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ég.%lggy que%78833]60 BA% ND OF THE | NVENTI ON :
erent types of pri‘iting have been invented, a
Iarge nun‘oer of which are resently in use. The known
Sdme applicatiqnsihave h@méls@d\ba'rdosﬁgt nyfmberst Hbeks williberepla¢edgvhen
a\Rr Emnnt bV\D 20%%099652 PCT/ AU2005/ 000392 3 nedi a
PRIEHICR BULIOSTATY ARy ki ng.nmedi a. Comonly used forns of
‘printing include offset printing, laser printing and

cop devi ces, dot matrix type inpact printers,
’tﬂe&ﬁﬁg Hrlﬂ%rs filmrecorders, thermal wax

pri nf}fé'ﬁe%ﬂy ﬁvéﬁt@ Héﬁ(ég‘%@ (R el 6f ﬁkn%F gn {4 dnfll discloses an inkjet
. printers the drop on dema continuous
prifting systera usingphrinthepds mhnyfactated withamidréelectrormachaaithbaystems

oblenB when considering cost, speed, quality,
(@%ﬁggﬁ) AYES- sinplicity of construction and

BAC_KGROUND OF THE INVENTION
Many different types of printing have been invented, a large number of which are

presently in use. The known forms of print have a variety of methods for marking the print
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operation etc. In recent years, the field of ink jet
printing, wherein each individual pixel of ink is
walesoswedst r om one or nore i nk nozzl es has becoPer/AU2005/000392
i ncreasingly popul ar prlnarllg due to its inexpensive
and versatile nature. 10 Many different techni ques on
ink jet printing have been invented. For a survey of
h N hS COBRES :
m[ﬁgg Pmlﬁ aerl:lgva:{t ﬁ{aglé{?é‘%r%?lﬁt CoR In%}?t;s‘gg lfJ' st é)‘rf; bﬁntgi/g iclude offset
priitimpdasec ahntﬁg&de:opmgdcw@axChmmam@pﬁwwcmidtmsthermal paper

P JU T e PR PR e A priaiery S Gt 1t printers both

ofitHP&Dp of AEmehd Jirldzc%hhﬂlbuﬁ"ho@ tﬁﬁ: 2oty H@FEmﬁEﬂ%'i@s 8fvn advantages
ink inink jet printing appears to ack to at

andemehlermgwbewmdpmwst Peeedrqualify, relighilityo simpliciapfseonstruction and

o ﬁ QRes a sinple formof continuous stream

RSTECFS: static ink jet printing. US Patent 3596275 by
vaee[h 1édefyediss the GizRiSofanipjeopitmg Ovhéein @adH mdﬁidilal Iﬂkeljoetnk is
printing including the step wherein_the ink |j

deivee R anep Boraink goggjeshap begenye indeasiely onular PEII@fﬂéﬂq“@ to its
Sr t ause drop separation. This
ln%g) %?%%% |s§§k?BPQUtilized by several manufacturers
i nclMdnyndjffeten] tethraaquets 8o irtkgxt prstieg hivedetibinPeantedit Fdda. survey of the

73437 by et et Pi.ezoel ectric i rinters
ridf et eboe Saeakon Al BTN o P gact ik BrodtelbTand
Hﬁfdri@&l' %pe&@é" C@utpt'ﬁ' 18£8 @'o?}é DEhGesS EStGER I?ﬁlﬁcl@' hiF$ Sp&fl pages 207

by Kyser "et. al. 1n US Pa 3946398 (1970)
- W@t i zes a di aphragm m)de of operation, by

ZO| tcﬁg I n i e Ptﬁt At El)veé%g %%rﬁm%%gcig%r I 5 h Zlﬁme uélfizatlon o%a
cdhtlﬁﬁdua |strea§ﬁ eﬂm ni iﬁkb@ prHatisnippblars to &?éﬁébﬁ@o 6t18262) 929 wherein US

di scl oses a bend de of piezoelectric ogperation,
Pateniiion $94190 Ly H@@thlwb)ses ysimplsdorny pEeqnguays gtream electro-static ink -
Jeﬁé g}ectrlc push node actuation of the ink jet

ream and Fi schbeck in US 4584590 which di scl oses a
sheddS Batert I5PHZ7 Sy ez aled> distloses atpravessthf aeontueneink jet printing
ently, thernal je Jntln e
mglvﬁ Serpuhaeia the lak rét Seai njl(@flpaﬁg‘abaﬁqﬁ ﬁgque%elfﬁqﬁe static
ﬁél& Eo B t‘o%vhé%%&;ﬁéé{iﬁhﬂé&? thi‘fél: et1§‘ &ﬁ?utﬂizé& 139 §&1@ra‘?)ﬁanufacturers
Endo et al in GB 2007162 and Vaught et al in

inglgding tFémiet 4udSiR (seBeolsh u%tqﬂ bioeio‘r?e?i?mﬁ ‘dbe8weefebaldnces

dis .0se r|nt| hn| es t hat r.e
F he TSRl gl 5 Pris e A R S SRt IR o i e rinting
dévagU IPiegoélBcttit Systohaird dl@cl@s‘ed By BUeé ee dl Ain & STt Nlocsgelr6398 (1970)
space, such as a nozzle, which thereby WD 2006/ 0996
whidr nalizes @ Siaphrgormode of apgiation. foy Zojter iri Ié% Pagent; 3r§|83$1r2cﬁ1r97 0) which
dlé‘éi?s%ES E@d—é@ﬁ: O kﬁ%ﬁ@&u&@d eﬂ}?efo% g s?a‘l’as“t R5PUR [Patent No.
evan rint nme ri evi ces ut 1 ZI Nng
3AI7e20 (1972)hhmim;bs abéndahade of pmzodmnﬂiaapemtmd Hywkins in US Patent No.

cturers, su h as non, and Hewl et t. ackard ) )
4‘@3&0@ Qien 2 piezcisavac P@ﬁé@qﬁeﬁg fuatinnRf thg ink 46t sfrean schbeck in
U584 990t HIch diSGoNe0h HHafmodE pe Bf f¥AIelc@RictrantdRa! didmerkt

printing technol ogy shoul d have a nunber of desirable
at t rRésentlys themhalsek jet pntingdap h@@p@mememdwppulmt foom of ink jet

and |on eed.o
poier G B bt ReRRE R SR thdsp iscBRLdb e et g 78 2007162
(19%9) dnd waupitset AR USoRadc 49205728 NBoth theskoronientGgedi rdferénbé disclosed
areas of cost, eed, qualjty, reliabiljt power )
inkj 4¢ gEnting tegHiques ﬁlabﬁhcw@%thawn&é ép aleic%‘ﬁhennal actuator which

regtﬁ{squ déétl@ﬁ‘gf £OBBRY c%ﬁstnétgd ﬁhaeé' gmh aVH Eﬂﬁ'»@ﬂﬁ&?ﬁwreby

print hea and” especi al 'y "i'nkj et "print ‘avi Ng a
hi gh nozzle density, is that |nk can flood across the
pri nthead surface contam nating adj acent
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nozzles. This is undesirable because it results in

reduced print quality. Myreover, cross- contam nation
w®toobndoesrr oss the printhead surface can pot entdEAT05/000392

result in electrolysis and aﬁcelerated corrosi on of

nozzl e actuators. 15 Previous attenpts to mnimze ink

fl oodi ng across the printhead surface typically

. . , . o
ey 3he GRS B8 1ol P e B o i MHERRN R onpo  efevant
print mediad Printingdevices utilizihgitel ehagtrdieermal antatodfard handicaged by

A further problemw th inkjet printheads, especially
mf*‘?ﬂfj“&mﬁrs}l&tﬁ 03 Hﬁ‘d[]e"JsPé‘ﬁléatrfit ive MEMB nozzl es

for . : . . .

e Do T R B TRl S are
availetzlei lgaltyhe printing tecudlapyshade haveygriupatier of desirabie lgitniges. These

