﬂJ E er mlm loaéﬁﬁv!ss &fthe c%ntuéﬁhﬁﬂa&s tbgzguse the

protective layers and the ink are bein eat ed
oy oD G SO R DI RE 8 dn AP S PR é“‘Fﬂ'FB‘“ figes the e
toughnéi@¢xhibigser maxifiuen ab @ ih@ion bifsilicdorvesentiagort wplitdasiliopn ard.ti2RTYstal
pha%qx\nih J&Ef%l'ackln% tog%ﬁq}h%{hb %éli {ri}a erlrsp\léﬂrl g{@ﬁ? Ié)alls (ﬁgﬁlﬁlat?%gﬁmgtc
%‘HT anprphaysiphase Vi dpmigdistrackise heat ed makes exi sting
devi ces | nef f icient, but it also neans the heater

It iscea[xlr[lgﬁ thgt ea i %ﬁ%egge}ng%{.l%n&% f{lé bQHvsegnna orm? Sl%§ncet1tr§tlons of 5% to

lon o ost trve mal
20% Hisregl Bprcivith gatrendsemtieyor Sievigeheitel#ne cpmposd ofiesaa! PHP&Ygns of Ti
andW&Eh Kela@ner%m 6 Fanbesiteeefmbsprie tapmauaé ink ha@@crﬂisﬁlhﬂe (fohllpc{)sﬁgﬁlms

As gttlbatgeehf\.?\z Pnes%nctel?) t ol ta ?]de%] i?])eﬁ% rclavse tﬁe%xﬁzﬂlon re51¥tance tIRre mageb}al

eater conprises
by thickness). Cbn5|der|ng now t he devi ces of the

It wﬂf&%ﬁ‘d&stobcﬂ%ﬂﬁﬂsé &BeneHUe(g iri]i tr{a@ahﬁﬁtﬁe J:Jaaﬁmda NeBe &Itﬂeiaﬁfoc@%uhne
S a alr e (0] e
compgaat 48 o Py HrRE B S el Svg'?ﬁé%eénaﬂga‘ﬁilfi oy

dxffgs@mﬂ (such as boron mtnde aluminium oxide or silicon carbide) will suffice. Also, the

nanocrystalline phase need not be a transition metal nitride, as silicides, borides and carbides can also be
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thermal isolation, being fully suspended or wth
under |l ayers that have thermal products (PuCukJ' |ess
wo bas/1odsad of water. If the heater is fully susgEAU2®5/000480
with no protective coatings, there is no solid outside
of the heater to heat. If tPre is no ink present,
al nost all of the heater will be retained by the

verp 8al fih @w rds{ith.| SRS Aheraiitioh h@tal' rﬁ&l%t e taBiBm, ak Bthérlwsﬁon

ased ink prese n uat i on
mefah g1 e A o SR o PP b8 et
adché witlernangcty$iallite @ompesig maiera need 0P elalinhipginragy pthdr additive whask .
omé‘a%loéls ER S nambAlE t6RKoVIERL cfa{er éoﬁm%ﬁ@wf@m% bidechh @R ndalk?o

when the ink chanmber goes, froman unfilled to a filled

surfes depvided s ridetash le¥ oS diffsighipic &OMBASIPE tEpminipRogde), the
additive fvdl e g@tablnialpmative toatypdtiat.ure Wi Il show up as a

difference in heater resistance at the end of the

i nput pulse. If the input voltage is kept constant

with a | ow out put inpedance drive, this will show up
Usiagthahdlief fs@ MBEMSHluidsesett r ent at the end of the input

pul se. The change incurrent can be used to detect the

transition of the ink chanbers froman unfilled to a
The heptpresan kerugpdeas a fhiidygpser, wing thefienies’s fiprmaleapffisiant effresistapeg (TCR) to
detEHE0 QADERMre afld R (fEPeitureqd de&&ﬁﬁﬁk’rl{éthéxﬁgﬁfeﬂérrb@uﬁdhﬁm Bﬂﬁﬂbr

1mmer%e% %rli%lu Ids"&here areth( enah%h%a{s?ecgs Ialety allow Eeta}%g oEseH’ coo?uég nozzlefs to be

rese era ure
useq éncthipy faghipng | ect wat er based |nk when it is present is

~300e rehdval J161[, B dt Rashi@e baacknamq@,soe e pYRRHvederdoitMitrs PUl se
? nmper at ure

Ob e B et gy BBy B B Al
tenperature the stabi I ity of the heaters becones a
Cox%Ql@l‘ﬁ%rfPs-tly Ela Ho{eﬁﬁgiai'e\/s fﬁé’s’e gl %§algltabc;uhi 1 thi€iR eXidkh brihthefSheaters.

nstr ure o
Theﬁ? FEv By oo it t G Doy P 3~y laver of
inkt Whife thegpnqeti@tlayere andithgtinkiarefbeing beaad, déay willtdgffude@Bout the same distance

. int(ptﬁcalﬁ&lérﬁ%r.l e%@aﬁepthﬁﬁgssqw&h%gﬁz HE g1 tb g ﬁ:%? so'il!i] fnd ~1 um of

_ presence o he fac at suspen eaters reach
liquidygest brcheattienthp fimdating fAmpgrarurs. SThelereg SRR F AU P Reted
makee alidih S defidStinefRietitOhtlis dlsoagtans i the ke &{nhcmeeﬂgy w@fusddla€a fluiksensor, as

the %Drﬁgﬁoﬁﬁéxt losg)ﬂ)gh le}ﬁ 1§ rglatﬂg?' IG5 T%Fcllr ger ng?lpe'i'iqury‘?% nfbst

on- suspen heater  w a so
1.5%arden the ﬁbcqﬁ}@hﬂf &tes {ipm n ugfiliod yosa fHled state Q:@)M %félte tQtplhent iy aken away
frof ei3d pumloL@Ad, Jf 5 tidthedtdd ConfpbieS BNE % BY thickiéss). SO t he peak
tenperature will be lower. If the thermal product of
t he underl ayer is conparable to that of water,
Conpisigrriginp v ghe deyicerpp! thg pratentdryeBionvith hegte tpkave ¢itherjao pratineapr
coaaﬁg% eaCrSthin I eeSPect ke ﬂa&at(< Y0941 B edebir fhfcu&&) ITREsO hdaleR hbv lgood

esent 50

et peltfon Bt Bl SRl S P b BB o s
thainthat ofwitére Hithg|hedteg n@tllh suspeafled with ne-yotFatimg codtings thepo isng solid outside of
the ﬁa@a&y lothedt ﬁg ﬁergﬁ Qcpmk e@njg %ﬁ@d@to?t?e ReaieP a1 8d lflétﬁﬁel:ﬁ%/ tIQm:aYer on the

n the i nk chanber roman unfille
timp f°F“T" Wg‘ﬁ iRyt glse: é%’% éff‘”a{eh%a AfesRb gedqllme %%at‘c?f}\/gif‘%“’a‘es that
~30% cfithethbre wil 18 mawairefl the bdaiediwithohe rovmindiy ~76f6 diffesitgsnto the mpr Asarssult,
the %%?(%Qayer kiﬁk&h&@%ﬂmp%% Bhé u‘ie' N Bn et doBOrdnENREEIRE Wa%ll&f state.

his inplies a heat er” t enper at ure of
If theé%eré)@ ap pppfegiably ECH. dyis di*fgﬁreﬁ%ﬂ i pegk (ERerAtirwill o @ty diffyence in
heatth@5istanokat ths emiaff thp inps euﬂte If Meanpdi vioftazt B ikepe cdnstartt @iipelod bup@
1mﬂe§ang£%1€e Qﬁ v&fl &U&/'ﬁp Esq Feﬁcgm cg}ré?ﬁg tﬂe%ﬁd CQ Eh%%?@t(iﬁlsé) fl"he change in
noise in the neasure pul ses usi ng heat ers
to detect the
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presence of ink is far nore practical if the heater is
suspended. This sensor could be applied to any MEMS

wo boobdess7adevi ce where an el ectrical neans of  PCT/AU2005/000480
determining the presence of _fluid is desired. This nmay
be required in some devices TQher e aut omation of
filling is required or where visual observation of

curﬁeln! dah BGisddSo JE?ethhé ARRRE bthEinlPdha@bed oo hfilled BRGNS tate B gure 61
for i nkj et printheads and the detection

t

Sh°8"1s a'é?fﬁ‘g%ﬁ?fhélﬁstp He PP ming is al so very useful. O

course, is particularly convenient to use the

heat ers |n a printhead for the dual purpose of droplet

ej ection and fluid sensing. However, as discussed

above, traditional inkjet heater elenents are not
On§ prit abdoeceaSegﬁddm'g shsiades beagrshebakggerapfre théyaéach wiein pldsed without ink
pre%pt'fgg{mlnﬁ(&auﬁ & llxegtgr? mgﬁ %a&qg]ejécldérﬂﬁrﬂ)gs@&ju& Q/ﬁgn 1tgy;;rgs%\1t QNSe0°C. 1f

t1ona ene It usi n heat er as
therediodipk pregent whep af eyt s SEthe 1R glégnggdgéﬁp@teé-dhw%er@avaﬁ{w“ be
100%ICH0esai ghéri.e. C-a0001TE Ad eiise@iped urealte seBIONY ofthé hichtars B2bhdsAGoncern: TIN

rea?& Séird{?%s att P‘F te%ge?&?rg ‘J%%Im'&?s%?cf ba'k%‘?%q YEE ST:%\B?&nﬁPJn eé{daf' Qtlfp%;t?rgof Ti

andoM dpsguck batieretgbitipr @t thipiepesraiitre) et uaf?auqa@'g iits Tl éeraetfcaltmero and
canR®dt @&d foQetbck heprdRice ofjbit. Ckly as a function of time. By
detecting this inflection point in the resistance vs
tinme curve, the tinme at which nucleation occurs can be
Thejfast éetpiapended hyptergregahy 89 °C hentpulsesippir is Ffspme jogeepns the heatefs gyust be
robdt hgzlmstraamm@ oPY Bik aﬁmed‘rs 06 wikrY hddes@hidl caabDis Hﬁx@ef amon §\Rpended

ectia ecC t
hea]t% wﬁlbzt Sog%@g?ﬂﬂ}'eé I?l é‘)?tpcéi‘e 1ﬁ;{1t§r vmr {ﬂﬁ/a%s%%m A?)J[S c} %1 so éd’ ggardless of
the gevenes ink,lyo the pdaktempdnaurg willlbe dtwien Af fxothemnal iprodchef the underlayer is

coxﬁp‘%ﬁb@ Io%@& WARr, Ho&@ﬁmg HingRqualidd ﬁ%&qrbcb%mtdﬁck%até %Ieli%@u 59 bf the
hmPOInt wher. e fugﬂéer i NnCcreases

B T T PSP Bt ok ﬂvse%cw&s‘%aﬂved between the
heafevisrtd @ underldyiers whish Hoecthersal 1énpth sdalslolf 067 o0 Tpis @t @d sesult in a drop in
peaﬁ ﬂéﬁ%l‘ o) eratnnee AEE]@L@}% wm% Mch&ﬁbei &%{f@o% an%ﬁ}éﬁ R)t If{]l ~35%

eater rom [iverin nore ener tot
of g B! Bt 5 AKERH 50 B BPLTRGEOI, Dl i) Geifencs ghrapacp %%(g?)ﬁh’g‘@“s)
WithAditm bdilehg keftipbreGrie bD¥30QW, lhIs 1mlﬂle$){:}ﬁhﬂ'lﬁ:at&ttenipbﬁtuté®f'y32& ralif mé
hea‘el;] 3 pul&e %tﬁ R %aﬁl@ er%;' Wien 1¥11D§ ndt ?ie?e {}enccle il ?e#]tpergt{l]r% r;sgxyore

dlﬂi‘kﬁu]ﬁ }o@ptgc‘é glvenpqleg){p@@cq-}g' i&;dg\gf {nppéurp@glisgst Jhusausige thaheaters to detect the
preSet&REMKE R Ghr Tof phie@hief thkkater if suspedde@n of tine. In this
case the pulse length is longer than it need be: the
heater is being overdriven so that the inflection
Thig genget conld e prplicd|tey MEMSdhific deyieqycherdanicloctrichigreas df deteamining the
pre§H&Qeﬁlﬂd 2 aestréme Thieakyede réqslraam sofB d@&Sﬁ;ﬂIeie%ﬁtoduﬁiGﬁ &di‘llﬁi@ is required

| f. c t
or V1RGP IR BB BB o s of germal
mkjeasmthealdaamd e deegtien of suhsepirat depfiming & alsmkery wskfel. ener gy
required to nucleate a bubble will be |less than or
equal_to that of a sus ed heate
Of%ﬂ&ﬁ?fét s R?ﬁ’é‘n%{H\?&'Hf’%\‘ij‘é‘° 8? ° BfdpHEs B H@““Pﬁ‘é h@%?“é‘rp“ﬁ’ﬂseéfd’ oplet
cjegioh argl fiuid dedsih@ jHowees ad diguspdabovt, ergignaltinkjeehaakr ddnenth eater
sult\‘%l!: ;s ﬂgﬁ séﬁ?crrybeggﬂ&h)f J_hgi‘ @fck}‘?] teétincecogﬁég &l nbnssugﬂeﬁcﬁ&ico%éuthgbﬁs
in the ch so the requirenents on the thernal
stablllty and OX|dat|on resi stance of the heater are
Anh&itns bénkfitgLusing thohdaer asadMidRénag &Ihaf the pleseSBan@d associated with bubble

nucmldfcglcbte YLelcBY: a@&‘{in a film boiling occurs, the suspended heater becomes thermally
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the fact that the heater can be nmade thinner because
it is supported by a solid underlayer. This reduces
w0 bweeessrgy required to heat the heater, whi chPamEKES005/000480
the nucleation tine faster, which also reduces the
di ffusive loss terms in equédtion 3. Thus a heater of
the sane top surface area bonded to a solid underl ayer

isofa R &k the Bthili ¥ il iRKEsdd S S RRRT iG¥e &Qn&%lcnﬁ@ttfe t@mﬂwml afid resistance
than a suspended one, especi al t he t her nal

of i B PSR K A oL 18, G T PR i esistance
vs tiladurveftheniate@r whichinecldatigh cdéussaehv/igrit @rgined for aigisanspperpded. This is

uselaﬁ ah ﬁﬁogqr%%phﬁﬁémtd SR afgdg:.sf) us%ﬁ%{&g%&smeﬁkgm RispediBn of the

| oss e bubbl & I ecrease
ejetpredrops iigpteossivlsu Fpsrimenispvith the Apeligngs deyicenshw that the jnflagtign point in
ther@@tdfe vi e dsee mmbnds Lol saturition ;&ﬁnt’elvﬁd?ﬁéfﬁxttl&r ﬁa&éa@@@h \iomage or

pulge lgr%%rdg Q% ulc??s% ke dmlo e gt?ltggr';ymf?r% §l§ 8 R?fauée éhg' bouS%Izl g com comp LR'
envelqes ‘hqwbaﬁﬁe‘{he@t ’éfor@%dcmeveﬁms the pqafer flom defjecripg @mmtegnqw to the fluid.

