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30
Optionally the step of filling the nozzle chambers is priming the printhead with ink.

Optionally the deposition of the hydrophobizing material is chemical vapour deposition.
35  Optionally the printhead face comprises atoms available for covalent bonding with the hydrophobizing material.
Optionally the atoms are oxygen or nitrogen atoms.

Optionally the hydrophobizing compound forms covalent bonds with the printhead face.
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Optionally the ink ejection face is hydrophobic relative to ink supply
channels in the printhead, the ink supply channels being configured to
suppl y i nkot2ooe@ssyinozzl e. 30 Optionally the ink ejecti earfare)spomsei ses a
| ayer of hydrophobic material, and the inside surfaces of each nozzle
chanber | acks a layer of hydrophobic maserial. Optionally the hydrophobic
material is covalently bonded to at |east part of the ink ejection surface.
35 BRI EF DESCRI PTI ON OF THE DRAW NGS Not wi t hst andi ng any other forms that
may f al PrtiRpaily fha hydrehabizing matstial istaeilyd pammpeynd compyiging 4 hyfrophopiegrovrm: ed forns of  the
invention wll nomrbe descri bed, by way of exanple only, with reference to

t he acc in UBSTI TUTE SHEET (RULE 26) RO AU WO
2006/ 1 @%@iﬁﬁbﬁ‘? nggﬁ’ﬁtﬁ%ail“é&’ﬁf% % is a schematic cross-sectional view
t hrough an i nk chanber of a unit cell of a printhead according to an
enbodi nBRonall$ the GydeopliibRRk SonfplddiftBn P RhSavRl iSHERuid. F1 9. 2 is a schematic
cross-sectional view through the ink chanber Fig. 1, at another stage of
operation; 5 Fig. 3 is a schematic cross-sectional view through the ink
chanber Orffiogplly the hlfoplabizing paviphend ist siélglenoedchlogider ati on; Fig. 4 is a schematic
cross sectional view through the ink chanber Fig. 1, at yet a further stage
of perati and 10 Fig. 5.is a diagrammatic cross-sectional view through
a uH)t é‘é??a?ﬁfheré‘sﬁf"ivﬁf‘gé’&ﬂﬁ‘?aﬁ °%Ee8rb?33‘ﬁél?é’v‘?/ﬁ‘?‘lf?dan ermbodi nent of the

i nventi on showi ng the coll apse of a vapor bubble. Fig. 6 is a schematic,

parti al hfiofl} emxﬁfoﬁ@magm Yhel eeyxct% e &trrega gxéggdo % Lydr 5# ’ﬁl(g,t dce"

of a 15 printhead. |sas emati C,
perspec‘t”fsk?és“&@“é\ﬂ?%‘f"e'f’ﬂ@ “b‘lﬁi’ furfacss ‘I’feéﬂmﬂz’@chael °Fig. 8 is a scherratr c,
partr ally cut away, perspective view of a further errbodr ment of a unit cel |

Lg: che rti.al 0 G
per Specty Sy bR R Fnd i Bl B i YRl iy AR i il o My R
par t i al PoFPletitmbandgye 2 prrasisedt ohkss Y- of a further enbodi nent of a unit cell
of a 25 printhead. Fig. 11 is a schematic, partr ally cut away, expl oded
per specti.ve, vi.ew of nrt o of Fi is a schematic,
parti al §1¥n§aﬂ¥ét26\?\sé§%n°tfglrg‘sn% “P%g““v‘r”ewc% gaﬂ °°f g’“’é??éodr nment of a unit cell
of a 30 printhead. Fig. 13 is a scherratrc partrally cut away, perspective
Vi ew ofopdiofally thb@kide0HaRE PR LozAE cHambER Have(hpct)ﬁtac@;ngl@of 1B (s 'h)ead 35 Fig. 14 is
a schematic, partially cut away, exploded perspective view of the unit cell
of Fig. 13. Figs. 15 to 25 are schematic perspective views of the unit cell
shown i Q@rtifialiyisagtsnozd: charabefiabmprises amapfiand dewslls colbsSermveirat agasidmtdrille pr oduct i on
process of the printhead. SUBSTI TUTE SHEET (RULE 26) RO AU WD 2006/ 105571
PCT/ AU2005/ g}(l)g482 7 Fi glf 26 shows partially cut away schematic perspective
vi ews OfPUPHREY BRferAmaRierigis selegjes Epmsiicon nitride, sibeon apds\esifopronyidecel | of Fig.
25 Brimed with a fluid.

Optionally the roof and sidewalls are formed by a chemical vapour deposition process.

Optionally the ink ejection face is hydrophobic relative to ink supply channels in the printhead, the ink supply

channels being configured to supply ink to each nozzle.

30
Optionally the ink ejection face comprises a layer of hydrophobic material, and the inside surfaces of each nozzle
chamber lacks a layer of hydrophobic material.
Optionally the hydrophobic material is covalently bonded to at least part of the ink ejection surface.

35

BRIEF DESCRIPTION OF THE DRAWINGS
Notwithstanding any other forms that may fall within the scope of the present invention, preferred forms of

the invention will now be described, by way of example only, with reference to the accompanying drawings in which:
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Fig. 28 shows the unit cell of Fig. 27 with a hydrophobic coating on the
nozzl e plate 5 DESCRI PTI ON OF OPTI ONAL EMBODI MENTS Bubbl e Form ng Heater
El emrent Agbuadeniosifiit h reference to Figures 1 to 4, the wpgirtawedsioodssof a
printhead according to an enbodi nent of the invention 10 conprises a
nozzle plate 2 with nozzles 3 therein, the nozzles having nozzle rins 4,
and apertures 5 extending through the nozzle plate. The nozzle plate 2 is
pl asma et chede f is@rrhsmaticciopshactianal yigwdiroaghyag inkghambetof & kniticell of @ pansheadaicordiye to way
of chenmhe@bodit@pakinglfdsle oty KebiMldememtVEr a sacrificial material which is
subsequently etched. The printhead al so includes, with respect to each
nozzle 3, side walls 6 on which the nozzle plate is 15 supported, a chanber
7 defined byFig A& awghematic grosh-sedtienahGovy theugh thetink ambgr Fig |1t 4t adotiyrestagsaefloparatiat;e 8
andsan inlet passage 9 extending through the multi-layer substrate to the

far side (n ho of the substrate. |.ooped, el gngate heater _ el enent
10 i's sus pe%d%g‘s YSV{}%‘F?{‘CH‘?S'SE‘W& AW eurough et%‘g‘m?qﬁéséllea?n‘é%f‘mfh? stage ¢fiReeratighm of
a suspended beam The printhead as shown is a m croel ectromechani cal

syst em (VEMBig &5l 4GHeMAtR croWibbiBnal view @folBdnd @adtlet BOT! APRE Furth S whi ch
is descri b,ed_gl Sri;Dre detail Dbel ow. qu%fhen t he Sri%t hegd I'S %Q%Q%gg ink 11
from a PBYEPBT r (not shown) enters the chamber 7 via the inlet passage 9,
so What the chanber fills to the level as shown in Figure 1. Thereafter,
the heater heoRRlidGuhicRRaletolfl s BEN i) ool GhQSGEGRd, SO
that the heatlglen%l i,g&rig_n ?ﬁe. %osr moc?? “éw‘tiﬁg%m ﬁétﬂlﬁgil?r&l?aq\}éﬁcp& eceav‘fl)%?éci at ed
that tRBodiasst fhe dnventighthowigs the collppst ¢favrer bbbt act with the ink 11 in the
chanber 7 so that when the elenent is heated, this 25 causes the generation

of vapor bu (. the i nk. r di.ngl. e.lnk, 11 constitutes a
bubbl e for maﬁgggﬁiajé%’f%%}“’"’ H&%?E‘ al/%gﬁ%s\ﬁg‘!“t“ﬁ‘éy“f %‘Iramr‘l‘t'?‘f’c?‘r‘fb%afm"at%ﬁ ﬁ°§‘t“i

appPoxiPAdbety 1 ni crosecond after generation of the thermal pul se, that

is, when the bubble has just nucleated on the heater elenments 10. It wll
be appreciated,th s the heat is lied in . the formof _a pul se, all

t he energy rll:Lla Cégggcihif/ma?‘% parte'aﬁlé’rcgtaga’i’ ﬁxg%g%ﬁﬁﬁs"eectivﬁ ViFY °€%e‘5'5°e§kﬁ§f>‘ 1égd within
that short tine. 30 When the elenent 10 is heated as described above, the
bubbl e 12 f@[gn&isaEdﬂé}&qti'&,Qﬁti&l@@&tabaﬂf)ergpglﬁvees}im@tfurthertemi)(ﬁlin};ém!1&ﬁl‘%@lp&aari ng, in
the Cross. secti onal view of Figure 1, as four bubble portions, one for each
of ghepg’?emént portions shown in cross section. The bubble 12, once
gener ated, causes an increase in pressure within the chanber 7, which in

t urn causes fig3pis b MeRdi€ GhekiQf) cRfawd, : ' - gh the nozzle
3. The rim 4g§£si sts inq,di rgg?ian%’ %ggﬁ%%éﬁrfggglgwk{lﬁﬁ@éfngggg% so as to
m nimze the chance of drop m sdirection. SUBSTI TUTE SHEET (RULE 26) RO AU
WO 2006/ 105%%110RCTYcitdoid ) bar@l) 48 2way Frebpretive s g @RNa fuhist edidd@iment bfa vl kall cbme

nozzl e 3.l chanber 7 per inlet passage 9 is so that the pressure wave
gener a{)ed wi thin the chanber, on heating of the elenent 10 and form ng of a
bubbl e 12, does not affect adjacent chanbers and their correspondi ng

nozzl es. Th&igpriassiihemaiayetialje tue ivadySelplode pirspediineviehaianit &N egti€$0.5i gni f i cant
stresses in the chanber wall. Form ng the chanber from an anorphous ceram c
such as silicon nitride, silicon 5 dioxide (glass) or silicon oxynitride,

gi ves the ch#nisdt sbamatc, pariply et pvepigrenpagive view a{ofudiengmbodimeny ek uoft cokeef er i al

W Bh aprigheyst al structure. Crystalline defects can act as stress
concentration points and therefore potential areas of weakness and
ultimately failure. Figures 2 and 3 show the unit cell 1 at two successive
| at er st age§isoP ivpreheapiicopprisfly euhavayrperspeptéva diew jof a fortfier dyebodiment gfzamit tdilafa t he
bubbl epdnthegiener ates further, and hence grows, with the resultant
advancenent of ink 11 through the nozzle 3. The shape of the bubble 12 as
it grows, as shown in Figure 3, is determ ned by a conbi nation of the
ind?tial dyHf#gni4dse savehaticheartially fubeveyteapiededperspéctivandew afkhe tdit celTbiFig U.f ace
tension tends to mnimze the surface area of the bubble 12 so that, by
the tine a S_:fertl irs} anount of Ii%uid hag evapO{ ted, the bubble is

essential |y # Sk &4 Egematie PERRECY s agws gEthe yryf ool shaway ip Biegips 1R nd WAt viERusnber 7
not onbkugceprirsly@ges inrike ptouction prodessobigbiprinkheadnozzl e 3, but al so
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pushes sone ink back through the inlet passage 9. However, the inlet

passage 9 is approximtely 200 to 300 mcrons in length, and is only

appr oxi mawelyostssviicrons in diameter. Hence there is a pglpsttamdsibasyi scous

drag. As a result, the predom nant effect of the pressure rise in the

chanber 7 is to force ink out through the nozzle 3 as an ejected drop 16,

rat her than back throu%h the inlet passage 9. 20 Turnlng now to Figure 4,

the print hedd® PRSPEWRAATIL. cutawey sopgmafi perspeshive SRS etk upg clho fgup?s- operation, in

which the ink drop 16 that is being ejected is shown during its necklng

phase” bef orfée 2hdody byl rdkatEisprimay withigiflids t age, the bubble 12 has

al ready reached its maxi num si ze and has then begun to coll apse towards the

poi nt of colHigp8sodsthe g celiof Fige2Ttwétdl a hyirapbobis cdaingod thé mzdki dase e 21. 25 The

col l apsing of the bubble 12 towards the point of collapse 17 causes somne

ink 11 to be drawn from wthin the nozzle 3 (fromthe sides 18 of the

dr op) , BESCRIPTEON @F OPTHINAKMENMIBODIMENTS Nl et passage 9, towards the point of

coIIapse Most of the ink 11 drawn in this nmanner is drawn fromthe nozzle
3, form ng an annular neck 19 at the base of the drop 16 prior to its

br eaki n’ﬁ‘bglffo’"%lf?ﬁﬁ%ﬁf“f@"‘?’eqw res a certain amunt of nomentumto

overcone surface tension forces, in order to break off. As ink 11 is drawn

from t he nozWiterefBrety tdt Highres O kd ﬁﬂnsemmsll t &fa phithdall &cdrding t Aeenthiodintedt 6f theihvehtiva

nec 19051 SRzzle pﬂ?er %ngﬁﬁyﬂhggn m%oﬁﬂ?m%ég%zlte pll;ngjt ﬁ&%ﬁr@&%%ﬁ&%

n
hol di ng t rop monent u ect eg out of
t he noz‘ErP‘éghlﬂ‘oe n%kwlatsn Ehernogzls pltel 254plasma ctefied fomp @ siligon awdeftfucw{safh\méﬁemﬁ@d & op
16 br ealay ofidhbmicat 8apbt dapdsition (CYDY, @&er asacrifbalsadiabshithal JubeiuedllyRihdihe arrows 20,
as the bubble 12 collapses to the point of collapse 17. It will be noted
that there are no solid surfaces in the vicinity of the point of collapse
17 on whi ch Threrindeed alsgdnclydes cth resespio eash eaptled side RABSTY TRIRhSIAERPIGRELE 26)
RO AU Véﬁ},pzﬂéaﬁd éh&ﬁémdelaﬁsﬁlb&\tﬁz QQlﬁlalee Hlate @ ahull188r Akdara sl ¥Rk ﬁﬁ?&ss@ée 9
b B LS pOAHE Sl o2 B RO RO TP Sl 5
functiGﬁakméﬂvaWW%g@@WmmH@Sbm&QVawmQQédeWMUSb@wd@E@ﬂsSENNkﬁhdetéhd bel ow,
Wi th refenan eseshovﬁl it Mﬁ@l&ubﬂéihéﬁieﬁ“%tenﬁm SRBHre, YR iCIHRRE 6 AlkYraptidIe Same

reference nu gures 6 to 29 to indicate correspondi ng
conmpondht’®® Eekflép?'frﬁﬁ‘ﬁf’@mig aﬂp’ég“’G and 7, the unit cell 1 shown has the
chafber 7, ink supply passage 32 and the nozzle rim4 positioned md way

al ong the | agkh Bhe gitmtﬁe@@xs Hﬂlké in€ ¢1 fronla re@Svol? %E shm @ntérpthg J:hgrﬂl;e?7 \7na th% Hﬁ‘et ge{séagéa

circuitr% 22 is 1 arti al on one_si de t he chanber W t

r emai ndet Bhthe HambE AP i le§fi gicheym 1 Figure, ha%@?ﬁer ﬁ*ﬁéea&f fl%enb'io wwfdr f9f 22
cont r ol ssmévbet IGpdumal mnornsem‘nd tsh hathigdkeing & 4h themomugla thein@abpulsy It Wik bé appxegitattml
circui tthem%;téleiein&md R tﬁe@afa%%taafm& BE ik -8 SRR so%%t whEl ek el@&l&c §h0ng

has a rail sed | ayer on 1ts top surtace. aSS|va I on g% orned
i n 23t of2Nfs ﬂ[“’rﬁénﬁ’%‘it"é‘rfé@ﬁh‘é’é‘?leséé inghfrink. @igoradingdy, the ink o conigntss 3 puibly f?f@tnaﬂquldayer
exposeiguld 1Iebdwsaldeamiton of a Hubie I2apfredimatdy CaRioakbnd aﬁd‘i@erﬁbﬁm&)@de fierval puaé @as to

su ppl y 19 lerth bgFl:]tlJlﬁs ﬁ;t ‘ﬁ&%”éd (;]the h%éerp‘{e&xgt{épl%t h\(ﬁl e ap}%]aleateg Ehat S the he;% Ly %d %2

for one unit IS not on opposing SI er élenen
cont r ol e form qf a phss. athepacrey neestipy t2epats e bubble 1 e tetbe pupnlied yithipy et shas ttmec ell is
in a single, und|V|ded area that is offset from the heater. That is, the

driye circui y, overlaid. b ctr s, 15 of t he
hea;()er i h\*"%ex eelement Rfais {wate% TS descnbed ab e the ubg{‘I %2 %8{1/56 c‘ns 8Fe (%%1 %t):rrne ore of
t he heahlelvubblp wsqnw e@helcsmﬁeetmwédmeéﬁnumln p&fogévﬂbb portippst dng §>r ooh oitheglgmensn,

t he cenbRibnsQhownicrsll tev@nCi rcuitry 22 is |less than 200 mcrons fromthe

center of the associate nozzle aperture

The bubble 12, once generated, causes an increase in pressure within the chamber 7, which in turn causes
35 the ejection of a drop 16 of the ink 11 through the nozzle 3. The rim 4 assists in directing the drop 16 as it is ejected,

so as to minimize the chance of drop misdirection,
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5. In nost Menjet printheads of this type, the offset is |less than 100
mcrons and in nmany cases less than 50 mcrons, preferably | ess than 30
m crons. Wonbégguwsi7ng t he nozzl e conponents so that therecirawRi@nobdseant
overlap between the el ectrodes and the drive 25 circuitry provides a
conpact design with high nozzle densitys (nozzles per unit area of the
nozzle plate 2). This also inproves the efficiency of the printhead by
short eni ng t he 2R dethesgis paiwone Borale & andrelantbergiaet inlet pisses Qiistse (hatiths preiseure wave

gl ect r ofesated MidingHe @lidinber, @ﬂﬁdﬁ@t\ﬂﬁe&lehﬁﬁteo #@s&mrnlgsuaileQ mr(])tﬂﬁft@jj&@&d

i ssi pate egree of overla t he el ectrodes 15
and the dr 4'3%2&&@%@8 ?on]lﬂgmq%l%o-rg WS o %env?tﬁis‘g%’ﬁ%bmﬁwgé TR S’gﬂ'@é“l"ér
mat er i afresisdn hhdardivp@inderaiine Agichastber feppein gmesphoptreraimivisechoosilirertitiagsilids  best

shown i dioxkde (EMSQ $r slifton cﬁ(mtnaé givésie cRADS walld hQﬁué@ﬁﬁQﬁhﬂgﬂoﬂﬁg the (ke BF xﬁzﬁéﬁamﬁh\é' as
More vias |owers

to establ connection wt

the resis {agsrtﬂﬁcgur S?ah ? BECRELES? S'Iéfsé8‘{°F“(5raté°§ p‘i‘%ts %fﬂdheﬁff’ée ROPRUE e PltepkoP sy er
23 whi cdndple'ejuéeélhpomer | osses. However, the passivation |ayer 24 and

el ectrodes 15 may al so be provi ded without vias in order to sinplify the
fabricationdprocgs E % qur es 8 and 9, the unit cell | is the sane as
that of Fi gur&es§auighow %ﬁtf \=lracsﬁ*fOtSh%eSﬂé%%ftsrstaéqSeﬁ@Frﬁtl%@f the prigibeade K caybe

el elPentsech@hahthsbuablp woéyh@am e theadni bencesgots @irh tHexSultint ddvamceaizntl of R 1 1ChrOsh tgeCt | on
than t%zz‘ie@”&h@éﬂﬁ{e oplile buBle 1?45%%% ass Q@niglﬂ%n\% g&?elnglg d'b?g (ﬁlﬁ)?naélo% 65 8 has a

greater i stance and heats to nmper at Ur e “above pol nt of
the i nl%n"ﬁ'lé’? Gpgmipysad hefEpss fariongt thewé léITéﬁ%*Fffce Yegsionpends 1 Finipianthe selrfmeqe@ﬁtﬂ@s at
t hi s r egbldni2andatshyhisaisiserirain amSWUBS Tl eBblitkdd, ((Ebdbbie 2@ sedielyAkdk Wped.