.are wped reqularly to.remove particles of. papgr dust.
ingfol s Rfet EhtisBlsion i OBETRI . Bigh oheedRbertiR S iptinuous
lofig Er@Peralbe tc AENEHXeEHholTRG Ry Hake ROORE advihRAgeLMdWdadvantages in
Wwth nozzle structures on the printhead surface, _
the greawof eosta pegdduality, teliahilityf pevssraigiasgsimphicioaf goasituctien operation,
d&%ii&aggc&%ﬁ}nﬁﬁl%e to provide a printhead, which
M nimzes Cross-contam nation 25 by ink flooding
bet W& gnotdein ad thnihkjeoprhtheads) dndvespédialBeinkjet pitheads having a high
desi y abl e,%t%tg pr ovi dﬁ a, printhead m#fg% al lows, .
nqzaf5iflensitye iscHhnh 1k cot toesbagessibaprrtheas wigaes eRntaminpiingayljacent
. L e . | r
PR P A e Rty ot TR R R e Py MR8 ross
contanginataspaEank a¢rhss the pantheal/swiade aarppatentiallgdesult in electrolysis and
C rising:.. WO.2006/ 099652 PCT/ AU2005/ 000392 5 a
acgglﬁn%ﬁdg Oé—‘%iS]HBIOSBP °&W'Sality of nozzles for
ej eCpretigus AtkenSiitOR) MirSmertink ﬂo@dihgbcr_oﬁ@tﬂb BAhthe&F furface typically
_nozzle having a nozz| e aperture defined in an ink _ _
ingplxe coasingdhe prartheash with a hydropbetie materigh daaveyeu halophoti¢ coatings
r ' . he Lhk ejection surf tdhe surface _
ha;vg P ﬁﬁﬁ*@ﬁ‘i‘“ﬁ% sﬁfﬁgesgch%ﬁ*@é%é%@’eteg{epg% %(foéi ch nozzle
f r onA #lirthee psdbl@n eviddhRieeprinthents) @pediallyginkRe pristhesis dating

there isMJrovi ded a nmethod of operating a_printhead,

seppfiteMENM SRarries fyymed aandel eispiamtirBre ef the prinBeedwdethat the
I

e e S N G S
primtodadsl aregvipeptagukrlytty resioveqrartiadtes dfqrapey dast ommppemnfibers, which

droplets onto a pri di um. each nozzl es having a .
oleOlh &' B ik e dioR spithesy Whenadviefie tap S0t esther aiggogiect with
ndzBR strablfdslonlte prikiHesd SkAES thdry is0n JoHIMHsR BF dffadiR€the nozzles.

ink ejection surface, the surface formations being ~15

conf it %igrldcbe desirahde tn prowigels printhdad, Whighyminimiegsarossregntamination

' Y10 Nt | tQ a.pli medi u

by T8 BRAF S Bl A KW £ 8Bl oBaBle SRR
printeadpwhich alted b eegubic cleahihi ©f tHetginthdad istifieedd AWipifmechanism

i sol ated nozzl es, the nethod conpr.i sig{g the steps of:
wishput sk gf damagingnozzls yichuseseon the grinthsad-r at e i ncl udi ng

a plurality of nozzles for ejecting ink droplets onto

a print nedium each nozzle having a nozzle aperture
SUMMARY OF BEHEINNVENTEXN| on surface of the substrate;

In a first aspect, there is provided a printhead comprising:
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(b) depositing a | ayer of photoresist over the ink

ej ection surface; (c) defining recesses in the
wW@bmboywst st, each recess revealing a portion BET/ATB005/000392

ink 25 ejection surface surrounding a respective

nozzl e aperture; (d) depositiﬁg a roof material over

the photoresist and into the recesses; (e) etching the

r oof ' i n8: Syr. .

oz} Bt Bloiddind £01, 8B o REAAR FLGLARUIA, BB o8 S brin
mediemi, sg-hdekzle having aaore hpatule défiirdan hs inkexféctiod istdface of the
uE)rom.th roof to the ink ejection surface; and 30 (f)

S @i the photoresist. Optionally, the formations

have, SPRARk oS Whlt Kb burfVESth@ sl cRbfidtlots bei

aqueo gﬂ%@%ed I nks aﬁ@'ﬁ§§$é%ﬁ%bﬁc formations a$ﬁﬁﬁ S Deing
canfigeted 4o jsolatoeadb dozzl& frokeat deast WO LAPRENI0RAEIS2 __

PCT/ AU2005/ 000392 6 hydrophobic formations mnim ze

as far as possible any cross-contam nation of ink by

act i mth RBordl APYE] thede 19 providRH a3REhBY of dPefitiiRlagstitiRdad, whilst

repul sive forces. Mreover, hydrophobic formations o
mplBipRECIPsigeestanyinatiin efipk betowsere adjneat berzlesi the gnethod comprising
thég@@gg%ive nozzl e chanbers and ink supply channels.

nce nozzl e chanbers are typically hydrophilic, ink

wi | | (a) progriding Hprifthetidasumprisiig: i nto t he nozzl e and away

from a . surroundjng hydrophgbic formation.  Optionally, .

the 3 Biostate srdudinga gyl ebneazles foy sdtingtgk dropletyonte a print
m@(ﬂﬁ}n‘? S4theRzzI88RdVind \PASI e ﬁhfbsdé&ﬁe& inf 'e{égtion surface of the

sidewal I's surrounding a respective nozzle, 1he

subbtgoyands fornming a seal with the ink ejection

surface. .Hen each nozzle is .isolated. fromit . .
‘adj bRty g aatiar of gk cisctng puisthe ghytace formations being
cofigiRAab Isylatedeh nBLAE FemP HaRboHcadideehtiRzzIe 0 | Ses a

roof spaced apart fromthe respective nozzle, the

r oof (bhBxintiRE ente aefinbipedinmgusig sgrbprinthead. a r especti ve

nozzl e opening for allowng ejected ink droplets to

pass therethrough onto the print nedium Hence, each

nozzine third h§wot, ¢hetdils providedd mgtHodkd fibafify ApBhtheadCling

. which cqvers or_encapsulates an individual nozzle on
isplptedingrzles, thamefhod comprising thesteps8f: not only provi des

o o B SRR e s AR A Ofof st B ciecting
inkxeophéte pntbhacpring tred tung | dagh olearbechavingef dezelesaperftungalefined in an ink
.dust , er.fibers or wping. Typically, the sidewalls
q@%@@ﬁﬂgggﬁﬁﬁga F?ﬂﬁter region of each roof to the ink

ej eciyh @posiinkadtyer of PRYBIsEt Her AtH iAR SRLLIPAFETRe;
enclosures are usually spaced apart across the " ink _
ej eclc) defining regesses inghphatonesist, pachtraeesp revarlingaaipirtion af the ink

Rk i s a wi dt h inkj et

ej%)ér?%lgﬁt% hrefgg(f gﬂ&(}? | oﬁ%\? F%Be‘? S nggﬁgg %eerguéah as a nozzle
dens(d) deposhingha rost mbtefihlcdventhetphofoiésist and intPthetroceb &0
dpi. The present invention _is particularly beneficial

for (5)etehing Sheroptppisgabioriefne 2 Rozale enclesyss argundyeach negzle

ottt SRR o e BhoIRbDE REn P oSS BREAMSY b RBE ahsidewalls
exDEECR firkdth @i 1061 thHEe DRAYEANGS shidbes; tindt andi ng any ot her
forg&}that.nqg fall within the scope of the present
i nveht ieB0Vingthe BRYESISLr g of the invention will now
be descri bed, by way of exanple only, wth reference

to the acconpanying draw ngs in which: o
Optionally, the formations have a hydrophobic surface. Inkjet inks are typically

aqueous-based inks and hydrophobic formations will repel any flooded ink. Hence,
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30 Fig. 1 is a schematic cross-sectional view through
an ink chanber of a unit cell of a printhead
wa@emengicsy t o an enbodi nent usi ng a bubbl e formiTIgU2005/000392
heat er el ement; WD 2006/ 099652 PCT/ AU2005/ 000392 7
Fig. 2 is a schematic cross-sectional view through the
i nk chanber Fig. 1, at another .stage of operation;
'r%hoﬁlcl n@ @%@%i?ﬁﬂlg‘e 55{/ féf as &gﬁﬁ'(l)e? rcrés‘%SiégghE{M% ik by
aanpg asb thSICEﬂ:bgﬂ'leﬂ andbyindermehmilac reputm';sse— foaes.i Mnabvari, kydrophobic
t hr ough t he i.nk chanper et a furth
oA BroBie aeston oty fesdi ik ok i riipagivemails ghambers and
ink 's@5pl %%ﬁ&ﬁlb@ngllncé’ h&M1d (HaRIBRHY de Hpidall§ ?Miroﬁfnh@ mk w111 tend to be
printhead in accordance w th an enbodi nent
drawn dack into éhcmzzig anchew&wfrbmms@r@mnémg ép@pmmg ﬁmnatlon

Fig.46:15S art|aII wa ctive

Ui SuoRgbimup, BE RLinSs Bk ERd i o Pilraft b npPAE RIS cach

ndXzlednbRaste cdphibigs s1d3whﬂs ﬁﬁro@h&m%fah%@w@e RERPeesidédalls
views of the unit cell shown in at various

fogmingassepl with thegak ejeptiqmuirfage Henges e@ﬁh pé@é%@gsqbefted fyem its adjacent

Qg&&% | ON OF OPTI ONAL EMBODI MENTS 20

O%HDEBEEE%ZZI m ng il er Elenment Actuator Wth reference

to F®gthmmﬂy,1eat:b ndzzl¢ beclosard fucthbt commisenaeoodkspideéd apart from the
l.icant's pri nfheads i; shown. Thg unit cell 1

reSRERYT Be2lca teg09 havifigea wobopsrime Alignsd adthn repRscyqnozz}fopening
foRQEGW RS ejdeadiing deﬁ?&é ® ﬂabmeﬂathr@ﬂgl GRS e PriR medium. Hence, each

extendirng through'the nozzle plate. The nozzle plate
n@zleZnclosyk awstymc@lhetake therfoam of b icam rwhicht ¢QleES cs'tencaplsuﬂa@s an

hen
infiE bt BB iCyedibn iia®y THE B0} otk BPSiceqaddibiopa
contisaeEntfahy fledddaask, itfilso plfolvﬁiehﬁﬁdqeﬁbﬁ)@edtlﬁﬁb@@zﬁﬁn nowkle from, for
res ect to each nozzle 3, side walls 6 on_which the