Wlmlgﬁlbn 1&1151@ vcfl@ée[ﬁﬁﬂnél}(e ;Iuh;e leﬁgt}t Pdagr tﬁ@lhﬂ&txcﬂrp@ﬁﬁ§§cc@§at the very end of
on

the fmgut rPélféC :Slﬁwsr @e %u?se #en%; b, u}pglt ener%y a‘éASpealhl%at temrPeléure to l,)se’ eleﬁtﬁcallﬁ 4
migipidedsBigure $Peshoyesaipearsistanas nﬁm@e@@d TiN&ertpr 40 fﬁnctm qf Hme. In this case
the @RISR isAongBBiNanAa¥eR belithefn€dt® Atbeifi FBrrived kthit W idfiCtiS RSt can be

hher Also as will be appreciated with reference to
& Above description of the li t hographi ¢ process,

each heater elenent 10.1, 10.2 is fornmed by at | east

one step of that process, the |ithographic steps

relating to each one of the elenents 10.1 being

distinct fromthose relating to the other el enent

10.2. The elenments 10. 1, 10.2 are preferably sized

SusB&h@dtdsﬁ&dédqleﬁé}Qh other, as reflected schematically in
he diagram of Fi gure 55 such that they can achi eve

hted i nk. vol u that is, . so th
S“SPWB g}&ﬁ%&&&% a8 5peng 6‘ §d‘TB‘“FigY§‘?°H’§aé‘?‘ff°P‘éPé jet: b“’u‘?{‘ﬁ?%/‘h
MMyg’mtassdhemil prvest (pE I tej ieBisalthn bhugaal ghhat baheriog bt ey ofuired
0 ,Llas.teoa%i;mmh 8¢ 1ed o onreadlal to ¥t of sus@eﬁ&a ﬁ%ﬁepe,&tdlsafsseh Q&ve one

margﬁ hti ng of vol unes of the 1 nk drops 'S
advaniqes p ePfé’é‘%‘Qe lfehté‘ qnéls%l‘f’ ugdsrlayprjigthe Rfﬁk ‘F‘H@‘aéi“’e‘ff@’ﬁth%mw’“i’e very
muéeh16wel @ the hedten isHireg WitBoubink inttie@hadberasoaife rédi.’lﬁenh:ﬁ& biothe thaahlefbility

and%%(%m%g Feﬂ&%cgoéaﬁk h%aQJJS:%?e s S\Mn% t t(élfer h&ﬁl\;\#s ake easte‘é’hﬁaﬁm?agﬁng and

eater el ement rior
the dast that gle heagf @A PeEads mﬁgﬁquse H ifgunrpited 8y # sefig ppderlayer. This reduces the
enesg@ G |tcaﬁhtlt1;e hbzfﬂer Joih@H f@ked Bhe mitlesidn Aas faﬁmpwlh@atse Feduces the

dlﬂgilveqess Feénsé'noe uatlon g "l:lhgs azhe%ter of r‘fig %Qae oop %\fzrl”ace’ area onde ta a sohg urférlayer

cangptpatly b*i(waqsynemuﬂgmle@e Wbbjmlz@)a susperdeseone Ie@mlvsf tlmhemnal product
of tﬂélmaerayeelsfs@mmm l&s arSthdd 6 vitek. BB big d@aﬂv@&@mfuhgaspemmheamrs

nqz appreci a
it e O 5 B Rl et ot v P Al Hpone
impa|sofferce iptegrated] oggritipe) apd wdngé the kephrveteime.hat 12. 2 formed by

the large elenent 10.2 alone, is relatively large. The
HedMd blbhétsgermed mldBBrelYayb®t h el ement s act uat ed
simul taneously, is designated 12.3. Three differently
sized ink drops 16 will be caused to be ejected by the
In sping @ebodiment it isivyasul kaHats agburaligy, of heatpoelementp ¢P disposgd within the chamber 7

of each unit cell 1. The elements 10, which are formed by the lithographic process as described above in

relation to Figure 10 to 35, are formed in respective layers.
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It will be appreciated that the size of the elenents

10.1 and 10.2 thenselves are not required to be binary
wowioghtsd) t o cause the ejection of drops 16 harCTigu2005/000480

different sizes or the ejection of useful conbinations

of drops. Indeed, the binar}zmeighting may wel |l not be

represented precisely by the area of the elenents

As 3w in Flfred 43, BELRE 85 iR Beater Rleritdn@i100 addN© 28 €O@RhSr 1 Ghad have
chi e%g&tﬁl nary wei ghted drop vol umes, the

d‘#ﬁe‘ﬂhsﬁ?séel?f’l’fﬁ?’é 'stics surrounding the generation of
bubbl es 12, the drop dynam cs characteristics, the

Alsg Hﬁﬂh bé %};leatéd »q{flUrgerEJaéﬁ tﬂescnbcgll:: @é%rﬁ}gorm% hlhgérgbhfc Iax%cess each

fromthe nozzle 3 once a 81 has br oken
hea{ff ?lemeah'c? I Zi3formped bygfdeast gre step ﬁ%‘l"’dé‘r"‘éeés AEtB%ﬁ“’dP‘ﬁ §jfRy relating to
each @ ofitht elethents A0.1 beirgfdistilvefranthbsa ectatiag 1© ds otfr elelented.2nent s
10.1, 10.2, or the performance of the two heaters,
needs to be adjusted in practice to achieve the

“Thegeeierielf. bil by PrET IRt <R U0 GA6P oSS refiRisd achpmasionly jnghe

diag@rhm biFeguheesa} sa¢h thk @§RUal Schik @ blnary Mdighted Bik fioX edlunitl Ghatl 86 @at they
can CHSC ﬂlﬁ{h’l ?sl lgﬁmavsxgﬁlffereﬁt%u]:aWelg%%S @(ﬁudm% t()tbg%{Téga({Ergugfll éh)é %gﬁzlea of

SlI'zes
the p3rtionly wndticelhly They echemswf %‘Pqia@geeghfleg af e vﬂweeser @weh firgps 16 is
detdrhiinSd GakE rahtsosie ﬁﬂd’lzlleﬁiéﬁﬂl(blyanad() Ugh Figge 54) @he didi GHlitle®Btoaf heater

elemen?loo{le Ec%%alct%tlh%u luﬁ(q? fSQWlCt"E tE% OF o) l!;ragteli %ement IP :l' 10.2 -

sé W d Se w dt hs
cannot exceed a certain anountof tine, because once a

On@lﬂ.@m ﬁ'lo;-a't 09iSe, Paisiled 8 @aﬁlloﬁ) anilhﬁtrzﬁé&rsﬁlﬁﬁn@ncgﬁy @ﬁg\ﬁ'& mﬂ)thas two

r at
Y LT VI MG R pa—
dropralib ovith binay veightediyelpmyes). %assleméntq 18, Wearefprmed mapingls layer, adjacent
to 61(91 o&ner i-Be gozﬁk ng%erb hg ity a%cﬁ@@%%etbqwﬁ@@qr}bm¥ﬂy%he small

nperat ure at i ch bub 12

e e eGP Wl et P S o Bt 102 el
relarigeky langen The Hubble EWatpdjﬂ)y%thMeﬁhtﬂhs acSlathd Siﬂlltltﬁlﬂ?pusb'yls tisignapaad 8.
TheOd aifRARRY sze@mldggst 1641 betcytez,&@},é sfectez?gﬁﬁ@ Qpeéwe bubbles 12.1, 122

m_cr oseconds e mnimum pul sé w nly
anddg-3t he available current drive and the current denS| ty

that can be tolerated by the heater elenents 10.1,

. Qi heat

It Wllee n%pr%ma’t%? &%mmB ghéa: érlegnl'e{étg Hﬁ 120 {itl(;]f %hgmse%s a?een%{ rg%ltred to be binary
weightid e casserthegieption pEriropallg e ¢iferpns siees ef thegigetian Ofeeﬁ’avmbleatwns of
dropstl @fatddCiad bntaey \&a@mgeﬁdpeféu nddbd rH;SrEsBx&é’d paédjsags t;y‘mmreaeame §@nents

10. lef 6? &ems{e]l}lfesy I zYné%}e € emerﬁ OCI {O%l{o ?c ehe b?r{aj'ye\%(e an ed grto%%;ph{mes the

ransistotr (n
ﬂuxcnn ehategiymsHioshrermie tfme@ranmféll(rbbieslzs thedrp dnarsigsrohasppteristics, the

quaBdt@H@tid thhiadé G8¥ind Ha&Inth 1B thaeBRNGGIEKE nBiile@hﬁceL&le@rw has broken
e current

el nt 10, 1. |If or exanpl.e,
ot Sp it hpoecptsbrad se 0T LFbsmelions R pirkSosSigt 5 eipens
10.1, h&2, oath¢ geriprmtince pfthe @ heagrst reeds $a stadipstegifin primeicadp pabigie thefd@sired
binkPRASRaQpLObRE | ower el ement 10.2 would typically be
twice the width of the drive transistor (also not
shown) of the circuit 70 connected to the other
Wherk éwrgip of 10 hédater ¢lements @0. 1.0 ks fiaediandl @bery thdx@gh af their @lrfatel ageas is
therteferelﬁng"ﬁlgreﬁgve stztk%f Q@@Jd%fopﬁm% §ijultgd ﬂy a %ng the \M})Fl? I;)oltages to

are 1n the same | ayer, are produced si'nultaneous
the f"f?é‘°§‘5’?ﬁs Thisgpp aksp bg ‘HE“"‘F’F Ph@{j‘?‘ﬁ‘ﬁ theduadanef '&E?Hﬁﬁ‘??g’“lses °fthe
elefiinB0@$,30.2 | he. thhiepudsahalhismilotvevef, the hlsepri@BsRiinot eaveedid deBiin amount
il'lustrated in Figure 55, the two heaters el enents
10.1, 10.2, as
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nmenti oned above, are fornmed one after the other.
I ndeed, as described in the process illustrated with
wo edoenessce to Figures 10 to 35, the materi al tmcﬂnnnmymmnm
the elenment 10.2 is deposited and is then etched in
the |ithographic process, reafter a sacrificial
| ayer 39 is deposited on top of that elenent, and then

of iR bddRkESnt A bubtld 12th|é1ﬁm€l£ajik@ lon &k G#BdRlf HQlemert $0.68D 9 Sieh B

so that th acrif i s_between the two
d“rﬁtéogtc’g’t“ssé P"Ejﬁ\?ﬁfr ﬂfaétmée ‘%‘ﬁl’el‘f@}{lf VRFTEF the second el ement
10.1 is etched by a second |ithographic step, and the

On%%&x’erfﬂaﬁ:d aL ToaNEhal RSk | thtth%HQ\éfé @lcmsFi@fl efOQ'aﬂ(Qns%ﬁﬁO @.g@atsa to
ferent sizes r elements 10.

an
’eaib@""’éy qugyyﬁﬁ?ff‘Pﬂiﬁé‘ée aé%‘?}éb“btt“ﬁﬂ%arﬁ g’g’“’t‘lﬁ% daly 9‘%‘3‘%&3(%6 tr R %lfcted
WHile the maiings effchttve @llenddib § lindedDlsy thd ap@dofdabbiudlatiaC typicalig to
aromdll Ot5I rﬁlzrg eToka% Nl %1%5%&?9;d&ﬂﬁ&&ﬂ‘é@&ﬁ%§ﬁhe a(la‘?l%lfcﬁﬁ' W lax% the

pr eci at ed , whereé mnul
cuf%tda?fé%theawbs@leaambét}léaemaﬂeneé§b%bﬂ%?| y if they are
bi nary wei ghted, then photographic quality can be

As %B(V@ knrﬁ%e% t.he%WéiI a{éxg elfe&\!}%rlo R r103 %@o&gctte% éo &0 Sjeh&gtlv% drive circuits

r eso ut1 on
70. ctlrheta&ﬁte%mee@s T0Hmay heidensipad @cfaquhm @ ﬁghee@wsteemaethe &ffestgd by
wa§l' $Faliesd cSreuith, l’ifé?rfeﬁaiﬂle@i' s1jnh}§the Rive€dnbing (@ﬂ&od@@&n%d&ﬂtﬁe bRan

element Ed {' g/hmh 1s the Flﬁh currené element ﬁargghtﬁanbthat éonnecttgd tg uk\épaer e ementolfO 1. If,

for malple{thﬁereletwa Pureghss E'O\ﬁ@fi it°| tlle respesEd eéylmetth@ InW2Argin the raéw Pitthe
drivd ulaﬁsmot bfug cfr@qtmEomécekejaeqwepaemem@ 2RRme @rpﬁmiymt tvAg thedth

hi d.
e dnve/ %a}nswti)rﬁgg% ﬁxgtzszcrwen??fethe crr%/ultk}g ﬁc,g)g%%eﬁ ?éet]{e f&er eé%er?tqg e,
limting factor. In this case, the nozzle 3 wll take