2006/ 105571 -PCT/ AU2005/ 000482 10 grows to surround the rest of the el enent
10. By controlling the bubble nucleation and growh, the trajectory of the
ej €Ct ed dr op'f &CHi? i PsPRivEbia Bl ghambrid npfeoly @kshes| inkid qut trgugh e pasrlf .duiabol t o

accomuilditssombiRk bk thevs grafsihietpadsike 8. H@ﬂﬁ}érf m@uﬂeﬁ;@{g@e 9 1s/§§prmaét@§ 2009 Bbenment s
as that shown

expand, I ieve suc

in Fi gu“%‘gerg‘gé“ ‘mﬁgi “}‘g?“ YT‘E}’”‘““%ER “f‘“?‘ﬁ a"‘%‘e r}*o‘ff‘“’ﬁ‘“’r TP SRR

t hi ckn@ggulf. depredomingnipiacs pf tqu@@nesréemlthmhqmbm T Sirerinkaytthiobehtienogzls 3hea t he
| east hpoed 46 reeshéiansRk hegand ige ppedbng of the element can lead to the
foryrati on of cracks, especially at sharp corners, which can ultinmately
|l ead to failure. The heater elenent 10 shown in Figures 8 and 9 is

confi gured dJomingaew totFkguretdhtbe pratheadygrhovai avmstill Surther| siaesseiek shige sfopedtiog in wHichitiee

bubbl e uﬂdlﬁdpqamaﬂpbeﬁ@@feétms shadhn dlﬁﬁ'éjltss‘hécgh'é Athe’SﬁlfcﬁWﬁlpﬂoﬂ tt?&ksscﬁp Al ﬁﬂ%ta%e the
| eadi ng. bﬁe 11;2 EJElgctr des 15, ef)aé erence to bhow ng out of ane of

| ami nat"l OITE ?‘VtSB?X‘{nH‘& s fhep Eeg“‘b‘&&ﬂlaﬁsﬁ?t”arﬂi s %OEU?fédB‘é%‘id? 1Y
W t hi nrtﬂqeedphan@dﬂélllhﬁmmatl on is sufficient to relieve the strain of
thesmal expansion, and such bending occurs in preference to bowi ng. This
gi ves the hgl%t er eI enent gDr eater |longevity and reliabili t%/L m ni m zi ng
bend regi ons ™ SRR et BTG tvgrds e Bodtiobilapsrdl 7 crusesRpmGnk Hise idrasmifiory t o
Fi gur esvithid temakzzlk 3 (frdniibe $ieat Sf the ldepp mid sdrk: tol BddavinTrottheSnletphssage & ltdwadkis hxa§ou&
ser pentyk fgaRy Maépdf%%kﬁ@%{ﬁﬂﬁmmmluﬁ ﬂg.g\me'n&% 4,08, ke%ﬁsna}nﬁési 1925 Iline

bubbl e centered on the axis o nozz sin e onega I's a
geonet PRE oKL ARy isdregienestth cial froma fabri catl on perspective. However
t heogap 159 between the ends of the heater elenent neans that the heating

of the ink 'Tﬂ %rthe %@%rer{a% aiy dngm my eet%unY [TTTE rcomte%‘urface tenmf% g:eslil_w;[o der t&ﬁre%n

bubble is sli e Si oS

turn anfe'bstm"t ds ‘i“’r“é‘jf’é@tﬂé?rnyzz&f3 by [the celjapse piethe tblip!2, @@dlwrdﬁbﬁmeéc §mwigas shape
provi da&rebﬂeddaﬁgmeﬁm@hﬁim&t sufthde Iﬂmiuhﬂlogae thlﬁ@ {50 thSUERRRARALR of R ardphSic gap 159
So t hatejegtpaeout ci%?ﬁ] zzle s?fﬁcwn?% ah %n otb{eg‘kaci er| e within the chanmber is

better “contr eg)%dct tory is nore reliable. Figure
1238hows a heater eI enent 10 wi th a single onega shape. As discussed above,

][ h?hSI npl |hC|Wlh¥n @t &B@%@rea&%ﬁsaﬁﬁﬁod’!@ées%egmsw a@@mcte@gy ﬁ@&x?ﬁ@?% gé[-{ﬁé tibble 12

i thogr gphi. g r| c cyrr a at_is

rel ati ve 0P M o ? °¥l‘ﬁ’§ef %F’@%B@%‘i@f;‘% §8°iﬁ’y ﬁ’ﬁ%e?‘r‘lﬁ@r”ﬁﬂtty s @eintici es

i n thecdlaprod] m\ﬁwhdfecewetwhe@the\reanaﬁfeetrl al . The inherent inaccuracies of the

equi pnent used to deposit the heater material result in variations in the
di mensi ons of the
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el ement. However, these tolerances are fixed values so the resulting

variations in the dinensions of a relatively w de conponent are

proporti onelby/doexs than the variations for a thinner cegpanaods/oobdsa2wi || be

appreci ated that 30 proportionally |arge changes of conponents di nensions

wi |l have a greater effect on their intgnded function. Therefore the

performance characteristics of a relatively wide heater elenent are nore

r el i abl Eeaturesnd advantagenef fyyiher embpdimegtyega shape directs current flow around

the axis of the nozzle aperture 5. This gives good bubble alignnment with

t he apertur e, t j.ection of draps ile ensuring. that the hubble

col | apse poin e|rss6 Q‘ﬁ}gtSE%Nn%gémbggmﬁ%wa%él? pcgvs\é\fr?%rn%ﬂf% mlﬁ J,&lsp i"esagfjg%céa‘&a?ﬁ%\?’g,

t hi s avisViagitywapirtiseter Pagtisradiadygntagesy These ddwantagqRefilblerdispugsed (n defaif baless witiBrefesn@6,

anotsher to e4th odiviagitmidlimkst EFd#RbdsisteRY | the karheSre Sl MRuh RPELNRED N irgtk}es%qy & @lndiliages

of the &t gsh(img% andorgenetgosi tion fabrication process. In this enbodi nent, the
nt & TOPPE Suspended from opposing sides of the chanber. This

heater ele
allows it to be symmetrical about two planes that intersect along the axis

of the SUBSTRelHdz ot 664, Fe 260 el WPuR ORGHEOomY Jupﬁ%lrsﬁ\&é%@%{ HORLR2

11 nozzl e a(p«?.rtgre 5. lThItE confi uratllgn g}gw des a dro rajectory al ong
the axi®® POIiRRsd mEL Ay dong hs Ipngthof e s qell L. i &ioh 5 Figes Tl Ve tiresisy prisbl ens
di stus sediabiyove sids oRhdrhantes 7 oith B Boasdr énthd dpposing bidy «f e Shagberh TRAdrivy/circhithe
fabri cabiomrod HRYsSatbRd e RERR 15@1‘%\9@1\%951 tﬂehﬁ'te#zﬂédtc' ﬁﬁlnletaﬁ{satilgﬁ ﬁ%&'seof ? onl y (see
'f"f: a the other u ls will

Figures 15 to 25 It wll be appreciated that nit ce

use t he™&5mEcs inercoect ELhopa ralifd meta jayer o dyiep surfage K apryationdayret dsformedying o

Fi gur e tdibof thelirar@niest 23 hatlaves reasf theé faiseinan0 iapdr efpoded.f Ellirbdeal § dThe @fatet tiezohtaer mal
i nkj et tﬁp&ﬁés&lrﬁé&@%t&sﬂppﬁj&%ﬁo&lﬁebm. processing of a silicon wafer

provi des a silicon substrate 21 having drive circuitry 22, and an

i nter ayer dielectric ("interconnect") 23. The interconnect 23 conprises

f oulr3 met al Lﬂybﬁlﬁtﬁlplyyﬁﬁ &ile di0ERY Foefor d‘né)fnﬂﬂc?L is @ 3h oﬂ’pbsﬁk&l sfdlt@’ofthh Eezaigﬂélﬁhtepﬂ%'f’f age 9
to be 1k ter nect.. op._net I C or ns
an upper B AbiE ANl 2 B Bl RARY RS conc T eln W TR und) b O vt
seal rithrgepirebianis.dhe dike qigtiny P2riepatiebnevertaidiiyiene dfitheslectiodes 15 pfteerhenierig that iti8 when
t he i nleeidtropiagadartQily cverfaid ty@sk bR of tKheathr dRASRILVIBIHoARdh AWkt e2fls. ILSthdepOosi t ed

ont the t. tal layer 26.by plaspa-enhanced chem cal_vapour deposition
(e iR eyt or e cyetinl S5 B DGR o BF oo of e ahes s rpf e
def i ne da IchestMpmiet printheadsoof thightypefthe offSet fsdasnitband Q9 mrop$ and inenany bagds lesatbamage 9. At
the samacras, @drahiiyes thelomesss, a plurality of vias 50 are al so etched,
whi ch all ow el ectrical connection through the passivation |layer 24 to the
top netal layer 26. The etch pattern is defined by a |ayer of patterned
phot or esi st Qonfigurisgtirmelzle cpinpannty so tiaethapeie sigrtifjcafl Bvealsbengeratht @dctrédacane the krive
Refgrr | cBEhithyDrdvidOH Bmpdes dedi &i&%éﬂ%&zle fd@x@xw (ﬁ(%%ll:s%r &ﬁ%gm}%ﬁgéglgg%é%é '191;5 also .

photoresi st is un onto ‘%ﬁe assi vation ater 24, The photofesist is
exposed™¥AS &89%58‘5%‘3 thepripfased Ryshgrtening the jength efthesprdyctoryfremthe figvipyteter ned

phot or etrtgtdess The shortepdoaduetors thinve ledd rediseéerandthérefbe disogaraat endidy.i S et ched as far
as the silicon substrate 21 using a suitabl e oxide-etching gas chem stry
(e.g. O2/CAE8).. Etching through the silicon substrate is continued down to
about 20 mi crohgh degreRiryHap betwert Biglectpes Hgpdthedrive gigquity 2also llevstsoge vias

Si 130c orvettaphlicrhgatd astetdh @iditistAMOY BetdizatioBAged bf @k tiérdonnedt?8. SSU¥ER siRRA i @%ds $4
mask 5 . h_et chi . Flgyre 17 sh t he it cell
o SR e AR b o U0 b AR B o o BB a8 iy 51
Ref er r iVRglowers the fsiptanca ptwepmthe hraterrisgirodes 13 ged the infergennpct layer dhwhighreduges pavter | nk

hol @ 52osies. IdwtQ@akk padsivitiop R9dr 04 BRlieRtrola 15 RaPMoBE pRvillddAWihouPlikkdn &der tAlmdliRe
same timbrigdtij)rﬂ%gcrssof photoresi st is deposited over the passivation |ayer
24. This Tayer of phot oresi st is exposed and devel oped to define a first
sacPificial scaffold 54 over the front plug 53, and 35 scaffol ding tracks

35 around t heFipedsisnRs € the adit Jem?és!&ﬁisimefa@[hht-of FiBGesd dnd Y apaR Gbih thk Glattt c1&Af foo! d 54
| L1 on .0 reon a

i f b t terial 38 t i
{ner of aPoape et Y R B R AR 3R Wl FbE el Roriediy BUERirR IR

element. The bubble nucleation section 158 has a greater resistance and heats to a temperature above the boiling

point of the ink before the remainder of the element 10. The gas bubble nucleates at this region and subsequently
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the heater element (see heater elenment 10 in Figure 13). The first
sacrificial scaffold 54 is UV cured and hardbaked to prevent reflow of the
phot or esiwD 20aiosgy1 subsequent hi gh-t enper at ure deposi ti eoTanR2005/d848RppeEr
surface. SUBSTI TUTE SHEET (RULE 26) RO AU WD 2006/ 105571 PCT/ AU2005/ 000482
12 Inportantly, the first sacrificial §affo|d 54 has sl oped or angl ed side
faces 55. These angled side faces 55 are fornmed by adjusting the focusing
in the @\XFdsrreund g Festof thg clemanpifp By yonmplling teodybhld mygfeatipreang ot thy s ragdctory D the

sl oped ejezied@of BaB® pReaicasly ant ageously all ow heater material 38 to be
deposited substantially evenly over the first sacrificial scaffold 54. 5
Referring to Figure 19, the next stage of fabrication deposits the heater
mat eri al 38 T beatet Hemehi 103 cogfappred foiacominodaggimfriabéxglansidy inta lygcifiamaineta ivs batet ay er
24 and eﬁéﬁﬁn@%m@rwﬂ?&?a‘r&@ BlieRthd A6 KBlements chhgs 4 §loGh inFRufRS Qtléi g%l bow

typical | 3‘ er. of Ti AIN. However, the heater materi a

alter na°t“?/?f °y aﬂeo ’?%m F‘i&‘isﬁl“%ta‘ﬁ'ﬂws&f@dmb‘lift\ﬁié’é*ﬁeﬁ}ﬁ‘ﬁb"r‘mena‘ﬁ‘ﬂmﬂ8\%?0‘3 has the
passi vdtastbgndimgtraisiagce.SRepsatrd heralig bt edmgincar ledd anthefotationl of Eradlte espEiaems} btBirp NY
| V€T S Bk RhichEAlG sl ST Rk HY D %lna& 1EREOR F e ank DR ARG BLGY ©

heat er | ongeyi ty. Referring to ure eater materi al
subsequisitgal é’fpé‘ﬁé’a 'Sdﬁ\mdtbbmfaﬁ@ °ff Bybble gucleatiqnaecion 158,404 diphily splaying thegestipns e
t helohedtaging &ItlﬁermbttodasOS iprefedamte ®HORing bUTBf thaydt ammleiuelc tmhegeeﬁetay%fale eefl@t isned

t t act
On ﬁ' Q@Jhtl?a'tﬁl&sgﬁ a er&%gﬂg géoq"ir%matloms ug?: re eve es%'am ?th ﬁlp%%qcc%gt %en

he top ne FOVi O tFicar connec
t he cvvead %i‘ﬁ*dbeP‘H%E JqesY i prefetersioowing, hrwevesqhelpfe@r eldmget efeaterdengerity arldeeliablhts’tby
sacr i f ingihidkkzing ®eddreglods, SHicleaspro® tx@dtion@heedckihgal connecti on between the
heater elenment 10 and the el ectrodes 15, since the heater material is
deposited with sufficient thickness around the scaffold 54. Any thin areas
of Heater metcéringlo Kighers 19 49dil hSigheaier plempnt Kiuekd irf this enit cdié plies i bermsmijne wo'déutile

i ncr eaaﬁegaeaiaﬁet ik eaﬁﬁgmmaztefe@ere gmsnﬁerceﬂeeé &rﬂm%ﬁgfthezﬁzzﬁdlﬁ&?g’fg ifacells
are el ect ue of groogves eifched

S I[C geomeu'}{: Sf] ns uﬂll%* 18 ge eﬂ% eaac %ttlogr C 3’{7 Ve, a] eep th
ar ound “tRE EFECEPEIIS S LT 2 BRIeqton AR é‘?’% & ra‘rh%g Bl HPeyestthe hies same
time aof @ehqam Argentiyecarsdinat thy heating nfthd inkl @ the [Rfnberris stightly asyfimgicad Al resulq tifefyes
5 ubse q WetHle 1§§11§lﬂly@ke$@&3ﬁ R sR@STpbsitk G 1§§ s ©dndn t%gl aftfct ﬁ’lb %Q:Fo?)sdf ik ?J%é?d dirog

g (L]r% gve heat er mate% he second sacrificial” sca

% sed iy 88’%}‘3@? %ecP“f"B’e ¢ fepfer © F‘a‘lé\%’ fhg e3pd PO to rmpsmsate oy e gari lahto tipdiy | e

c hanbe rsyramdry pet fiosiadnef the bubpbleavithis the crambea Glvettentontralied dnd ththectaiek®ndie&ae sinfokeci al
scaffolgi,39 is also W cured and hardbaked to prevent any reflow of the
phot or esi st duri ng subsequent high-tenperature deposition of the silicon
nitride roof material. Referring to Figure 22, silicon nitride is deposited
onto the sedud lsamwséheemx&henﬁﬂabfvﬁﬂiklﬁﬁ ohayganh@smdﬁs@us&ahﬁbné;eﬂ sﬁlﬂﬁﬂyeﬁbs
vapur a.roof 44 ove nit cell,
whion $SBPRENELALy iR WGP bI Ackh Bl oL P e e Bl R ERE R 6“2
uni t ce&fide aad Hesgar jess aéfgctf‘élrbé any|idherest inaprugcippin dhe grpasition eﬁnthqﬁeatmntareednThemrerremde.
Ref fel’ I linacrutaCiestdf €hel Ehipdnt uteld &bﬁa@zz lhéhd’aieflﬂlﬁeriaﬁresﬁfrt] aRechipaid th@clulnéﬁs&rmo@ﬂﬂgh t he .
roof 4 ita attern ot or esi st. e roo
Ct chi e pat BoGhR B AR &P o R O HE BB O B by

ashi ng W‘%UBB’PPCPUFEPTS;I"IEEW“Q’ mt@nzle)varmnmrmlrm@@nm mmewmmeesmomaz

13 3Ref @fobbrﬂ@aﬂlyﬂargd @hﬂ’g& of éomp'btﬁﬁts HthZZsloﬁs @n ﬁ&v@ HERatér efftt &it@&%ﬂenﬁéﬁrfﬁﬂ% t he roof
cond acr | | S

24 do t C

per f o RS MEpPEBARAC APt S sy T et e SR e e Guer bk oreoor

et chi ng dovvn to the scaffold 39 and renovi ng the photoresist mask. 5 Wth
the nozzle ghe¢ &&Tgwha)eraﬁwtsfcmehé/ﬂofn%dﬁmh@d%s%frixé RS dpdhBurds. % v%é dof Qfdble
substra]{e 21 A0 i nk S%’F‘E%ﬁ §J ﬁ‘[ls etc Lgagg Lromt e side of the
substr & %lmﬂ I %‘ﬁ% ett C{eﬁth{lﬂ P I eebﬁ“ﬁ‘(} ubble collapse pomt is not on the

35  heater element 10. As discussed above, this avoids problems caused by cavitation.

)

Referring to Figures 13 to 26, another embodiment of the unit cell 1 is shown together with several stages
of the etching and deposition fabrication process. In this embodiment, the heater element 10 is suspended from

opposing sides of the chamber. This allows it to be symmetrical about two planes that intersect along the axis of the
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Referring to Figure 25, after formation of the ink supply channel 32, the
first and second sacrificial scaffolds of photoresist, together with the
front pl wgo28ocaes7ashed of f using an 02 plasma. Accor di pghau2bdswocss2 10
connection is made fromthe ink supply channel 32 through to the nozzle
aperture 5. It should be noted that a partion of photoresist, on either

si de of | 1.s b e roof
44, thenol%pnﬁ atpgljcézhgelzfj erg{gg “°§E‘g“w“@a dm’hgajechg’n%e? P&ﬁﬁ?xwz@%ﬁ %ﬁl éw}ﬁ‘gru on of
phot or ef’é'P‘é‘Pgihémvéf’é‘a‘FléePl@fnPséﬁ?‘F%éa@Ze ashi ng pl asrra and, therefore, renains
intact after fabrication of the printhead. This encapsul ated 15 photoresi st
advant ageousl y provides additional robustness for the printhead by
supporting the nozzle plate 2. Hence, the printhead has a robust nozzle

pl at® spanni ng continuously over rows of nozzles, and being supported by
sol i d RlpAsHon Pocddar dened photoresist, in addition to support walls.

Hydr ophobi c atin Front Face 20 Rferrln tq Fi gur e 24, it _can been
seen that a 1?%35 %88 o R R N S R é’ﬁ%’gﬁot J°‘<5*ﬁ gt seflof Hgies 13 4BV £6¢ ¢ hi s
st age bRgurdsdf tog@R mphébe appredidtegialiat thagizn nnictelposil tse dr samEHabrivdtiod srgafwith digfefenitont
face ofmgsﬂgﬁ printhead may be coated w th hydrophobic material.

Alternatlv y, predeterm ned regions of the roof 44 (e.g. regions

sur Poundi ng each nozzle aperture 5) may be coated. However, referring to
Fi gure 25, theferfiignaFiget Bgderofs shpwn it lexsiol fosld for fabrdidatin of tie/thérmel Snkjetsozldhovad f
the phaf g ga@hﬁth@fyr&tgs%&umﬁ R OREE 8GR ABREE 91 ha%g&,%e YAl BIIORI &

coat i ng nater| als are er al a_g organic In nature e as ﬁl’ ocess
will r é?fﬁfx‘ﬂéertdﬁsctﬁgzﬁwﬁrfﬁosﬁte 23 3B MiGHOBEFt EHemprist fouesgklaygs) whigidogeer form a
phot or esil sifig fo3fe inkt faizeze NOTiR|c@haaltasdar the mteHeiiHé& Tha top Yt ORROH, @hichGarins AgupBére P

at Shi h hydrophobi ci of the
oo 4 o pR PRt ot 8] a0 nd b R, Ul U g K RSB W0 | 2
nay be EpWaTct Edvhsmthe injehpasspgsdris flled with ki s stage by, for exarrpl e, chenical
vapour deposition. However, the CVD process will deposit the hydrophobic 30
mat eri al bot the J.00 ont.0. N0z nto the
heat er el eneﬁn?agidpon l%ive' %%os}tdhi R™E B BPye2e i ﬂﬂp? ﬁw'e“&an\é\ﬁﬁ ]eg’bcﬁlo P¢" coati ng
i nsi de @Pféltlﬁdi’ﬁ@‘é‘)bhﬁﬁﬁmostuaﬁﬂth? WRS“@EFp}rHYyr 2dhalﬁ pietied todefifed cibolatwqh;l yhich
undgsi rf&ﬁis Baris Bf ﬂl@lﬁl@ﬁ)aggge@rﬁaﬁdsﬂﬁk a@et&ﬂ%‘ the ¥Rl Jﬁﬁnﬂftﬁﬁ‘ S £ RiBS agxe& QM@B ds the

nozzle i c _coat on the er be-
caual | PIRRAREIeT sp e R BRI iy R et a4 S e PYAR e e SRa P e

Fi gur e alayer af hattemed phootegsitropshpwmd.otss isfronovelyydk iashing gftea thayidle. ophobi ¢ nat eri al
onto the roof 44, 35 which elimnates the aforenentioned selectivity

pr obl ens. Bel}f ar e deposi tion of %E"? hydr ophobic material, the printhead is
primed with BEETRg R euryhs; I8 thensy fARricatpg STAHTRCS 7 96T OF REPIATGTS {5 $Pug 9nto g Paseivasens
cha¥berlater34.tThe pHoeresistis ekposddpad ddvelepsdl @ define prigfular @iy, Witk ths ﬁatﬁéﬂﬁa‘]tphbtheslst 51in
hydr ophobi, e dRRASE .Leee&m&tt s &aed DGy LEOLRAL o%&qtelzﬂssﬂlfga Qﬁmﬁgace oP‘Q% %@t er

manuf act uri nﬁ process. rimed wt ront
pri nt he&ATusoYAes QefCefe:- ]Ftﬁ*é“gr%o‘fghﬁ‘& siligog S‘@S:Fi’feéﬂ“n%“?ddm&“ Ry BrubHBEPR thdefiesd al 61
by cherfioaahk hba:riow’smglepmﬂﬂetsﬂm dicaing gisi Icljﬂrﬂiﬁy 25 ‘Boddhetciy dhophiofhowresMinadkisal 61

cannot SUBRSTT o £P Ls¢ 2005/ 0 82
14 be cfe osiIt e)fi”;. nsi de Stte% lEJlr%lﬁzzlS)em‘gghaflatéﬁgo é%gg&s%ﬁ%% mﬁ{lAg ‘? %%‘glpéﬁ y
sea’s t“l‘fé’h?forfszﬁl‘él aperture 5 fromthe vapour Hence, the ink 60 protects

t he nozzle chanber and al | ows sel ective deposition of the hydrophobic

Pydr ophobi o e el Bh ud et AF T ALCRe we il slodRisr REWEET ¥ peBReR e ana
i nk suppivide & famplsg §3 Astherh@e thop @éerefphhtymlwwenyﬁl@dm@f pasgivafion 1wo¢24cTh13t1¥ye1al