, thefrosgndially dampgisg ?Efects af papgrdest, peperclibeieer wipingie

vval I
S ubs’fﬁgﬁ Sﬁ%r? gvé llgﬁjﬁkl?d ggés a%rﬁ%étéeﬂ){f’ %gloﬁ gé/c hr?%f to the ink
ejedrionutface: Bileemnlls obwljscehendzaletdnelobares snedSuz(lnmpasddmpﬁbt across the

_nizf the suhstrate. A | ooped, elongate heater elenent 10
ink gjesHALEHICE within the chanber 7, so that .the
el e dafly! the bRBHHER a0 dedichas ¥ dGhkiet
oo Biylay! die pARMER! Bafline: Al theR 38 Fbaddifidiithiot
printhdadr Gptwt.aﬂllyoﬂne phatheedhassagazaln denERG)Whith is sefficent to print at up

to 800 dpt, e Prevet) inehuibn 14 PR barehERLER Rrtthef fVing a high

ndzBleUfeSsityl, Bbcalide hipR demsity@eRtheadd are RbectN9\Wrdnead ROk Hetween
5 chanber 7 via the inlet passage 9, so that the

adjarsROZzepl |s to the | evel as shown in Figure 1.
Thereafter, the heater elenent 10 is heated for
somewhat |ess than 1 m crosecond, so that the heating

BREEF DESGRIPTTONOFTHEDRAWINGSe. 1t will be
appreci a hat th heater el epent, 10 is in thermal
contlﬁetfmﬁ?t@ws% any aiherdors thatgay fll pen thesgoraptiharesent

inV&fioR! Iﬁ'@ﬁﬁt:d fdrislog ﬁfquvenhgx'l wilt A% %% dEJbﬁdea IB% %ity:’?g @)i%fnple only,

vapor ‘bubbles 12 in the 1 nk. Accordingly,
with reference to the accompanying drawmgs in which:

Fig. 1 is a schematic cross-sectional view through an ink chamber of a unit cell of a

printhead according to an embodiment using a bubble forming heater element;
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to constitutes a bubble formng liquid. Figure 1 shows
the formati on of a bubble 12 approximtely 1
wonmsomesond after generation of the thernmal petB&U2005/000392
that is, when the bubble has_just nucleated on the
heater elements 10. It will bé appreci ated that, as
the heat is applied in the formof a pulse, all the
energ: : . e, 12 |
Suppl ATt TRBkic GoRSEBle AP B A bl HE, 1, ot another
stdge ofopkmtibed as descri bed above, the bubble 12 forns
along the length of the elenent, this bubble
appearing, in the cross-sectional view of Figure 1, as
f our pight/bl &1BRkfi¢ &88s-se2A6ndl %@&9&@%& & @h@BBNEig. 1, at yet
porti ons shown in cross section. 20 The bubble 12,
anpties sgge of epesetioncauses an increase in pressure wthin
the chanmber 7, which in turn causes the ejection of a
drop 16 of the ink 11 through the nozzle 3. The rim4
assi Biigs4 isa sbhemefi¢ frgsd-SertiohD iekbthadughtthé fmkajhambedFigSD at yet a
as to mnimze the chance of drop m sdirection. 2§
further stageofioPerstiontadre is only one nozzle 3 and chanber
7 per inlet passage 9 is so that the pressure wave
generated wthin the chanber, on heating of the
el enBigt 5 is0a dingraminmaticicngss-aéctinbiNibivaehrbidgh daes celbdf a printhead in

af fect adjacent chanbers and their correspgndin
aqqgpianeR WL %@n%?@gm of %we@%%m%s {iecRll#pse g a vapor bubble.
chanber creates significant stresses in the chanber
wall. Form ng the chanber from an anorphous ceramc
suchFigs6 & d scbematig, partiady cui awayp perSpective xieseof{ ayfusther) embpodiment
iIi.{:oninlh yniiﬁiae, gi ves the chanber walls high
osf’t‘iugncget PRI 400 di ng the use of material with a
crystal structure. Crystalline defects can act as
stress concentration points and therefore potenti al
ar ealigdf’ peBiaieschematic perspastive Vigws f the wnit egth shown in Fig. 6, at
/ ; Fiegur nd 3 show.
ARG a1 oo s o BFRURalC o
operation of the printhead. It can be seen that the
ble 12 nerates further, and hence grows, with the
DR CHIP Lo B BTN AL ROINN TS ugnt he nosz! 6 3.
The shape of the bubble 12 as it grows, as shown in

Figure 3, is determ ned by a conbination of the
Biublde FoethingHieatirdsleraeny Actudter sur f ace tensi on of the ink

11. sprfac ensi tends to mi.nidze. the surface .

ar eavg ot bR 3 R Bl Y 1 e e ptped printheads
is 3RS THfunfitl @Hi1CohipFiseyAReYzRE ke 2tWith ReEANsS thérein, the nozzles

essentially di sk-shaped. The increase in pressure

hapingarzieang hard aperpurgnd exanding thypegh tharoaze plgte. The nozzle plate

t ; . S. i .

2 AR RSP Pl R B  te hemica
v4pas guRitdni(€VAY povex ik sadrifi gyal 2fHberiad wIdéh iRisabseqsently etched.

l ength, and is only approximately 16 mcrons in

di aneter. Hence there is a substantial viscous drag.

As : t ; Ok f :

s e e T P AR e Rzl ARE ATV o which the
narsiezilge 3 sppanteds p ebaraberdr defingd by thet wals anddie henzle plate 2, a multi-

through.the inlet passa 9. 15 Turni,.ng now.to Fiqure
et SRERE ¢ e B o BRRBER oXlndig fifpre e ARl et SobibSie o the
fab $1d6 G50 sSNEW B e fibstrRPEAAbbIU, eloNghb hédlert diéinért{ 09§ fRpended
16 that is being ejected is shown during its "necklag
€

wishiadhe chaathsr &, sorfhatdhe plementdir in beformnef 2 pisperded dsamt
bubbl e 12 has already reached its maxi mum size and
has then begun to col |l apse towards the point of
col l apse 17, as reflected
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20 in nore detail in Figure 21. The col |l apsing of the
bubbl e 12 towards the point of collapse 17 causes sone

wo mio6/dd9652 0 be drawn fromwi thin the nozzl e 3 ¥dT/amabe0o3s2

sides 18 of the drop), and soge to be drawn fromthe

i nl et passage 9, towards the point of collapse. Mst

of the ink 11 drawn in this 25 manner is drawn from

. 1 .
P S d BRI AS BRIV gD 338 o
by atjthogephw precessivhichip describéd mummtdutanltb@lmw er cone

surface tension forces, in order to break off. As ink

11 is drawn fromthe nozzle 3 by the coll apse of the

30 bwhihehelgtinthdad 1Qirﬁf§€t Bk 1‘Pfﬁotnh§ ré&@ﬁ}élrj(ﬂotr shdWapenters the
t hereby reduci ng the amount of total surface tension

chamlmr Ayiathe udm:pssag@ 9t $eethat; the chamban filinte thetlenel ds showasin Figure

'I'Pereafﬁg,etﬁé ggatgruél gntalgel%g‘?a%eti/%r 5%-8 g!ﬁglﬁt?arﬁtl rtnPcrosecond SO

thethe ALRBPT4 60&3 %’rm 30 thbetal éill%edllt ol bé abpxeélkﬁ:d @ﬁd‘t the heater
cavitation forces are caused as reflected by t

elgmeppd) is sothegmalcqatag) with theink Lhin theshambes 7 qezéhwhﬂn the element
3R ARRE cbicy e bbbt PRI RO, EIR e B4 Aol o 1
castitvdsatbubhle foaving dijiain Kigure hatewathe fofhamn.ofa bubble 12

S oo b b St S5 G o] s et et the bubbte
hds¥ R ButeAtell Sn IR ARy efEHﬂ:nﬁzFl@r tIWvﬂl Be & r§dx'£té@ﬂﬁ€j %si tHOhedt is
nozzl e encl osure 60, which isolates adjacent
apndﬂed inuthe Jomm of apulse, |aHtﬂmqt¢rgmf@e$$@zzﬂ0@ee¢retedhmb®b6@12 is to be
sidewal I s 62, which 10 extend from
S‘{pﬁge(?gbtgmttga Sﬁgngg%zl e plate 2 and form a seal
therewith. An opening 63 is defined in the roof 61,
which allows ink droplets (not_shown) to pass t hr oug

the Wags the clementdQus beasgtpssiesaibed gboyn, thedtnbble 1(2rf9rms along the
leﬁgtgv(\ﬁ')che e ‘tﬁlbﬁ%cellp%e&f{n% §1 @cﬂ)‘s@sg&m{lal view ogFlg)I}re 1, as four

ss-contam hati on acent apertures
bubdid portiomsy o for ehahostabe elninentrpdrhmsl showdiilt®sy section.t y
of each nozzle. Flooding of ink 15 from each nozzle
may be caused by a variety of reasons, such as nozzle

m sf1 Tﬁcel?u%[e |8 %ﬁé&%&wrzfté&" ehusad hPiRrdale in%es%ﬁﬁ'm'ﬁ(}nn the chamber 7,
channel s. The nozzlTe enclosure may be fornmed from or