In t&d Gﬂrgm MschRA D ElatloR 1o lf?gul'el %, thH%Ber%leInEﬂt@lloq 162! WilB: o8 in BE he
atlvetothe mnlrrum has

e S
layes; aéec‘l‘?éjlﬂceti FHIARFRSTY Bfeyay st Pl “Eﬁf%anbff‘célﬂnﬁ%{gcebselé‘ﬁhe
emigjdipehtedithe plesamieengtion ilugontadih Figaere 51, tthtVild henat eléngehie 1A5 102k
mexﬁ%netdl%(ﬁlg a% f&cﬁéd e aéteptﬂgothép Iho%gd Ls desc;ﬁ!’eh §1 the%rcgejsg 111t1§1?ra{e£]@1th

I nert nam cs and the surface tension of
refefepce tPQE‘BVé‘FSr IIOrtfg:ﬁt the xp?tam.tg f(BIB the elpagng 1G.%is %Wfl and i 1s then etched in the
lithegedpRiapiote3Q Wwheteafi@ apatificiad fayen A9 @ @phditedidhi tdp of e eemint Janditheh the
ma%ﬁa@ For Ihle] gth&'%ﬂgll})engp) lzllgﬁeahsﬁzé f)tlllat]ther sgz%ig?aqgrngﬁg%}]v&egl Bet eéea?er
elelawalarerﬁatT hejlayet ?féherstcgwtelew 10. bﬁﬁf@tcd by iseensd BRossIRRF ple and the
sacNfdialiager bais reho@a. ej ected. I n the case of the larger

drop 16, the curvature of the air bubble 71 that has

formed inside the partially enptied nozzle 3.1 is
Refersingyence agpin i therliffeppat sizassaf the heaggy glenkpgts HY. bard 20.2.lagmenttigred above, this
hasft&ramﬁtag@ftﬁaelf enbl1@ tHRRRMERY to ¥IANB abltoQphidIasulBRE Bingl QeibRE drop

1 %Hhe nogz}IeSZOf the other unit cell 1.2. The
Vo‘Fﬂleé &F XSt ure of the air bubble 7 1 in the unit

cell 1.1 results in a greater surface tension force

It Mechppre&&‘aﬁlat Qhddd ﬁ%@fﬁﬁlmoﬂ v@ilﬁmésjean l;eg%v%dq %{dlr:?pt:éliliy if they are binary
SS e Npzz an I Nt O
We‘?ht 3%5?"?% ?pgaﬂ%%“ykfﬁn ferg m’ﬁ?“r"ﬁ’a? upige fopfgy Reinjgd g"éss “\gla%"eb‘t’eé print

resqiutsinorter refilling time. As the chanmber 7.1 refills,

it reaches a stage, designated 74, where the condition

is simlar to that in the adjacent unit cell 1.2. In
ur{hﬁringre under the same circumstances, higher speed printing can be achieved. That is, instead of just

ejecting one drop 14 and then waiting for the nozzle 3 to refill, the equivalent of one, two, or three drops

might be ejected. Assuming that the available refill speed of the nozzle 3 is not a limiting factor, ink
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condition, the chanber 7.1 of the unit cell 1.1 is
partially refilled and the surface tension force has

wo beseéssre reduced. This results in the refil|lPepaezhos/000480
sl owi ng down even though, at this stage, when this
condition is reached in that%unit cell 1.1, a flow of
liquid into the chanber 7.1, with its associ ated

ejeSRARAY héHde hﬁ&g,hl Qﬂhx@&im%@ (NN gT=Tal beﬂflﬁ’ev&iv Qt[p?wuceelﬁcf\&@%t' tlenozzle

o
BTN A M NI N
whertrdrigle volumelobdirep 16 (felajive tpthe ménirhunt MIdmb)rl@me@mmteﬂ then when only a

rmrﬁxgm wmr&rar%%ag b%e&ge@é@ rﬁoweﬁey %nprscﬁlcetlnmmlt&ms h@h Rhree times as
illed is th it does not take as

nes | ar
‘°“ﬁ{?dff‘”a§hlsc e 5 ‘ﬁ"é‘éa‘ F%lﬁ*g'ésr an ghe gfopq prophel Weriker 7. 1
and nozzle 3.1. Exanpleprinter in which theprinthead .
Refe&ngt% gfs@ &W&mscﬁe&a@a@@'ag@@oﬂb%ﬁt utn%em Pﬁﬁ,td 19 théeetl on

r|n assenb shown I n gure
the ﬁfﬁ 1r%tfﬁé%lna%*§%??ﬁf1?3 afigr 4 lgrgm%lam? of dzop ;5? P*ﬁ P??F‘ ng%it wfhatpg the
rigi8 D Qyfter alirdpiofsiiatiter #Blumeliae byt kjtritdde mtheaas @nthd MrgdrArdpn 6| thed@rSature

of tﬁ'e MPD?J 7égﬁa{ %rs .gogr.;l&%%%e He élqia r§81e§ Ho%%@eb b ﬂ lag%J‘ 6%4 1{1 lhe case of air

ures ese aspe ts are descri
buhiz@% & thet hagforseq affer the snppllervglymedraighas peea ciggtad gipm e nﬂ@kzm@f, thgother
uniSRODWD. i S di sposed on the printhead chip (not shown),
with drive transistors, drive shift registers, and so
on (not shown), included on the sane chip, which
Thy kighereearyatpn ef the athubbleofl inheeniteel] bhessultein aigreatel serface thgsion force
whichteRts tocdrM@ﬁk 613 fréih the Rt pRQYE PRWAILhOLAL Vin€ WroARCEhanber 7.1,

w BETEPOPE%a1) B iR RTo g ey P N B R s
reahsscstripd, 968&&atf(ddl45'dlenedﬂfeemde19n s emierl tothat stheadpbanpinit cd@inl 2. In this
conBi¥ the Bamb7 R oatﬁ@ﬁmam Bid p 2D reBBedlal@dhe SRRWRasid ¥k Enas

szl aced so as, to be capabl e
thefskrersﬂuffg N el i1 Pl et g o hopst-<! (B plagentin this
condifien i¢ fvhqbeddil thatsin@bedld . Icoftiw of liquédlint che@hapdbtr 7A vdihfits es@iated
mol‘ﬁglnfﬁ{ ﬁas%gentemg&e@ fThl: Q\L%rai]l %ffecﬁffﬂilsqg(hxgl SRndl gfl {t]ta?éé I!]oglbgr Eol&n,ﬁpletely

ard (PCB) Is electrica connect e
fill éli Chaan‘F 7d aﬁdpw ! 5 Himsothe? thaﬁabua%lf Bl breﬁleﬁéhae firp whcpﬁ*@
con@iibr{)748s plests, eb@ntirdonnit @ ta rdillad iNthRe SmSleet, itldpgast tika ystiuch as

t}ué'il%?shlon?m%%ﬁnlﬁ@ 8be9‘f‘?a$déx%iz?er5 @rray of holes 84 etched

e chi itself is a multi-Ilayer
stack of silicon which has ink channels (not shown) in

Exdrkp@e pfomiet mwnlcAYR priktheadislussaon 85, these channel s bei ng
aligned with the holes 84. The chip 8 1 is
approximately 1mmin width and 2 1 mmin length. This

The cempanpnty dgscrfead@bay foeepamyof ¢ prénthgpdcssgmblfy shole infRigapech7 ¢ 74t e
prirffe@HRMmbll Mo uéeS mmﬂcextssasta‘naho kHodh & Ftlgi.ee BhirR p&ﬂthea&hs@erx]nbly 19
as ch are s
nc S o BT TR 1o SRR o b B e
des¢ribped wlomet as shomn in Figure 63. The channels 86
extend as shown so that their ends align with holes 87

' ,d- | 88. Th | s | ‘
Rt Dby S ey SRl B TP PP et 1

shogawithedrise @Qsistors, drivecti regis@isaand so on (not shown), included on the same chip,

. which reduces the number of connections required on the chip.

Figures 63 and 64 show an exploded view and a non-exploded view, respectively, a printhead module

assembly 80 which includes a MEMS printhead chip assembly 81 (also referred to below as a chip). Ona
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90. Each channel 89 carries a different respective

color of ink, except for the |ast channel, designated
w®1006/T685%0 | ast channel 9 1 is an air channel aPCI/AB2005/000480

aligned with further hol esv\i)z in the md-|ayer 88,

which in turn are aligned th further holes 93 in the

upper | ayer sheet 83. These holes 93 are aligned with

typtcmemb Eb@é%l{t bl,thﬂ Istic aiflac Hows | tRkeSarHfa8 J&zz@elstvﬂﬁkh@&@ﬁh%' s0 Lsaygercapable
sq.tha ner al i
o e B ESTHaR P LACHD RGts e St PR RGere ffieochden
colghaniyped of @k 11.as i ndi cated by the dashed line 97. The
| ower | ayer 90 has hol es 98 opening into the channel s

89 and channe \?\ﬁ Congres‘sed filtﬁred air froman air
A ety B%“‘?dﬁﬁf“‘@ﬁaé LR ceupsie i theghip 31 forsipghyng hsh
poweg hrieviatmto tieahip. B chin Allis bivdal qpassesletshircdughr kyveshaaBEso 820
ove@lﬂ:qn %y@%lé kzpétélecpxﬁ this sﬂee{ b[ﬁe mipckl 1t§e¥f€f§ a I‘§l§t’l lag'Jx] ?ta%lg?s@ﬁcon&%hlch

channel la respectively,

ha%l#éhanmlﬁm Slvomlbn fh 8@@&@6@@ S‘E‘Pn $h éhe%? ﬁ?aan%@ﬁﬂigyedswh the

. holésrs@m where it is forced out, at 100, through a nozzle

guard 101 which covers the nozzles, to keep the

nozzl es clear of paper dust. Differently colored inks
Thejchip(8A éstaprswipsely hamdn Vidth et minhig lenggh- cthisdenetyis detsanineg e the
w1dt}ﬁ)f e fi9l9 of thd WtePpek ﬂh& ichant ebisca® the clapeh. tﬂi@ilheelt BT 1ok @ﬁnnels 86 (only

some %ﬁe are S ownoe!sg fdetf hr\}vﬁ{éh aarle 8 d onetf?(p un er51 §§e ﬁ{e‘% gs s OVHI n

under a er
Fi 1ng9 §p ldp phapnels 86 edengas shfwntsh ﬁ’?t @heeis ah@n‘elth t“He%W mr@erglher 88. The

chatum% 88 hih &mg Rspebte hdl 8¢, hl"lﬁ hélds-87 ik tuMd Ah'gn @ﬁl Jﬁ%&g 89t lh @lower layer

t
o0 | R FartyBp bt ¢ SRR bpertf T RN AN —
This lgsrphaeuss eicis @i airphapiichandt afjned frih furtler e O Binheingd- loges 8% dhiclpin
turd AAEali ld F&mﬁ Amhetr H&esb@ kb J&%&Q 1l Eh%&ts? OTHeR nbi0&y3 4R8Hgned with the

. hozz n which a si [
mwa'fsﬁéo 4t H’eaafﬁP wﬁwﬁhlaefgf?éggﬁm t'gFS%‘eneblrmf:?rat} 5“5*% s fperfore
in fu@i-flosy csmhmtmnozadhl tire airivbanngl 91, 8s indisated bf B¢ dagtetd tige.97.The

center |ayer 102 of the chip assenbly is the |ayer

where the 7680 nozzles and their associated drive )
Thedpyes lpygr PQhag heles §B spsgiap ipto theshanpely9jand cbpnnglP1 ¢ qrempegsiep filtered air
froi a5 A Eblirye, (nonktioh) ea®B1e HHe ichadiieRS1 thxh@hlﬂﬁladvﬂlt Bala98lanli@ikn passes

thro%gl?tmﬁ e(sewaend%ﬁ bl St ?5 %"uﬁ@rﬁlgﬁgegﬁs He flb%l&ge JhtEPG&Sl%Ql 1239 96,

e nozzlé guar
respegtiyplaats é’dn Yerrentathe sids 19t By chingstsably Bl @)Wheqe & dgrforggd out, at

1oqomﬂ>egh adidgde. gld3@ 101 MR cdvary @k nckiBs, 1o&es§fme$bﬂzle§mr Spabehdust.
hann

leerfentl co% mltl(%l l%rl]ocf‘ r}ﬁ\q/?)lé)gss Igtﬁouig}h o?es b%] of t}ﬁlloe“geg l?%e{ 9(? Im?o the channels
89, |a131j.b{qn thspakorespggive ofps 8% ﬁ@@glorggespeet@@ ichanne1si8f [in thyurderside of the upper