Any Pyifﬂﬂtb%btﬁs Reteiziates ] alagewcaia %meﬁh%ﬁ fRCAGIRial Gatlolassa oge,@&fe frfxf&pmg/sze&h her

coval e on| ondi n chem ion.or a

Theﬁc h0|aggﬁb 3dér |13:emnrr‘fatt %F fog patt \ﬁnelf %Jg%ﬁé‘ﬁﬂg il scf‘%gg T%Ef? wrd frﬁT‘?s\é‘fsfﬂ'“ﬁ‘?tng t he
roof 44epppiiongf !mtet n@erial Hubertoyanddb thepefqye forneedtwith a planey ipper. surfagqto ewid agy buckmg ino of
44 is ft&rhem elEﬁaé}JET‘(sgd de&t&@lamsutﬁd in #ure ss)lﬂﬁ%t éa&méf'al s@szfoﬁl'Sh lsQ A oo Yol thaddbAles | D
this case ‘é@ a]o c, mat S %(}? % npound, which can

For m cuar P e AP e R Sl BT 6 B FBEEE on e
surface of the roof. Exanples of suitable conpounds are silyl chlorides

(i ncludi ng nonochl orides, dichlorides, trichlorides) having at |east one
hydr ophobi ¢ group. The hydrophobic group is typically a C 1.20 al kyl
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group, optionally substituted with a plurality of fluorine atons. The
hydr ophobi ¢ group nay be perfluorinated, partially fluorinated or

non- f | uorwoabedosszxanpl es of suitabl e hydrophobi ¢ conpowoas U205 00082
trinmethylsilyl chloride, dinethylsilyl dichloride, nethylsilyl
trichloride, triethylsilyl chloride, ogyyldimethylsilyl chloride, 15
perfluorooctyldlneth | silyl chloride, perfluorooctylsilyl trichloride,

per f 1 uor ooct ?P‘Eﬁ‘l“b’r‘&%"li’l“é?féﬁ‘étl gcaffoq 34 hatlqpgd orpglediide Bpes 5. dhese peledreide fodes 5 an
i Nkj et arafbrmed by dijoiting tha Seysiog iehd wpis@p Ol £ stoFped hail exposmg wistgaf&telsxyt e sloped
conpou [ neri s N, agyeous so an

2CT 0SS r&giﬁ gt\@% 8; vga%ggogg? %Jllrog/%ga?(er atenf ?é to be &?om € substama n%eve%lé%\ier Jl%érﬁlrs%:aﬁ%:ﬂ i o
conpourterselddt| ude: trlnethyIS|IyI chlorlde trlethyIS|IyI chl ori de,
perBIuorooctyIdinethylsilyl chl ori de, perfluorooctylchlorosiIane etc. 20

Whi |l st silyl, ¢ghlo ve been I|f|ed S dro zi ng conpQ
her ei nabove, RF Pd lg%gpnﬁttétﬁ a@égngthoé e’toﬁgﬁ’ﬁlh tpT"‘Esﬂe‘?Y “‘genﬁ‘?‘rg;; %Céa used
in conjSmﬁfekil%rﬁlwsslhabam&ayqn%@éphommtengawmmm;55 Wnlwhtemtenalbelsdgpalm:at ed by

CVD Or rR@ikyRest ToUN RN Rr, @@m% b @kt Y 2568 natifdi) \Shpfd RGN %%aled Betwebh Bpper
i nventi o(glphas been desc:[ses above with reference to printheads usi ng)
P’r&‘n’f a

bubbl e 3 PHS RYSFLing Byerd fentalupgy antalym nifride. F’?S%‘P&Hﬁr%ﬂnlﬂv heatgr elerment

wi d€ r amygwizeforosiontif the gndsmberirdtan bongesting: col or and nonochrome of fi ce
printers, short run digital printers, high speed digital printers, offset
press suppl enent al Fpr| nters, |low cost scanning printers high sp eed
pagewi dt h prReREBE © Figys20ybsdicater stistial 8% & subpearentivipsihed 10%&3&@‘6?%“&‘41 predgld 54
por t abltedetiod thrhegterdleBent MO AOGA S0 BmE Icbrtc BleBtrodeDl5are dafivdd HDINBE SiBOTEhe BEWR €T S,

COL 01 Mkt AViRLTS BGRI ok TR LS G865 {’so e bElrcal B | © and
copyi ng machi nes rinters for fre ogr ap‘h
p‘%er getwb‘*ﬁﬂﬁtcétcls angthe Eﬁa§t qlegpent 181 Bheslgpad;side t@ces ﬁf ftrat@@;nﬁma} rsqgef@d P nprrasgoed

PHOTO @Bct(tﬁl'm@:tmbét@eeat%ﬁ@tesﬂeﬁdﬂdwfaﬁcﬂﬂ&f 160Rsdés 1 sidch e Bkt MREaKO Eksited vgth
Conpan i ripnters for rinte i ndoor
si gn p)ré%ﬁﬁﬁééllrt @CE{)& afoggdaé%%ft{%}dﬁt e@ng abric brearl mate't‘a H"P% S"r“rft}aiplent S’% t%ﬁ ers and
faul t tdEHOQP%}hY’O%WFCGFS&PVIE@P%%Whalferepyfsfma% It will be appreciated by
ordl nary workers in this fi eI d that nunerous variations and/ or

dpficatio o, t.he sent ntion.as sho
s peC| fic e n% %chen 1 tgcells Wt Ft%cnfcald'éns ]?'lgﬁs %ﬁ" 2 'b?#f AR ??OVSSre"’S% ‘Pe t he
i nvent lpemne&sofbiﬂ@adt Gflldés grpvorade etéﬁhrbat e eme tine esmg@ldngtbﬂte&erateexpnt tltln erefore, to
be considered in all respects to be illustrative and not restrictive.
SUBSTI TUTE gﬂg %EULEﬁé&% FKEAU WD 2006/ 105571 PCT/ AU2005/ 000482 15 |nk
Jet Technol PHRERTEHFIR Hioq AsiciabiraRRle 9k Phofpresistds depsitsd; er
type dewr the hea(é)‘ magiat $ke sp@ndsadifichisrafiold 38 evkmoes antisldbpbiro dfintisidthalls ForehenDSt
si gni f |cﬁﬁmcalﬂﬁﬁm RO dnd pdr e M e w1l bor ka@ﬂ uﬂxt%elp Qﬁ@s‘écoﬁ@%l? dgcgﬁld 3R oo %

appr oxi_ ﬁ% K %) tinmes that required stens fromthe
ener gy SYFERE PETRKTE OREYFRY avdffeﬂarvaﬁth%f*@@wlaﬁmﬁt Elivesss Sl Jerpsitign ol | ng
of wat eiticoneitple odbiogeral. vapor bubbl e whi ch expels the ink. Water has a very
hi gh heat capacity, and nust be 10 superheated in thermal ink jet
applications. In conventional thermal ink et printheads, this [eads to an
ef ficiency BFFTag GEHRIed2 ciogn nitidss depasited onte the seoond sarrifigial scaffelh 3Hhyrmissreaim (and

I NGP e aswdncadithbraica vappe dypotitikn. Th?hﬁcdf(ﬁﬁﬂide&’dr@flzi rfobm dler Bd’cﬁ)tﬂhtﬁbgll thcii’lls the nozzle

pi ezoe I I, clric.cr very
Gl 1| A P E it ab s, ERouSfe A G BEAR S Pty Bl Py

| arge &1¥%& for each nozzle. Al so, each 15 plezoelectrlc actuator nust be
connected to its drive circuit on a separate substrate. This is not a

si gni fi cant a he ¢ rrent f nozzl es r

pri nt head, E)é'%)éstg?ﬂgu reE?’ tthe & Eeh ¢ Jo?’aftﬁgy ‘%"35%%‘% ?‘i%g% btﬁf’la“b'%ﬁé\ﬂﬁﬁt'h

pr At h exesedhptaresi mz@@vqt thz ZQOé Stchltlafelal coytrolledrperiadrek tifiednd tegohinphoghoessisded nmeet
t he st adfagent requirenments of in-canmera digital color printing and
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20 other high quality, high speed, |ow cost printing applications. To neet
the requirements of digital photography, newink jet technologies have

been creavedooslfoesmarget features include: |ow power (| @eg/Au200%/0b04syatts)
hi gh resolution capability (1,600 dpi or nore) photographic quality output
25 | ow manufacturing cost snall size (pagewidth times m ni mum cross

section) hi ﬂé?en%&%‘ﬂ §242hS RHAPERRES is W)hroué‘ the rQif,f 2 B0 {t};@ %En#x? Senfd be

met or exceeded by e ink jet systens descri bel ow w t ering

| evel s Gtoldd. 4gaps ‘Pf‘cﬁ&ﬂht*veffﬂalﬁw Fipe Yitgohasmed Pwﬂjsgttm%fb% roefi &dingav e
been dedoeh apkdahcdiipld3h enddasdvingde phadorgisttgasa. Wi de range of choices for high
vol ume manufacture. These technologies formpart of separate applications
assigned to the present Assignee as set out in the table under the headi ng
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ar e suiRabdteed i the WikidRe bRRGEbs0fe T FhitheeP WitRiht Rent plygsems, from battery
powered 35 one-tinme use digital caneras, through to desktop and network
printers, and through to conmercial printing systens. For ease of

manuf act ur e Refirfing takigiieids efteplomatiansof the ink pypply channehd, fhe first anésechnil sactifisdd gned t o
be a mowsolds mﬁot&eﬁst rdgbtﬁércmh (a/E5ut pRk 53 awasﬂ&d M@l&@xg&ﬂ@g plRRCRSShiRgy, ali@r col or
pholt gra hItC ap “‘% 1heh theag ng with a wdth
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1338, which is O 35 nm wi de SUBSTI TUTE SHEET (RULE 26) RO AU WO

2006/ 105571 PGt bL8B LAz orbn sl Bifkiclr L B 1RE 1B HAWAL & iy THE
print heads ?agtg ﬁontg I es ﬁ. ta and control circuitry. Ink
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pri nt hekdkd o hadenedepbbteresis, dn ddiidorasppat vaalls. cui t ry by tape aut omat ed bondi ng.
Tabl es of Drop-on-Dermand I nk Jets 10 El even inportant characteristics of
the fundanmental operation of individual ink jet nozzles have been

i dent i firdepphopfeloaringiohiFraBaf9eq stics are largely orthogonal, and so can be
el woi dat ed a&feaﬂlgai mEyed 24 fmﬁ&hﬁﬁaﬁ‘hatmw’rcbp&oblc Masihl oy bé hb@osﬁéda)\ﬁ@mleaéwm Rf

this [ n [i.e dev oed t

fol l om gtage ‘f’or%' of m %’ntlalcaa‘k A e é\v}%oﬁe i meﬁ’%tlr} aﬁﬁgf&tpg‘ﬁ‘s adS‘f‘}h?e £t
types. Wi @V‘H%Hh@‘ﬁc wwhﬁltwwapwsmedwmm@ e9H &4 (g2 regionsroteundifig ¢agines)
Auxi | i afoyzler@aheersb &5151 l{e%o:itédﬁ?&x)eve?\q&fb}ﬁﬁg(% F@ﬁrpts &kﬁﬁ’ahk t543 o nn{m{élfd‘bh@aa&d I%WE@ hod

17 t
ﬁ/bt hoépgl?'ggro rlesﬁsgtj Rccfl ecﬁl/"e nﬁﬁggﬁ %I?rﬁ Igélf;e Ndinig % 1{"5‘5&% e "Ng E‘ gﬁ“‘é’%‘l’r Yi ng
met23od ofPnie ylpiefsl)e thbazlzh@r‘pyleswl remeYs the hstrapbebio(cQating prethq roofl3r @pwedljaptht photoresist

di r ect 30K, thdnok)dBSdhbers! idficd, YQﬁro@lYobfc)é%@ stedt tﬂ;pﬁag@ Qrmh @ltu%atal' ﬁ'a\(/@ﬁb Hedensi onal
tabl e re%{‘ﬁ%ﬁg‘te %R}%lese axes contains 36.9 billion possible

confi gLPP' et nozzle. Wile not all of the possible
conbi nat i onRefegringltet Figure 23, iv¢aa bé wen thrka hydtopliobic Inaetiad gyy be deposited onto the roof 44 at this

stage by, for example, chemical vapour deposition. However, the CVD process will deposit the hydrophobic
30  material both onto the roof 44, onto nozzle chamber sidewalls, onto the heater element 10 and inside ink supply
channels 32. A hydrophobic coating inside the nozzle chambers and ink supply channels would be highly
undesirable in terms of creating a positive ink pressure biased towards the nozzle chambers. A hydrophobic coating
on the heater element 10 would be equally undesirable in terms of kogation during printing.
Referring to Figure 27, there is shown a process for deposiﬁng a hydrophobic material onto the roof 44,
35  which eliminates the aforementioned selectivity problems. Before deposition of the hydrophobic material, the
printhead is primed with a liquid, which fills the ink supply channels 32 and nozzle chamber up to the rim 4. The
liquid is preferably ink so that the hydrophobic deposition step can be incorporated into the overall printer
manufacturing process. Once primed with ink 60, the front face of the printhead, including the roof 44, is coated
with a hydrophobic material 61 by chemical vapour deposition (see Figure 28). The hydrophobic material 61 cannot

SUBSTITUTE SHEET (RULE 26) RO/AU



many mllion configurations are viable. It is clearly inpractical to
elucidate all of the possible configurations. Instead, certain ink jet

t ypes hawsohe&mossyvesti gated in detail. These are desi gpatredi2bes@bodse | J45
above which 30 matches the docket numbers in the table under the heading
Cross References to Related Applicationg. OQher ink jet configurations can

readily he derived fro se forty-five exanpl es b substltu
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el ect r ot her nal non Bubbl e bl e heater
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poi nt,  Si nlypicdllythetnozrles are pixhegiwith ad igkitt ik, REhs hE2the tydapiwbie materiy issypipallfa cant
constr QGIL;BOQHH win%o@;:{o{ fo fﬂ'ﬂ\c@é in aéﬁéo%olh@cﬁtaﬁd’ foxlnpa sﬂﬁe‘i%sstﬂg ngﬂﬁ aﬁequtﬁ‘sgl@(amm

noving parts  Hi wkins et _ink Fast operation
t enper &f Eﬂ“é’§ly’§F“Z yﬂ‘°8*§’9‘° i%‘f”‘ﬂﬁ’é‘f‘é‘ﬁt ‘E%“’%’ﬂﬂ‘y'cfﬂﬁ%‘?ﬂ Ve‘h%ﬁ loEds b ar ea
r equi r@drﬂudrlamtylatxﬁeﬂi?amkaﬂdldefpaﬂmoc@hﬂﬂabdﬂmgwt he required for actuator High

ma%an i cal tjsg}ﬁ %hlé@dgﬂﬁ% b%én exénmﬁﬁ%dsag flﬁi?o?)hcﬁ)}zmy%:)m %un%?get 711%§ovc,Tnﬁl EJ ficiency

of the Unusuall5 rocess I's I ess
than Rerggited it prfeer%%nmn wée éﬁe‘é@wm\@atronwthﬁgnhgéreﬂhgbwewwugbrv

Cavi t atbk dpoLitad iBAVD dr aiditef QtdbRAepokitiéh pattsdat or failure Kkinetic energy of t he
Kogation reduces drop. bubble formation Large print heads are difficult

to
Other Embodiments

25
The invention has been described above with reference to printheads using bubble forming heater elements.
However, it is potentially suited to a wide range of printing system including: color and monochrome office
printers, short run digital printers, high speed digital printers, offset press supplemental printers, low cost scanning
printers high speed pagewidth printers, notebook computers with inbuilt pagewidth printers, portable color and
30  monochrome printers, color and monochrome copiers, color and monochrome facsimile machines, combined
printer, facsimile and copying machines, label printers, large format plotters, photograph copiers, printers for digital
photographic “minilabs”, video printers, PHOTO CD (PHOTO CD is a registered trade mark of the Eastman Kodak
Company) printers, portable printers for PDAs, wallpaper printers, indoor sign printers, billboard printers, fabric
printers, camera printers and fault tolerant commercial printer arrays.
35
It will be appreciated by ordinary workers in this field that numerous variations and/or modifications may be
made to the present invention as shown in the specific embodiments without departing from the spirit or scope of the
invention as broadly described. The present embodiments are, therefore, to be considered in all respects to be

illustrative and not restrictive.
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fabricate Piezo- A piezoelectric crystal Low power Very large area Kyser
et al USP electric such as |ead consunption required for actuator

3, 946, 398yolastessyym zi rconate Many ink types Difficulpttiaw2065mbban USP
(PZT) is electrically can be used integrate with 3,683,212 activated, and
either Fast operation electronics 1918 Stemme expands, shears, or High
efficiency High voltage USP 3,747,120 bends to apply drive transistors
Epson Stylus pressure to the ink, required Tektronix ejecting drops.

Ful | pdgeliikeehmologienns print heads inpractical due to actuator size
Requires electrical poling in high field strengths during manuf acture

El ectro- An "I%L %&Mn&m olf %% gvenéon us OWPE _bgrwrmter g\é{e WQX(I){IU {Me m%t?u#&ée{%pdgﬁ%s f]ol‘-'Bld be

strictive used to activate consu STV prox.
electrd¥iction in Mny ink types 0.01% 253401/96 rel axor materials
such can be used Large area 1J04 as |lead | anthanum Low thermal required

f or actuator Z|rcon te tifan nsj.on due to

lead El ect ritg PHEFYIcaEe éolbfelrlfsw :&‘ gle Q‘gk IR ISt G tloﬁ% ?roxﬁ’a%tﬂy ﬁ&(ﬂ‘ﬁﬁe ted
i s mmar ghateguifed f01@lgh {PrIINNd st(rasﬁpmb\e en@gy5indffigiat myange drob eieqgom dhiainedves e ghid

vol t ageyoiling skt to@holifct & UJpE)M)uSUIé Mﬂt:htehﬁ@ e %Iko\ﬁ@ter had RS nipRtheak @ag:k':idj Gnd B! €d

act ot oourde i Bime| e ERER bien Blio) o b Do 0By s o thcncy o
PCT/ AU2008 @00« 80m elé@ricRCRHATCRpVEGHHh Bhll {nastd sEIDcéldtaYoﬁEO SELECTED | NK

DROPS) Description Advant ages D sadvant ages Exanples Ferro- An electric
field is Laow cult to 1J04 electric used to induce a phase

consunpt i on i g’@ﬁ F‘é&‘%cawpmle’f‘ AR BFTOPlER R hdsere fipdesost DEgRRFIeP ik CryNAlichave a very
el ect r omaltéeflectipg at keasonabis] deied voltagey, AldHerebadredn@e s ared fo kathaozziendlsd, edch oel ectri ¢

(FE)s  FasleiREdkloP Rud®Bd Shdedlato RUEDe @Suit ARG Grate BRLANSHHid i€nck S signithn: Plos T
are at the current limit of around 300 nozzles per printhead, but is a major impediment to the fabrication of pagewidth

printheads with 19,200 nozzles.

Ideally, the ink jet technologies used meet the stringent requirements of in-camera digital color printing and

20 other high quality, high speed, low cost printing applications. To meet the requirements of digital photography, new ink
Jjet technologies have been created. The target featufes include:

low power (less than 10 Watts)

high resolution capability (1,600 dpi or more)

photographic quality output
25 low manufacturing cost

small size (pagewidth times minimum cross section)

high speed (< 2 seconds per page).

All of these features can be met or exceeded by the ink jet systems described below with differing levels of
30  difficulty. Forty-five different ink jet technologies have been developed by the Assignee to give a wide range of choices
for high volume manufacture. These technologies form part of separate applications assigned to the present Assignee as

set out in the table under the heading Cross References to Related Applications.

The ink jet designs shown here are suitable for a wide range of digital printing systems, from battery powered
35  one-time use digital cameras, through to desktop and network printers, and through to commercial printing systems.

For ease of manufacture using standard process equipment, the printhead is designed to be a monolithic 0.5

micron CMOS chip with MEMS post processing. For color photographic applications, the printhead is 100 mm long,
with a width which depends upon the ink jet type. The smallest printhead designed is 1J38, which is 0.35 mm wide,
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materials such as tin Relatively high required nodified | ead |ongitudina
strain Actuators require |lanthanum zirconate H gh efficiency a |large
area titaneteoqiekxzenT) Electric field exhibit |arge seraiamoiioosdstengt h
of around 3 up to 1% associated V/mcan be readily wth the AFE to FE
provi ded base transition. Electro- Condgctive plates are Low power
Difficult to. 1J0 Uo4 static plates se ted b consunption operate
e|ectré%?%?f%p%%ﬁ%?ES?FﬁP%&%ﬁmﬁﬁgﬁﬁw ﬂgﬁ?ﬁgg r??%%é“%@%?ﬁé%ﬂﬁﬁmgﬁy
dielectric (usually air). can be used aqueous Upon application of a Fast

oPﬁr atio 3 ern%kii{ ?ﬁﬁﬁ%ﬂtﬁ) lthle\sgﬁgbﬁ@lepﬁnm@aab inRbRE mpﬁmla@&caﬂ%clhﬁsém%q?om%wqag& seach
ot her an uatqQr . w 1.S ace | Nk, .causing.nornmally ne .LO pe . drop
of et | GHETonFRES ek S 2tiorIod FARERd BoRRERIN PP oa B F R 8P FOUEBRY or
Ver ¥ | dnigilovwa themgh lntes etyted fipught theredfen tecthe soedipihpratdrstfabricaeh e the frond purfade @€ the dratero

| nCr eas@e fHnGbhdfQAbmEReditd e M cBrfytRe ARFhatedBdding/ Ol t age therefore the
force. drive transistors nay be required Full pagew dth print heads are

not conpetitive due to actuator size Electro- A strong electric field

Low curTabietof Dicp-ghiDanehd lakiets 1989 Saito et al, static pull is applied to the
I nk, consunption required USP 4,799,068 on ink whereupon Low tenperature
May be danaged 1989 Mura et al, electrostatic attraction by sparks due

to Qir usp £leygrpimgesent chugcgrigticnefdis fyndunepalorsiption REidiriduatiplet qotes hayhbeRis t he
print iRegfiedrese thaekdristioeeh lapaly Gthbgdhdlahd dorar R aReiGatadas anele@enCiinttsiGalatrix.

et e Dot ald ol 5 ARF BN P L2111l
PCT/ AU2005/ Ohe Bpéiowing tables form the axes of an eleven dimensional table of ink jet types.
Actuator mechanism (18 types)
15 Basic operation mode (7 types)
Auxiliary mechanism (8 types)
Actuator amplification or modification method (17 types)
Actuator motion (19 types)
Nozzle refill method (4 types)
20 Method of restricting back-flow through inlet (10 types)
Nozzle clearing method (9 types)
Nozzle plate construction (9 types)
Drop ejection direction (5 types)
Ink type (7 types)
25
The complete eleven dimensional table represented by these axes contains 36.9 billion possible
configurations of ink jet nozzle. While not all of the possible combinations result in a viable ink jet technology,
many million configurations are viable. It is clearly impractical to elucidate all of the possible configurations.
Instead, certain ink jet types have been investigated in detail. These are designated 1J01 to 1J4S5 above which

30  matches the docket numbers in the table under the heading Cross References to Related Applications.