Wbmlan@ thrn wiushs thelejagtion hf)a) dmpnbﬁtcrf rtlncainkdd rthreggh the nozzle 3. The rim 4
ation er m ni.m
osp LB e B AR Dbl Reeta e R R ety o drop
middge@idnnt head according to the invention is that it
allows the 20 nozzle plate 2 of the printhead to be
wi ped without risk of damagi ng the sensitive nozzle
ST Ugf UGS tﬁé(tgh &84d dnl oﬂgh@z{zl&f LY ORafR: 9%& ffﬁﬁ? ggs%%i%e 9is so
by a W ping mechani sm as a warmup cycle. e
thaothe peesaure hase peserded pithin tﬁe clanptyent cm:lhea\‘mg bfitheietdiment 10 and

bet we zzles apd the w p nmechani sm ( not
BN L & bROleay oo At SRt PhATTHES fH B Speeending nozzles.

Tﬂ’é’ srétdue wﬁwtke%efn@ﬁ'féd%fﬂhﬁ PhSiRARDRr HaYes Qgﬁl@icﬁﬁ%%ssteg)fn the chamber
th e unit cel gure 6 only (see Figures 7 to 20).

wall. b‘\pmmnb éleathmém %Qre@ntamtpltdue ceraimeg sughias sitigbn sitmidd, kilicon

f b i § G
g 5 S5 RaplRbrBa vy et Rafiu el ERbatn v avoiding
thg tugé &f Matefial with 4 ofysfabBthictat] Onysedllihd\@efbdIecdrPdct as stress

concentration points and therefore potential areas of weakness and ultimately failure.
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I nkj et nozzle shown in Figure 13. CMOS processing of a

silicon wafer provides a silicon substrate 21 having
waleioe@9wsr cui try 22, and an interlayer diel ectPCTAU2005/000392

("interconnect") 23. The interconnect 23 conprises

four netal |ayers, which together forma seal ring for

the inlet WD 2006/ 099652 PCT/ AU2005/ 000392 11 passage

9 tog;

| aygﬁlggrggbhqﬁgﬁhp&?ﬂnégﬂrg{npeql i Qttetrwocsg?ct%s%%e ga;{é}esha gpoﬂfﬁeﬂtlon of the
pririthepd. dtacanibe se@ethat the Po'ublnle&Z'genéthes fizthet, ané hkndel gtgws, with the

et esnerens ST kel Ermueh Tospisas A8 Dapeithe puple 12 s i

ngWs hasisBéwn F\ $iiy @étb&ﬂn@@yfé ctbinati S RORE §rfethif Wy Bamics and
he’ top netal | ayer by pl asma- enhanced chem ca

thv aydage tmspnmfttheamk(lFPE@@mrfa&:ﬁ tensiondpusisito imgningte thesurface area of
BRSSP0 i RGPV 2 HE Hfees e utbie i

esP@fiRBgdisR-shdped he same as etching the recess, a
plurality of vias 50 are also etched, which aIIow

el ectrical connection through the paSSI vation | ayer

24 t I 6, [

o1 DB Ry Bl A 18 naPlE PRALAL kD ou v
the hoxuig 3, ly\malsb pushes eomeadc lbmk@lﬁoaglhthegnlaf pa3sagelve Hdwedver, the inlet

Referrln Fi n the next fabrication

Fi qure 8,
pasgagq e égprax ¥ 269 A Bradrssp lengths g is Qs gprrgimately 16
mRASH! i¥ Aldniter! q'fe%Ee fftre i5RQURRRIRAN $]ESs drg. GAB%SI%&WH&

devel oped to define a circular opening.” Wth
prpdemisantedfephefitbe pmsstre gise inrthp chaneher (7He tadfoededok put:through the

naghiset PP ieiph oo rabRad e Slendhe i gitsas€
chem stry (e.g. 02/CAF8). Etching through the silicon

substrate is conti nued down to about 20 mcrons to
def i Feming ropoietFigwr 4hieprimthead, i shgwa at gistilh fyrgher successive stage of

oritoRo PR @ BRborbaThc) bink €icted iPHRSU FhRd, it nine
pl&ké’ﬂ&forEltlmldhep Breakovff. tArehivBiage,dd bubbdd 1 2hasedlehdnepatied its

front ink hole 52 and remgval of the photoresist 51.

mayjmegy gze phasghan Rrgua to epllapse topardsdhe painbeferolippse 17, as reflected
mfrﬁa%ldgﬁhlnqgl tde front ink hole 52 is plugged with
toresi st o provide a front plug 53. At the sane
time, a layer of photoresist s dep05|ted over the

Cxcpo LhselRRsing e Bianie s TS Inepor A SRSt 77 eag some ink 11

topedrdwh troRfwitiathd Rexzld PiHonk tHéGided 1 s thesdiapy, @hdlidifle #be drawn
tracks 35 around the perineter of the unit cell. The

from the inles passpee?,dpwardatiienaints cplansse Masbef the iftks blodrawn in this
m.?rﬁr& %ngfl\gﬂ 1\f(%fm &g%%g%lﬁ gaf'o r%aan u%ﬂg%&g{}rﬁg}é‘% ?age of the dirop 16
privitto bisibidaking offfa t he heat er el ement (see heater el emsnt

10 in Figure 10). The first sacrificial scaffold 54

is W cured and hardbaked to prevent reflow of the

phot ’Pﬁeed;rbﬁ b6 éﬂg.ﬁ:@g a %Uﬂ?zﬁﬁ Ato0ht Jf‘n%}nétﬁ{ﬁﬂq{) BVHeSme surface tension

depositio per surface. mportantly, the
fofdes sih osder itd bneak aff. Asafkf bl id dsmmﬁemshopwleﬁ by thy @dilapse of the

i de ce side faces .55 are fo d
bopblects, FEhaelenos P ek e Hisehsp 50t ae 1B ot g otal surface
teM¥id 2 RSB/ IBEErdp Pl Tth AR ARMRPERD f thbArsy KPPRY edtdiBdut of the nozzle

@&osn ng the gl otoresist. The sl oped side faces 55
1S §

inhigealost the draroiq breakeafér nateri-al 38 to be
deposited substantially evenly over the first
sacrificial scaffold 54. Referring to Figure 11, the
next stage of fabrication deposits the heater materi al
38 5 over the first sacrificial scaffold 54, the
passi vation |layer 24 and the perineter scaffolding
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tracks 35. The heater material 38 is typically a

nmonol ayer of Ti ALN. However, the heater material 38
woroncaddesr nat i vel y conpri se Ti ALN sandwi ched betmae2005/000392

upper and | ower passivating terials, such as

tantalumor tantalumnitride. Passivating |ayers on

the heater elenent 10 m nim ze corrosion of the and

I TP QUten 'ﬂ?@ér@fé 16 SRARY bifYcaviRidRebrles 'afwcah?ed':dsgé‘ﬂ&tehzby the arrows

the heater material 38 1s subsequently etched down to

2Q, lae thefiubble 1Qawilapses taathe ot bHtallapse 170 Iideili beendtérkbthat there are no
heat l. t .10. th ti I L
sofifthess dSBeiaipiy ofthe et SFTIepror of §BicBiths savitation ean bave an

efidcemrent 10. The electrodes 15 are in contact with the
top netal layer 26 and so provide el ectrical
connection between the CMOS 15 and the heater el enent .

Al&bnta}}wgfmwlzﬁkggnfe@ces of the first sacrificial

scaffol d 54 ensure good electrical connection between
t he Refamring telFégusnp, ancerabndimens of thecunitoepls! acsordigedhe inwention is

¢ Lol i . . i onb Lhicknes.
R R L L P
apestugesioalthd phirethéad. Tl’hsnk_ﬁzl‘z_ldiérﬁrﬁsgﬁi Gﬂ)?}aﬁ aee?qftﬁamﬁi sidednalls 62, which

woul d increase resistivity and. affect heater i .
e’jfs@wlf Gt sghaRp TRt form psealthergy il 1An epaning 63 is
déiid iRt dodfAMVERGAIIBHAE Bk &l’lﬁpi\é{s_r(%&fteshl%vngf %6 fhro%hctﬁg Hozzle

around the perineter of each unit cell.” The grooves
englasurstand @dtoad pitenethurs (vétrsbows). defi ni ng the heat er

el e t 10, 25 .Referring to Fiqure 13, in.the .

ubs a AT TSI B e rephigmibatin bsPfecagdigpent apertures
5 Bl eéhiafieSdny foodePR&iih & ifRIdidtd 0icheFidTeadPidzicdFloodidg of ink

second sacrificial scaffold 39 is exposed and
fropawastopezdlamayiled cavsedshyieveriaty of wasangesusl ias newzlemisfires or pressure

ri et Sj I or it
DG AT TR A AT R con
withl & &ld@pHobib atacHbiak édtirigathp fabyieatiorapry cése,f wipish GirtHeh thinimizes the

.Rhat oresi st durjng subsequent high-tenperature 30
NFPSEIL1CORABYNAURB- si | i con nitride roof material.