1ay&@ﬁmrse &&agh aa'sgectfve emstsh ef dléayuea ahcﬁﬂi&fthrg@h@ﬁ sH8 99 ltd daEMip 81. It
t hen to.th

wﬂgxf notﬂ,]tgat Rxgrg e fust s]e‘ﬁnﬁ tflskt E% %we 5 %Yexi,d’of( ne fi T & Fol?or%{' ink and
onej fgr tiregompresend alp)via which|tigvixkrand ziyiepas@@to theickip 8 h éle mk@elhaglected to the
768880 21R6LnURREGD. | ayer 83 to the chip assenbly 81, is

because it would otherwi se be inpractical to align the

| ar ge nunber (7680) of very small nozzles 3 with the
Fighra gy @rwhidh@ sige diocefiti@ipenthol mgdu@@ssembly $0eof Figuves 58laad/#ris 90.
scthDa%chl% %WE qﬁxo@?efer&d 0 ﬁﬂee&ﬁtg":iayqu Oi Qﬁhe%m) tagsengb%glk t?hE i%pé where the

her circuitry ( not shown) | ocated on
7689 grist and ﬁFlbasgg%ﬁﬁrvy iyt 15 diskepidp Trerlmst of ﬂgfhlp gssembly which
conkrpnéetelgh nbazle\phdre B)1. 10 les Hie tﬁlt&rhleorﬁlﬁasefdlae ¥ badikctel gc td/lﬂedb‘p_&lie
nozgig al-'cn'SF aﬁ)ﬁ W&%eQEp%gen'teg s@lana%paﬂg X)aééa%%d %EIS Scﬁfnfo? Bel;pertdmt.s

ncapsul ating, a 'S pro
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all ows the epoxy 107 to be applied to fill the space
bet ween the dam 108 and the chip assenbly 81 so that
wo bwembsses 106 are enbedded in the epoxy. Oncepdtiau2005/000480
epoxy 107 has hardened, it pfgptects the wire bonding
structure from contam nation by paper and dust, and
from nmechani cal contact. Referring to Figure 67, there
is shown schematically, in an expl oded view, a
Therlewst la%dOSasﬁ'?ilﬁbin)&ndlﬁs inlbHafld1s koKl %lﬁ Isl"élgs@ﬂﬂ@&nﬁgis% aligned with
thgﬂbrgg @‘DS%&%MEA&SS SQELH?}%QIWQ g}efﬁ 2% d elgeet% reﬁenlegmlkgnd compressed air from

describ
the l9M§rilayerr9Q@s desnribed ab%l’g,énd/\ﬁhmdlreqm'thermleanﬂ ais toithieahip 81. fm& ne%to funnel

theink 443 air @b Ghert Y RRecHIRABY the TIGr IWe} it NeAdmAs lng% I‘%? upper layer 83 to

I I
o A1, €1, YR 2Ll B e v %‘o@ﬁM%?riawbprmvsso> of
vepmalf eedlesgiwity ﬂbéfmer et aburqtd tatee98 iAths Giwiedisyepdo. gr oups of
seven hol es each desi gnated by the reference nuneral s
6 different colors of ink and the

od e P RUBR ooty 5 0 it BT 48 SUSAES) 8 Son) eseed et
102 pleship lasemlilngd . Tbsehiplad@mblg 8 ik bmdedubpmeqaloasao thEPEH e and these
wu%hﬂ@fﬁ@l enﬁ»gﬂatehtm éﬁ“el)dx% e qg%@e%th ES 4 ﬂ)otPaSm %g;n ;(gs ds e %vllded This

allclwps tllleued exs % | eren.
SRYYUAER OF #Rlisd &l theyspace Betyqep e dasm HiS @ed thakchipasseigly 81 so that

theoh;;:nﬂ@are:bdﬂ_laqd;@ul thaépexyl @mtehk dpbig 162Kk Bdrdeldd, N\@rﬁteaih the wxie bonding
trleﬁletﬁ n 1in: an g Stc all'ICt not  shown
o) R LA

t hrough the hol es rve as
guides to fix the positions at which the holes 113 are

Refring ©digukd/od thdrhieshpwi thﬁﬁﬁ&llﬁ%ﬁaﬁ Rlioted e, § fﬁg%‘?ﬁ@%eﬁmgl 19,

thcﬁ' ﬁlcln&gggﬁxlor%g]o pJoFxg&’)nex}ts PrmtheearlJ tg(tjiv%]assg'rxégglnﬁsl 8?9%? ilf:tswéeéidibove The

hol es
Prinfisartiastmalyd8 ispifiewed forq mgqmri@ grinkter Asuitahleifar A4 RS letidd tybEiaper.

groups 111 in the channel 110). The hose 112 defi nes
ral ha 115 .ch extend the length of the
Theﬁ@ﬁ@ll&ad%\{se%br}]ye {bnmc dlsc'iis eéventv% adlr&cﬁiulpgs%@hlﬁé &9, gdich gre glpgd onto
a s@mtegpqq@q; &10(ip tl;p fogrh ofarbpnt matakblaxt A dagesoppomps Btee\emﬁ’olel 1%11
desighdd®y ths rdi’ffr&\ié H8eraR 1 Plhﬁgﬂﬁ he 6&%1@1% &iﬂa&a& aéx} %F con}xl)ressed air to

cl ose

erves
the F:'ln assem fleﬁéf a*tgixgbcp gﬂ r"fk hﬁfedtl Bis gl‘fgi igtg pb@rqi the ehappel 110. It will
be fogsd 31@@153 hoped 12 heincheholejk 1[B thandin. Nhese hdldsA 13 &b abt §1@§eﬂtﬁﬁ1e@t§e lﬁ)se 112
is ﬁk&ﬁ&hneptle@&) &he cﬁ)arnnetl h@sﬁn ar;,r H)ﬁneﬁ I}}Qgﬂ%r br%' 1a0 oﬁxﬁgtx%gy fﬁrcmg a hot w1re

xer sure onto an asse
st P e |‘*§‘§’%?‘F Pis A1 o Mhigh fofes themygeye gﬁ@udes ta figthhpesitiora piswhich
the llozex 1 \ivirchelied t Wied tielbriohighasabin e s akddblédh K@QQWHP@{B @ILIX flow
conﬁ?ﬁh@ﬁgﬂ With tﬂ@ﬁo‘les g@i?i thgflch\xtengye? &Portl ez—}cL pon é-lg%d rgctdﬂllg ?s%eanm%' 80, v1a holes

“4&QP nel and te ect
1054 ﬂiezgi"“ip%l 15 ingte ‘iﬂ@ﬁeltl%ﬁ)l ocate copper bus bars
125. Although the energy required to operate a
f rdi he vention is an
e B 1 R BRI A% S b B BF B e v, e ose
12 jsgpnneqiqd toyink fRogtngrs (nopbpven).andat the brposite enf 1130ipttis B84i@08 channel
extrus@B 24pe1$8, iwhich keevePloiphi he@Eeraby RY, thatdfh Jrkte Sosk S
approxi mately 160 tinmes the nunber of nozzles that are
typically found in typical printheads. As the nozzles
A metal priupppit plgte hi9 sipporsyand loratastly clidencd NO Rt Hogelab, afd sefes alBYack
platef for" t&)se Ohe ShafR@NE1D BMiQfd§ lbﬁﬁi t§m QHJH ﬂ?&su? g[o% las?&ﬁnbéy IBS whlah

be ‘an or

incl ng 3 el Cireufis Phe pike gf?g‘ﬁ tﬁlﬁ 6%wlbtheﬁfq4étg@§h notehes 1B én the
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w@eaenossto magni t ude | ower than that

current requirenments wll, accordingly, be high, even
t hough the power consunption per nozzle will be an

i n the knoRET/AU2005/000480
print heads. The busbars 1257are suitable for providing
for such power requirenents, and have power |eads 126

essi bl e conductive strips 127
downwar%f ex\gp‘{i‘&f"aﬁldz%ﬁw ngﬁ"?ell]l 100 togais the chageland plét@with respect to each
otgpper si de, as shown, of the lower parts of the flex

PCBS 82 of the printhead nodul e assenblies 80. The
extend fromthe chip assenblies 81, around the

An eh‘&ﬁ‘ﬁ‘é ﬁ“isll’(ﬁ"“df‘i‘]@ loctipsgper bysibere 251 ABhoughvhe ety giiredio bkthte a

prigthrdd gusiiog ts tht BsentitveRiop 8%h b Bf rﬁ@uﬁl\ﬂé RE wh map gkrgb%‘vz thetmal

t . A si.tioned bel ow, an
mkceg g{mé%shﬁl & Qrgta ?o?a?]g’f g‘(; ?886}{08 Tg es “E‘Q%ﬂ“’% apyay, f1r§l this is approximately
160 1me5 ihe mgx}ba@(g noglgp tlgﬂt gg @'gmqlln fvuijh typie peintizadin ac the a&aesl@&e
preentriglieqtah My QP& 6.3 hay ﬁ}%)' oxfjaq,%mﬁl Boub B%gﬁ%—gl \ggerat%on ﬁ)tal

he o ter surfa

owe 1001 w1 € er S th
p weP Gl ?t an lib 2n8 Onii ngisﬁlghebﬁlaw%t auchkpovwgnsipgheads, and the

cont ac
cur@&tﬁe@hﬁqegﬁmllya):co&qngy bq 1@(1 d?)éiBho];@lithMﬂm“@ﬂ'honduﬁpﬁoH 'b&,nozzle will be an

ordérfhighi@de Bwetakaa tHBUS tha petely A fesi
for O IRE: BR B o8 ¢ hEREE AR GG PRERLS 13 3R b e Prgee
31 E?Hfg‘é)wﬁrdf?ﬁ%]cz?&l@reigﬁhem met aI pl at e

133 i s provi ded so that it, together with the channel
rﬂpie@mblé?@f?duk@% Qm?sl 1|27 Q’g pl%j}]&’ed Oa'EBQJ?tﬁ Q(;n‘?aatsﬁ%S og ﬁé{’lﬁfgép eags%ewn of

IS regar

oo RSIRLVod B GPAEISL: LD LS fEOdTE O BiegioBs Btend B6n the

I n C
chipj apfelplﬂles %il atuad h8GhamkEr1 0 tthaunss AR 19, tixgexkrﬁwﬂlih 48 g\%u?sef% toa

posifidh®eidw the SN 2% W (5 B tely 45 degrees
1p7t0 pr evéntsst hemfromoﬁgl&%gg\?\fe Esg‘méﬁni?ﬁraﬁ%ﬁﬁo’i‘ﬁ%w“h the strips
slots. By way of sunmary, with reference to Figure 91,

the printhead assenbly 19 is shown in an assenbl ed
EachSHcRi$8 is dotbfe- ssed @ir are supplied via the
L hose 112 at %g%"%%&eﬁ‘ﬁ" ‘jaﬁ‘ BT PR Grckrared shemationthety
ashel Jipesy thich pre l%%tmet@euter@mfaheofme iPAB 182 atalt Gibhi cpntas EI G Gy

somef Whivh @e thven LEGRLHADY)REE Hé?ch@B]@lzwlg&-lgﬁ e%% ﬁIEBlQC%aQﬂa g]ua Bnd edge

are e}
con 2 P o gt SF i 5 s e ¥Eng s e edee
°°“nf\?fﬂrfnlt?ng hol es 137 are provi ded for nounting the

pri nt head assenbly 19 in place in a printer (not
tive length of the printhead assenbly

A me%%&mg 33is eprovuf (fi fit, tchgéthca Wét{l glﬁ &t@n@ggo ciarskefsmgltof the eqmpbipets of
the pwumq]asqgmbla 9 ;qgct}page thistrépartl, d1€8:,hanﬁih0 w m&xdés twist tabs 134 which extend

throupHWIdREIZ 3 maﬁ:fpfafer 135G hen Ghe [azésghgl)ew is'put {1 ogelhic dtsaﬁe eg %‘é‘fﬂ)‘f’%ﬁﬁh

a Cross-sectio
app r°§ ag[}%égﬁreiﬁx"rﬁ BiHiehrom bejng @‘%@P’t‘hrmhérﬁ slets.si | i con
st ack formng a chip assenbly 81-can clearly be seen,
B £ Guddhaf, Wit 1Sk ouhthelnk and air
St::?f;: op] Y aﬁ'ose 11,%&%&2% e%gté\er mheag asée’ﬂg"éy Preshabup Aptitemgied
é 8WHFSé§‘§FBTCé“P§{‘§d| Vi “EZIVSC\AM 2 h36mad’e@ss gppitedeib tha badsa 26,
and dy is hrovilied tthsirathsad L 2ip assaﬁlﬂiesbe Ivﬁ‘ﬂ»{e‘é@lg‘é laon‘ha%rJ lg }1 Bal&ﬁeac? chip

enBlids B Lafe chip
ey B EURTR R A Rl B s e o
in the netal plate 133 can also be seen, including

Mountitfgdioles 13a® b@dideiToiniogating th Brhthek ERIRBIS M S‘Elape}’in b Pater (not
shown). The effective length of the printhead assembly 19, represented by the distance 138, is just over
the width of an A4 page (that is, about 8.5 inches).
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dashed line 139. Printer system Referring to Figure

75, there is shown a block diagramillustrating a
wrioatibssarl syst em 140 according to an embodi meptT/at 2408000430

i nvention. Shown in the block diagramis the printhead

141, a power supply 142 to Be printhead, an ink

supply 143, and print data 144 (represented by the

arrow) which is fed to the printhead as it ejects i nk,

nt me the form for

ekl el s P vhemor ey e St pap S R Bl 1

Frogry thim Slp@pdition e si@prestack HEnipgasthiptabsemipy B indaineleady befsten, & can a
1ongaqina s&h&mu&gh%mm mﬂﬁ;&ogesl 180Kt Mt@ Qeensqhé/xbmglﬁ a%e

et iatra
CorgupR ST PER BPRELRBYT GG /P B> Ve b B lowerpart o
a flgt BRI etedding dromfa U@ ajoip hsyenibly 801 Tt reist tabe V3o extbrel thrduigh the slots
lsﬁunplnxmﬁp%e 135 cdnaRETbd B4k, ! ﬂ@%asm%ﬁgﬁaﬁmpr@smed by the
typi cal I'y various types of Information w be
daspiddips #8d, at 150, about the ink supply, such as the
anount of ink remaining. This information is provided
ystem controller 151 which is connected to a
P”we'as}”qﬁ"?lterface 152. The interface 152 typically
consi sts of a nunber of buttons (not shown), such as a
Refedpihg ©Figuid0b 1Rk, is shPgEb@E IRSEE HlludidfidgQPrintBadlsystOm @40. accbRsng to an
em}?‘&él%eet f&ontr IIer 151 al so controls a notor 153 that
rov rded Tor drivi ng the nedia pick up nechani sm
148 and a notor 154 for driving the nedia transport
Sthﬂ'xﬂ tﬁé Sock4iberath s theriRB&E $HAK PowkOupdi @2 &ytﬁetm@ae N mls&p%ry 143,
I S Ny

and datta I%de(gerﬁrtefﬁl%d l\)é\"ggelaariw) vuggl i§ t%%%) BB gf“}ﬁei"‘%?j it ggﬁts % at 1915 , onto
pméfnﬁtlcmel@fam forraaropde, plaeper i146ne. This tine can be rel ated
to a specific tinme that has el apsed after the nedia
i ck u chani sm 14 has i cked y t he sheet of pe
Meljy gansgsptagllers 4 e POy, (ppaspdt ‘b“a‘ﬁé‘?’ A gy Prihsed L) &Wdla pick
up m&hgison1i 8l 8 donfighredab witigiravoashe@céf@abet 136 frhve a sipdis @ay149.
controller 151 so that when the sheet of paper 146
reaches a certain position relative to the printhead
Theppgyer spnply 1§§/§tf<é ﬁ’i°&‘8‘ﬁ¥ PEIvplage whigh iy stapdard tejofupplyyin printer devices.
Printing is effected by triggering a print data