Other ink jet configurations can readily be derived from these forty-five examples by substituting
alternative configurations along one or more of the 11 axes. Most of the 1J01 to 1J45 examples can be made into ink
jet printheads with characteristics superior to any currently available ink jet technology.

35

Where there are prior art examples known to the inventor, one or more of these examples are listed in the

examples column of the tables below. The 1J01 to 1J45 series are also listed in the examples column. In some cases, print

technology may be listed more than once in a table, where it shares characteristics with more than one entry.
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20 ACTUATOR MECHANI SM (APPLI ED ONLY TO SELECTED | NK DROPS) Description
Advant ages Di sadvant ages Exanples Pernmanent An el ectromagnet Low power
Conmpl ex wWw@Qdoe/10d5740 magnet directly attracts a consunmpoiraw2i@anisat i on
el ectro- pernmanent magnet, Many ink types Pernmanent nmagnetic displacing
i nk and can be used nmagnetic material 1zausing drop ejection. Fast

oper at i on S%hab%%pmggysrﬂ)ﬂ{ﬁgmlﬁ@t Eafth e inRAIRIR prifi el bbb Biierd, SRR AT ON

(NdFeB) . with a field stren extension require arou l'a can
be fr orfigplpgers, (gl prigy 3 HrSOF@sqw Pﬂ&@@d’oclﬁealﬁ‘ﬁSégtera?téVWW@nﬁta@ewea PR nt
curr entrﬁedlioenmag’ugdwwsajﬂfﬂat ptidRrCDbElobk PEprihters, IGR priatined, BaiGit)al pivtind gaa] i C

et al i zgL) ol wﬁh%&%$q> ﬁ&% s in the be used for long neodym umiron

bor on elec I"on y (NdFeB, lifetime and | ow NdDyFeBNb,
resﬁst|V|ty NdDyFeB, etc) nented inks are usually infeasible
tign @Sﬂqami fVé*athe tfpyementioned, H dimengionahiauat 45p wt apdieddiovsao k)

Cperatiq&
Soft A %®8enoi d i nduced a Low power Conplex 1JO1, 1J05, 1J08, nmgnetic

magnetic field in a soft consunption fabrication 1J10, 1J12, 1J14, core

el ectro- magnetic core or yoke Many ink types Materials not 1J15, 1J17
magnetic fabricated froma can be used usually present in a ferrous

mat eri al such Fast operation CMOS fab such as as electroplated iron High
efficiency N Fe, CoN Fe, or alloys such as CoNi Fe Easy extension CoFe are
required [1], CoFe, or N Fe fromsingle nozzles High local alloys.
Typically, the to pagewidth print currents required soft magnetic materi al
heads Copper is in tw parts, which netalization should are normally
hel d be used for long apart by a spring. electromgration Wen the
solenoid is lifetime and | ow actuated, the two parts resistivity attract,
di splacing the Electroplating is ink. required Hi gh saturation
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flux density is required (2.0-2.1 T is achievable with CoN Fe [1])
SUBSTI TUTE SHEET (RULE 26) RO AU WD 2006/ 105571 PCT/ AU2005/ 000482 21
ACTUATOR WBGhirNIo§3vh ( APPLI ED ONLY TO SELECTED | NK DROPS) pbBesxino@sioond32
Advant ages Di sadvant ages Exanples Lorenz The Lorenz force Low power
Force acts as a 1J06, 1J11, 1J13, fonge acting on a current consunption
twsting notion 1J16 carrying wire in a Many ink types Typically, only a
magnetic field is can be used quarter of the utilized. Fast operation

sol eng mt'rb@wgmcmns(muwuT{BSELMTghméﬂ)flws) ency provides force in a
magne(i T erdTi, B fgﬁ“ﬂ‘vﬁ{u" by TSCT O TBRERLAD  STRRLL G T el Y
cur r erjtEhesmad i gﬁ‘ele ah "y it*h F:éfrg Weads | CofhErPRs t h ng ?E ﬁ“‘l’bh’et
1 ' t erd * l o et al GB
met al i|Z4P%®n st i % JESHSEd for 1ohg . aﬁyﬁheg g 0071
el ect ffoni grati gfo" % ec REBT be lifegi w%‘h‘ixec%" § &d.on It he
print resistivi axto % eou%' f’wor,}g,m&agmu eqgIKs ~ Mt er @ @0%@«&%&18“ ly
re uirlenents. i @g‘h le€ Magne,t O Fasf Oferafidnt U} Ofemy est e Vaayusgpnigss,yges
Force jacts as a nu&da&@hﬂﬂﬁlﬂ&k o SKRACIARTI ?ngqumgnet ostrijet i Nev@emclagl Used
tw stijng nmoti on ek ekpeliB2th®29  refufr@ibr :0hatdial €1 ifgtEmeckeafil QpENAHS2OIghusiual
| J25 quch as Tendkenol -D (an |Easy extension|nmesrials such aldUSPaldpaiR8of
terbi ym f r om siThgtfBeimogfites [Terfenol - D are|+ dy@psualsi um and iron to
pagewijdt h pri nt proeqwsioevdmﬂdevel oped at the Nawatérahequised Hi|gh | ocal
Or dnarlce Labor attpicplly lesp orce is currentserdauEd@d hence Ter-Fe- NOL)|
avail gbl e Coppd®3 Fthb‘?%%cf“"@f ficiency, the Temlft‘ifat i on shoul d actuator
shoul d be pre- %e’ ‘ngfor l ong stressed tp*a V‘%"“"S“Séﬁ g@ctromgration
MPa. Ilifetime ang | 0q,ghlstlvity Pre-strFs"sc i required Surface
I nk urlder posi t}ig. Féo%klr power| Requires Si F ke ‘Eﬁf
bu ormation
* Large print heads
are difficult to
fabricate
Piezo- A piezoelectric crystal | ¢  Low power ¢  Very large area ¢ Kyseretal USP
electric such as lead consumption required for actuator 3,946,398
lanthanum zirconate ¢  Many ink types ¢ Difficult to ¢  Zoltan USP
(PZT) is electrically can be used integrate with 3,683,212
activated, and either ¢  Fast operation electronics ¢ 1973 Stemme
expands, shears, or ¢  High efficiency + High voltage USP 3,747,120
bends to apply drive transistors ¢+  Epson Stylus
pressure to the ink, required ¢ Tektronix
ejecting drops. ¢  Full pagewidth ¢ 1J04
print heads
impractical due to
actuator size
¢ Requires
electrical poling in
high field strengths
during manufacture
Electro- An electric field is ¢ Low power ¢ Low maximum ¢ Seiko Epson,
strictive used to activate consumption strain (approx. Usui et all JP
electrostriction in ¢  Many ink types 0.01%) 253401/96
relaxor materials such can be used ¢ Large area ¢+ o4
as lead lanthanum ¢ Low thermal required for actuator
zirconate titanate expansion due to low strain
(PLZT) or lead ¢  Electric field ¢ Response speed
magnesium niobate strength required is marginal (~ 10
(PMN). (approx. 3.5 V/um) Hs)
can be generated ¢ High voltage
without difficulty drive transistors
¢ Does not require required
electrical poling ¢  Full pagewidth
print heads
impractical due to
actuator size
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t ensi
and

t ensi
ink is

No unusual

reduction nozzle by surface

Requi res speci al

on pressure is held in a consunption supplenentary force 0771 658 A2
Sinple to effect drop rel ated patent

on. wbeoembsrge construction separation appli cati opgT/Ar2ossicomnmsef the
reduced below the materials required

in ink surfactants bubble threshold, fabr| cation Speed may be causing
the ink to H gh efficiency limted by Burfact ant egress fromthe Easy
ext ens imvmmcﬂm(nmndoe;nﬂmmmgh&nnmzI es to pagewidth print elads
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Advant|dgee: Di sadpal! iExantl e$°Y ¥k osi t Y TI%fﬁF‘gﬁl viscodity¥ s Sinplle
Requi rl&ketrig; | v ¢ Mi5H ggpduceaphase aq f@ ltBlﬁ.“’i‘ocal |y ’FI‘FS to construction
e elecg
suppl gnent ary f §FEE 'Olbfzﬁ A2 PEEt wigh drops are No unusual tjo
ffect] dr rlﬁiui;oe% cﬁneuse A r ired in
errec op re as§$ gggo% 1A rﬁss%hgs equired 1 .
separ gtion appl i3l bQhRkite | sc ucti on gaR,tabricatijon Requires
speci 4l be achi guegals Hasy uext Qnskgi“;elg gyl s,o,%&l{iryd_ el ectrothermally with
from gi ngl e nozaogisedqueaaperti s |gRpldidiiksia P  SRBGoRKeqhi Pagew dth print
H gh qpeed is |ianhsutaitcdge engi NegheficBRAdS| _a@igéitcult to achieve for @
100: 1 |vi scosi t y titafe(BL2%3) I’edUCE]eQﬂGﬁ&ﬁCI | |ating i nk pressure A hi gh
tenpedature di Prhhicmgsstri calrén)gthBEardﬁgBens) is required Acoustic An
acoustli ¢ wave i 8P oCHpsYpEp onphexreafiiyve 1993 Hadi mi dgl u generat ed fand
w thoyt a nozzl é’”’“’&théﬁF rFF et a)kovidEUP 550, 192 focussed upon the plate
Conpl ¢x 1993 {' hae cmi o+ :gi il fabrecatHo i ':u't'? 453.2, 22
Low eflEq: %incsy Elf)tFFtaF (% nsu p05| H ‘g@ﬁ&o Sont {'ol J‘??r “I4r op
vol umg “Pht ?fﬁ- § a&qhud ;%p Eﬂf Nt aqueous 1303, 1Jj09,
1317, | elastic ug,l lryp t| a &Q&ﬁyﬁptl on c)per ation requifes
a 1J14, 1J19, | apphcatlon ofa |e Fast operation environment
voltage, the plates ¢ The electrostatic
attract each other and actuator will
displace ink, causing normally need to be
drop ejection. The separated from the
conductive plates may ink
be in a comb or ¢  Very large area
honeycomb structure, required to achieve
or stacked to increase high forces
the surface area and ¢ High voltage
therefore the force. drive transistors
may be required
¢  Full pagewidth
print heads are not
competitive due to
actuator size
Electro- A strong electric field | ¢ Low current ¢  High voltage * 1989 Saito et al,
static pull is applied to the ink, consumption required USP 4,799,068
on ink whereupon ¢ Lowtemperature |¢ Maybedamaged |¢ 1989 Miura et al,
electrostatic attraction by sparks due to air USP 4,810,954
accelerates the ink breakdown ¢  Tone-jet
towards the print ¢ Required field
medium. strength increases as
the drop size
decreases
¢ High voltage
drive transistors
required
¢  Electrostatic field
attracts dust

SUBSTITUTE SHEET (RULE 26) RO/AU



actuator thermal expansion Mny ink types thermal insulator on 1J21, 1J22,
1 J23, upon Joule heating is can be used the hot side 1J24, 1J27, 1J28,
used. Siwpleogplossyar Corrosion 1329, 1J30, 1J31, fabripcatAoosmoessent i on
can be 1J32, 1333, 1J34, Small chip area difficult 1335, 1J36, 1J37,
required for each Pignented inks 1J38 ,0J39, 1J40, actuator may be

infeasib+e——+&44__Fasﬁ5§£eLafinn as pignent particles Hi gh efficiency may
j am t hd SEHOR MEER NPT (ABHLEP ONEYSFRSELEGRERING BROESes and currents St andar d
MEMS fjr ocesses | Daddripdon USed ensi on] ofT ST gtemozzi
pagew el bdit | ANC b STH E?}M%E%%:T (CRUEE—26) AU ﬁ?i’ﬂﬁefn%%ﬂ
PCT/ AUZ Q35400048 ire Sjmg%ﬂﬁ ATOR "M ( Apmabg?‘t‘l?ﬁv TO SELESTEHO NK
DROPS) | lr&gd-i pt | pamadmadLRgES | S HRES Ex 1.;Ln H gh|CTE A materi al
Wi th a|wagetic H ghisflRmgakaal Reqilve§sqdSpeci magtle ‘ 1J18, therno-
hi gh c%efficien1cmﬁmgnxm}&aﬁmated PRE{RLhtRh (e QmmBIE ;iigo 1321, 1J22,
el asti ¢ thernal | Bxpeanrs magnets Thri@e Aph badacpf Rﬁgum&g@«ﬁkﬁfr—E 1323, 1J24,
1 J27, |actuat or | pUTHjeldwredethas | PTFRsda@asdnt i On requeeddeposi t'i pn process, 1J98,
1J29, |J30, poly y@éﬂFﬁﬁﬁﬁétkyhemsmgdﬁﬁﬂaeveloﬁmhmka which is not yet
1331, [J42, IJ43use Ey trvegbwidleprioheni Gatrenisagqairedst apndard in ULSI
| J44 h{gh CTE n dﬁ 05|th6# (CVvD), falts Gemerusual | y| non- spin
coating, and P @ ﬁ i'on| conductive, 3 W@&#@ﬁmewgbbration cannot bg
fol l owed fabricg B MbBon PTFE i's a wi th hi%gped Opketicti e material is
candi dpte for Iommnﬁ@ugmgture (above incorpof QQFQ¥P$O pmdielectric
constapt 350 C)| ydmeem®, ng | ong PTFE bend ijn Wg‘”fn ULSl Pignented
inks pctuator |iNdlhyFeB/erly | ow| power may be ijgf eg IyS|Iicon heat ¢r
and copsunption as pignment particles 15 m\ Q%@Etﬁ pu Many ink types may
jamthe bend cjan provide 180 gN can be useg a&&y&;or force and 10 m
Si npl e| pl anar |defl ection. Actuator fabricatsonopemahd ons ijnclude: Snal
chip ea temperature limited
to the Curie
temperature (around
— 540K)
Soft ) A solenpnd mdgced a |¢ Low power ¢ Complex ¢ 1JO1,1J05, 108,
magnetic magnetic field in a soft | consumption fabrication 1J10,1J12, 1114
core ele.ctro- magnetic core or yoke |4  Many ink types ¢ Materials not IJ15, 0 17’ ’
magnetic fabricated from a can be used usually present in a ,
ferrous material such ¢ Fast operation CMOS fab such as
aselectroplatediron |  High efficiency NiFe, CoNiFe, or
alloys such as CoNiFe | &  Easy extension CoFe are required
(1], CoFe, or NiFe from single nozzles |¢  High local
alloys. Typically, the to pagewidth print currents required
soft magnetic material | heads &  Copper
Is In two parts, which | o metalization should
are normally l}dd be used for long
apart by a spring. electromigration
When the solenoid is lifetime and low
actuated, the two parts resistivity
attract, displacing the ¢ Electroplating is
ink. required
¢ High saturation
flux density is
required (2.0-2.1 T
is achievable with
CoNiFe [1])
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Bend required for each
efficiency CMOS
si ngl e noxol2es/10571pagewi dt h print

Push act uat or
conpati bl e vol t ages

Buckl e
and currents

Fast operation
Easy extension
heads SUBSTI TUTE SHRET/ARbdsmoafsy RO AU

Rot at e
fro

Hi gh

m

WD 2006/ 105571 PCT/ AU2005/ 000482 24 ACTUATOR MECHANI SM ( APPLI ED ONLY TO

SELECTED | NK DROPS) Descri ption Advant

es Di sadvant ages Exanpl es

Conduct-ive A polynmer with g high Hiogh force can Requires special 1J24
pol ymerAQi'@éTqRi@Cws%fufllﬁ"é’rqmrmeﬂg@weml@@?ﬂhat erial s therno- expansi on
(such [as Very TNGRAWET deve [ (Hign |-'||—|:) S _doped Wit
consu toir‘-”' €TH 131 ;\ijgu i gec & ?%Eaﬁcgnuuu ?‘?iégi::&%aranc" Ex? Q§ ;fll + vohg
pol yreg (U85 1 nd BSHIEIE call pal ISR Reay? (s RTRE cppliER VLo
about §i mpl g J 03| [d 0Nyl Ok B3&: ? f gnl tude fabricat|on
whi ch fis not ye mact:® ﬁ)éM{g at Of .6 QRRET -~ Smal Lya6 |opthgr €d standard in ULS
The cgnducting ragired for epch fabs-Ra yNer ssxpidRdsy act uator  PTFE
deposifti on whenmf;8fdva eV el y FastipQBRleadyl O plaﬁmgaiforjaah; ol|{l owned heated.
Hi gh gf ficiency ngiefc il be EXPITDIERS, e@fnsiotMOS tsefipdieaionr € (jJabove conduct| ng
dopant|s conpat i|Bliplisdekimngso 350fdy sifple@c2rsi Ng Hipicheatle: and currents
Evaporjat i on and the@aintthead, foanot Ulre pagelidb yriext ¢neirmems @yidedlepgsi ti on Met al
fiberq from si ngkaeupkovitlres t echhtidques cannof*t cCeegewi dt h |print be used
Condugt i ve pol yretwemseess  Pignented i nks  suBpalgatiogghssld pol yt hi ophene npy
be i nfleasi bl e, | ™#&"i gment pafticles Carbon BF4ifPdeenay |j am t he bend
act uatjor Shape /Q ‘ﬁ’érmr alloy High for le‘igneaﬁfiaow iguye linmits 1J26
menory| such as -, g‘@l‘leﬁl aj | abl e (stresses [BX number al |l oy knownf as
Nitindl - of h %Zt‘;%smph mg of cycles o  Pigmented inks
materials are usually
requirements. infeasible
Magneto- The actuator uses the ¢ Many ink types ¢ Forceactsasa ¢  Fischenbeck,
striction giant magnetostrictive can be used twisting motion USP 4,032,929
effect of materials ¢  Fast operation ¢ Unusual ¢ 1J25
such as Terfenol-D (an | ¢  Easy extension materials such as
alloy of terbium, from single nozzles Terfenol-D are
dysprosium and iron to pagewidth print required
developed at the Naval | heads ¢ High local
Ordnance Laboratory, e  High force is currents required
hence Ter-Fe-NOL). available ¢ Copper
For best efficiency, the metalization should
actuator should be pre- be used for long
stressed to approx. 8 electromigration
MPa. lifetime and low
resistivity
¢ Pre-stressing
may be required
Surface Ink under positive ¢  Low power ¢  Requires ¢ Silverbrook, EP
tension pressure is held in a consumption supplementary force 0771 658 A2 and
reduction nozzle by surface ¢ Simple to effect drop related patent
tension. The surface construction separation applications
tension of the ink is ¢ No unusual ¢ Requires special
reduced below the materials required in ink surfactants
bubble threshold, fabrication ¢ Speed may be
causing the ink to ¢  High efficiency limited by surfactant
egress from the ¢  Easy extension properties
nozzle. from single nozzles
to pagewidth print
heads
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Ni ckel
Nav al

Ti tani um al | oy

Lar ge

strainis

Low strain (1%
available (nore than is required to extend O dnance Laboratory)

fatigue rweigicamsei1i s thermally switched Hi gh corrosi orcT@ARbésoneise
between its weak resistance limted by heat

r enoval

The

its high stiffness constructio
Easy extension materials (TiN)

Ha

devel oped at the

3%

martensitic state and Sinple
austenic state.