Rof ok 1 L our T i g . .
ot o sty e B i SR 5 e HER A allows the
nazalegiged of teprodhead dpbeiwiptdprithout osk ofldemaping the sensitive nozzle
nitride forms.g.WD 2006/ 099652 PCT/ AU2Q05/ 000392 13
stistyresy T vRRD: st REeadts CIRAPRCHY 4 BRIRETIAGOSYEn fi Bakof o
wami-8p cclé.OMMeGloz710 2A¢185uresBTPAPTEGide aPréteviBlel barferdRevdén the nozzles
cell sidewal|s 56 are also formed by deposition of
anglj the wemng meehagesm (RéFkAwWng to Figure 15, the nozzle
rim4 is etched partially through the roof 44, by 5
placing a suitably patterned photoresist nmask over the
FebyéqatiopFrpeessy for a controlled period of tine and
re I 0g: .esist S hi rLi 0 .
e RGO 082 UL BN FREREE Dok gt ot of
Fipoef6 éily (lealigutes 1 to203.eitavitl beappictiatddahatsbabdther hiB&lls will use
Agai n, the etch iAs,rgtedr_f%%rrred y placing a suitably 10
the 53¢ faheigatinnotages withditierent B3skIng: he roof , et chi ng down
to the scaffold 39 and renoving the photoresist mask.
Referring to Figure 17, in the next stage a third
sacrRéfeminglto Eegukd 6 ther64s showaapostattig pointdor fahecatioofof the thermal

. 44, Th hird ffold 64 . d d ..
infet ngafrtiorh T BN |4 ENEDS IRaleng o o pliGort PR Bkt a siicon
subSiZ#t 21 ﬁmh@aﬁv@ciﬁeﬁﬁ? ZRGRd aR eitéddyRr dicleliR (*htdronnect”) 23. The
~sacrificial scaffold 64 is also UV cured and

infergompest dd compppesiewt mefal layers, whick fogether ot ayeakiing for the inlet
duri ng :
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subsequent hi gh-tenperature deposition of the nozzle

encl osure material. Referring to Figure 18, silicon
wmedosiobsst s deposited onto the third sacrifici BET/AU2005/000392

scaffold 20 64 by plasnma enh@nced chem cal vapour

deposition. The silicon nitride fornms an encl osure

roof 61 over each aperture 5. Enclosure sidewalls 62
p%eﬁegt 8 glelelfeglgg ﬁglelty ggiﬁgﬂcb epoglfrthgzéﬂl fﬁl@ﬁﬁla?élt n%d quch forms an
uppeopertion loé thersealotg; ean beossen 61 Figaxe kdﬂnalrmqtallsealfrmgrpeekents ink

fr i licon oxid i con itrjde etc. . I
bR 9P 58 i P b sy Bisgied with ik

fluoropolyner) is deposited onto the enclosure roof 61

25 after deposition. This extra deposition step nmay be

per f &agsivasiondaver 34 inyéepasitedrontiethsdon tal layer 2 bigplasma-enhanced

ch%hﬁgyil Q/g% ol dgé(;s%or%%@kﬁa%) A%%I § os{t]. n o? tlﬁe ngatflql% lﬂ,?li] %4 it is

nozz ncl orned Chl rou
etelindl to defige 4 olecfuldlray@rss 6alhichl foeme @ﬁh@sﬂhe nﬂétqfassage 63At the same as
defined by this etch, .In addition, the . 30 enclosure

etchipg thedeesss.a Plwalibrof as Ycate also siphed. rehiehhallaw legtsigaleconnection

M t
OSHBIRL b e A 2L S ety
laRETTOf Aa2G08d ﬁlﬁlﬂ&@ﬁst (hat shotum), tvhlac]m czzineved byuOt ashing after the etch.

i ncl udi ng nozzle enclosure 60, now fully forned on a
frontside of the silicon substrate 21, an ink supply

chanpéterritd tb Figlrs BER the Adkt tfzﬂﬁwb@&k&'qd@n&f a layBeof 3photoreswt is spun

substrate 21, which meets with the front pl ug
Ornz@fhsmamgatm lﬁtieg%‘i dhg@hoteresist i expasad; and d@f'elom todkfine a circular

ordi W 0RE Bl oMb Sl RE R AR ERRR iy B o etched

asﬁ& &'the sitibedsudsirate 23 iusimgarsufiablp bﬂﬁiﬁ&tclﬂigCgHs ¢héadlsity (e.g. 02/C4F8).
fluid connection is made fromthe ink sup é channe

Etghing thpuglythersgicon subiyaia e C@zﬁw@; A to,akp ik AG THE9BS © define a

t t ;
ERSHORE Sy RER LG8 HRohlec L BEmMBLTE gL ko). e
sanh:qﬂlbmresm intbsivall Ican Be usedrfar bmh etvhapstdpat Bigute\d dhoevs tieodnit cell

SE%HEﬁE Onﬁﬁ#@0%3&§$3k3§?3§Hgﬁgﬁégﬁg%gﬁg?sea|ed

fromthe 02 ashing plasnma and, therefore, renains
intact after fabrication of the printhead. This
enc albﬁgn*mgetd Figvse b0.d8 itlm nqadfstagﬁ @fg@brumtlpnghgﬁlodémk hole 52 is

pl?ggel %nﬁnotor ggts P é’?g‘% E? fj'lg gué) F?} ét&ﬁ? g?rﬁé( 3131% ng gygr o%hotoresist

is dopusskd Bﬁﬁzhép&bﬂh@olﬁﬁmm Q’hﬁ;QWdr Bﬂphkﬁbﬁés@t\/lg rexp@w ad
nozzl es, and bei ng suppor solid bl ocks

deyglopesh riehms @&rétsﬁaglﬂﬁcmlrscaf&lﬂ t5i4<9ﬂelt the Sigppplug 53 mcﬂ sgaffolding
a%p 85 a%ﬁ % tgrQ)f Tllikeuﬂlpé/ ﬂréﬂ 'S’a?trﬁﬁgﬂ‘ B(?ﬂ?ﬁ)‘f& Sfpl%qlsed for

ove Wt erence to prlnt eads usin
subanuemtglebesaum oBeater ntaseriaHd8vtheeson ant i$ memﬁme foinadd| with a planar

suited to a w de range of |nt| Sy, m j ncl udi
rpT ST AsHb LR NG 7 B bERer (et e dieplef Gtment 1 in Figure
1091 Dhd fidst i%hﬁ&i%f %aff’ﬁldgﬁ is$PE @@}eal lafd hAb&NCd 1 BFVentREASP b the
press supplenental printers, |ow cost scanning
ph@tqrmm;trdsmng gmbse@méﬁxgbagewdmhe ferosition ontorits urpenurface.
conputers with inbuilt pagewi dth printers, portable 25
col or and nonochrone printers, color and nonochrone

copileipdrtatidy, dlie ARdsatEificahscanmeld S4lEsisioped offagdled s8¢ faces 55.
conmbi ned printer, facsimle and copying . nachi nes,

Thegp atelgst sife faces 53 ar@é@nnqddqmuwsﬁh%ﬁogum%wb@ @gpﬂsure tool (e.g.
copiers, printers for digital photographic "mnilabs"
video printers, PHOTO CD (PHOTO CD is a registered
trade mark of the Eastman Kodak Conpany) printers,
portable printers for PDAs, wall paper printers, indoor
sign printers,
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30 billboard printers, fabric printers, canera

printers and fault tol erant commercial printer
W@2aayesINO 2006/ 099652 PCT/ AU2005/ 000392 15 paT/aii2dos/000392

be appreciated by ordinary mofkers inthis field that

numer ous vari ati ons and/ or nDdlflcatlons may be nade

to the present |nvent|on as shown in the specific

r el

sts;g&ggmg% ositi ﬁ}ﬁbgog@sgsg ’E}}eg%o&feﬁ%gﬁestgﬁs% dgfd'vﬁlﬁgéeously allow
heatex smaterial éﬁ’m)bw dmwsﬁecbaubstanﬂmélryeﬁvonle oventhedirstoasi fikéaledaffold 54.

in all respects to be illustrative and not 5

restrictive. Ink Jet Technol ogi es The enbodi nents of

t he RéféRid 9 ml%tﬁ@ 181thé ﬁ&xﬂs&tge Bf falbh@itld &%oﬁesvths ReatéXmaterial 38

course many ferent devices coul e used

OVigh e farst srgpgﬁ@gk qoyffp]dpiﬂ the pasgtvgtion layer A¢ iang) the perimeter scaffolding
tréc?(g lgg Ohg)egljl %lser %{ a'll gb %&ﬁ{n%éﬁltg? Rﬁ)ngfé&ér%ﬁl ﬁAlﬁhﬁo\%)&eﬁ- the heater

gnifi cant jet s
maﬁﬂsw&)ﬂhajb ﬂlterfﬂith&ly Somp{se FIOAINTBdrﬂlchHbGQ)et\W’éﬂSJppElednd lower
required for eed, and stens fromthe