TheL u(rﬂlg %}rle glg 1sﬁ% MUMgPsIr(Qc}( %1 g?@f%gr] £llngnoq§%% {rxﬁtu%n will be

proyificd, a4 20 BrytdhsitksEpbetich as the gyt %ﬂ%emmr Abis mmqﬁwm iy @rovided
via P Eyistain cOkitbler ﬁﬂrvﬂﬁhﬁsﬁzbnnléél. td D@efifitbrifce (52t BhelfidtaeNBN ghiesly

cong g%(l)p 230 b%)r(ct)f%{ngo%s ncr>t asnS n} ts"{Ch n Qt ruﬁ ht%\{m) “p%gena \ea(r:ltee guttg)%l, and so on.
Thwwneqoetmllerclé hplgeccontests amoton £33 ﬂ@u@ nroaéedafortgsanz;tbm@eamic@s P

medhbhidml 1HE BNG Indi@ M5¥e6 drivig thambdeERAPId g nect i on
ot herwi se known as firewire, or a parallel connection.

A data comruni cati ons nodul e 157 provides this data to
It istrleesspry ifoy the desteam chwroliqt! § letp ideB8y wired a gheo i wes 1€0RNPGig past the
pndtt[&ﬁ@lﬁﬁf% m%nB&FE&%e SHR1@ e Rtk nle® Thid fe calr AL IKELS 2 §R6fic

ggf? Jher errbdlme %

t1me as elapsed after the media pick up mec amsm 148 as picked up the sheet of paper 146.
Preferably, however, a paper sensor (not shown) is provided, which is connected to the system controller
151so that when the sheet of paper 146 reaches a certain position relative to the printhead 141, the system
controller can effect printing. Printing is effected by triggering a print data formatter 155 which provides
the print data 144 to the printhead 141. It will therefore be appreciated that the system controller 151

must also interact with the print data formatter 155.



10

15

20

25

30

35

Figures 76 to 99 show further enbodi nents of unit
cells 1 for thermal inkjet printheads, each enbodi nent
whaookngssra s own particul ar functional advant agesT/ATbm®S®00480
advantages will be discusse® in detail below, with
reference to each individual enbodi nent. However, the
basi ¢ construction of each enbodi nent is best shown in
Figures 77, 79, 81 and 84. The manufacturing process
Thel pﬁmsaub Sd4anhihah frym shstesalremaser (taeshowhd saendctgd el 156k endanay he
transm1 %tvxao ! I)f% SR EQiStrerkf bhectian ﬁgﬂs §2k 2 LONH BLRBHY, an t h e

reference numeral s are used in F| ur es 7%#
ETRERNTpersation 6 SFAEA L O HEh S OHBTES DO s Ao PG
A d&th cdn@Micdtidns rﬁdﬂﬁle iﬂkprdviaastﬂnomasb tigprint frgaformiaeee h5Ssihdmpvides r
the unit cell 3 only (see Figures 85 to
°omigf)f9mi’tf°n\%ﬁ +<>| 5 eem %ﬁ%&é@ﬁgt ed that the other unit cells
will use the sane fabrication stages with different
Fed®pssn i BavarliR if furtnbeenbedamenist 1 On of successive |ayers
shown in Figures 85 to 101 need not be described in
detail below given that the |ithographic process
Fighrey T§ed 99 sbor fusheperhadimenss af heit celsdowibarpal mkigipriageagy eqc engdiment
havﬁ@ﬁt@&[}d ;ﬁ&c&l& sk EheAL Q&ra&@e@ nﬂne&%dvaﬁtﬁ@s tHNlibE disdbskd ih dedithaow,

th assage
w1tlh§?2e|n§: te Taf‘ﬁ {{B*ﬁ%l?] elxqbgcﬂlgﬁlt #:?dgveyer Qh %Ia ctlglpgjf e&clﬂ%mbofdnnent 1S
best shewrLin Figuressi7) 79181 aAd84p 8he m@e‘@mna pxrbpegw @bszartlalkyhl@ S#fpe; a ghat

des&kb%cﬁwo\tferﬂ reiaﬁonﬂﬁflgdrél 1b¥% 3@ Qndl@reco&isﬂ:ﬁcyorfue $aRereehasdifimerdls are used
he remai nder on

in Figuees A%te | 99 ﬁphxéixcatre FWSPEPWlSFTQOg I]Ctgehl{ItF i% O(%Enﬁwg' the fabrtcatxon
sta@ﬁ hdvéieeehgadefor thelunit hﬂmﬁ@igurv Bh@ly (pee Figpres &ﬂt@w«lhtl@ull be appreciated

o%r ﬁmtrlﬁis il ds8 @1&2 éagxﬁ falbﬁéé%nsstagés whth 8ifrt Bt e kg nﬁgatm 18 deposition

I nterconnect 23 a raise

of sp@pssga\areasc%éown%@g‘frvéé Foo'tql pes Byt b%ifs‘i“é "jdf“big ﬁ%ge‘f’ gy %’5*?36
lithb 28bhic PlobdsCIaReIP Edrepdnd tatthal thawrein Fgnreal® t035. t he r ai sed

netal |ayer exposed. El ectrodes 15 of the heater 14

contact the ex osed metal areas to supply &ﬁmer t% dﬁl
Refeiriagrtofizute76 and 8% thpaifoglk | shown bps thg plyagpber 7 IRkypRIY Rpssags 32 gpd the
noZ2R %mlwoﬁm&@d thidingy 1&g t1e Mengtp POBd un cal 1d @S baf sednieFigeat the drive
gy e ens o 5 ot 1 At od AL HEn b G b8 chamber
Theudri¥e virceligsl 2agoatols thegperption of thashepterf 1 mush@aswétéf é‘fegfaf?‘h%““
mekaﬁlsatltnhﬁye‘ijsr Jf € m@‘ek&)ﬁdéétbi YThe Ziter@nifea2 hatlalraise@mesillayerthn lixytop
Surgg?? tplng?t}oﬁ basl,r g&% fo&gee 1n é § tﬁeol{lltg re?npleec?hebut %aﬁ,%sta%?; ortI:D ltlI;: éﬂls%? metal
laytrv@pdsea Eectrodésd 6 pfrth;:dvegerltscqnta@mheamoaeééwtal 599 Yo sgpply|pgwer fqfhe
clelnit§o.S1 tuation, the center of the drive circuitry 22

I's less than 200 microns fromthe center of the

associ ate nozzle aperture 5. In nost Menjet printheads
Al@ifhattvelly Shetdyipesirctitne2 2dbrfosetnitiogl! if ot en ahesing 3106 oftheheaizclomspf that it

co%nirqcllsnﬁggl ﬁ%%ﬁculm%szii fdr tﬁ@ Geaépwmf Gx(eQ:Hi‘@@elll@srlE § ﬁﬁg@ebhdﬁwﬁd@@&ea that is

m Crons. nfigurin

ozzl e
offqh Erorm tha Byisr. | 1atd B A i 07 @PF&%‘Y Be G B P AL ctindds 15 of
thele@Ert1 4 @QSs encbllingeand partially ovierlgdibytong/ orpromaif the Qea@r destrprise 15 from

desi gn .t l i{JOAE Lefite ! c e ﬁﬁnMUh‘icr@EE@n e
adjg entt ceWIs Ilaltluhs Q\Ft 5}1 &gk .ﬁt ndvﬁ Iﬁg dg\\és (orgh?c@sz%sl sP th

e nozz g I
cem¢rof ¢ BrRSipte evzz]? ARSTUNE - nlelﬁ@ﬁadeﬂvt EHGFIdE A ‘H@WP% ¢ pRSRYE lges than
100 fnickdAGana GIYAUAG t49dsSesd thaIS0 krli@on, ipfeCutiblyilegs than 30 lrécrons.

el ectrodes. The shorter conductors have | ess
resi stance and therefore dissipate | ess enerqgy.
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The hi gh degree of overlap between the el ectrodes 15

and the drive circuitry 22 also allows nore vias
whedosress7d he heater material and the CMOS net abCmAUR008000480

| ayers of the interconnect 2. As best shown in

Figures 84 and 85, the passivation layer 24 has an

CO%%LHX ‘E A vi,as to establish an electrical connection
& O PmPo§YS so 3t thersfs significanieraslan beswepnoibs ddcamiesand the

driygecirouitsrprovides heatpet deshlemﬂﬂﬁgﬂﬁh&zibﬁer@ﬁ}d(n&zlﬂl‘é‘s ﬂepltnﬁ "aﬁg’m(}lgzzle
pla{e&)’ elfhls%ﬁo Mb‘r&/@s tﬁeeeqlﬁ&‘egc%l of g}g\gnnth eadsbg Ssﬁc’otrtﬁm?g qulg%{hggshé@nggtors

he unit cell 1 i8S

ﬁom nd c‘ﬁ""ﬁ'ﬁ%ﬁ“f elgcirages- t?’i‘é“}‘?éﬁt%\duceqrehﬁmitss feSistanfhand e gfors dissipate

lesseﬂlnement 10 has a bubbl e nucl eati on section 158 with a
smal |l er cross section than the renmni nder of the

| enent. The bubbl e nucl eati on section 158 has a
Theg‘;%x

AFese of verlapbstyeen tharpetadest 16 andgheadriveripeirAL2 Hlse alidieWere vias
betwdae thb bater MgerfaDind the CMASHR taliAKorRSR LEML A
Flgtrg%4 %Wtﬁé pa}sg\Iatlon a rgllgiasb lj b bcl) %%\);e] u gl eal gggrgl%@bﬂ dA% beS?Shown "
regi on an sequent Ty g 8 of v ssrblishen desgcal E‘:@PCC@ﬁﬂ with
the {‘eﬁﬂﬁr ¥t Moesritias foyrers rf@’etmcr: bitvdemghe bdaer diesbilee] SRCheRicicOiAect layer

23 vehivd rgine@pdwer bokdes. t raj ectory of the ejected drop is nore
predi ctabl e. The heater elenent 10 is configured to
accommodat e thernmal expansion in a specific manner. As

In Figures trand 7% the ptiscelb X js shedametaki iyt ofFibresche ﬁ@rmaﬁa@t ﬁroglﬂ;eelyaeer clement

10. Thechestbr e&ln@nt 1ELBABIHLR n%&n@&fﬁﬂ%g W] pown OMI;d R cioss C§ tgaéldlge

ane o am na

remslﬂt%hgr otf éx V\flf éb'lch Obh'l)f?émc(leﬁ 1q.ﬁ1ﬁ@:§?n 15 Basa greatertresistande and heats to a
temR4TafE AP VS Ithe dpiting e efftierink bafag tﬁeh&nahxﬂaﬁ)t thb@g}ﬁgnn@ The gas bubble
nucléa@s ht&ﬁl@t@ﬁ@n anﬁeﬁﬂ»g‘eq&eg@y Qm% ﬁgou%d the res o? the glem neglh@? %y controllmg the

formation of crack S, especla
bubiie "“°“""‘? 1gu ang growth, the,trajcgiopy; of the chyedmea@ noge lfraindtablee The

heater el enent 10 shown in Fi gures 78 and 19 is
Th gegtg,féleggﬁ ; h ansion is_relieved
e g R o b R Bl PO Beereoit T antpat

elemr?/ Lot at| on. € nuc
£ty éPﬂn 9he§ i ]a%;fbﬁrg totrplisvegherstrpin niglerhepshich g thad sHol@in Figures 76 and 77

will wiveot ¢f dd @Bnelds Janiinatiqeda ik @OE Rk Q shﬁ’é’\dn%st%%tss sgjtxolgahc?xmensxon and
there@)lr@ﬂgthgfeast @emhﬁl tes1ﬁ?ance E rP&i’t%dg’ {}Hs qgﬁ}}(ﬁe flﬁgeanaghgintgphe folrmatlon of

such that m n
crackg, gmeﬂg{{n aphiharp goraqr$ Whighi cameltimagely leddi te fadturé. Hihe ﬁéafead:lﬁneﬂtf 10 shown in

Figuredi8rafidit9 i€oRAdISd 081 that 3 theMAE S pRE R b eation df the bubble
nuclegtfog &[1&1 gan&3 sh?t{cgly S% gllg:ség‘;’:sigg‘f tn:ﬂ eiiﬁ;e)wé t Fth b lel
182 1 P}FWP‘?PP ¥3, ingpretfsqnck to