Requi res unusual
pe of the actuator

from si ngle

nozzl sACTUhE)RIN&lCEMlSMI(@aRLI@fONLYmsmmm@nem| C state to pagevvl dth pri nt
el MR T AR RSN L AL e
causes %‘;céﬂ‘?'l on TB?‘“]&"‘S Lﬁ re tsg%r’fedrop stfe di 9t*qr Pl g °k’dEP
o rergF s e i 2o i ol
PCT/ AU2005/ 00048 bee fﬁrcém Uit P ot LY TO|SETECEER I NK
DROPS)| Descri pt |Vg51,s y@,@tgoggg,s P 1\4@ tages u%§speénilnear LI near
magnetfi ¢ Li nedre Magnati ¢ Requi QS ettidRMal 051 dagnetijc actuators
include the actjurt@ESmRRWRE |SEFnCRRE WA RE Rc;»ru;ﬁhfa; Li near| | nduction
constrjuct ed wi t|hnosmike buasbeiab UC Mo pegewidit bttt OF o ( LHigy speeliiisnear| hi gh t hrust,
| ong qoft nagnetiikecabt engimeerdder rhesient Magnet | t diffiedt tp ackizgle hijgh (e.g. CoNi Fp)
Synchrfonous Actjdardf0:kfifcpsity ency usi ng Some|wvarReetiiees (LPMBA), Linear
pl anar| al so reqddg°nRel uct ance seni conduct orospiiatinainknt magneti c
Synchrjonous Actluat or fabricatjion materials .>UE‘PFS‘5% (LRSA){, Linear
t echnilques Neodymiumiron Switched Reluctapte A act ugt or boron (NdFEB)
Act uatlor (LSRA), and travel i|s available Re E,‘iE i near Stepper
Medi urh force is conplex nultil- Actuator (LSA)gq avel lsfﬂ’ phase drive
circuiltry Low voltage High current oper af '1‘8511 per ation| BASIC ODERATI ON
MODE Pt 1 0N AOVARTATSS DS adyARta@cS EXaMioapiex Skt UAIQT 1935 ﬁaduﬁlogl
si npl gst Si npl| gedeRRl &lal ON  Dr cpembRPRSZKET On| JR@kyal 1Nk jleta, Eup8sd iy npde
of opgration: thRussdiapexher nal plakt € i s usualdy cobbrroel ect|gi clggglb;lrodguzﬁ eb
i nk aqt uat or di| rd®p kjkdfiod tegibids |r equi red | i m t edfabrizatwaound 10 EEP swmpl i es
suffidient Satellite drops kHz. However, t ¢ s LowdfBtiendyJ02, 1J03, Kkinetjc
energy to expell can be avoided if is not fupdarPentcadtrolat04,) | JO5, [JO6,
drop position
¢ Poor control of
_ - drop volume
Thermo- An actuator which ¢ Low power ¢ Efficient aqueous |¢ 1J03,1J09, 1J17,
elastic bend | relies upon differential consumption operation requires a 1J18, 1319, 1J20,
actuator thermal expansion ¢  Many ink types thermal insulator on 1J21,1J22,1J23,
upon Joule heating is can be used the hot side 1124, 1327, 1J28,
used. ¢  Simple planar ¢ Corrosion 1J29, 1J30, IJ31,
fabrication prevention can be 1132, 1133, 1134,
¢  Small chip area difficult 1135, 1336, J37,
required for each ¢ Pigmented inks 138 ,1339, 1J40,
actuator may be infeasible, 141
¢  Fast operation as pigment particles
¢  High efficiency may jam the bend
¢ CMOS actuator
compatible voltages
and currents
¢  Standard MEMS
processes can be
used
¢  Easy extension
from single nozzles
to pagewidth print
heads
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the drop. The drop drop velocity is less to the nethod, but
must have a sufficient than 4 nfs related to the refil
valobdeiosriover cone  Can be efficient,
dependi ng upon the used |J24,
of the drop 1J27,
be provided by the [J33,
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thermally induced The drop than black are applications

selection neans difficult reduction of does not need to

S

urface tension

Requires very

pressuri 280 2069apss7@r ovi de t he energy hi gh nagnetic fi el geT/A32b@moed2dr ops

are required to separate separated fromthe ink the drop fromthe in the
nozzl e by a nozzle strong nagnetlc field actlng on the nagnetlc I nk.
Shut t g R AR Movrng—parts—are—+343;
1317, Eﬁé%ﬂic hutt prEMQHan)ﬁmyghggﬁ§¢gonera?§on can required flowto the
nozzl e The be |dehiristiend due t bAd\Rquesr es ink Dnsadﬂanpgess ur €| Exampla$ sed
r educefdcdn@iidtiive |[tA potynef efcdHig (WOdHigh force cafit 3 MURdquipds epecihl tlhe HRX Op t1 M Ng
can Hrpobieon agndeffdar of tetmdid £] leakneamrdbe very maedds at e nmusft be consi der egl
f r equentbgrmo- The eapaptient(oxch asSt | L€ | Ofenilew paver gy  devlopreent (Eligh qossi ble |ow
Shut t efredagticThe gdiTEBYipdopedoviths p copmmptipnor s mﬁtﬁTﬁwﬁvWﬁg parits are 1J08,
| J15, [Iastugtor gr‘PngﬁaﬁPﬁ?m%o‘blé@%ymhhv§nalIP?W%WEI can be required 1J1)
fl ow tlhrough a ?F‘FrFaS‘E‘ff R‘ég i nk geR“rﬁlb’ieiFETFEThe shutter
Act uatlors with F’ééé‘%p’l}fé Iér?é’&[ﬁ a't impleRABfent FRPY Sl |l force can be
. . ordefs ﬁlch S 1
Frictijon and weafowt dasak. t b, ?g@ WdtabeaUSéT o ‘gonsii dered of the
grill Jholes. Hngpaggg ?>50 ) Fﬁﬁ; hps kHg)s operation [can possible pe
achieﬂed Pulseqp&ﬂmﬂe sMagNet J.fiator el yo | omreReRMides an  1J10
magnetfi c fi el d |aihed Rgdtiselan " i K @g@&g&n&perétb&m@ﬁ§mmﬁk@rnal pul sed pull]on
i nk pusher' at |theeeddr op possifJ e HiRQARELG f i elihnighisher ejlection frequengy.
An  Ng heat Requammsospeci al |o agiiii or contr emperaurd{absepdti on materi al s
for bgth cat ch,comhitioidgparesyent Scopptibl Osgdshe ATt Ghgroessapd [t he the ink
pusher] from i nk ipstsd¢ier novi ng wheanmmdropF£30 Compratign andot| t 0o be ej ect ed
constrjuction $UB&TH RuFEbeSHEER ( RalyExt2in AQVM%@@J@@/ 105571
PCT/ AY2005/ 0004 8%tal Bers AUXI L| ARNom\EEEleapdizisi AE c‘1"65"ALL NQZZLES)
Descrilpti on Advammﬂgﬁ@pﬂhﬁﬁdvaﬁ9§g@§mER@%ple Eﬁgﬁg gtuator directly
Sinplijcity of [Brabpsdpelction ink jets maybe ;asﬁ;gﬁ i nk drop, and
constrfucti on eneplgipiopsss be i|ncl udi ng as pigment particles
Carbon granules may jam the bend
actuator
Shape A shape memory alloy [¢  High force is ¢ Fatigue limits ¢ 1126
memory such as TiNi (also available (stresses maximum number
alloy known as Nitinol - of hundreds of MPa) of cycles
Nickel Titanium alloy | ¢  Large strain is ¢ Lowstrain (1%)
developed at the Naval | available (more than is required to extend
Ordnance Laboratory) 3%) fatigue resistance
is thermally switched |[e  High corrosion ¢ Cyclerate
between its weak resistance limited by heat
martensitic state and ¢ Simple removal
its high stiffness construction ¢ Requires unusual
austenic state. The ¢  Easy extension materials (TiNi)
shape of the actuator from single nozzles |4  The latent heat of
1n 1its martensitic state to pagewidth print transformation must
is deformed relative to | heads : be provided
the austenic shape. ¢ Low voltage ¢ High current
The shape change operation operation
causes ejection of a o  Requires pre-
drop. stressing to distort
the martensitic state

SUBSTITUTE SHEET (RULE 26) RO/AU




there is no external Sinplicity of supplied by piezoelectric and field or
ot her operation individual nozzle thermal bubble. nechanismrequired.

Smal | phwsocade/msgmat or 1JO0L, 1J02, 1J03, size 1J04, | $0F;AU2065/000482I09, |J
11, 1J 12, 1J 14, 1320, 1322, 1323, 1J24, 1325, 1J26, 1J27, 1328, 1J29,
1330, 1J31, 1J32, 1333, 1334, 1335, 5;36 1337, 1338, 1J39, 1J40, 1J41,
1J42, 1J43, 1J44 Oscillating The ink pressure Oscillating ink Requires
externa&CTU&‘qR\W@FmPG@k(APIEFEDQNnkTqﬁEe&sW@K%@ﬂS) | at es, providing pressure cpn
provi e Tnk pr ﬁ)%&ﬂ;r &l//i 6593 K\(ﬁagtagss (l;nfl Jﬂ{sad anag%’l of t%qq(i:é‘l%p areft] |

Ll na
pUl se, uoul ato .,I at ch atient St1+C€ "J c —o—eRer-g) al--owin

hi gher| Lifeak pre%é“ﬁ?’é“a ‘llthcatlorgé“‘?eaépfﬁﬂﬁ?c- 9‘stt‘§‘é?“élct§ whiZ:h oper atf ng
speed ‘%&;“c ne a%{'r‘ﬁgim @’8 °| JO&%DW%?M:LJB mg;lonucfgj ops are to be fird
The adqt'uators rnA§t,,atb,qug\§rL%IeMI | Vo £st, 1ong 18, | | ag,tQ g}sectlvel y may
operatle with cérpg,;xglelmqqa het21l | hiaQe Ighﬂgghor en ower ener gy
Acoust|i c nozzl e'ssynciﬁlaﬁ,ugn&uat&cowmaescyluaﬁ@es ef |s‘a§1§{/@ig§sl n the ink presspjure
osci | Ijati on can drvsrggadneho f ocusanghanber nustaldaeequidy be achi eved by t he
sound jon t he deselgaade f or  vi |brseiconductone pr | ngermeaa megretitead, or prefer abwly
by ar] act uat or] Syuvhiopas Agttator siudpfirigationedi a  Themaerialysuchesad ifs Low power
Precidion Sil n&%dknwEP prd?&P‘Hﬂ"Fi/ pI aced Needympigg son Hi gh accur acy
assem]ly requiné eA2 *andongs ? ‘E°6°ntﬂﬂ‘3:eﬁ)r| nt| Sinple print
head |Paper fil mear er"é‘t‘e ?}l ﬁa‘a J'm &‘Pré%lt ed construction cause
he rotv gbgmf°|’°5r*ﬁ Car B Bt _on the print head

probl s appli ¢ ops p
furthdgr rough s%‘bstrate unﬂag egl.ed d edne lrcour'?'tdct the print
medi uth The drop soaks |nto erg{ggf’ >t0@gg§;lﬂ cause dro se

arati on. |ransrer Drops are pr| ntea TOo a |—| gn aCCurdLy But Ky
Silverbrook,—ER roller transfer roller instead Wde range of FExpensive
0771 qSBSIKOPERGIONMODE ¢ 5i ght to the print print substrates can Conpl ex

rel atgd patent | pescription Advantages Disadvantages Examples
Actuator This is the simplest ¢ Simple operation |  Drop repetition ¢  Thermal ink jet
directly mode of operation: the | ¢  No external rate is usually ¢ Piezoelectric ink
pushesink | actuator directly fields required limited to around 10 jet
supplies sufficient ¢ Satellite drops kHz. However, this e  1JOI, 1J02, 1J03,
kinetic energy to expel | can be avoided if is not fundamental 1J04, 1J05, 1J06,
the drop. The drop drop velocity is less to the method, but is 1J07, 1J09, IJ1 1,
must have a sufficient | than4 m/s related to the refill 1J12, 1714, 1116,
velocity to overcome | e  Can be efficient, method normally 1J20, 1122, 1323,
the surface tension. depending upon the used 1J24, 1325, 1326,
actuator used * All of the dI'Op IJ27, 1728, 1729,
kinetic energy must 130, 1J31, 1732,
be provided by the 1133, IJ34, 1J35,
actuator 1J36, 1337, 1J38,
¢ Satellite drops 1739, 1J40, 1J41,

usually form if drop 1J42, 1143, 1J44
velocity is greater

than 4.5 m/s
Proximity The drops to be ¢ Verysimpleprint |¢ Requires close ¢ Silverbrook, EP
printed are selected by | head fabrication can proximity between 0771 658 A2 and
some manner (e.g. be used the print head and related patent
thermally induced ¢  Thedrop the print media or applications
surface tension selection means transfer roller
reduction of does not need to ¢  May require two
pressurized ink). provide the energy print heads printing
Selected drops are required to separate alternate rows of the
separated from the ink the drop from the image
in the nozzle by nozzle ¢  Monolithic color
contact with the print print heads are
medium or a transfer difficult

roller.
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medium A transfer be used construction applications roller can al so be

used
roll er

Ink can be dried Tektronix hot
mewb 2pece@e=iect ri c

separation.

for
i nk |

et
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AUXI LI ARY MECHANI SM (APPLI ED TO ALL NCGZZLES) Description Advant ages

D sadvant ages Exanpl es

El ectro- An eléétrlc field is

Low power

Field

proximty drop on the transfer
Any of phg/Audoosaendises

st reng tanxcfaiPtmrcmmmk EP stat | C used to accel er at e Si rrpl e print hea
requi rfed—for—07 },L AZ2—andsetected—dh upaﬂp ard consttction—separat] on
of smdll—relat escgpulnk t he X‘ivﬂp tagfS di um— g Rp\cvagtggeﬁe% ark MFS cati nn':
above |detroTond Thedropstit bsak dowr? 4"@@1‘“1’}& PRElgNS] | Ii;e‘}‘f‘ﬁe%}’e@’ is|*L fRels, EP
Requi rjettc pyll g r*’BPt BLRe SZEW“ B rtﬁ? gb"ﬁaélg‘&lcaf‘o gﬁ}? BFEREe S 77é q %‘f‘%’i‘ndheafj
magnet|i® Mk 077 %‘%‘%‘h fand | f % sel ect ed, drgps of const rr
. UCe clrostatic ie . lratm $
Requi les strong a pat ent Sg{g&g@& i nk f % gnet|i, ¢ sehd
applidations t hg,ugt;oﬁ)gf medi um dotsQASthecd 1§ P i n;lze g vé §r DJés not T equire
Requi rles ext er Ngkessutizt@6k). | 116 pragia ek kfergy! acestedkowd Const gnt magnetic
mat erijal s magnetsekdtaldebpsraenet || Geduired télsepakite 1o bReckiita8Oficdd €d in  Current
densitli es Lor enaeafaed fen thniink |t hise doopl frioin thieead | mayy dagacdiugh, |current carryipng
wi re rfanuf act uriintge moeselytai ng i moze used to nove the process
el ect rlami gr at i qistrongeleqwgfisld: probl ens  Pul sed A pul sed magnetic Very 1o
power cex |(Jh¢drops td 10  netgné&eiyeimpleatinl & (Readres o oper|at i ShebwoloEBsi bl e
head dauler #kt i| ernted as Sdle%?‘@b’ i c%ﬁ abgipatipiyeap g m%ﬁlcllnk rint |h&&d 55%&}:}4@& i ¢
paddl §, which FG%F(%I"‘“%"I - mat|er éf. reqw red® | L?’st"ﬂ’éf i Nk relaedoaiet]  prjInt
head d4ctuator no e;a yindyeed oy sel ect V% ? ¥oents | FAPLCHMdl e frlom
novi ng. SUBSTI T@"ﬁ y (RUL g) % ' 05571 PCT/ AU2005/ 000482
29 ACTUATOR AMPLIELSATLON OR ML GRTIEN METE nIesc it i on Advant ages
Di sadjant ages ExaBdadd@sops are required to separate
separated from the ink the drop from the
in the nozzle by a nozzle
strong magnetic field
acting on the magnetic
ink,
Shutter The actuator movesa |¢  High speed (>50 ¢ Movingpartsare | 1J13,1J17,1J21
shutter to block ink kHz) operation can required
flow to the nozzle. The | be achieved due to ¢  Requires ink
ink pressure is pulsed reduced refill time pressure modulator
at a multiple of the ¢  Drop timing can ¢  Friction and wear
drop ejection be very accurate must be considered
frequency. ¢  The actuator ¢ Stiction is
energy can be very possible
low
Shuttered The actuator movesa |¢  Actuators with ¢ DMovingpartsare |¢ 1J08, IJ15, 1718,
grill shutter to block ink small travel can be required IJ19
flow through a grill to used ¢  Requires ink
the nozzle. The shutter | ¢  Actuators with pressure modulator
movement need only small force can be ¢  Friction and wear
be equal to the width used must be considered
of the grill holes. ¢ Highspeed (>50 |e Stictionis
kHz) operation can possible
be achieved
Pulsed A pulsed magnetic ¢  Extremely low ¢ Requires an ¢ IJ10
magnetic field attracts an ‘ink energy operation is external pulsed
pull on ink | pusher’ at the drop possible magnetic field
pusher ejection frequency. An | ¢  No heat ¢ Requires special
actuator controls a dissipation materials for both
catch, which prevents problems the actuator and the
the ink pusher from ink pusher
moving when a drop is ¢ Complex
not to be ejected. construction
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None No act uat or
sinplicity nmechani sns have I nk jet

Qper at i onal

travel, woQdoe/lod$Hz, 1J06,
1J07, 1J16, 1J25,
process. the drop ejection p

Provi d

L Hi nh stress

Many actuato

rocess
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r

Ther nal

Bubbl e
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The actuator directly or

An act uat or
expansi on_expands nor

nmechani ca
i nsuf ficient

I npafrfawbemoodser ce,
drives the drop to efficiently drive 1J26 ejection
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1, 1332, other| g&G
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travel| tenperat
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resi ddal actuat
of ong side or
Fabrigation |J
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h travel,
Very good Hig
enperature st
a Care nust

or only respon
t he ot her.
05, 1i 11
ned off,

spr
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| oweyr

be

& ﬁa of
J%%ns ;i fé%
rmoigﬁg'l J36,
39 Shdiftghysidad 43
sfzer mat i on
h stresses are
bility involve
i denti cal .

r esi
ds stress of f

stress in the

£ osit éng rgiﬁl

bendsu

dual
Dr mat i on
Reverse The actuator |oads a Betqgglggqﬂbing
ing spring. Wen the to the

ek ||u| ,

stb I’
§by I J34

Vidual sb3sle
aoﬁﬁibt,l at or

-
g

1340, 1J41

stress. The
to tr

the spring rel eases.

}‘ic

_nechanngﬂlmglﬁire
f orce mechani sm

hende,ant UsaRor
] actuat or out i d84,IR9EF28, ar e
Thi s cancel s newldg?
bend due to anbient fired before heat natdrilZp-d2dd'Bot
ature and di ssi pates del anm nate

a

nk

a2

.JU bTIIL,,

599%30,

&@Qﬁ
Srh@bee |0

Toangs any, A

44dR4 be

U2
atin

e

J4PQJI@ Iﬂé' ty
spring

"2

©

Thi s dancingingr Sahé fkpredkas ce/ diest oRGiRtifY ifik/ €

Dé  RehBreadtetnal Qb t SilvBiBIo6k, IEP

conpat|iiii gresanrk ) osdiliates, povidiag t | mpraswcpear @ondlet § ok predsee dr op |ej0TU6EHA2 and
Act uat|Qhcfaiagr i| esiclodf teldion | ncreaeillodise. r avel | ¢sAllrwased  Sqomecladdaatint
act uat|Qesus@d € S teH@f’r@eelnergYR"éduc dllewipgfigherapr i ot ilgepresive oel ecepnlieatipnsk j et s
Thi s daamige vollf waigh tly , P10 BaseEsor opr i RPE Htude ner eHelelH13, U1S,
ation) drops are to be fired e actuator must be carefully 1J17, 1318, 1119,
by selectively may operate with controlled 21
blocking or enabling much lower energy ¢ Acoustic
nozzles. The ink ¢ Acoustic lenses reflections in the ink
pressure oscillation can be used to focus chamber must be
| may be achieved by the sound on the designed for
vibrating the print nozzles
head, or preferably by
an actuator in the ink
supply.
Media The print head is ¢ Lowpower ¢  Precision ¢ Silverbrook, EP
proximity placed in close ¢  High accuracy assembly required 0771 658 A2 and
proximity to the print |  Simple print head |¢  Paper fibers may related patent
medium. Selected construction cause problems applications
drops protrude from ¢  Cannot print on
the print head further rough substrates
than unselected drops,
and contact the print
medium. The drop
soaks into the medium
fast enough to cause
drop separation.
Transfer Drops are printedtoa |¢  High accuracy ¢ Bulky ¢  Silverbrook, EP
roller transfer roller instead | ¢  Wide range of ¢ Expensive 0771 658 A2 and
of straight to the print print substrates can ¢ Complex related patent
medium. A transfer be used construction applications
roller can also be used (¢  Ink can be dried ¢  Tektronix hot
for proximity drop on the transfer roller melt piezoelectric
separation. ink jet
¢ Anyofthel)

series
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actuators require high possibility of short electric field strength,
circuits due to such as electrostatic pinholes and piezoelectric

act uat or swo 268439337TUTE SHEET (RULE 26) RQ AU WO 2006/ 10967 U2005/000482
PCT/ AU2005/ 000482 30 ACTUATOR AMPLI FI CATI ON OR MODI FI CATI ON METHCOD
Descri pti on Advant ages Di sadvant ages E>§§rrpl es Miltiple Multiple smaller
Increases the Actuator forces 1J12, [113, 1J18, _actuators actuators are
used fOAEELIARMNECHINNIEM (APRIHENRQALRNOZZEER | J20, Li22, 1J28, sinultaneousl y t

an act|uat or ||nq§aeggr¥m,{ educi r}gﬁé&% ﬁ;md ‘ ysgg“;agtgg\l e E'%Qpple ILTpI
RO
o

Ef f| Cl IC d.Ct I OV act uu.l. UI el - f

poSi t i sté‘lﬁ"’fo g elr'to Ccegle‘jﬂgrsce re Lé"’?’ e ik ff ?%l{el Y % o IEFne r
spring 1's used "@f@&?&g %’g\'/ds prlﬁit thelE[t Bm 4
motionf travel 4G Qﬁed hea area for thedggf, eyg@ tr Q¥tatio d hi gher
travel] spring h| gh force intp a requiremnment saﬂomer traval, &@@gt
Non-cgntact farce notion. nethod of notion bx'ézimsﬁxﬂrnatlcn Coi |l ed A bend
act uat|avirdes | NA aases fklaavel |¢ CGeoepaledry | J47,Requizd, |1J34¢ siGtURbEEP
coi | ed magng@icovi|deed tikecklicas chjeqp Seglepristhed | ompdnetivank | J35 |gOEA66S AL sndvel | i n
a ar ed fielpl enentseledtedd®ps ofeducie cronstrnqhiomr ea. | Pl cRrguireglsong O | e xdlatedipatent

i npl erfent at i ong meaeeeti¢ whfowardt i jon difficulty |repeasticfieldy eagy appbcationsot her

DJ

ori entlations—f - Elexure A bend actuator has a Sinple neans of
Care MUIPsshe | ﬁ?@?@ﬂh@d is] 333|* bder ngteAuire ¢ ebi dirareaecteriak | nckaBihg trapel
of talemendic td P hat aFT“’)?fE??‘&“ oi Nt MA&RF; ch a bend actuator the
el ast |4 it i 'FﬁJch rg S exut e %ﬁ“ densiiesdill y t han t he