PasHiERIAS mﬁtetlﬂlmus s tapigliira qrigniHug rifde;fetiyaing layprson the heater
elbA¥R l\()erﬁ n'il{]%e 'BRbdol? Q#hb '3911( %%t Ee ﬁéﬁtéﬂoﬁé&ﬂyc € a vapor

bub expel s the ink. as a very high
heat capaC|ty and nust be superheated in thermal ink

j et | cations. convention t.her nal

1 P AL | &ab€ T e SR osar Sitepusmts et down to the
fifdt EhBfficial QAFBI S fol dekihy tHieTHeber SIRmBAORD. DR RS20 16138 Eontact

increased surface area) out. 20 The nost significant

elprtrsideehd afetdefipedon either side of thethepter element lz(b I&nalqg:trgdes 15 arein
conlta%% Ql?th?ll% {08%1&£1y1 V%q? tZ% aﬂ&i\ég gl%(y}/cﬁer ec%nn%ll 1(%: f)et\»Q/een Ehe CMOS

re re

addathg Rea¢rasderhent 10aThe sloped side ﬁtcssaof thagibst @acﬁifmdl eezttrdl@ 54 ensure
actuat or nust be connected to its drive circuit_ on
go0disigcticel comsetion ketwagy the hgat?roqlelaetgl 19snd itheselectrndss %nsance the

héller E]ﬁ}ﬁergﬁ 130%%)?5% %’tﬂ‘é&fﬁ&ém@lﬁﬁgﬁ& §1Q)Qm& ‘ﬂﬁﬁgecgﬁfoﬂeiA Any thin areas

pri I's a maj or i npedi ment
offlebter omtariah (dutk tq» agefficiinh side ffave lnlepxmtmn) rouldin2B@se resistivity and

the ink jet technol ogi es used neet
é@%ﬁ§§?ﬂﬁﬂg aI]‘%qwrenents of in-camera digital color
printing and other high quality, high speed, |ow cost
printing applications. To 30 neet the requirenents of

di gi Adiacgtionisgelisig elenmmahlhmsyletedtfem n@ﬂhdgh@sbyhaw of grooves

et ERARE B of A0 e G oty g ionco R AR gime o
defiingthe fo4tey eldiientQ06/ 099652 PCT/ AU2005/ 000392 16

phot ographi c quality output |ow manufacturing cost
smal | size (pagew dth tinmes m ni mum cross section)

P'eg?%ffgﬁ'ﬁ% th T:l%.\rﬁgft? qg ?l?eeiﬁggem@@%%%? aS?]eAl)tld %{cnrﬁgﬁf ?caffold 39 of
plixaresistie defwsitedwover the heater material. The second sacrlﬁc1al scaffold 39 is
exposed and developed to define sidewalls for the cylindrical nozzle chamber and perimeter
sidewalls for each unit cell. The second sacrificial scaffold 39 is also UV cured and
hardbaked to prevent any reflow of the photoresist during subsequent high-temperature

deposition of the silicon nitride roof material.

Referring to Figure 14, silicon nitride is deposited onto the second sacrificial

scaffold 39 by plasma enhanced chemical vapour deposition. The silicon nitride forms a



10

15

20

25

30

with differing levels of difficulty. Forty-five
different ink jet technol ogi es have been devel oped
whnoshwedssi gnee to give a wide range of choi cBSI/ADLZ005/000392
hi gh vol une manufacture. These technol ogies form part
of separate applications assigned to the present
Assignee as set 10 out in the table under the heading
rogf 44 §v§eefaﬁ{ @Iﬁ?ﬁe‘il WhidRgs ﬂ{eerQ)zéﬁsz‘ldtg b O Rw Jf o1 df‘}{%}nber
esi gns shown here are suita for a wde range o
sidévgillsa@l andrunittdell gideystle i are alsodiorrhed byedgpopitins o€ silicon nitride.
one-tinme use digital caneras, through to desktop and
network printers, and through to comrercial printing.
SYst RERrrinkto Fogur€as Qh@BoiMHﬁlaﬁfs Biched! §MQII§¥I§&E§1&% roof 44, by
process equi pment, the printhead is designed
plaging hisuitably natsfmﬁdmi@tprmazsh openthe rquﬁwsknp@&r a controlled period
Foces raphic applications, the
Oﬂﬂl%%dslle Vglg%‘f)s%gfegpg, S%P}éoa wi dt h whi ch depends
upon the ink jet type. The snallest printhead
designed. is 1J38, which is 0.35 nmmw de, giving a chip
ar eaReferTig to Feeuse e the poqzleranertyrg histeictied ﬂgaegh t%s F@afi24 down to

a
e SR e 2O T By e R RGP B, plling ity
pavetibd phptoassist cask kvartthervelf sstchifgéowmtocthe gcaffoddi39 axsd fefhoving the
m cran features, which can be created using a
PHOtRIRR rcaIIy m cromachi ned insert in a standard
injection nmolding tool. Ink flows through hol es etched
25 through the wafer to the nozzl e chanbers fabricated
on t Refefrmgrio Fignre 4¢.cndlie nexé stags @thircrrﬂaeriﬁcpali aq@ﬁﬁ@d@iigdeposited

connect he, cangra, Ci
oS RRAFR The IRy FRAFRER SablE 64 X cifos8 R BsHERA B pefine
sﬁéﬁﬂﬂfstfalnﬂhe @fﬂl@[(ﬁibbmdzitel énslodiireloRrer dadh dperriné 8l Tl&mifratsa@fﬁcml
i ndi vi dual i nk nozzl es have been_ identified.

scvﬁfe@eé“clﬁ alsadt\eryred @e% heydbaked te areyerfrany sefiaya pf th plotogesist during
ugﬁ%mgk k&ﬁe;fé?&r&% oﬁﬁoﬂﬁ%sﬂo% $ds tgﬁsl“ X.

even I's matrix I nc
entries devel oped by the present aSS|gnee

2006/ 099652 PCT/ 005/000392 7 The fol . e

£ or REREMBIBETBRC 1 ShOPARTHS aRPOTH or%%ﬁae%c?wﬂﬁmfscaffold
64 6Y pla¥R& enhanf&d él"féhﬁéal & 'ﬂbﬁd@itﬁ&ﬁ ThY Bgon ﬁ?ﬁdecforms an enclosure

operation node (7 types Auxi | iary mechani sm (8

rooy pb oyersagtc apeatuoy S. aﬁmlqsmecsadq“@ﬁis 62 arepalsd formed by depsistion of

Slﬁ%%%épd(%%&‘g\ & S ?eproé ;f"tdr‘f%ﬁ? ﬁ)ﬂb‘%gz Zrllt%hégé];‘ the enclosure

robhspu&b 8@&1@tbe(ﬂ;ﬁnéd/ﬂ6ﬁ1)smd&amd% giliegd ¢mutﬁut: BfédOﬁﬁonally,
Nozzl e plate construction (9t

laé?félfﬂlb’éwpbi)l?léétaﬁw (e2-ttHomapolymey| 1&%@3@ myb@g)eanﬁ@re roof 61

o B B T ORI i AP R 0/ bl AR Sbosition
(ef. aftaetflahg oozfidr ashin¥)i | e not all of the possible
conbinations result in a viable ink jet technol ogy,
many mllion configurations are viable. It is clearly

| DI REfeirfid to FPgRt 16, tHEhEzA ncRisute B BESRILY etching through the
configurations. Instead, certain ink jet types have
enclosure roof layer 61. The enclosure opening 63 is defined by this etch. In addition, the
enclosure roof material which is located outside the enclosure sidewalls 62 is removed. The

etch pattern is defined by standard photoresist masking.
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been investigated in detail. These are designated 1J01
to 1J45 above which matches the docket nunbers in the

wo abbessser t he headi ng Cross Refer ences to RetBAEBZD0S/000392
Applications. 20 Oher ink j configurations can
readily be derived fromthese 4forty-fi ve exanples by
substituting alternative configurations al ong one or
nor ewgfh, tBQﬁoi'z%e M?éiﬁdlﬁ% bhfe edcdfihrd &0 :?6\4/5&11 formed on a
exanpl es can ‘into IIKIJet print hed Wit h

fratsideof theisdicon su@tqa@rz loan tnk sugply chanmed32 lis/etahweai frab thee backside of

ink je echnol ogy. he are prior art
m@iﬁb#ﬂ@%’silk?yg’ﬁﬁz‘m%ééiwgtgit té’ltl %ﬁe nmore of these
exanples are listed in the exanpl es coI um of the
tables below. The 1J01 to 1J45 series are also |listed

i n tRefemngrip Fagure 80 afier farmationef thadelssupphy ¢ltannel 32, the first,
008 YRyt SE B PRES, Ler G Bl R e s o

usii 41O, plsthbl Aaﬂekcﬁngppﬂmd abhttoh &rmadeefrori khd i@k supply channel 32
t echnol ogi es i ncl ude: printers, Ofice network
thipughte the nogplsapertyg Scﬁng |tl@eamozglq enclosure opERiRgPdi al pri nt
systens, Fabric printers, Pocket printers, Internet
WAV printers, Video printers, Medical i rragi ng, Wde
f or niashoidl B ﬁ6ﬂe®ﬂ%5®oﬁtb’ﬁ/ oﬂpﬂ@ﬁb&'ﬁsﬂiﬂ,ﬁﬁﬂ@theﬂﬂdpof the @pszle chamber