“gr eat er
owu?gé)gq of e plawan éqmuapcm hegeemdtry ofxké dadehQlsualat GlirRGké l'ﬂagdmg

withilR@é RlbdeloPPmingioklisGHESnt %Qeléﬁgge%gralg Iét{lgegnz} gxﬁ)gnrsmg laxelcgsgla'bqe%dmg

S .uni

aceuy ﬁ@gﬁfmmw %"W‘“grﬁﬁ“é g‘é?iﬁ‘felh&’lﬁ’ SEMBhETRAsE pageyincand eekiabiliotiyl e
mlmneem‘@meldglmn, vhich agproge ofoxitidtien M@zatidng. A Si ngl e onega is

a sinple geonetric shape which is beneficial froma
Refe f.aq cat |8§ ({)ers ective. However the gap 159 between

T SRYE Gpn alprestement dOrused in thiseunis callHebies 4 saeritiesdr i dogple
omegg fshapéy eihlsmknﬁguralidn GeepNBNREbUbDIS cehleicd bxlt Jhé/ax%%y ﬁgﬁ&% C%'smglés
omeﬁ155§§11 tly skewed to the

® H {gconk&@ Slgﬁéﬂpclmgf%&la‘ﬁﬁm aqq’g PHPEEpCtivea HPwver therpap

i de osjte t
159 bW%fF ger 9t the heftﬂélcef*é g thetthspheatiTes tebonkth e camba isShape
asymimtrgyli e 8 rebligthd g:a bebble & sSREMRN ke Ml 15 ﬁde]opposxte the gap 159. This can in

turn affect the trajectory of the ejected drop. The double omega shape provides the heater element with
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the gap 160 to conpensate for the gap 159 so that the
symmetry and position of the bubble within the chanber

W0 200bab3ser control |l ed and the ej ected drop trapE€AT2005/000480
is nore reliable. Figure 82gghows a heater elenent 10
with a single onega shape. As di scussed above, the

thsi rriog icity of this shape has significant advantages
€ RE PrPHeshi g2 11ise thet dteisypmety andrasitidne f the bibhlg huthin the

 chambermigtrtter parbllel b the fec @l day@lody ivh&iSreRidfl, t her ef ore

| ess affected by any inherent inaccuracies in the
_deposition of the heater material. The inherent
Fighss At 0¥ sicheaer elsment h withp figslvonteashaed Asalisdepd sbove, e Gimplicity of
thistpbapt: 845 sigfificafid adtants @6 dlribg ichog¥phib AbAA. ft QanltD silIIBDS] OS¢ 6
rela‘&tlel)t\bige ﬁh%@%@ée‘lesb&}‘é’e&e’ﬁ’ these tolerances ar Gl | XE
val ues So The resultTny *Pariear Bieeiracls inphs deropHionsif the beater
matgfial. aThe inhererit {paqoyracigs ¢Ethewnipoene med @depofr thytetttr noieahllrdbull @SS
variafit@Rin iR @iméadidnabf R emb Al HowdyL valhes sWhd Lo
varlBn@RRL8GIat ed_t hat gr oport | bﬁ%igl&v&ﬁéal?ggﬁ% 5?%‘@'38%‘%6?“5“1“@
conmponent § o nen<T SNy Wide Fomparrat e Rpersipnsty legsfihap the wariations for
2 thinpes compjopanie vt be apprediatainbat by rtisfialy urde B 86 b OMPERBE Edimensions
willBalaqfehBr ekrdck biftBeiQtiterfie | ' eat er el ement
relafE w%grhe reliable t ha%@g@{’ﬂh?ﬁﬁ%éf?éé%hggér PR RS e
QI P ECT UG FIFBHYE *°F My Pt adhieespep-s of the nozzle
aperture 5. This gives good bubble alignnent with the
The dREJa kb Eife QS ¢ ' [ f drops while ensurin
e e e
SEFBBRhe PR dor fpticpsiccienpf disepwile enmiring thetaliechsbhisy coldpeBint is
not gethedederplpmeaa . tAatdisaised BT thisialilds bRLENOULES byavitaBon 6
anot her enbodi ment of the unit cell 1 is shown
reti-gether with several stages of the etching and
¢ egg% SSiETSR P Abranathst yrebdippens ofehesunit bell Itihdhewiewripddi Wik ibveral stages

of the krehinp@ad @positibefiBrithtioh Grokds. IHBREAGRLT AILARPISINT 03I JES

ﬁom%%p&fﬂ?si&pwp ecil mh-grh i"I%Lis glllolwg\xlés ‘tl b bee o L C?Eﬁ _asbsgsl]j%nded
two pranes that 1ntersect ‘& myrpeyealapou tyomlapgsdhapiniemstce

alon%ﬁs%?xfsl?f the mzzlgpperure g rifhisgonfigraton ppridasiades trajeddrPflong the axis of the

nozzlelapejri@@ 5 Shile abi@iAPtht Qit¥d otims URE. e [ oM
' t.he cl Vi tpzct) i orsl pr (S)%?éb%rrlée' 5 %grgﬂ%%;aé“ggésmw other

. |.e.avoi din
vmaﬁ@é\?@@sg?eg%?‘eea%r?}efneﬁh 98 show other variations of this
type of heater elenent 10. Figure 98 shows a unit cell

Figurk 98 B@#s Nas cdiNBndt RE fle So2RE d.fhe heat e
cennEhEIENL 19%]:78? fromt hlgee%ﬁf“r%e&gbﬁt?ﬁgmﬁng%?%ﬂ from the

chamber 7. *"Cons cGUERETY, tha9erlerhamtiey ig laegetsban tie pragious
embddigregter The hater t4tes po diffeousicanbads MRRNhSmgh Rad AEAL&T s Lending
well BRShetnbR1cShddb& BN LupS @Gl & eV e Rl ght hand
vias & tg:étnr d $ 15 ext eﬁ%!rfn gé %\‘%I%Ffi? %eta g etleﬁlémtr%g‘z?lls g‘g‘ﬁ%?mﬁéfea of the
"8 °§‘%‘8‘b FrHSisRVhithsan ggreapq fhe qlrstiqde resigthnoermnd thefe@re didyiover losses.
o b B SR, et SR L el et aaer el e B aBlEE Al
fl ; e A

““Theref %r e the %%% r l{L gspsaségeg%—‘lov\é\f)%‘ ic djag theopgh thenozzle aperture 5

compgpipvely much sgpakien & iidecpeey ielogs trerevefse Bow offik thrghitrliedt whdh a gas
bubble foom emedenteheiof | ui di ¢ drag retardi ng fl ow back through

the inlet 3 1 and ink supply passage 32. The fluidic

dr aﬂ t hrough the nozzle aperture 5 conparatively nuch
The ugipeefl | ghowa in Higuper 9 @lselife p tlatively lhrgsdharbter Awkiehaghis @difceOte fface

area of thi eledrbdeblfy RortddEwiththeBhas WAEBHY, 1&4th8 BfrBURE lla?e:rf29.r m“(/)er\)er,t tl?eelmger
chaml%l' ?HBQE seJ‘eQail heater elements 11 offset from the nozzle aperture 5. The arrangement shown

uses two heater elements 10; one on either side of the chamber 7. Other designs use three or more



The unit cell 1 shown in Figure 99 also has a

relatively |large chanber 7 which again reduces the
wewobaes7ar ea of the el ectrodes in contact w tPCT/AB2005/000480

vias leading to the intercogpect |ayer 23. However,

the | arger chanber 7 al | ows8éeveral heater el enents 11

of fset fromthe nozzle aperture 5. The arrangenent

eleﬁt}@m thel StRSibdr \BasbESHIEE hucBht® FEH bsposi); s1d@§l@th@ Hoz@lb bl Qiire Sldd6hverge

er, . desi
o iy LS TG The b G T nsepm et R AR S e ey pepte
nozgjopus i Thi egtiagtesthodontdi of thommerryapépdsitiereof tha Yubblsrwitbin e chagiber 7
and tR: R thS bR&HdRrdp l&babdtﬁf is 3R riiaip! e formed is symetri cal
about at | east one pl ane extendi ng al ong the nozzle
axis. This enhances the control of the symetry and
Althaugh the Dventdn it describedabdve with teferencetth@eddfivambetimeats snelill be understood
by thbs% SEfiddifind J}ahaﬂh@ &L&qmﬁfﬁme EskiRd i Hadly difker BRECFor example,

reliable. At he invention 1s describ above
althﬂr&lw@erae?ve F‘é‘i’?é@‘et“éreg"'blé’éli‘efhf”éeré’ﬁ*B‘Ei’éflbﬁ’%TI%°m°i‘”(y aewqtqd 1fgg-electrically
actubfed @le@énmOthy Ao beluSsien Gbbiollimets, ivherd dpgrogriate. t hat t he
i nvention may be enbodied in nany other forms. For
exanpl e, although the above enbodi nents refer to the
heater el enments being electrically actuated,
non-electrically actuated el enents may al so be used in
enbodi ments, where appropriate.CLAIMS 1. Afluid
sensor for detecting fluid in a device having a fluid
chanber, the sensor conprising: a MEMS sensing el enent
formed of conductive material having a resistance that
is a function of tenperature, the MEMS sensing el ement
havi ng el ectrical contacts for connection to an
el ectrical power source for heating the sensing
el ement with an electrical signal; and contro
circuitry for neasuring the current passing through
t he sensing el enent during heating of the sensing
el ement; such that, the control circuitry is
configured to determ ne the tenperature of the sensing
el enent fromthe known applied voltage, the neasured
current and the known rel ationship between the
current, resistance and tenperature. 2. A fluid sensor
according to claim1l wherein the MEMS sensing el enent
is a beamstructure that is suspended in the flow path
of the fluid. 3. Afluid sensor according to claiml
wherein the device is an inkjet printhead and the
fluid chanber is an ink chanber with an ink inlet and
an ejection nozzle, such that the beam structure
extends into the chanber for inmersion in ink when the
printhead is prined. 4. A fluid sensor according to
claim3 wherein the beam structure is a heater el enent
for raising the tenperature of part of the ink above
its boiling point to forma vapor bubble that causes a
drop of ink to be ejected through the nozzle. 5. A
fluid sensor according to claim4 wherein the bubble
generated by the heater subsequently
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col | apses to a bubble coll apse point, and the heater
el ement is shaped in a topologically open or cl osed
wo omp/163sch t hat t he bubbl e col | apse point is sparad2005/000480
fromthe heater elenment. 6.gA fluid sensor according
to claim5 wherein each heater elenment requires an
actuation energy of less than 500 nanojoules (nJ) to.
CLABMY that heater elenent sufficiently to formsaid
bubbl e causi ng the ejection of said drop. 7. A fluid
sens;o ccord
e e e R e
a MEM$ sgnsing altemtrh@ztmeld ebtorducts antenil hzs'w@fa re@lusterm: fhyt ig pfufegemmf
ten%@t‘aldre Nk fs Gadisyl thedt B&Vi) eﬁs&léamn@&s RAdoshettoR B & eledrical power

sensor according to, cl a erein each heater
sose e Seatve B A PR EORGT TS T B or | ecn thon 80

contydl cirguithyefart metfueing theeatren pasdingrtignigh g fdnbing dantehtyduting hbatingiof the

sen§1ﬁ’g denRbRLERGAUSi Ng the ejection of said drop. 9. An
nkj et pri nt head conprisin a plurality of nozz]es;
theBBP(S‘Bﬁ UCHBr TR éeﬁé"%@i’m’éedger“é‘%ﬁﬂﬁﬁ ‘ﬁﬂ‘e fgsingRlgmepiromyhe Known
apphieywltes, theasp@ct cwehtynd thdisobukhliesHipbaveagthe tvaaigesttance and
n@%@g .ed to contain ejectable liquid; and, a heater
ment di sposed in each of the bubble forming

chanbers respectively, the heater el enent configured
2. f or Atfhersembr acomiing €d cladh 1 vhéréie the MESISakrsiag tlermpnt isla beaim Glucture that
. t.q:h j ter element to a tenperature
msgﬁgygi ﬁgh%p%W%ﬁgwggﬁnt of the ejectable liquid forns

a gas bubble that causes the ejection of a drop of the
3. e] et sensbriatpdidthg ko oith | RBeriOHZ beRice wiaxembtrpnmhéae_adamtfﬁrd
cha{nherqéeaggr&(?f‘mn{bﬁr {E%tl %E%ﬂeye %Ill'l%%c gxfnogz €, Suc n@zﬁ.%] g ﬁsgrﬁgngc?] gxtends
lm%¢$mwdnr@r@p@mwagnm%HWPﬁkp@ﬂmﬁhﬁmvm@ad according to

claim1 wherein the heat er el ement has no protective

surface coatln ri nt head according to.
4. cl af gi sw(gra(éolo ho claﬁ%Agfwé ex%}%gwg tsmfcgafeﬁ%a l‘gatgr eFe]mentgor raising the
tempergtate véptart nifheivl fawats botliggointty &rm a $4por babble thk paytes a drop of ink to
be Qgclte@hp&@gﬂl@&ggg ding to claim9 wherein the heater

el ement has a surface area between 80mm®2 and 120mMm72.

13. An inkjet printhead according to claim9 wherein
5. t he Amaattsersoreboenlmg to ddivh ¢ Whedsthe Bubble peneretad B, tB: arrtsabsdquéhtly
col S t&ﬁbub@l@ %E&nt Q'fl& L ﬂgéﬁele@féﬁ@{ s‘ﬂﬁ;{é@mtaq ﬁl‘oé&&aﬂ} gpen or closed

erein eac at er e enent requires an act uat
loop such that the bubble collapse point is spaced from the heater element.

6. A fluid sensor according to claim 5 wherein each heater element requires an actuation energy of
less than 500 nanojoules (nJ) to heat that heater element sufficiently to form said bubble causing the

ejection of said drop.

7. A fluid sensor according to claim 6 wherein each heater element requires an actuation energy of
less than 200 nJ to heat that heater element sufficiently to form said bubble causing the ejection of said

drop.