=

Stresq remainde ore ngeSt |,m"m§glfﬁuf%s ve resu?tég % or. The actuator
unever] flexing 1§us glg‘; tl;éely Rickkicul't to|l gouyerLed froman accurateljy

nodel | even coi abtagort o an with finite el ement, gaggul ar bend, resulting
anal yqiguskd) 97 €3 Rlised hRAUGL OF | of N&ery@GF JAREOT |§ | Reomplex print e 110

magnetic field is used to operation is possible head construction
field cyclically attract a ¢ Smallprinthead |¢ Magnetic

paddle, which pushes size materials required in -
on the ink. A small print head

actuator moves a
catch, which
selectively prevents
the paddle from
moving,

=3
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Catch The actuator controls a Very low Conplex 1J10 small catch. The
catch actuator energy construction either enables or Very small Requires
ext ernal woi2s@bplogsinovenent of actuator size force an i pkTRUSHEY000438L 1S
Unsuitable for controlled in a bulk pignented inks mnmanner. Gears Cears
can be used to Low force, ow Mving 2parts are 1J13 increase travel at
the tr e of —duratton—be—used—Several

act uatf &IUG MﬁgwcgggngMng?]CAﬁ&%@ﬁam| cated cycles e required apd
pi ni on}, ratchet sl)esqmnmg st andpAdivanfybese conpl| isadentigat her |gxamplg surface
MEMS dinone el egiNdkiu@s Net hofe Cperatimalused.| eprMadasesor COWP| @lermal Bubble
constrjuction Ffidcihican, fri cti<dmplicinand wear aiechanipmshsvebl € SWBSTI TUTE SHEET
(RULE P6) RO AU aplfREBB/AshE&5 71 PCT/ AU2005/ 0 048 HTici@u trak€lTU ﬁ'FO?IJAMHQR FI0GAT| ON
OR | FI CATI O\ TvEqd4@0r destbr i pt i on Advant agj*s ODF%‘%vaﬁQreﬂges TR Ahg) 1835,

Buckl € pl ate A |srthedppat e can be Very fast ©©sfisieptxdixg i ttRén S. Hiraja
et al,| used td eé?ﬁ%ﬂ‘i@fé’“és sl ow foverent el astli {:::Zce&ss}’rﬂF@%f the "An Ink jet
Head ctuat Ato f-ast evable rraf | ol g D arhFa

ot i o] Diftgre M&m%%r\ﬁa&egall 11 %qu‘ﬁrﬁgsgfﬁ&ir tor ghg)i e% A i 1@

: expansign | expands m 1 1 invol J JS%, B
H gh st 8ss Pr tha[[& an&/ Mfrggvel agt wtgvol veqJl p
418'. ' nJchaf'%rh' th"hte Xrﬁxonma ..&nbl’ al l'y high 42,; taliEn(hat!fiE T OF CE mtllm IJﬂ%OV\'er
requi rlenment },lez{,gﬁ,pﬁged A tapered nacjng;aﬂegalsdeln&earl 233324t[h;e m@onpl P X
1J 14 magnet | C xﬂ@ﬁe&sﬁ&ﬁ'e,loﬂcr pase magneti c ¢ood&intibktd i on pol E[J3'0I‘];a3\lﬂ|132at t pe
expensle force/ digicameantur The | of force. Leves Ardsivsbenand [f UI3GsIIsH) U3,

Mat chegs | ow Hijghndsemgersonve®32, | J36, |1J37 | usedtidgdrotarhiphsforiidedIX7r1Edsel
act uatfor with gradighdereeHew fayblcy um noti on wi t h Smetrbuhpgfigsr |t 1BYEI42, #43avel
and hilgh force rIerRABIR IO Nt 0 a noti on wi|t BFESTYNRE um arjled™has | onger
travel| and no I|i¥RE&PS é’hentP | ower force, ’ﬁ’i‘éat‘P’éver and can be used fbr
can allso—rever %e_c?aj&smru UIIC t+on ave
ﬁans‘fent % A trilayer end Veryg lihgl‘nJL stresses are | ¢ 1J40,1J41
bend actuator where the two | temperature stability mvolved
actuator outside layers are ¢ High speed, as a ¢  Care must be
identical. This cancels new drop can be taken that the
bend due to ambient fired before heat materials do not
temperature and dissipates delaminate
residual stress. The | ¢  Cancels residual
actuator only responds stress of formation
to transient heating of
one side or the other.
Reverse The actuator loads a ¢ Better coupling ¢  Fabrication ¢ 1Jo5,1J11
spring spring. When the to the ink complexity
actuator is turned off, ¢  High stress in the
the spring releases. spring
This can reverse the
force/distance curve of
the actuator to make it
compatible with the
force/time
requirements of the
drop ejection.
Actuator A series of thin ¢ Increased travel ¢ Increased ¢ Some
stack actuators are stacked. (¢  Reduced drive fabrication piezoelectric ink jets
This can be voltage complexity ¢ 1J04
appropriate where ¢  Increased
actuators require high possibility of short
electric field strength, circuits due to
such as electrostatic pinholes
and piezoelectric
actuators.
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Rotary The actu

ator is High

mechani cal

to a rotary advantage construction inpeller.

Unsui t ablwof06s/1088vgul ar defl ection of to travel

Conpl ex

| J28
A smal |

of the pcgmanb@hosls

I mpel | er connect ed
The ratio of force
t he

actuator results in actuator can be a rotation of the matched to the
i npel I er vanes, V\:hi ch nozzle requi rerrergbs push the ink against by varying
t he S es Ard—Aurber —rpel-er out—of _the nozzle vanes
Acoust XCWAT@? Pac] EF[b\‘}gocr R IF%VPH&'EH@% s Large area 1993 Hadi m oglu
| ens dj ffracti vieDdseipgion zone r egivan@geset al , | DidRavahidges92 pll@,;ag,l,le@coust I'C
| ens i M feY re}ka%@{@maﬁgr TPO3 thdaQUET ally  NSEHr Fokel O 'c
i Nk j ef seefatdrs 572acidsibs 5OWRE WAy efbrce SAMbR fHmS NakBy RPhdAL 1 S USQEbo zniPJse
Difficult to TomRulgRbuslyGONduCt invendt®d concent Giidady, ABuck@NSt |f qmlm fabric at e
usi ng point el qohdveszbmk.iﬂaclf i e|«. Mdpdar d VI Skfficipicpcesses for a surface
ej ecting ink- | ectat@mked progidev andctuptoms candk ect nostati c i nk | dts SUBSTI TUTE
SHEET | RULE 26)| Riy2AtwWOIER06/ 1/@58mtd PCmtalU2005/ 000482 3% ACTUATOR MOT] ON
Descr i btion_Adv Jﬂﬂ?g@ﬂeh sadv %Wc% j‘& Vol une The jvol une of the
Si npl ¢f Lirfagh enet bparsering iadde ¢ - Phidesrler exﬁ)anslieawrcaemuuat agr* cHahges,
const r RPN i n tt’H@SfP Bofien y r@lﬂﬁ epr P Thebstdprea ks et Jpushi ng the ink
in all] case of f Vﬂﬁndachir ué”(?gg ume Ca®P8f® Bubbl ej et| directions. |et
expansf on. Thi s ls elfl'%w;teper n;aqul;%I_i:orn ss, cavitation, and kogation in
thermall ink jet foxjc Pnlﬁethoriloﬂﬁ Ia The actuator noves in Efficiept
H gh flabricatign IJOl IJ02 I ormt@h Ml o a direction normal to
coupl !ng,ﬂ'@,p | NK £QAPIRXL Y may. D&ncledidswavild T e T JehrallyCT p Ui BeE II?fr?JIBf" it
head uicfiaee. JroRa if@edeed I BqUiRk&EesRp achi ei«éancmﬁo paszl € iBstypica
normal| to the pef@endvaiar | rdahe |ine of | sipleeadnd i o) novenent.
Paral Ilel to The raiotedaliiparearovess Blandrabl e for ddeadsxirédt i on | 1312, 1J13,
1 J15, implementations are fabrication difficulty
relatively easy to in other orientations.
fabricate,
Flexure Abend actuatorhasa |® Simple meansof |  Care must be ¢ 1J10,1019,1J33
bend small region near the increasing travel of taken not to exceed
actuator fixture point, which a bend actuator the elastic limit in
flexes much more the flexure area
readily than the ¢  Stress
remainder of the distribution is very
actuator. The actuator uneven
flexing is effectively ¢ Difficult to
converted from an accurately model
even coiling to an with finite element
angular bend, resulting analysis
in greater travel of the
actuator tip.
Catch The actuator controls a | ¢  Very low ¢ Complex ¢ 110
small catch. The catch | actuator energy construction
either enables or ¢  Very small ¢ Requires external
disables movement of actuator size force
an ink pusher that is ¢  Unsuitable for
controlled in a bulk pigmented inks
manner.
Gears Gears can be used to ¢  Low force, low ¢ Movingpartsare |e [J13
increase travel at the travel actuators can required
expense of duration. be used ¢ Several actuator
Circular gears, rack ¢  Can be fabricated cycles are required
and pinion, ratchets, using standard ¢  More complex
and other gearing surface MEMS drive electronics
methods can be used. processes ¢  Complex
construction
¢  Friction, friction,
and wear are
possible
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chip surface parallel to the print planar fabrication conplexity
1J33,,1134, 1J35, head surface. Drop Friction 1J36 ejection may still be
Stiction wooosglosi?® t he surface. Menbrane An actuat or wpthyaaneoseokf ecti ve
Fabrication 1982 Howkins push high force but small area of the actuator
conpl exity USP 4, 459, 601 area. S used 3o push a becorres the Act uat or si ze

stiff IE, v

i nk. lgt ?egra | causes Rotary

| ever Devi ce | Ded@iptidnl 08, | J{1Bdvantaes r Ot at i| Disadanegse may| Exemplsed t o

conpl ek pdRE LhRKEHA. caBYEN @ Olehifhst OF | NCH cadast itdyad@ln (VB STHMA etal,

| npel ller  Smal || wdditpchatgeasibw i Cthommat a pi vot elastieGpoitsroé e nt (S “poinRijet Beadd The

act uatfor bends | afunerinto sfaml | | RebjeNables t he |19F€rid¢ferdonget |alUsingD@phragm

energifzed. Thi § mdtiam§eanalsoact uator to be rraqﬁledeSP‘ 946, 398 Migrpaetupfer”due

di mengi ons can [lFenvei phiglorckeast two 1973 Sf mw%‘ghiﬂfle?s?sereqt iPEgc. IER MEMS,

converfted to a Il%l‘T’g"é’eldF‘Eact‘?rnct | ayers, or to|US®¥d747 120 §§ ATSi 18-
! ez%"é‘F'élé’tl\‘%hc d 14

P

(0]

mot i on. ha\ieﬂg HLC%U-}W orcemom 1 JO9, IJ10 .H Egeﬂge acr ops
t he | 91323, ans U‘ll, actuator LJ, =

nmagnet OE"PF" tIOI‘f\ta §ff “138%3, Lingagizes the ther f °|m € reratlvgl‘UBS
di mendi Q) af"cchagglee;at m} vel . The @5&%@&@@4 /ef % %?ows operation

I neffijcient 13Q@gRrou a central pivot. where the net Ilinear couplingjto
the ik This ngtion is suitab e force on the paddle m)tlon where there hre

IS zer eg{prSl 1€, 1;9&&%%11(:1_“ | Hh@N&A dppl rl% Tt:Ugfﬂglé E]sé'yla S
si des jof the paddli€, rLstihm a orent;a 1950G68r wigh T a1 ghl8he I@.Ct uat or n pe
used fith Requig®s, widlseht! | Jddertaeb2 nofmally bent, and shape menory
bal ande of stressesadhicakglt enseqdramnsl | oys |where the t 0 gnsure that the
energilzed. austlembempvasahi s (pui Fsicemtrebend i s pl anar acdurate SUBSTI TUTE
SHEET |( RULE 26)| 162g¥rAlale\dd2006) 11036 mGBemenAU2005/ 000482 33 ACTUATOR MOT) ON
Descripti on AdVdeweafpess. The budvarandepade Brdbfepl @¢s  Doubl e The |act uat or bends| in
One adtuator cafamasorevpray to dffrdseal 1136, +J37, 1338
direction of travel.
Rotary The actuator is ¢ High mechanical | Complex ¢ 1128
impeller connected to a rotary advantage construction
impeller. A small ¢  Theratio of force |¢  Unsuitable for
angular deflection of to travel] of the pigmented inks
the actuator results in actuator can be
a rotation of the matched to the
impeller vanes, which nozzle requirements
push the ink against by varying the
stationary vanes and number of impeller
out of the nozzle. vanes
Acoustic A refractive or ¢ Nomovingparts |e Large area ¢ 1993 Hadimioglu
lens diffractive (e.g. zone required et al, EUP 550,192
plate) acoustic lens is ¢ Onlyrelevantfor |¢ 1993 Elrod et al,
used to concentrate acoustic ink jets EUP 572,220
sound waves.
Sharp A sharp point is used ¢ Simple ¢ Difficult to ¢  Tone-jet
conductive | to concentrate an construction fabricate using
point electrostatic field. ' standard VLSI
processes for a
surface ejecting ink-
jet
¢  Only relevant for
electrostatic ink jets
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bend one direction when be used to power- the drops ejected by one el enent
Is two nozzles. both bend directions energized, and bends Reduced chip

i dent i calwotbe/@sdver way when size. A small anot her elpemrani2005300480t
sensitive to efficiency loss energized. anbient tenperature conpared to
equi val ent single bend actuators. Sheg Energi zing the Can increase the
Not readily 1985 Fishbeck actuator uses a shear effective travel of
appl i aASITBATOR MOXTH®r USP 4, 584,590 notion in the actuator pi ezoel ectric
act uatfor mat e“%@grrﬁﬁ&nyfﬁgﬁs @&R‘ﬁn.e?ﬁ Rad Bisac Qrﬂi{esThe a xapr’lr SUUEE:

Rel at | "AI Y caa rncnr \ln 'd

to fal V&'{vﬂ si| TEG Eﬁh? ed § g cth nfr% ﬁ%gf‘q%“mfﬁdﬁﬁi
gl ass ef“t’"la“f'?l C|§ Yorl GohStr i ct j [t,’ﬁ( ipwa oL eyl % jet
anonB bbl Jet
macr oqcopi ¢ i nt ggcgfng W th l\/LSI et structur es| P &gi§1§q~§ls(bl| IR
coil eq actuator Easy to fabrj cate Difficultield®to thedodal s IJ21, IJ34,
uncoi lls or coilis nore as a pljanar VLS| fabri cate, hattismpn- |1 J35 tightly. [The
notior] of process planar devijces the free endamdkogatidrin Snal|l area Poor
out - of]- pl ane actuator ejects| the ink. requirbemaltikgetef ore stiffness | ow
cost Bow The agtuator hows (qr Can increase iplsmentigismimit r avel [J116
| J18, |43, bug @@@)ﬂatpmq‘/bﬁen ni*ddE8icsgeed of t raﬂ'&ﬁ fajyrigatignng #*r al'tle HOZHEM

U

ener gi|Zegmal tavp g Héﬁ?cmqoynal P gh SPBhRedo inkj g ¢ léfdn“y%sr BT IU1Hig4

act uat|She sugise o o prirt gads f,5Fcturdé°pf‘ cctefint 1 eq dﬁeﬂ lﬁchiege a|shutter. One

act uatfor pi nned ?’ﬁt”@‘ﬁ Y {;1 B f or odolﬂc pul | § the shutter, pnd
so hag a h| gh oﬂo Qfm ch d| rect y push .he her pushes it. pI ane

=

rigidi }ﬁ‘hé’%ﬁxator’l'\mosvgt LERRE RS CUrd ikt urd PR AT
1320, Iii{ csw PIRITEEES (O tdunpuibe TP Jonlsle;@gl on be'hh;ég,v ,E?ﬁﬁt?*'t
vol une tl hal si-Re. B uator t he encl ose|, I BGkEASES efflcmgency arl A
set ofl act uatorsjeauﬁlmydae atijvely sinple RJ atgsmehy | arge 1J43 outwarfds
out warlds, pr essuérnaltbithe oozt riucti on chip arpa ink in a chanber surroundf ng
the Jotdadkstes,| AaRchate¥pel | | Ng | The ckktie a w0z FhRickddant he ¢hane? Holiis
Mul t i glpashvanes | @igh Foes ®ut sinblgh |efefen ofi tieractyatorHi ghcofpllexitycat i on | USR22,459,601

area is used to push a becomes the ¢ Actuator size
stiff membrane that is membrane area ¢ Difficulty of
in contact with the ink. integration in a
_ ‘ VLSI process

Rotary The actuator causes ¢ Rotary levers ¢ Device ¢ 1JOS, 1JO8, 1J13,
the rotation of some may be used to complexity 1728
element, such a grill or | increase travel ¢ May have
impeller ¢ Small chip area friction at a pivot

requirements point

Bend The actuator bends ¢ A verysmall ¢ Requires the ¢ 1970 Kyser et al
when energized. This change in actuator to be made USP 3,946,398
may be due to dimensions can be from at least two ¢ 1973 Stemme
differential thermal converted to a large distinct layers, or to USP 3,747,120
expansion, motion. have a thermal ¢ 1J03,1J09, IJ10,
piezoelectric difference across the | 1119, 1J23, 1J24,
expansion, actuator 1J25, 1329, 1730,
magnetostriction, or 1J31, [J33, 1J34,
other form of relative 1735
dimensional change,

Swivel The actuator swivels ¢ Allows operation |e¢ Inefficient ¢ 1J06
around a central pivot. where the net linear coupling to the ink
This motion is suitable force on the paddle motion
where there are is zero
opposite forces ¢ Small chip area
applied to opposite requirements
sides of the paddle,
e.g. Lorenz force.

Straighten The actuator is ¢ Canbeusedwith |e Requires careful ¢ 1J26,1J32
normally bent, and shape memory balance of stresses
straightens when alloys where the to ensure that the
energized. austenic phase is quiescent bend is

planar accurate
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a vol une of
Not suitable fo

i nk.

These Smal |

r

chip area conplexity sinultaneously rotate,

reduci ng the vol une pi gnented inks

bet ween t he vanes.
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ACTUATOR MOTI ON Descri ption Advant ages D sadvant ages Exanpl es
Lagsge area 1993 Hadi m oglu

. . . ; 2
ronélﬁ(?n%i 1993 Elrod et al, at useful frequencips

actuator vibrat
at a hy

es

The act uat or

can

Acoustic The
vi bration

fromt CTiUﬁ ent operation
EUP 57, 220  Acjanesdription coupl i NgdaRedgesCr 0SSt QinisadvaéaipdseX dr|iBi@mpled r cUi try
Poor copf bRl Of | THe QRualbPb iR, AN AP RdulaloPBn NORE DVl RIS (o Kub&lr37, 183
movi ngl RAETS  Vab BHSHAWAG  Dibesidy ol EP wndaspOfsed e (act uat or
tradeof fs are Onhhdel6hBtif2 and| wloaszleOt NOVE. bétebHid dieckicno |1 el at ed pat ent
el i m nat e novi Ngnapipdd] @A bdn@NS| ¢ pReliBed chipne- | eidentSAUBSTI TUTE SHEET (RULE 2
RO AU 2006/ 1Ooboontier PEMhAU200561000482 35 | NOZXbrellREFI LL {METHOD
Descrijpti on Advianetbegelsmidiisadv et dpesnsiratepl eseffigenes lose Thils i s the norma
way bri cati qrftrgigfih speed [ThestoiepltenipeR™Meetl CYPAEI BN that| ink jets are
sinplifity Surface tension Pi ezoel ectric in (q“fVéIF‘PtIS‘P@Ei After the
Oper atj-gnal—foree—+el-atd vclw Vu, St ,rp. e e
conpar esé'e‘!ro | J @erlgt:)r ﬁut:esg 0- eﬁte 1“8535 N ‘ qaf g‘g b ?,-; lﬂ’jt or 9;% Fj %”f’
1J16, [1J20, ra3 §or or 1B 1ecL9n9 refi ﬂ e r22- poSTTI on.
Thi s rfapid USU%%Q{en onl na es | rfubth sucks in m@dhgmg,,{ge totgl repetition
throu Jd.l?co'ﬂp Z{ 'Ilh(e:r c{ o?sq%%?e@l . Réﬂ@veiy@é%y Hj‘ f al({"lgh fofcE'> rom ‘;L 1976 Zoild €5
then exglidisn @ resctrQJuC e I estPrbRdte single required 3,683,212
forcing ink from a nozzles from glass ¢ Inefficient
constricted nozzle. tubing as ¢ Difficult to
macroscopic integrate with VLSI
structures processes
Coil / uncoil | A coiled actuator ¢  Easy to fabricate ¢ Difficult to ¢ 1J17,1J21,1J34,
uncoils or coils more as a planar VLSI fabricate for non- 1735
tightly. The motion of | process planar devices
the free end of the ¢  Small area ¢ Poor out-of-plane
actuator ejects the ink. required, therefore ' stiffness
low cost
Bow The actuator bows (or | ¢ Canincreasethe |¢ Maximum travel |¢ 1J16, 1J18,1J27
buckles) in the middle speed of travel is constrained
when energized. ¢ Mechanically ¢ High force
rigid required
Push-Pull Two actuators control | ¢  The structure is ¢ Notreadily ¢ 118
a shutter. One actuator pinned at both ends, suitable for ink jets
pulls the shutter, and so has a high out-of- which directly push
the other pushes it. plane rigidity the ink
Curl Asetofactuatorscurl |¢  Good fluid flow ¢ Design ¢ 1J20,142
inwards inwards to reduce the to the region behind complexity
volume of ink that the actuator
they enclose. increases efficiency
Curl Asetofactuators curl |® Relatively simple |#  Relatively large + 1143
outwards outwards, pressurizing | construction chip area
ink in a chamber
surrounding the
actuators, and
expelling ink from a
nozzle in the chamber.
Iris Multiple vanes enclose | ¢  High efficiency ¢  High fabrication ¢ 122
a volume of ink. These |®  Small chip area complexity
simultaneously rotate, ¢ Not suitable for
reducing the volume pigmented inks
between the vanes.
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the neniscus to a mninumarea. This force refills the nozzle. Shuttered
Ink to the nozzle High speed Requires 1J08, 1J13, 1J15, oscillating
chanber iwopoeyioseed at Low actuator comon ink 1317, | $»¢E@au2d05D0048k NK
pressure a pressure that energy, as the pressure oscillator 1J21 oscillates
at twice the actuator need only My ngj be drop ejection open or close
the syitahle for frequency Wen a shutter jnstead of pignented jnks
drop i[AGTHATAR MATER®: ed, ej ect | ng the ink drop the shutter is opened for

hal f yCl es: dr qgscrish&pt' on, a&&‘uﬁ&&% r et ul Blsamgtaigeg“ ' EQR:% lessnm te S

t hen gt td e Z 2 { 1 g ot Yoxt
negat i \%%0 P%sm § B“’?c";ﬁ ef Idelﬁl}ﬁj}s ITg.} ;{efgﬁ speedU 9 q@?ﬁ’ ek
r i &l de

t heeQad bratish | ndep%bém

two H09 " act ugt'or hasgdal BGhE a
second (refill) actively refijled actuators parusemggdu@mle@c ERpQh2 128
energijzed. The refill actuator pushes ink j#&toadlrdc nozzlle chanber. The
refill] actuator returns slowy, to prevent|iétdplingaddirn frjom enptying the
chanmbgqr again. |Positive ink The ink is hel d|acrsidstalght High refill rate,
Surfade spill |Silverbrook, HP pressure posttiGempprddsurg. therefore a

hi gh rfust be prlevented 0771 658 A2 and Aft ercitchigyi nk drog is drop
repetiftion rate Hi ghl y related patent ej e,t ecPOO'tqQWOthzzl e i s possible
hydr oghobi ¢ prijnt applications chanber fi I Y‘%‘HV"‘%ead surfaces are