; okPC rlnte Fax mac Ind

sify I eyl beBbsuhitst B tbs rariad, s i Sidavalie 56 apd, g chamber

si@&wealls BT hisHotidRS 1 pPotREstR & bR MY ﬁwt(b‘zeashmg plasma and therefore
af orenenti oned 11 di nensional matrix are set 5 out

renfagnsfintartoafien fpbrigatiansof typroatbead) Q"Qtssezlcmwam@mwwﬂsgz

o e Bl R M oL APl 65 S p A BB e nozat

plafee. Bﬁhce“ﬂleqirﬁﬁlﬁéadﬂlhﬂi fdHust ﬂm@qalite @ﬁzﬁlmﬂgl cg)htlﬁmry over rows of
Canon Bubbl ej et bubbl e heater heats the ink

nozelesrand bging syrpetadrhyesolid bmksﬂ%aré%neémh@r%\;e addition to support

Wi ling point, Sinple linmted to water patent
, 007,162 transferring significant construction Low
effici ency Xerox heater-in- heat to the aqueous No

Vi parts High pit 1990 Hawkins et ink. A bubble
0&’%§£"%ﬁ’gf'ﬁf’f’6n tenperatures al USP 4, 899, 181

nucl et Bedot HAYbEd descritiR dboGdlivith %f%?bn&@%rﬁﬁl‘i’eads using bubble
Hew ett - Packard forms, expelling the required

foamingdteater ellelmghts mEkIveRNED il is nfwntlegbfzsuvgd:gm wede rangﬁkof printing
elrl}glf’ﬁl ]Iuatﬂgggcp or afug 9 72 The fpgﬁt%%}g Elggal printers, high
sﬁey@dﬁgﬁhll ptidt@s SoffslaapressL@pgleméﬁtannmersQﬁ)% afst §da@ning printers high
el ectrical transistors ener eing, Cavitation causes
spegd Pageni i Printers ngteboek gqmpl.geqs Wit mbullt pagewidth printers, portable

color and 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.



10

15

20

25

30

ki netic energy of the Kogation reduces drop. bubble
formation Large print heads are difficult to

wo absioewse Pi ezo- A piezoelectric crystal Low@Dwez005/000392
Very |l arge area Kyser et al P electric such as
| ead consunption required for "actuator 3,946, 398
| ant hanum zirconate Many ink types Difficult to

Zol t ARyilYBE apﬂrg@d g%m%llrﬁd?}t’ ok % élg@ ﬁg@ HHGfherous E%rsi’z%tions and/or

integrate wi'th 6 212 ° activat el t her

mogidicatiding maylbeiade i the presem3n&ngomres shexpan the, spetifiaempodiments

i gh.efficiency. H gh valtage USP 3 747,120 .. b S
withous it o7 U i ok sehpe OF s Tenapy s roadly Sesgibet Hie present
erhbWRlitBits afeCQbickRE, to BE kbrskidked in @il 96dpkAtoHeqNSstratiFalhdd not

pagewi dth 1J04 print heads inpractical due to

reglgiclied or si ze Requires electrical poling in high
field strengths during manufacture El ectro- An
electric field is Low power Low maxi num Seiko

Inkgs0Technslopiest i ve used to activate consunption strain
(approx. Usui et all JP electrostriction in Mny ink
types 0.01% 253401/96 relaxor materials such can be

US e 01 ShliAEREof thd HbefFod §R%n!iAP]H QUeHOET BRLourse many
e

required for actuator zirconate t Xpansi on
different deviiees) cotlddiernsed. BloAgven prebedlyt poplilac trki jet prirging technologies are

spaonse s d nagnesium ni obate strength required is
“‘ﬁﬁ‘?@[ﬁﬂg?w@g 0 (PWN). (approx. 3.5 V/m) s) can be
generated Hi gh voltage wthout difficulty drive
transistors Does not require required electrical

pol i ‘Fee mpsisignpfiggetprgblem with thermebink jetiispowertcopsumptios. This is
o el R R AT BRI P
mE¥sFB)rdpesi edtiopt ThiB irA@KaS tiegapidDoslagvaiwagas pkodud®h &apor bubble
which expels the ink. Water has a very high heat capacity, and must be superheated in
thermal ink jet applications. In conventional thermal inkjet printheads, this leads to an
efficiency of around 0.02%, from electricity input to drop momentum (and increased

surface area) out.

The most significant problem with piezoelectric ink jet is size and cost.
Piezoelectric crystals have a very small deflection at reasonable drive voltages, and
therefore require a large area for each nozzle. Also, each piezoelectric actuator must be
connected to its drive circuit on a separate substrate. This is not a significant problem 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 other high quality, high speed, low cost printing applications. To
meet the requirements of digital photography, new ink jet technologies have been created. The
target features include:

low power (less than 10 Watts)

high resolution capability (1,600 dpi or more)
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Ferro- An electric field is Low power Difficult to
1JO4 electric used to induce a phase consunption
w0 nioegywmse Wi th transition between the Many i PET/AYpm®S/000392
el ectronics antiferroelectrig (AFE) can be used
Unusual and ferroelectric (F Fast operation
rmteri al s such as phase. Perovskite (< 1ls) PLZSnT are

Rel atively high required
fhba{%?ﬂ ?ﬁflﬂﬁgl d| nal strain Actuators require

I antlhwmnmufacnmgabsi Hi gh efficiency a large area
titanate. (PLZSnT), .Electric field exhibit |arge
straff‘l?i] 3%@?53 Fimg$ MuRIBYRLCTess SEHONY 196 associ at ed
VI mg Sﬂggd(@ggécbyds Cgfge yhe AFE to FE provided base
tranS| tion. Electro- nductive plates are Low power
Difficult to 1J02, IJO4 static plates separated by a

P i O ARGe R Gueiab & a5 BT T BRak Mgt described below

with! differing ddvels. oft di’fﬁb(ﬂtyusﬂrtgcﬂbeodlﬁfereﬂpm g@ptechiilogdds have been
of a _ Fast operation _environnent voltage, the plates
devpleped by theAesigncs YT Actide AEe G 1RBpiogn Er dugll aplyme manufacture.

I

T e SBL m  of RN O dplRp s s BREHHo e Bsenf Algnce as s
outrirythe rdbldxndentha hemmg Oross Referentaitg B ehted A pphioatips.onb

structure, required to achieve or stacked to increase

hi gh forces the surface area and High voltage

t hergieqhie _}:et B&idrdsk&yn Rerk ¥R shftﬁﬁ‘éfo'f‘h‘%\ﬁée ralBY onﬁgltal printing systems,

required Full pagewi dth print heads are not
freo ﬂvp@@rymwered waettigne usetdigitab cargérass thEbegt toadesitop andnegfwork printers,

gltﬁrméhf: o LowtlcrzlursrS nt H gh voltage 1989 Saito

St eé'filtﬁnrn %%S Yed to the ink, consunpti on

requi red USP 4, 799, 068 on i nk whereupon Low

temperature May be damaged 1989 Mura et al,

el edioF saseRf manufastuesing slangdard papqess eayipment, e pringpead is designed to
bt ORI 0 FEFELFCRIGE ChpSHERS RS ifesshflPon Bor photographic
applicatioas ¢lse grinthead is 100 mm long, with a width which depends upon the ink jet type.

The smallest printhead designed is 1138, which is 0.35 mm wide, giving a chip area of 35

square mm. The printheads each contain 19,200 nozzles plus data and control circuitry.

Ink is supplied to the back of the printhead by injection molded plastic ink channels.
The molding requires 50 micron features, Whjch can be created using a lithographically
micromachined insert in a standard injection molding tool. Ink flows through holes etched
through the wafer to the nozzle chambers fabricated on the front surface of the wafer. The

printhead is connected to the camera circuitry by tape automated bonding.