10

15

20

25

30

energy of |ess than 500 nanojoules (nJ) to heat that
heater elenent sufficiently to form said bubble
W@ 2006i10857¢ he ej ection of said drop.15. An inkjBCT/AU2005/000480
print head according to claigyl4 wherein the actuation
energy is less than 200 nJ. 16. An inkjet printhead
according to claim 15 wherein the actuation energy is
8. | esd: Ruikspnsgrroqeriing foyclaim whertdp each hspterridmeedeapisns anpacfupitop Argrey of
lesXMdn@®0 &7 19REA BatHeHRS blErkinBsufficlaRlyd foft ARDAHEQARINE e QjGtholaot'smd
drElurallty of nozzles; a bubble form ng chanber
‘orresponding to each of the nozzles respectively, the
bubbl e form ng chanbers adapted to contain ejectable
9. | 1 qUinGhikjetpBeda@bm@isgent positioned in each of the
bubbl e form ng chanbers respectively for heating the
a pBfattgbtdokaes] i quid to forma gas bubble that causes the
ejection of a drop of the ejectable liquid fromthe
a byple A¢rming ghaghber gorpseriopdingdgeficned the @pazieotespeqtivély the behbierfesininign g
t he operation of the heater elenents; wherein during
°haﬂ’§‘§sa pied tp FQidin AU ol | er heats the ej ect abl e

a hea er é‘lemegx%mgoseé Q%%clﬂ %ﬁéeek{ubﬁe E)ggrr\]%t chancl]ners \Aferctwe{y tP%llxegtgr% €

con%Elgécﬂgr thePidd E&kakﬁﬁth%%}éétﬁﬁe IIqu@Iquhhﬁatt ime inter vaI
bet ween successive actuations of each of the heater

hea@thgaRENRAtEr clefment @S Rerhdaturetab®re the G6ifngtpoiiitof tht Sjectddlt liqhil foahs a gas

- printer according to claim17 wherein the print engine

bub@b thtat @isesthe gjestignrob g dramofisld eserettie liakid fromthy nolzlsyhersin, t he
ejectable liquid ejected solely to ensure that the

the fafFa IRy PO S RUERFe SRR S e U APiUBT ST s | ess

is agle 0 € ectheored C%Bc bdh%dr p%io not print onto t he nedia

S eing printed. 19. An inkjet printer

accordlng to claim 17 wherein the nedia substrate is a
series of separate pages that are fed passed the

10.N0Z Ah @fkjeVyiRh&idAccotdAg tottla@P § whtkeit hehetbratddi hes nb b@tettile surface
ejected solely to ensure that the tine interva

coapmpt ween successive actuations is |ess than the
predeterm ned tine, are ejected into gaps between
successi ve pages as they are fed passed t he nozzl es.

20 An.in pr to cl

£ e “RELEBFREreRisRRng b BIRT PTTE Rof RaBb T e et
muﬁ&ﬁ&ﬁkﬁ%?g pul se to formthe bubble, the energizing

pul se having duration | ess than 1.5ns.21. An inkjet

printer according to claim217 wherein the bubble

formed by the heater el enent subsequently coll apses to
12.a bublxket pinthbapserdpg totlajm @ whkrdidthe ivatert eiimes hesrmsmiace Bea between

shaped in a topologically open or closed | oop such
80w and 2P bubbl e col | apse point is spaced fromthe

heater elenent. 22. An inkjet printer according to

claim 17 wherein each of the heater el enents has an

act
13.20 t&iﬁ'g{rk%rsg.%g%’cokﬂgb c'laii% %} @Reza&r @%ﬁ%%ﬁéﬁﬂéﬂ%l QQR\VJ@L 0.8 um
to 08I0 the energy required to heat a volune of the

ej ectable liquid equivalent to the drop volume from

the tenperature at which the liquid enters the

printhead to the heterogeneous boiling point of the
14.¢j edn dfjeeprinthead according to claim 9 wherein each heater element requires an actuation

energy of less than 500 nanojoules (nJ) to heat that heater element sufficiently to form said bubble

causing the ejection of said drop.
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liquid. 23. An inkjet printhead according to claim17
wherei n each heater elenent requires an actuation
wep@sgyssed | ess than 500 nanojoul es (nJ) to heptT/A2105/000480
heater el enment sufficientlyg8so form said bubble
causing the ejection of said drop. 24. . An inkjet
printhead according to claim23 wherein each heater
el enment requires an actuation energy of |ess than 200
15n] tAw itdgeapringHeak acdvetiiger clah e frehdreisttié dciuation Ridrgy i 16ss thak 700 nJ.
said bubbl e causi ng the ejection of said drop. 25. An
nkj et printhead conprisin plurality of nozzles; a
164 bubBirdaMebprintheys acqqsdingdy °1ae*ar1? trfé%m*a? 3 aY0g CregyS lo themo nJ.
nozzl es respectively, the bubble fornlng chanbers
ada t I a heat er
71 enafocfuBaR Al B, Thef bt oo Bfina Binbfing
apb@essdsespecti vel y, the heater el enent conflgured
for heating sone of the ejectable liquid above its
a bithbiel formppg plaimbiér coreesfoaditp ta cagnst thrinbhiee reﬁﬂ'é&tvclg AheHRABHIE Bkhing
ejection of a drop of the ejectable liquid fromthe
chagyors pdapted th equisinggjectetieliqyidat er el ement is formed from a
transition ne al ride wth an additive whose
a hgscer HepanpRpsifioue ﬂé?%é%‘m t:famg ﬂ*‘%f%fsé‘ﬁp"éﬁ‘@l?’éoréllf’%‘m%&hh@?ctab‘e
B RSB BT L 0 e e o
a it eAld GaHloIRE FPElird1GhatiR osérﬁfomf?tﬁe NG e Rinbhed Qﬁeraﬁi&iinhé %€
is alumnium27. Aninkjet printhead according to
the Qi ieaging Donnhiles Briat the Rjectabtbdiqhitl Wh the healer et td 108 its Mecosity prior to
i nkj et printhead according to claim25 wherein the
apegsfop; pdissi vating transition netal nitride is Ti AIN,
29. An inkjet printhead according to claim25 further
duning REHIng e §riRt GRENe Spntreller engresthat the mejinterypligtvegRausessiy aetuations of
nts wth .a drlv vol t age of approximtely 3.3
e“€Pﬁ em%ﬁbmmm”s¥ﬁgm§efgwa£§§|vat|ng transition metal
nitride has a resistivity between 1.5 nOhmmto 8
nmohm m 30. An inkjet printhead according to claim?25
18.f ur R @kjeCRifieF chdrdi@ t€ €1l !whéi'éiﬁ elhrink dngh®EonBélieVis Br_ggrgrﬂﬁed such
heater elements with a driver voltage of approximtely
thaGn¥rbis of thewiestable hquidrgeced bollelyza ssnry thbt tieginteriaersal bingmn smedessive
nltrlde has a resistivity between 1.5 nChmmto 30
RS IRSS than theadseap s, dp 198 i P hemediaybsiintp brinerintedi m 25
further conprising control circuitry for driving the
heater elements with a driver voltage of approximtely
12 L
1 ot A ey SEE R RURTE bl YA DR TR Bl pas
thathfe(ded Pak3€d th8 nozzles wherein, the drops of the ejectable liquid ejected solely to ensure that the

time interval between successive actuations is less than the predetermined time, are ejected into gaps

between successive pages as they are fed passed the nozzles.

20. An inkjet printer according to claim 17 wherein the heater element is configured for receiving an

energizing pulse to form the bubble, the energizing pulse having duration less than 1.5us.
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32. An inkjet printhead according to claim25 wherein
each heater elenent requires an actuati on energy of

wo e®s/10332n 500 nanoj oul es (nJ) to heat that hertBAU2005/000480
el ement sufficiently to forgg said bubble causing the
ejection of said drop. 33. An inkjet printhead
conprising: a plurality of nozzles; a bubble form ng

21. c h awblekjeteomweevp@hla forfdpine &7 wherehn thsfbubtiireformsg by thasheater element

ectjve bbl e form ng chanber apted to
b 'é{u"?\“a%'j‘ese‘Ef‘B‘&b‘éc%&ﬁﬁ ptict a4 e drlsmepci %%gpegfnarﬁoaplogwa“y

a el ene di n_.each L e formng
ope o 5 S Bl o BRRSEfple ool e RG] O O
on one side to the chanber so that the other SI de
faces into the chanber, and configured for receiving
22. an Aniekigipddtdgecpiding & claﬁn ITedtieret@aah obthe licher eijmeirs B hreactuation
liquid above its boiling point to forma gas bubble on
energhibatdsi lefethintd maginiumt aoph of thdmastioeerey thairan byymaevadbyghegirop, being
bubbl e causes the ejection of a drop of the ejectable
the ?“Fréhﬁe?dmf‘? '8 5ot ety p5 thecieciahly llq‘t‘mulc‘fﬂﬁh‘ﬁéﬂe Wawlwge frpm the
tempefaglﬁge aﬁ hgt%%lg%% entgrf %)e( Ipnr%}ez?%g tl]'le he%mc)egrmneous bf)lE eg pé) ?fglg te_}_ectable
liquiddyer has a thermal product | ess than 1495 Jm 2K S 2,
the thermal product being (pCk)' , where p is the
density of the layer, Cis specific heat of the |ayer
and k is thermal conductivity of the layer. 34. An
23. | nkjraitkiq piintiehdacbrdiceoo elaing g whaei bagh rppt@3loplaws regiires arrpgtuation
ener cﬁhe‘%é}hin's@o ﬁaﬁéj&ﬁes kxﬁ}btlo §§a§th£t Elélaﬂ:r LlenﬁEm sixfﬁ@n@ﬂtfyhﬁfon%l Qﬁ bdble
heat er nment bonded he chanbe :

Ca“sf“ﬁlg] @Fct‘ﬁ??rﬁ“ﬁ 88 accordi ng to cl ai m 33 vvher e| n the
dielectric layer is bonded directly to the side of the

24.. he az&rﬁﬁkég bx% %EH acco‘?’cﬁng twalhagknﬁéreupéal:Metﬁmgm% ‘Pé&ﬁx@h BhetuBion
claim wherein the dielectric layer Is deposited

ener¥¥ dfies<EWIR.20B0f to 16X thalkeh®©r eldpichtRithaadly REEAIsEH ABbE CausihghdBiection
33 wherein the dielectric layer is spun on. 38. An

of sdiddepret pri nt head according to claim33 wherein the

dielectric layer is a formof SiOC or SiOCH 39. An
25 nk?leltlkl?jf"i“ﬁ‘te BrEsEgor di ng to clai m 33 wherein each
ar el ement requires an actuation energy of |ess
apl‘{“ﬁ 5‘36163’1an01 oules (nJ) to heat that heater el ement

a bu§¢€ef tfo Cfc%ﬁbl‘r ctogeslf.)&llam t%%{;(cﬂ oPtHPRLz%s ﬁe@&%&x)@ b gsbtffé Rl ON

ead ing to

charﬁﬂeﬂ|a&ﬁbt3c9to\6‘5}ﬁd‘nﬁéjé3ta6@ﬁ§hld’l&ﬁt er el em:-‘nt requires an
actuation energy of less than 200 nJ to heat that

a hefi@ale@ent dikpsd Mt caghLvif fhie bubbla fdryting chafmbrsrespavticklyh thi Idater element

causi ng the ejection
configured for heating some of the ejectable liquid above its boiling point to form a gas bubble that

causes the ejection of a drop of the ejectable liquid from the nozzle; wherein,
the heater element is formed from a transition metal nitride with an additive whose oxidation is
thermodynamically favored above all other elements in the transition metal nitride, such that the heater

element is self passivating.

26. An inkjet printhead according to claim 25 wherein the additive is aluminium.
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of said drop. 4 1. An inkjet printhead conprising: a

plurality of nozzles; a bubble form ng chanber
weoosresondi ng to each of the nozzl es respect i pet/xp2005000480

bubbl e form ng chanbers ada%ged to contain ejectable

l'iquid; and,a heater el enment 'di sposed in each of the

bubbl e form ng chanbers respectively, the heater
27¢| erveminkie prirfthegriacaadifgos clhiaat wheeis davddaive i bigomijpact abl e

liquid above its boiling point to forma gas bubble

that causes the ejection of a drop of the ejectable
28] quid§ BrRtepfbACcHIEbng) e clai s hsrein the pef Prsixatiag tranbitionametal pigide is
TipAdk med froma material with a nanocrystalline

conposite structure. 42. An inkjet printhead according

to claim4 1 wherein the nanocrystalline conposite has
290ne Agrinkig pnthsadAseordnetiad!aim 3 fushes semprisingxodehd eirchitry &m driving the
hemb‘lﬁ*wmp hﬂ&ﬁyoltélg% ff aeiﬁroki?lkﬂe@tBB p/:;o.lts{,] ﬁh@@ﬂjth@@ffggs?iv{ﬂilgg &fsition

- erein at. leas e nanocrystalline

me%?wg{sng%éls %re\é@ wrtyalﬁng i logn” @r’eﬂ'rﬁl Ongreﬁ(g‘i’“r’?ie, a transition

metal suicide, a transition netal boride or a

30t T am&ij&ldjdaﬁrtimidlalcqoﬁaa%kﬂ dl’maﬁm 251ﬂmhe9~ﬁbxﬁpﬁhhg%nm '&if&LiH? &9 driving the
rdin .cl aim erein_the aporphous phase IS
reflE SO B R plaF el VA e

Vi)

i%}faqpsﬂ‘gatitlg)transition
meta] pifriq ps 4 regipviginelienveerleS K@horphd0sOphase is a nitride, a
carbi de, carbon or an oxide. 46. An inkjet printhead
according to claima45 wherein the nitride is: silicon
it ?‘.na%‘eeg%ﬁ‘s% i a°e°,m625, fucthef CATIRMIYIPA AT} Figuitry fopgriving the
heagen elpyrhagts wiith a drdiet voliagm ofzgprikigi@ely ddolts twherein xtied@f pasivating transition
mei dithiGHAs PXdiGiGity RRIWIIR ¢ IO %1198 a0 m. CNT oM um oxi de.
47. An ?nkfetthintﬁggd accord?ng'?o claim4 1 wherein
the transition netal is one of Ti, Ta, W N, Zr, Cr,
32.Hf 1¥p inkjo; pribthea¥ipccordBg toAfinh PR teinadhhbdie Aldmae RIS MGcthdon

ene | S . e rI %ent llcslnoo d Jfi
| %Ih%@i %&idgﬁﬂﬁﬁhﬁ&n(wgtﬁﬁﬁ%ﬁ{ ?{9 RIEN d'fle Iﬁyﬁ{g ?c?nn said bubble

su
l N. ' ead conpris
causing the ejection of said drop.