A mPFll}lBIH 1O n7 1310-1 314

Al t er ati+ve—foir as—surface—tension—and—r tH
i nk prié¥8%ir e bothaig 6‘5‘1%20 %3 5"23“1%‘2%1’"% g °Fh§‘f| 1) ggg’g‘%g
SUBSTI|TUTE SHEE ﬂ&f‘? "RQ AU VWO 2006/ 10 ﬁ AU200‘=/ 10043202
METHOp OF RESTRI §A0<- FLIOW THROUGH | NLE elmate moving ;

applications
¢ Tone-jet
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Descri pti on Advant ages Di sadvant ages Exanpl es
Design sinplicity Restricts refill

channel

t he nozzlwoob@nies71 Oper ati onal

rate

Long inl et
Ther mal

I nk jet
Pi ezoel ectri c i nkpcrsuras@obang and

The ink inlet
channel

to

sinplicity My result in a jet relatively narrow, Reduces relatively
large chip 1J42, U43 relying on viscees crosstal k area drag to reduce
i nl et f“ F t#al" back—HH-ow—eteettvre—Posttvre—+tnk—Fhe—t-hk—-s—unrder
a Dr Féﬁ?uéﬁmT equires a Silverbrook., EP pressure positive;pressure,
so and separ at i |aresariptitiod ( SUChA@snAgd 771 658 DARManEgdshat i|MEhRpleqUi €scen
forces| §afR.PC NOALiEnd dohPhay P¥ atradicdl ent |61 afow sSQFE OF |GNeThdpkal LR CE
ef f ect[ pioaPP! | |Gk inR2& aredr OP Al disgiBiyy Pr Ot r udes subfalentisl i |lle t PR electric ink
hydr ophobi zi ng, | refilled. RRszhedd| € | € r @iperktv@alnozz| eforde@dldtiyely 0 prieyent operati op
of th Thi s r edunes iddnegikddpodi sigplicfy t he f ol | owdlingmpated@l- |Pr egsuper, Jro-t hp
nozzl ¢ ej ecti on iswpifalicetugd | JP7, U09- 1J12, | ahateblrcewhi ch 18416, Ip0j nt
head. |1 J14, |Jiezridige@snompiquired to ej ect a¢l Jppgrefillig@3-|| JB2-P4Scert ai n
vol ung of i nk. H@S@m *Ti44)  The reduction Pellydamiars prlessure resul th
in a rfeduction ‘p hed out through fh&e R BPetitisaf fll e One or nore
baf f | The reflf el Design HP ThelnBf® Ink are glaced in the
I nl et jnot as re%m@kfggﬁmgﬁmponpleX|ty Jet ink flow. Wen the the long infet
May i ncrease  TekiAQh Xxerteet URt Or i S energi zed, nethod. fgbrication
pi ezog ectric i nkall Bkce rebtbngr api d i nk  Reduces conplexity (le.g. novenent
creat gs crosst dlthe nlealséus @ui X hpt nelt eddies which restrigt Piezoelectrif
print | the fl ownihimeugia.(Thie hpads). inlet. The slower refijl| process is
unrestjricted, |dorde dibsshemopzier psylt in  eddies. Flexible fliap In this nethod
recentfl %huttslugnl finictathe byzzle Not  pdpplHighabded t o | Carfeauireg estri gits HP& BlbERd by
Canon, | sdliptae s b%%ﬂE¢$EWMﬁ%QQ nﬂﬁwemeﬂlet t fREmeR kndi ng |adtltdtiérdlPor
edge- gHBloprEssuReq #HPF a2t ons (tﬁ&ﬁ%’[ ayth Pushes BFSSYe eRilatoral |i 1 et
I ncredsed fl exi % et:? f;é‘b‘cec‘h%lt d";%en é’lgse aric égullta Ie‘;;?l@st ri ct s the inlet.
conpl gxity Inel § Jnc e%faor M sh&‘@r éxstead of pigmented inks
drop is to be ejected, ejecting the ink drop
the shutter is opened
for 3 half cycles: drop
ejection, actuator
return, and refill. The
shutter is then closed
to prevent the nozzle
chamber emptying
during the next
negative pressure
cycle.
Refill After the main ¢ High speed, as ¢  Requires two ¢ 1J09
actuator actuator has ejected a the nozzle is independent
drop a second (refill) actively refilled actuators per nozzle
actuator is energized.
The refill actuator
pushes ink into the
nozzle chamber. The
refill actuator returns
slowly, to prevent its
return from emptying
the chamber again.
Positive ink | The ink is held a slight | ¢  High refill rate, ¢ Surface spill ¢ Silverbrook, EP
pressure positive pressure. therefore a high must be prevented 0771 658 A2 and
After the ink drop is drop repetition rate ¢ Highly related patent
ejected, the nozzle is possible hydrophobic print applications
chamber fills quickly head surfaces are ¢ Alternative for:,
as surface tension and required 1J01-1J07, 1J10-1714,
ink pressure both 1716, 1J20, 1J22-1J45
operate to refill the
nozzle.
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polymer flap results
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ext ended use SUBSTI TUTE SHEET (RULE

26) RO AU WD 2006/ 105571 PCT/ AU2005/ 000482 37 METHOD OF RESTRI CTI NG
BACK- FLOW OHRddess7i NLET Descri pti on Advant ages Di sadvanpageqbisaomses

Infet filter Afilter is |located Additional Restricts refill 1J04, 1112,

1 J24, between the ink inlet advantage gf ink rate 1J27, 1J29, 1J30 and
the nozzle filtration My result in cl%anber The fllter Ink filter may be
conpl ¢ METHR OBREFIRICTING BACKFLOVIBROUSHINIATW t h no construction small hol es| or

sl ots,

r enov
channd

[ A0 T O PERRESS T e LdGhhy K T Bwadﬁﬁtm e dehdpiey &1 S0
al L i bl nmay Z || CL 1T LELLEAYS LR

IL°K fgn‘;@? et ghpnp] e.stPesd%nssmfpg‘f’fyl Rffbt“le%l f34 e"?{’g Bted to

f nne the noz le chamber . E‘Eﬁ°f ectric k
the nqzzle charrtgsnad e.40 hoz ? sub>; a%d yma May rlj1§ 1 a
smal | gr cross <¢eqafu i,rg atvaIyR 61ge chi p fefd@fiyt cmf ? e areg ,
resul i ng in easdgk dnl@lgcouQﬂl Yl Regsdedn@ ar ess out o ef eét I've nozfl e
t han qut of the‘dragfﬁr&{ucedﬂé’ﬂ et| shutter A sec Jndajnwpmlmgator | ncreases speed

Requi les separ abek-flod09

cont

rols the posit

odtteetfve Of t he i

nk jet print

refill| pagtiveatron

t he irlpre'ssﬁret Wpéesitive pressiirelisé) 3

met hod avoi ds f

Tadidk 8 usdatd t er
fheat in Ba qkiestdnow

¢ Chapis¢igtiad f
C tandideparatios  en
Ferepsicandds car ef

probl @m of i nl estatsseme-of the il emredicedesi gn to

behi nd the fl owdwyalsﬁa?w@ﬁu#g

i nk pygshi ng i nk-

surfade the act
1333, [1J34, 1J3
and a| Signific

the ik reducti

fl ow ¢an be conMhExdvkdon in

t*he Fest reflf ¥ ed
S’Eié*ﬁ“ﬁ’jlesurface of pressure
d 8 Fpuc ?n paddl e 1J28, |
glriesszr 1127‘ J36, 1J39, 1J40
aib o Sl increase in 1307
Eémv Dlu flabrication 1J3

neakeqyes At | ON
ar:gétlzo@aisuch athe |
utozzl4 r@ar, 1J03,
n§ffsstive ze 1J06,
t H‘é’ izipg. 06 |
bR [P Vﬂ’é 1 J22

oodi
I3 Lol % g

o0 o\ blnenr

1320, 1J26,

dr | SiBerGioblc BP t

Nt 65SAT e
fela®d paterit oc at eld
poplications 310,

3 11P°sqﬂzjq4 1 J16,
°Pera312‘3°ft*1@J 25,

@gg t he

o gjzgct ualt or
aghsiajygywal | fof

B noves to chanbens. ayj4e, e r anged

chamber pressure
results in a reduction
in ink pushed out
through the inlet.
Baffle One or more baffles ¢ The refill rate is ¢ Design ¢  HP Thermal Ink
are placed in the inlet not as restricted as complexity Jet
ink flow. When the the long inlet ¢  May increase ¢  Tektronix
actuator is energized, method. fabrication piezoelectric ink jet
the rapid ink ¢ Reduces complexity (e.g.
movement creates crosstalk Tektronix hot melt
eddies which restrict Piezoelectric print
the flow through the heads).
inlet. The slower refill
process is unrestricted,
and does not result in
eddies.
Flexible flap | In this method recently | ¢  Significantly ¢ Notapplicableto |¢ Canon
restricts disclosed by Canon, reduces back-flow most ink jet
inlet the expanding actuator for edge-shooter configurations
(bubble) pushes on a thermal ink jet ¢ Increased
flexible flap that devices fabrication
restricts the inlet, complexity
¢ Inelastic
deformation of
polymer flap results
in creep over

extended use
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shut off the so that the notion of achieved inlet the actuator
Conpact desi gns

back-f | owyvoNoswiosehat ed to

the inlet.

possi bl e Nozzle In sone configurations
Si | verbrook, EP actuator ofpcira2p@&ieoodshere is

cl oses of
| nk

no problemis ink back-flow on 0771 658 A2 and does not expansion or

f

el imnated actuation rel ated patent result in ink novenent of an
appl i j ' W
Tone jl ‘fﬁbﬂdﬁ"“{fﬁfﬁ' %ié‘afgl‘h B%EE%@H“H}FE SHEET (RULE 26) RQ AU WO
2006/ 105571 PCT/Mkizip6&i 000482 ABBntagdZZLE Cl BARIvABageETHOD Exampledt | ON
Advant{agrsmlet SddVaRE URScdEXanpl exddibkxainal $ estibiereninzzl|@s o€ u1No2addpd
May ndt be  Mogtbeiwsdn thetiik inlt0ZZ | advahiagd afgikf i r @draper i odi cal | y|, eoEbaxicty oh
the syfficient |taed @ysizaiers bef pridtdibre | nk hagse a Wayiresult head |di spl ace dri ed
ink 1{JOL, |J02Z,chdmb&3The fittrancer t dokdilgr.mav\hen | | Baplex UO5, 1J06, not in use
the ndzzles |JQhasamibudep 10, | fehricatsledthee (cappemiytionJ1l, y12, 1314,
againdt air. 1J8 eallwzefslorsazz, addifignalpepssf e firing is 1323, U24, 1J25,
usual Iy perforn@gqu IJS?BS, during a special 1J29,| 1J30, 1J31,
clearilng cycle ev:hw ma Y33, 1334, first nmoving the |print 1336, 1JB7,
1338, | head to |§iet Ratihdl YJ . 1340,, W41, | station. 1343, 1J43, 1J44,,
1 J45 WAQd.[ Ty eOHEF €S T Ot
Silver n{aﬁkﬂ] 'gEIf ?&%ﬁﬂ% | nll<)e mﬂ’gmg p% ra{yg%f‘ Meftect ijve ; ﬂﬁi PR A vp
vol t ag qoﬁgﬂe 77 %, naﬁ i nk heater it updeyay1Q6kRla hqat er is adjacept
to clgaring rel aﬁ,aﬁr@agsgmﬁonm tuations, nozzlerlabRiyngzgzzdh® (May require
applidations (qluaahattgthe asezbel | arger drive acleeeved by over- transistors
poweriing t he heatesuitingrirdeali@iidki ng i Nk at the |sozxlypartixypi d |The actuator ip
firedlin Does |meespeqfthee Effectiveness Masffettoeused suyccess-ion rapif
succegsi on. | n &geledbagpitolheircuits depends|with: 1301, 1J02, of actuatpr
sone donfiogurath ﬁg, on—the _anfl nlJu upon J03, 1304 —13D5,
oul sed Inkj sButtasy /’csai?g@rbﬁ’émwr gg;;%%*a?eriy {h S‘fﬂef pat i|8n BF° 1 J06. 1Ip7,
1309, |buil d-up &R eﬁ?ff?g&f ﬁd Lf"hnd tﬁl ndzzle 1310, 1J1ft,
| J14 a shutter, closing o ea operatwn ve c1rcu1t
' the ink inlet when the
main actuator is
energized.
The inletis | The method avoids the | ¢  Back-flow ¢  Requires careful ¢ 1J01,1J03, 1JOS,
located | problem of inlet back- | problem is design to minimize 1J06, 1307, 1J10,
behind the flow by arranging the eliminated the negative 11, 1J14,1J16,
ink-pushing | ink-pushing surface of pressure behind the 122, 1323, 1J25,
surface the actuator between paddle 1328, 1331, 132,
the inlet and the 1333, 1J34, 1335,
nozzle. 1J36, 1J39, 1740,
141
Part of the The actuator and a ¢ Significant ¢ Smallincreasein | 1J07, 1J20, 1J26,
actuator wall of the ink reductions in back- fabrication 138
moves to chamber are arranged flow can be complexity
shut off the | so that the motion of achieved
inlet the actuator closes off |¢ Compact designs
the inlet. possible
Nozzle In some configurations | ¢ Ink back-flow ¢ None related to ¢  Silverbrook, EP
actuator of ink jet, there is no problem is ink back-flow on 0771 658 A2 and
does not expansion or eliminated actuation related patent
result in ink | movement of an applications
back-flow actuator which may ¢ Valve-jet
cause ink back-flow ¢  Tone-jet
through the inlet.

SUBSTITUTE SHEET (RULE 26) RO/AU



which boils the ink, initiated by digital 1J16, 1J20, 1J22, clearing the
nozzle. In logic 1323, 1J24, 1J25, other situations, it may 1J27, U28,
1 J29, caweeosstobszei ent 1330, 1331, 1332, vibrations tecaiaaoegeodsd33,
1334, 1J36, clogged nozzles. 1J37, U38, 1J39, 1J40, 1J41, 1J42, 1J43,
U44, 1J45 Extra Wiere an actuator is ,QA sinple Not suitable Maybe used

power to not normally driven to solution where where there is a with:

lJ

03,

71
1

ely

1J09, ink pushing the Iimt of its notion, applicable hard limt to 1J16,
1 J20, Nk%mcmhmamnmzzl € clearing nay be actuator novenent 1JZ4, 1
1 J27, lassisted o ovi-th-rg—-329—+336—-334 an—enhanced drive 1332, |
1339, [l140_si Afﬁfﬂgm the achAdiewages| 141 | Dissdvantages | | Exampless
SUBSTI [MsF@alSHEE 'Nl(omjt Eozzl§6)ard?Cr"AUN¢@idE®06/ 10567 MP@baU2005+ 0004 ik jeB9
NOZZ|H nepzeARingiG S PHOBictiys o r i pteoBples onie agessufiickade ant age s skl es
Acoustli ¢ An ul t|bgfersed i s PR bRRdgh nozz| edisplapgdiied my0g | #| JH@J 192383,
resongnce applléﬁm?6° é”?ﬂk cl earing capabjlity |nplenent &@’ 1 J1
t m use . . .
1J18, |1 J19, chaf d @ ve is can be achieved if syste @ﬂ * 132
of an lappropri at, mj@@ al rieady include aph anplitude andg 5ﬁpl Eed
very gcoustic a a& g&ml equency to cause |ow cost in sy<tQ@§I§g’?50|e
force lat the whi 5 nozzle to clear|include acoustlgg6mhﬁqﬁ§ges
Thi s i|s actuat C)m&nge@p%b@st tol achieve if the ultrasoni c wavee,&30,a31,a
resongnt frequergirgoycleidfer i Nk cavity. Nozzle A mcro f abr ezLBE U3Can
cl ear | Accur at e firsBnbwertlerpgiok, | EP  cl earing plate is pushed #3&MAagti3gever
cl oggdd nmechani dedd trcepnifs8 A2 and plate the nozzles. The PPaEO.NM7| es
alignrent i S relsatad pat ent has a post for every required 6??% t¥bns
nozzl 4- }JUDL Hoves Iu i pa" S C{Ih t+h+ro h \,uun R z_z_u ”'“rnﬂ
) X 0 y erbrook, EP
di spl & Cﬁi HQ. dri “{ﬁyﬁ?{ltdwc g ctlvelt}.lg}.ll dang vevota 2 47? SSAZI:nd
mk heater it under normal heater is adjacent to clearing related patent
situations, nozzle the nozzle ¢  May require applications
clearing can be larger drive
achieved by over- transistors
powering the heater
and boiling ink at the
nozzle.
Rapid The actuator is fired in | ¢ Does notrequire |  Effectiveness ¢ May be used
success-ion | rapid succession. In extra drive circuits depends with: 1J01, 1JO2,
of actuator | some configurations, on the print head substantially upon 1J03, 1J04, 1305,
pulses this may cause heat ¢ Can be readily the configuration of 106, 1J07, 1309,
build-up at the nozzle controlled and the ink jet nozzle 1J10, IJ11, 1J14,
which boils the ink, initiated by digital 1716, 1J20, 1J22,
clearing the nozzle. In logic 1J23, 1124, 1J25,
other situations, it may 1327, 1328, 129,
cause sufficient 1J30, 1731, 1J32,
vibrations to dislodge 1J33, 1134, 1136,
clogged nozzles. 1J37, 1138, 1J39,
1J40, 1741, 1J42,
1J43, 1J44, 1745
Extra Where an actuator is ¢ Asimple ¢ Not suitable ¢ May be used
power to not normally driven to solution where where there is a with: 1J03, 1J09,
ink pushing | the limit of its motion, applicable hard limit to 1716, 1J20, 1323,
actuator nozzle clearing may be actuator movement 1724, 1325, 1327,
assisted by providing 1329, 1130, 1J31,
an enhanced drive 1732, 1339, 1J40,
signal to the actuator. 1J41, 1J42, 1J43,
1J44, 1745
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Accurate

ef f ect

ive

fabrication is
Requi res
pressur e wormpoerossvt h al |

required Ink The pressure of the ink
May be used pressure is tenporarily where other
| J series ink pulse increase@¢csab@ioossk

May be

met hods cannot be other pressure jets streans fromall of the used actuator
nozzles. This may be Expensive used g# conjunction Wsteful of ink wth
act uater—energ-zi-rg—Pr-rt—head-A+ttexi-bl-e—btade—-s—FEH-eetivetor
Diffi lﬂotzz'tEoC‘?Ié%‘N??(mﬂfﬁ“ny ink jet wiper wped across the print planar
print [head pri Nipekgipgbnsur f ace Advasigt ens hepDissdvhitagee. The Exhmhplaces
non- plIaNGEY -ff Vel Yiealh8UveiS WS Ualtigh nozRW COST Higtddl T € T ankl Chbg g1, ies 2l
Requi r%somf:n EXI Bl e POUXRT . € GeafBCipabligal | Padplefientdtioh BT |0MI13MNB1AY] C
Bl ade [can wear | .RinB&t DHiBVave QUL chfbehitiidved/ Ol UEEistﬁeiﬁtdoayd&t ens IBeparate A
separ dt e heat el of & apfeeptiabe ef feecMayde Fabri catliesly inclideanbe [used with ink
boi ling provi defdmﬂttuckhlﬁi nozzlie implenspteddtiyeny noscgisee asapl exijty many |J ser
i nk Heater al t lewgkeytdrausnor nallowtastdr $yffgmsret hods jets drop e-ection cannpt
be usdd nechanisefisiemoerepche Carpibaredquire|it. The heaterls i npl enented
no dd not requitPReRdN i onal| M RS ndi vi dual drive sdme ink j et
circuilts, as maR 9‘52@"!’?1‘1&@&?.@ i orf€™*®%fdzz1 es can be cleared sinul taneously,
and nd i magi ng TG He%j SUBSTI TUTE SHEET (RULE 26) RQY AU WO
2006/ 305571 PC‘I’aéagw:Qﬁ%? 80482 40 NOZZLE PLATE CONSTRUCTI|ON Descri ption
Advantlages Di sagyqii99ede kanpl es Electro-|A nozzle plate is Fabricati
H gh |Hew ett Pagk@rd forned separately fabricated sinplijcity tenperatufes
and THeigzad | nK A Btrofabricak®l flreomecad @at r of or fed seeasur es gee Biveiebk, Eand|
bonded cearikge qUi} bR if Qasde@fgdinstt heseprelyntogivdad ¢hingchanivalzz| e pl|atog71 658 A2 mdm
t hi ckn @fate CONSt nigintizis. The plate nozzles alignment is related patent
has a post for every required applications
nozzle. A post moves ¢  Moving parts are
through each nozzle, required
displacing dried ink. ¢  There is risk of
damage to the
nozzles
4  Accurate
fabrication is
: required
Ink The pressure oftheink | ¢ May be effective ¢ Requires ¢ Maybe used
pressure is temporarily where other pressure pump or with all IT series ink
pulse increased so that ink methods cannot be other pressure jets
streams from all of the used actuator
nozzles. This may be ¢ Expensive
used in conjunction ¢  Wasteful of ink
with actuator
energizing.
Print head A flexible ‘blade’ is ¢ Effective for ¢ Difficulttouseif |¢ Many ink jet
wiper wiped across the print planar print head print head surface is systems
head surface. The surfaces non-planar or very
blade is usually ¢ Low cost fragile
fabricated from a ¢  Requires
flexible polymer, e.g. mechanical parts
rubber or synthetic ¢ Blade can wear
elastomer. out in high volume
print systems
Separate A separate heater is ¢ Can be effective L] Fabrication * Can be used with
ink boiling | provided at the nozzle where other nozzle complexity many 1J series ink
heater although the normal clearing methods jets
drop e—ection cannot be used
mechanism does not ¢ Canbe
require it. The heaters implemented at no
do not require additional cost in
individual drive some ink jet
circuits, as many configurations
nozzles can be cleared
simultaneously, and no
imaging is required.
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195 print hea
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SP

m

prpductLdgg
print | dBaedsr W
H gh Jodeimedcy
M sadrhefyner al

N0Z 7} £Fdualddzlel S d

|| thBled AAOIBERAA BiPan
Racpsd U Giser flal Vv
|naazipla@/WiichG6H 8
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e bicadle, quiteHast S
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Pe T GfacHHdle