33. An inkj et printhead comprising:

a plurality of nozzles;

a bubble forming chamber corresponding to each of the nozzles respectively, the bubble forming
chambers adapted to contain ejectable liquid; and,

a generally planar heater element disposed in each of the bubble forming chambers respectively, the
heater element being bonded on one side to the chamber so that the other side faces into the chamber, and
configured for receiving an energizing pulse to heat some of the ejectable liquid above its boiling point to
form a gas bubble on the side facing into the chamber, whereby the gas bubble causes the ejection of a
drop of the ejectable liquid from the nozzle; and,

the chamber having a dielectric layer proximate the side of the heater element bonded to the chamber;

wherein,
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a plurality of nozzles; a bubble form ng chanber

correspondi ng to each of the nozzles respectively, the
whodeliessfor m ng chanbers adapted to contai n ejBCt/abb®s/000480

liquid; and, a heater el enegg disposed in each of the

bubbl e form ng chanbers respectively, the heater

el ement configured for receiving an.energizing pul se

therdjglectrig layqr by aghsral pduptiess BandldPHler &8 | i thermagh awgact keigg (PCK)",
boi |.i int.tq f buhbl e t hat. he.
R R TRORTY ot B e e U et P paeor e

1QEPZZ|?i wherein during use, the energizing pulse has a
duration less than 1.5 m cro-seconds (ns) and the
energy required to generate the drop is |less than the
capacity of the drop to renove energy fromthe

34pr i Minhgged prifBad adgordinglg ddim p3 whnirdirethddicleo lagerigiess hac] @i firam the
49 wherein the energizing pul se has a duration |ess

sidg pffhe heatengigment hondedio %ﬁﬂﬁa'@keﬁpr i nt head according to claim
49 wherein the voltage applied to the heater el enent
during the energizing pulse is between 5V and 12V. 52.

35.An IPGllﬂlkgtt Meﬁtap&ﬁﬂlg@c%fﬁ&l % Qgerginoth&ﬁ!liéécmc%a?rerm%k%}i Bir %@yctb the
heater el ement requires an actuation energy o ess

sidk bake AQ cRAER) oul es (nJ) to heat that heater el enent
sufficiently to formsaid bubble causing the ejection
of said drop. 53. An inkjet printhead according to
clai m 32 wherein the actuation energy is |less than 200

36:n]. Apdukiepprinthagdjaeording itoldia A Weescingheiisieg tric dpyerlissdeppsigg with CVD.
wherein the actuation energy is |ess than 80 nJ. 55.

An inkjet printhead according to claim49 wherein the
bubh] e .f h | enent. .subseguen
ool PapelbE ok BE B SR SR o b REANRBcE o1

el ement is shaped in a topologically open or closed
| oop such that the bubble coll apse point is spaced
38.f r omntitkeet prineibairacoptd@gBiaim S6wheAdih thatigletric pRér fitalf@mebt SiOC or
according to claim49 wherein the heater elenent is
Si§dheral |y pl anar and suspended in the bubble form ng
chanber such that the bubble fornms on opposing sides
of the heater elenent. 57. An inkjet printhead
39.C OMRY, Iirﬁ(.ljerg i th%ad%!:c%{ﬁlfaﬁl Itc} c){airrcl) §3 Wi oe%ez ! eg %i,]heger Qlléllpl l:%Jlt I%qlfirgsr arxr;l aa'gation
chanber-correspondl Ag to €ach o & R6227es
energypleestthag 6¢0nanojayiss () libhicet thabkeaterripmett sefiamdy derptseid bubble
casiapthatitis] aediékbe 1iquid; and, a generally planar
heat er el ement di sposed in each of the bubble form ng
chanbers respectively, the generally planar heater
40.e| erwikicherintheay agcotding to qlpim 8% wieremgpaghdiedtér glaménorequiresdniastyption
enen'?@froqc 1eQfthah B&® £ 12k 81 Rater element sufficiently to form said bubble causing the ejection

of said drop.

41. An inkjet printhead comprising:
a plurality of nozzles;
a bubble forming chamber corresponding to each of the nozzles respectively, the bubble forming

chambers adapted to contain ejectable liquid; and,
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liquid above its boiling point to forma gas bubble
that causes the ejection of a drop of the ejectable
wo p@pgitassfo om t he nozzl e; wherein, the planar sPeT/ave005/000480
area of the heater elenent ig9 | ess than 300m®2 .58. An
i nkj et printhead according to claim57 wherein the

heat el.enent is nfi gured such that the energy
abey Sepens Sbrsegan st e E’Wg‘e&faﬁg FRampers espegtively, e deater element

coufzpad for eatrfg sbrhweof e ejectdbly ligeiaboee ierbeiligy/polnt @forinlagas bubble that
caﬁEé e LR of g’&op cﬁ"ﬂxe eﬁgtib?ethqﬁ)lﬁ 0k Be ﬂgzzég\&fgnrem ng to claim

7 wherein the E anar surface area | ess than
thezhzs*ﬁﬁ%zme%ﬁ formpd B3 Yitheatansery el bns cemaegftesBuctrai m 57
wherein the planar surface area |s | ess than 150me.

26 1. Aénnll]tg biixﬁﬂtea&)e[ci:or?cf’]ﬂ%qggalgﬁ? %Ele[reL? : es ocir)js%hlgezcomlgnsx F % one or

the drop is
m%??%ﬁcw%%aa%b?@e%leartqnamwsvh%er ein the drop i s

bet ween 1 p| and 2 pi. 63. An inkjet prlnthead
43 acc SAnSxémeg i (t}xegci a%(l:org zto %gr@? Vger %Jl.%t le§h %?e},]oz Hle éﬁlﬁcrysta lme phases is a
mf’r‘&}%f%@l “ét§de( ?19]*3“51@@ “F?@aftlhctqqa*ttrahﬁ@atl ertaloddrmnt transition metal carbide.

sufficiently to formsaid bubble causing the ejectlon

of sal pri.n head .accordin
O artiifhist bfeadieordiles Qb A R D R phisb s Aeymeilic

actuation energy of less than 200 nJ to heat -t hat

4she atﬁﬁlrmk?e!t ﬁfmﬁid aSééfcflﬂg% &k |4}/ wfae?eur M m%;ﬁlb&i ppéépg Ly ﬁltnde a carbide,

ej ection of said drop. I nkj e
Cm%?Vﬁ?H%ﬁﬁ conprising: a plurality of nozzles; a bubbl e
form ng chanber corresponding to each of the nozzles
46" esmmevmeadtat@rmbobélﬁm ﬁm&mhﬁmﬁp@r s adapted to
ontajn ejectable liquid; and eater el ement
SmﬁP ‘ged in each of the bubble forning chanbers
bmpespﬂcbnvely, for heating part of the ejectable liquid
aluRBQYEidies DOiling point to forma gas bubble that
causes the ejection of a drop of the ejectable liquid
thecsrpils 'he nozzl e; wherein, the heater elenent is
silicompabiad; exd, f r om t he nozzl e by less than 5mm at their
ﬂwgkg§gst poi nts; the nozzle length is | ess than 5mm
The ej ectable liquid has a viscosity |less than
siligapxids.  An i nkj et printhead according to claim65
aluithemeixidetohe heater is separated fromthe nozzle by
ggﬁ% than 3mm at their closest points. 67. An inkjet
pri tﬁead according to claim65 wherein the nozzle
length is less than 3mm 68. An inkjet printhead

47.aCCQh @Hk_féﬁ)rﬁﬁlea@ |aé7'bb1mn§ ® c‘Mh@ﬁ BlRretaf Bh&Ech dRlaBis bde Qb 1d1‘ah@5N,
Zr§rﬁk§9ﬁ§' %bless than 3cP

48, An inkjet printhead according to claim 41 wherein the heater element is formed from TiAISiN.

49. An inkjet printhead comprising:

a plurality of nozzles;

a bubble forming chamber corresponding to each of the nozzles respectively, the bubble forming
chambers adapted to contain ejectable liquid; and,

a heater element disposed in each of the bubble forming chambers respectively, the heater element

configured for receiving an energizing pulse for heating some of the ejectable liquid above its boiling
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69. An inkjet printhead according to claim®65 wherein
the heater elenent configured such that the energy
WO ewpailosd t 0 generate the drop is | ess than thBCT/AU2005/000480
capacity of the drop to rengﬁe energy fromthe _
printhead. 70. An inkjet printhead according to claim
65 wherein the drop is less than 5 pico-litres(pl) and
poinhte forn @ gy pulibeeghak caedls hoej@asaif atiop e eftttaide lighid oM Shelnb213;
\wégﬁﬁémgzw An inkjet printhead according to claim 65
wherein the drop is between Ipl and 2pl and the energy
the eagy %}Fl?féa'lss Bas 8 é‘ﬁeioa{eés thapd-S digsprsepands (8 and thegsergypienyired (@ generate

theAlropiis 1k ehbn (B¢ éapichpdfthedtp @ ethdVg edefly Gomitivpiiheakier ei n t he
drop is Iess than Ipl and the energy required to

generate the drop is | ess than 80OnJ.
0. An inkjet printhead according to claim 49 wherein the energizing pulse has a duration less than

1.0ps.

. 51 An inkjet printhead according to claim 49 wherein the voltage applied to the heater element
during the energizing pulse is between 5V and 12V.

52. An inkjet printhead aécording to claim 49 wherein each heater element requires an actuation
energy of less than 500 nanojoules (nJ) to heat that heater element sufficiently to form said bubble

causing the ejection of said drop.
53. An inkjet printhead according to claim 32 wherein the actuation energy is less than 200 nJ.
54. An inkjet printhead according to claim 33 wherein the actuation energy is less than 80 nJ.

55. An inkjet printhead according to claim 49 wherein the bubble formed by the heater element
subsequently collapses to a bubble collapse point, and the heater element is shapéd in a topologically

open or closed loop such that the bubble collapse point is spaced from the heater element.

56. An inkjet printhead according to claim 49 wherein the heater element is generally planar and
suspended in the bubble forming chamber such that the bubble forms on opposing sides of the heater

element.

57. An inkjet printhead comprising:
| a plurality of nozzles;
a bubble forming chamber corresponding to each of the nozzles respectively, the bubble forming
chambers adapted to contain ejectable liquid; and,

a generally planar heater element disposed in each of the bubble forming chambers respectively,
the generally planar heater element having a heat generating portion for heating part of the ejectable
liquid above its boiling point to form a gas bubble that causes the ejection of a drop of the ejectable liquid
from the nozzle; wherein,

the planar surface area of the heater element is less than 300pm? .
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58. An inkjet printhead according to claim 57 wherein the heater element is configured such that the

energy required to generate the drop is less than the capacity of the drop to remove energy from the

printhead.

59. An inkjet printhead according to claim 57 wherein the planar surface area is less than 225um’,
60. An inkjet printhead according to claim 57 wherein the planar surface area is less than 150um2.
61. An inkjet printhead according to claim 57 wherein the drop is less than 5 pico-litres(pl).

62. An inkjet printhead according to claim 57 wherein the drop is between 1 pl and 2 pl.

63. An inkjet printhead according to claim 57 wherein each heater element requires an actuation
energy of less than 500 nanojoules (nJ) to heat that heater element sufficiently to form said bubble

causing the ejection of said drop.

64. An inkjet printhead according to claim 63 wherein each heater element requires an actuation
energy of less than 200 nJ to heat that heater element sufficiently to form said bubble causing the ejection

of said drop.

65. An inkjet printhead comprising:

a plurality of nozzles;

a bubble forming chamber corresponding to each of the nozzles respectively, the bubble forming
chambers adapted to contain ejectable liquid; and,

a heater element disposed in each of the bubble forming chambers respectively, for heating part of the
ejectable liquid above its boiling point to form a gas bubble that causes the ejection of a drop of the
ejectable liquid from the nozzle; wherein,

the heater element is separated from the nozzle by less than Sum at their closest points;

the nozzle length is less than Sum; and

the ejectable liquid has a viscosity less than 5cP.
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66. An inkjet printhead according to claim 65 wherein the heater is separated from the nozzle by less
than 3um at their closest points.
67. An inkjet printhead according to claim 65 wherein the nozzle length is less than 3pum.
68. An inkjet printhead according to claim 65 wherein the ejectable liquid has a.viscosity less than
3cP.
69. An inkjet printhead according to claim 65 wherein the heater element configured such that the

energy required to generate the drop is less than the capacity of the drop to remove energy from the

printhead.

70. An inkjet printhead according to claim 65 wherein the drop is less than 5 pico-litres(pl) and the

energy required to generate the drop is less than 500nJ.

71. An inkjet printhead according to claim 65 wherein the drop is between 1pl and 2pl and the

energy required to generate the drop is less than 220nJ.

72. An inkjet printhead according to claim 65 wherein the drop is less than 1pl and the energy

required to generate the drop is less than §0nJ.