* USperdpl St andar

nustTRNYT a6indh Blﬂﬂleﬁ{
NObd ikdMidallyThe NQzziRspiaig i S

ur foase deposi t ed agSpE, Vay®g (

d Exdistér Beam

<1

hy

Monol it hi ¢ undertypichlly apolymbre el atredzzpatoflet | nwoiinerettqdepogi tepivatioes bmi quEs.
Low cqst plate ﬁwmﬁﬁwhwwﬁyxapph$mE$M©ns usi ny \Al®) wheslcres 468 et ched in
Exi stijng nozzl e PERPEYE | JOL ¢ UBQuipmeyns, | | rppenyitiousapdsz 2 # ag%t”é‘a{!@? ng
proceqses can he Surface may q@WFﬂﬁimeGWZ Qjﬂhsﬁ¥@ﬁﬁlc ?% |thogr
and uded fragille to the touch I'TI®* w20, 1J2 Mﬂp ﬁﬁm
1324, 4327, 1J28, 1329, 1J30, IJ31, 1332, 1 p%3 My pe 3;;;8 J36, u37 11338,
1J39, 'sﬁf&’n J9 JA separa‘f] noizlel J43 o | ‘?ﬁ"g’ﬁ accuracy is ¢ Two part ¢ K. Bean, IEEE
micro- plate is attainable construction Transactions on
machined micromachined from ¢ Highcost Electron Devices,
single crystal silicon, ¢ Requires Vol. ED-25, No. 10,
and bonded to the precision alignment 1978, pp 1185-1195
print head wafer. ¢ Nozzles may be ¢ Xerox 1990
clogged by adhesive Hawkins et al., USP
4,899,181
Glass Fine glass capillaries |¢ No expensive ¢  Very small ¢+ 1970 Zoltan USP
capillaries are drawn from glass equipment required nozzle sizes are 3,683,212
tubing. This method ¢  Simple to make difficult to form
has been used for single nozzles ¢ Not suited for
making individual mass production
nozzles, but is difficult
to use for butk
manufacturing of print
heads with thousands
of nozzles.
Monolithic, | The nozzle plate is ¢ High accuracy ¢ Requires ¢  Silverbrook, EP
surface deposited as a layer (<1 pm) sacrificial layer 0771 658 A2 and
micro- using standard VLSI ¢  Monolithic under the nozzle related patent
machined deposition techniques. |®  Low cost plate to form the applications
using VLSI | Nozzles are etched in | ¢  Existing nozzle chamber ¢ 1J01,1J02, 1J04,
litho- the nozzle plate using processes can be ¢  Surface may be o111, 1012, 1017,
graphic VLSI lithography and used fragile to the touch 1J18, 1320, 1J22,
processes etching. 1J24, 1127, 1128,

1729, 1730, 1IJ31,
1332, 1133, 1134,
1736, 1337, 1138,
1739, 1740, 1741,

1J42, 1743, 1J44
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NOZZLE PLATE CONSTRUCTI ON Descri ption Advantages Di sadvant ages Exanpl es
Monol i t hiwo 20dw108872z]l € plate is a Hi gh accuracy Requi pes/Ang /0004303,

ed
do

1 JO5, 1J06, etched buried etch stop in the (<1 n) etch times 1J07, 1J08,
1J09, through wafer. Nozzle Monolit h|4 Requires a 1J10, 1J13, 1J14,
substrate chanbers are etched in Low cost support wafer 1J15, 1J16, 1J19,
t he f r|O¥AzZzeg PLaRiCONSFRUCTIONND di fferential 1J21, 1J23, 1J25, and the wafef
I s exdansion | ﬁs&{ahnnea fTo 'J\ﬁ\l{:'ﬁta“("( Si '%}aﬁ;amawgs ar ncul cL ched
t he etleh oLu T—ayetr—mo r‘."‘"" e —yaH—+04HS m?t..uuq A No
Diffi qutignofithic, p JT@E)g’Zil paeisg) 5% ‘PEfRd 18 of ﬁqﬁfeﬁgf‘% bec? PS a6}
cont r d **gf Sel?"? St?;ﬂ P FhBmhoz 71 es ep |1£tmf to p05| [ Gur at p
L] ol
5,412, {E;{ Rlevent ééj ) osst a1 R° 1993 I—H a‘gﬁ/ cl oggllﬁg b tgz@é
W COS “g%ﬂ
probl gns et al éﬁfer I nel O%ige:egnapal bu 993 El nn{ 19k @,
nmechar]i sns and acoyshl; ens mechani sm; Tr oughyzEach dr op
ej ectdr has REdMﬁ‘:ﬁﬂifrorDEh@Bacfcl ring J35 a frough through |manufacturing
di rect|i on i s sensk.iNoggesueitelh g paddl e noves| conplexity tq wi cking. Thef
i s no[nozzle Nowrbdditheochsloate. Nozzle slift The elimnatijon of .No nozz
to Dilfficult t/dayeri989 Saito et al instead|of nozzle holds and becone
cl oggqdNegwrdle ol| \ariop meBRis4avE 9, 088 nogziselovi dytil El@!llateement *byRigolsl9P{
posi t i|d¥ateccur atbesnyriad syslimingteeh dSFATESIOBETY nanycontyldnRt al k  |aSElfvereta USP
posi tilons probl é‘l‘fﬁmzzfeé é’smnozzl e cl oggi ng, PR dhseg 4143t al k dup
to ind surface R EJECTI ON DI RECTI (N (&8 pt i on |Adv oglu
Di sadjant ages E)g& §m§s . I nk flowis alon e si rrple’e P i}
Canon |Bubbl ej et] ., g,ur “ace of the chi p| construction |t ‘;’5?'7@ En
et al |GB shoot Qsougnc@éggl Ink drops are No silicon High resolufidn patent
2,007,]162 ej ectlegdcanii® t he chip etching required is diffigult Xerox
heat er "Ifr&[gh Each drop ejector has ¢  Reduced * Drop ﬁnng ¢ 1135
a trough through manufacturing direction is sensitive
which a paddle moves. | complexity to wicking.
There is no nozzle ¢  Monolithic
plate.
Nozzle slit The elimination of ¢ No nozzles to ¢ Difficult to ¢ 1989 Saito et al
instead of nozzle holes and become clogged control drop USP 4,799,068
individual replacement by a slit ' position accurately
nozzles encompassing many ¢  Crosstalk
actuator positions problems
reduces nozzle
clogging, but increases
crosstalk due to ink
surface waves
DROP EJECTION DIRECTION
Description Advantages Disadvantages Examples
Edge Ink flow is along the ¢ Simple ¢ Nozzles limited ¢  Canon Bubblejet
(‘edge surface of the chip, construction to edge 1979 Endo et al GB
shooter®) and ink drops are ¢ Nosilicon ¢ High resolution patent 2,007,162
ejected from the chip etching required is difficult ¢ Xerox heater-in-
edge. ¢ Good heat ¢  Fast color pit 1990 Hawkins et
sinking via substrate printing requires al USP 4,899,181
¢  Mechanically one print head per ¢ Tone-jet
strong color
¢ Ease of chip
handing
Surface Ink flow is along the ¢ No bulksilicon ¢ Maximum ink ¢  Hewlett-Packard
(‘roof surface of the chip, etching required ﬂow.is severely TIJ 1982 Vaught et
shooter’) and ink drops are ¢ Silicon can make restricted al USP 4,490,728
ejected from the chip an effective heat ¢ 1J02,1011,1312,
surface, normal to the sink 1J20, 1J22
plane of the chip. ¢  Mechanical
strength
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| NK TYPE Descri ption Advant ages D sadvant ages

Exanpl es wlquenwss71Vat er based i nk which Environnent al lpg1/A%2008/000482 Ng

Most existing ink dye typically contains:
Bl eeds on paper
stri kethrough Silverbrook,
0771 658 A2 and high water-fastness,

dye,

Cockl es paper

surfactant,
and My jets biocide.

No odor

Al

it

friendly Corrosive jets water,
| J series ink
EP Mdemink dyes have
rel at ed patent

hunect ant,

f ast ngsiskapgel i cations Aqueous, Water based ink which Environnentally
Sl ow e Q2151041321 memt—typical ontar g friendt
Corr odive ?J’)R %feép;&ﬂoq 130 wa ‘Hm fg%nj‘_,y_ Eiacv%np ﬁDlﬁg lae s rﬁxa l\els M
Si | ver|phasetus, ER Waigiprserbiplgyich h'U@LEE F%’H‘P‘f“‘anhe it nigRy cl g4 nMﬁ Pagingiply |
658 dhd  and PIBY GRS Radlyc ﬁf{d cking Plg ﬁ“PS‘Y?*aX r el|at e patent
Pi gments have 4 Wategg %f’usc“gﬁmé‘ l?gﬁror appl c TCSSn"é‘p BfHv ant L iHF B¥uckd
stri kgt hrough anﬁ B3t Plezoelectrlc I nk wi cking ﬂww§8£%¥es
paper fjets strilke h shav‘!;hermal ink jetsi, %gkgp|f|0@m§658A2mm
restrifctions) ngﬂfé;tel_ ks a highly Very 1ast OO kit patéh
serieq i nk Et hyln\aiati | € sol vent used Prints on varioug qﬁh&ﬁ&able jets
Ket ong [ QkodsNAUSH fidr Blse bl VN0 S ERALRAIREy SUCN AGw aliEK) Q7 dizhd U@ﬂfm
surfa Eﬁ iRt al 3 tpdibashd: CS | stiedayas al um nem cadgve Al CQ h(pjzs/Nzczqnol ed
i nks ast dryi|Rgter, plgingtit odoye Aloloddr) seri €& ipigmen(dfyhanqle, Qﬂve;tbﬁwk, lEB ed
wher e |t he Operjatréstaif husiedient, F aRedbdddleedt S | belbgdadles pri ntjen71nsst ADpdr at e
at frgezing andndtitegies) tenper atRedues! iilngw| ¢ erfigicatiiyes t hecldted@atzitng poj nt
of Rgduced papegmemmbaseéan An e aRpdueedof cockl dogdaiugor s in- c appligations| ow copt
consurfer hot o g aivautagorii mduicery. | Phrkstbrodghe i nk | i Sechosismd at  N® | dPiggopleptriciipe-
Hi gh Vi scosity | bRedmicling ®dhot| change roon1ﬁénﬁ%$@%@ﬁ@f ard“ﬁnk |n%%antly
freezgs Printed ksikougdi t piezoel ectric (h?t nelt) is nel|f Jeﬁrlnt
on thg print nﬂdlun1typ|cally has a ink jets head before jle Em c st
any prjry éthyl X Mﬂl&s amgﬁf’m NYVENK/ery fast drying | ¢  Odorous ¢ Al IJ senes ink
Ethyl volatile solvent used ¢ Printsonvarious |¢ Flammable jets
Ketone for industrial printing substrates such as
(MEK) on difficult surfaces metals and plastics
such as aluminum
cans. )
Alcohol Alcohol based inks ¢ Fastdrying ¢  Slight odor ¢  AllIJ series ink
(ethanol, 2- | <an be used where the |¢  Operates at sub- ¢ Flammable jets
butanol, printer must Oé)clrate at ti:"reezingtur
temperatures below emperatures
and others) the freezing point of ¢ Reduced paper
water. An example of cockle
this is in-camera ¢ Lowcost
consumer
photographic printing.
Phase The ink is solid at ¢ No drying time- ¢ - High viscosity ¢  Tektronix hot
change room temperature, and ink instantly freezes |4  Printed ink melt piezoelectric
(hot melt) is melted in the print on the print medu}m typically has a ink jets
head before jetting. ¢ Almost any print ‘waxy’ feel ¢ 1989 Nowak
Hot melt inks are medium canbe used | e  Printed pages USP 4,820,346
usually wax based, ¢ No paper cockle may ‘block’ ¢ AllIJ series ink
with a melting point occurs ¢  Ink temperature jets
around 80 °C. After ¢  No wicking may be above the
jetting the ink freezes occurs curie point of
almost instantly upon | e  No bleed occurs permanent magnets
contacting the print ¢ No strikethrough | ¢  Ink heaters
medium or a transfer occurs consume power

roller.

¢ Long warm-up

time
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upon No bl eed occurs pernmanent magnet§4 contacting the print No
strikethrough 1nk heaters nedium or transfer occurs consunme power
rol | er|.INK TYPRQ vvarmup time SUBSTI TUTE SHEET (RULE 26) RO’AU V\D 2006/ 105
PCT/ AYZ0057 000 TNK 'Y'JEdvan ufl ption Bta L ages

EXarrpl f\ | u.l e ﬂlﬁ nf\l 'u -\| I 1 Al L
‘>OE_I;FH

seri e Pthk éaxt ﬂ}ﬁg " Fﬂlf“&‘&ﬁt"kj ef
i m$ Fof usey, anl%dva ages in
fﬁﬂ:@ﬁ@ddﬁ and 1%

571

o

f\

nun o

of fset| printi nc
not cqckle ink qlotgg@&r Ushigle ywmgﬁqw re a
OW VI SCOSi kMallyRQUF 2 PaQer (especially

charadteristics
t hr oudh paper 4 . vmgg,ggngtgmg(r cOClelveyscositbdne- br anched oi | s
Nt shomtleinfaedui r €d.

sol ublle di es ar | ow vi scosi

Slow qrying M
Al 1] series i
emul silon of oil
Wt er o+

Ql’\f

PagriePedallg us f i
waekindomdogkied.e mu
1Pkl soleblgdissianh s
Pismentere reqpdrpdy

1 hi nhnr than—v

sol ubl|Missed i
and i d <GSR i n
pi gner
SHEET
nmet hod
avoi di
nmet hod

t
(RULE 26)
of hydr
ng hydr oy
conpri si
ead with

requi r ed™

kmiFreenpulsio i o
lé&abllhlge

1Y

ag%iﬁ tlmol?%G
D194 108 ndN |
Dagdak TekeRGindds Z |

litg pieReredsdutpttireO
af thé gufectipt. and

printh

1f £ a B
31 et

CiteBigh YapePi gnNe
lsionis a St
t abl e, self fo
ility Cost i

1 E?Psd#ibl‘&f'es
|hsl8111 E‘bncent
t

/L O3R e sﬁf

nky; hﬁ%& b2
8 chabgrs and
f pléleﬂta) filli

( yspewipmsi t i ng

Vi scosity highp
than water je

surfactant. Th
Ze :.\m'\hl nhl lLic

b pwuliitifandhkdald
nhagya sufficightlydy g

@nv‘ﬁés“%’é@‘ H
a

f) ] F‘g )

70{,@(10( )4"@

| QcehtHioS UPP! Y
NOref@dEd (adusdh ant

g ?h All Tfystries ol g
¥ed curvat ur
% SUBSTI TUTHE
CLAIMS 1. A
ad, whil st
channel s,

ers on the

t he

lorv WP and
‘?‘f‘etrhe r ef

are Figisufictalit he
as%ky dr ophobi zi

ng material onfo

the ink ejection face of the printhead.

the printhead is an inkjet printhead.
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2. The nethod of claim1l1l, wherein



10 3. The method of claim1, wherein the liquid is an inkjet ink. 4. The
nmet hod of claim 1, wherein the step of filling the nozzle chanbers is

pri m ng twe 2pé¢msdyead with ink. 5. The nethod of cl ai mptr/avhressmiooust he
deposition of the hydrophobizing material is chem cal vapour 15 deposition.
6. The nethod of claim1, wherein the pginthead face conprises atons
avai l abl e for coval ent bonding with the hydrophobizing material. 20 7. The
met hod SFAMS%i m 6, wherein the atons are oxygen or nitrogen atons. 8. The
met hod of claim6, wherein the hydrophobi zi ng conpound fornms coval ent bonds
with the pri I

hydr ophgbl Zi ﬂgn%nﬁ% é?%d%?ﬁﬁbg &g mgllnk;r %%Jggn%gﬁﬂp Iheéa ﬂdgqa%déd%ﬂ?%y% Obélﬁ%lbozm

gr oup. °hgmb WH@/WHWIYGPWI%PWB‘X°%@P@%“‘FFF@PSH ydr ophobi zing material is a

silyl chlor |(d)e&llm’gﬁloz}[hchafhesm&]ﬁidthevfdmhahmceandv\her ein the hydr ophobi zi ng
conmpound is - i od of claim1l0,
wherein the @5%?%%%%% |°éhg%8 m%%r%h nlmsdmghlk ?‘Tcminjfar‘r:te)ﬂf-(l)l; or| e. 13. A
printhead obtained by the method according to claim1l. 35 14. A printhead
conpri si.ng aryekddihéd deteimOf, whedd hesrintheddRA idkidt ginfbdast rat e, each nozzle
conprising a nozzle chanber, a nozzle opening defined in a roof of the
nozzl e chanber and an actuator for ejecting ink through the nozzle

opelti ng:  SUBRF rapibdof SripE T whicris e pid iR@inkigt MO 2006/ 105571 PCT/ AU2005/ 000482
46 wherein at Ieast part of an ink ejection face of the printhead is

hydr oph b|c ive to th i.nsi de faces nozzl e chanber

The pri thea ’5’%‘1 2 lﬁ’\mll tﬁeeiter? °Z§1E9P1g Noiojiani °3?“%§rsé§tp“f“§‘§§’te Ppiothepad B‘Fh‘fﬂﬁe i nk
ej ection face of the prlnthead 5 each roof having a hydrophoblc out si de
surfaces. 1 el ane Wembdortibg lI Qﬁe‘r&i@thes&éﬁésﬁi@?& t&fhy&@ﬁbblm%lteﬁalqmmﬁ% vap 31@ The

pri the d of claim14, wherein at |east part the 1 nk e ection face has a
cont’act lé‘}ﬁ P of nore than 90 and the insi de surfaces of the nozzle
chanbers have a contact angle of less than 90. 10 17. , The printhead of
claim ]64 V\hﬂlE ﬁ]'etﬂodaotf clLlﬁlaiS&lhe%{ the &&m&ﬂ%cﬁ% g&e?&&ils%oaﬂaﬁggr Q)@ﬁen?‘bo%&g%@% the .
angl e of nore than . The print i aim 14, wherern the 1nside

surf ace¥ 8?°Wﬁ@“ﬁﬁ¥?\e chanbers have a contact angle of less than 70. 15
19. The printhead of claim 14, wherein each nozzl e chanber conprises a roof
and,,si dewal | r terial. 20. The printhead of

cl gzlom Clig \/\h%? \gi@&ﬁédtsorflzelg%egf ‘gl?ﬁ;eénq{lr?aat%?fsﬁgl %’rgeg(gg% é)%efl é‘?m?'r omsilicon nitride,
silicon oxide or 20 silicon oxynitride. 21. The printhead of claim19,
wher ei rg. t he The ekthaid cisindbewitkdishetyaropbitRgdaipord Ry Hofultht D6ARNVLE e BRIRLd | ON
process, 25 22. The printhead of claim14, wherein the ink ejection face is
hydroph6h|c relative to ink supply channels in the printhead, the ink
supply channel s being configured to supply ink to each nozzle 23. The

prizst head OfThe nshdd olélamvm'@ﬁe@lﬂlhetﬂ}@robﬂakxzﬁi 88¢a0Ba §iHLBm (f | ayer of
hydr ophlog)rl et erial, and the inside surfaces of eac e charrber | acks
a | ayer”SPPRYEF8Bhobi ¢ material . 30

10. The method of claim 8, wherein the hydrophobizing material is a silyl chloride.
30 11 The method of claim 9, wherein the hydrophobizing compound is non-polymerizable in the liquid.
12. The method of claim 10, wherein the hydrophobizing compound is a silyl monochloride.
13. A printhead obtained by the method according to claim 1.
35
14. A printhead comprising a plurality of nozzles formed on a substrate, each nozzle comprising a nozzle

chamber, a nozzle opening defined in a roof of the nozzle chamber and an actuator for ejecting ink through the

nozzle opening,
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24. The printhead of claim 14, wherein the hydrophobic material is
covalently bonded to at least part of the ink ejection surface. SUBSTI TUTE
SHEET ( RUkB 286)10851 AU PCT/AU2005/000482

46

wherein at least part of an ink ejection face of the printhead is hydrophobic relative to the inside surfaces of each

nozzle chamber.

15. The printhead of claim 14, wherein each roof forms at least part of the ink ejection face of the printhead,

5  eachroof having a hydrophobic outside surface relative to the inside surfaces of each nozzle chamber.

16. The printhead of claim 14, wherein at least part of the ink ejection face has a contact angle of more than 90°

and the inside surfaces of the nozzle chambers have a contact angle of less than 90°.

10 17.  The printhead of claim 14, wherein at least part of the ink ejection face has a contact angle of more than
110°.
18. The printhead of claim 14, wherein the inside surfaces of the nozzle chambers have a contact angle of less
than 70°.

15
19. The printhead of claim 14, wherein each nozzle chamber comprises a roof and sidewalls walls formed from

a ceramic material.

20. The printhead of claim 19, wherein the ceramic material is selected from silicon nitride, silicon oxide or

20 silicon oxynitride.

21. The printhead of claim 19, wherein the roof and sidewalls are formed by a chemical vapour deposition

process.

25 22, The printhead of claim 14, wherein the ink ejection face is hydrophobic relative to ink supply channels in

the printhead, the ink supply channels being configured to supply ink to each nozzle.

23. The printhead of claim 14, wherein the ink ejection face comprises a layer of hydrophobic material, and the

inside surfaces of each nozzle chamber lacks a layer of hydrophobic material.
30

24. The printhead of claim 14, wherein the hydrophobic material is covalently bonded to at least part of the ink

ejection surface.
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