Tables of Drop-on-Demand Ink Jets

Eleven important characteristics of the fundamental operation of individual ink jet
nozzles have been identified. These characteristics are largely orthogonal, and so can be
elucidated as an eleven dimensional matrix. Most of the eleven axes of this matrix include

entries developed by the present assignee.
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MECHANI SM (APPLI ED ONLY TO SELLECTED | NK DROPS)

Descri pti on Advant ages D sadvant ages Exanpl es

Per manent An el ectromagnet Low power Conplex 1J07,

| 10T RABGingdubIBS Fdrdh RE hxR3GF En 1w 8N 1o tablﬁ of ink é] et types.

fabrication €l ectro- permanent magnet, Many Ink types

Per ndx¢taator meghgniemi(¢8 tipspl aci ng i nk and can be used

magneti c mat.eri al using drop ejection. Fast

oper stco%e?hgﬂn‘g)geﬂé@g ium Rare earth magnets High

ef f i gipEldY nechanisBe (PHpéshdFeB) with a field strength
Easy extension required. around 1 Tesla can be from

si nghdugerampliicatigngr mesdifigationmethodEkAlypeds are: to
pagex.d | nts required Samarium Cobalt
head‘bg&g%grprgéﬂrl&t(%g%gegand magnetic netalization should
mat eXozlexefilh ntettodlfé typeed for [ ong neodym umiron

bor | ectromigrati fam ly. (NdFeB, lifetine and

I ow%mg@gpé@ﬁs@?@acgﬁow @V“&%B&‘Ftég,) BEY)  Pi gnent ed

i nk : [ i ble Operating tenperature

li m%?%%[eectl%ﬁyggﬂ%?ﬁi(gftﬁ?i)nperat ure (around 540 K)

Sof tNeeziegilae conbtrietobnd @ dypes) Low power Conplex IN I,

1JO 1J08,. ga%}et'tsct ma?neticfield in a soft

con ESHon SEFPAN RSy 310, 1312, 1314, core

el eqhkcyper@%eg)i c core or yoke Many ink types

Materials not 1J15, 1J17 magnetic fabricated froma

can be used usually present in a ferrous material such

Fast ' . l.ect lated ir

TR LR Ao 55 B0 R ok
billwi fossibleasfiguthtioisiod inkGefgozalee Wiglgliot &l 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 1J45 above which 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
1JO1 to 1745 examples can be made into ink jet printheads with characteristics superior to

any currently available ink jet technology.

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.

Suitable applications for the ink jet technologies include: Home printers, Office
network printers, Short run digital printers, Commercial print systems, Fabric printers,

Pocket printers, Internet WWW printers, Video printers, Medical imaging, Wide format



[1], CoFe, or NiFe fromsingle nozzles High |oca
alloys. Typically, the to pagewidth print currents

wo enpaiossssk soft magnetic material heads CoppePCi/aU2005/000392
two parts, which netalizatiO@ should are normally
hel d be used for long apart Dy a spring.
el ectrom gration Wen the solenoid is lifetinme and

prftll, RELUAICHC phllfc P AAEdifed FhSklal bl k@il Phgrocopiers,

Plgaograpitic onnifdbaxtcdensity is required (2.0-2.1 T is
achievable with CoN Fe [1]) WD 2006/ 099652
PCT/ AU20Q5/ 000392 22 ACTUATOR MECHANI SM (APPL] ED ONLY
TO sﬁt@e%Ematlmkam visihthe pforeraentieneh i dyeensional matrix are set

5 outiin fgfallewigedabissanpl es Lorenz The Lorenz force Low

power Force acts as a 1J06, 1J11, 1J13, force
acting on a current consunption twisting notion |1J16
carrying wire in a Mny ink types Typically, only a
magnetic field is can be used quarter of the
utilized. Fast operation solenoid length This allows
the Hi gh efficiency provides force in a magnetic ‘
field to be Easy extension useful direction supplied
externally to fromsingle nozzles High |local the
print head, for to pagewidth print currents required
exanple with rare heads Copper earth pernmanent
nmetal i zation should nagnets. be used for long Only
the current electromgration carrying wire need be
lifetime and low fabricated on the print- resistivity
head, sinplifying Pignented inks materials are
usual ly requirenments. infeasible Magneto- The actuator
uses the Many ink types Force acts as a
Fi schenbeck, striction giant nagnetostrictive can be
used twi sting notion 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
dysprosium and iron to pagew dth print
walewehopsd at t he Naval
Labor at ory,

Hi gh force is cu

heads
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Hi gh | ocal
rents required

required

-D are

O dP@EIa©2005/000392
hence

Ter-Fe-NOL). avail able Copper” For best efficiency,
the netalization should actuator should be pre- be
used for |ong stressed to approx 8 el ectrom gration
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ef fici ize’fPF &R Hy resyrsdderragtraor ptyr dlish mechaicalhe TIU 18183 X;&lg‘;‘get
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pressurized ink). provide the energy breakdown
Selected drops are required to separate | ¢  Electrostatic field
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in the nozzle by a nozzle
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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 ¢ Low power ¢ Precision ¢  Silverbrook, EP
proximity placed in close ¢ High accuracy 1 assembly required 0771 658 A2 and
proximity to the print | e  Simple printhead |¢  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 printed toa | ¢  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
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Reverse The actuator loads a ¢ Better coupling ¢  Fabrication ¢ 1J05,1J11
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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Catch

The actuator controls a
small catch. The catch
either enables or
disables movement of
an ink pusher that is
controlled in a bulk
manner.

¢ Verylow
actuator energy
Very small

actuator size

*

¢ Complex
construction
Requires external
force
Unsuitable for

pigmented inks

L4

L4

¢ 1J10

Gears

Gears can be used to
increase travel at the
expense of duration.
Circular gears, rack
and pinion, ratchets,
and other gearing
methods can be used.

¢ Low force, low
travel actuators can
be used

Can be fabricated
using standard
surface MEMS

processes

L

1e

Moving parts are
required

Several actuator
cycles are required

More complex
drive electronics

Complex
construction

Friction, friction,
and wear are
possible
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¢

¢
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Acoustic
lens

A refractive or
diffractive (e.g. zone
plate) acoustic lens is
used to concentrate
sound waves.

¢ No moving parts

¢ Large areca
required
Only relevant for

acoustic ink jets

*

*

*

1993 Hadimioglu
et al, EUP 550,192

1993 Elrod et al,
EUP 572,220

Sharp
conductive
point

A sharp point is used
to concentrate an
electrostatic field.

¢ Simple

construction

Difficult to
fabricate using
standard VLSI
processes for a
surface ejecting ink-
jet
¢ Only relevant for

*

electrostatic ink jets

.

Tone-jet




ener gi zed,
way when si ze.

ot her

wG@ensitdese to efficiency |oss
tenperature conpared to equiv
actuators.
readily 1985 Fi shbeck

and bend

Shear En

S Reduced chip identical. the
A small another elenent is Not
ener gi zed. amnbi BOE/AU2005/000392
%I ent single bend
ergizing tfie Can increase the Not

act uat or

causes a shear

AcTufSioR BolrioN € travel

of applrcable to other

USP 4,584,590

reton—-n—the—actugtor—piezoeleetyiec—actuator
et ef PATIPUAD | at or 5| ARYERAESH S Ral[iPdVaRSpges The | Examples
Volumgct uaflby vobipeebties |Rel Smipigel y eas)y? I-Hl%hnﬁgpr ige |%97Hewlett-Packard
expangfqy] t §ActugPPchanges.j ct i jorforAucHpdR thesef V%Wa reauifed for i| c Ahgamal Ink jet
si ngl| @spiagi k& o g gase PEthamaRl ik gl j g5Riewep % noz?l glcanon Bubblejet
from| §FesE®S | neffi di éfit constrlc emﬁ?%&l tubi ng as
Difficult to macrogscopic integrate Su Sc
strugtures processes Coil / uncoi (ﬁ actuator
Easy|to fabricate [Difficult to Jé&mﬂh&%é | 134,
uncoills or coils nmore as a pl anar| iinpleméraddibascat ¢ f or
Linear)ON- | TH3RwubtbGHdvbsyin | PhEEfidton of ¥ OGRghSatpkABRAr |¢  1J01, 1J02, 1504,
normall®Vi ¢ @ 8girdctied nbin@kto end codplitgteink Smal | @melaxitylRag be J07, 11, 14
chip swyfice Ofhe ptimhend sabteugt grorejiats t he| | mduired te gthiered,
t her effbynozalt is fypicaliy s (MR Bow [Theerpsediqylat or bows (or
Can i fichedingef t he NRXIEM travel |‘39|E*8n 1318, 1J27
buckl &8Y°MeH- t he mi-ddle s eed of  ained
Pa.rallm n pLotgppves \p ﬁllm % og gh fFGW@IOD rigid e IJ12,1113, 1315,
e sty PR cRge bhe thegiinsy| | f?%afg Efr | CORPEEY  The | 133134035
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Membp l'llllel "d-‘ a(gua‘?or (ﬁ g"r ’ QnOTﬁe%Mge a ﬂ g” F%H'catl%h L & h 1982 Howkins
push 01 T eCtlye DU o hine |otLhgbe dibstifs i 1 -colb@E I 0i it yish BEs0 601
| NK Cued is o8 Bloudla AChbadmeytse curl |JCoodnbbisiAd flow
Desi Qgiff thehdhne thdtds? | IinitwBiagtSarda NWar stk @gdee the to
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Rotarof a¢Thedcnikitsr causesl  |Rel Botary &hvers Si nrpl e DeRed at i vel yel| alf@pelsos, 13,
| J43| the uttanen efsormut Wam@s be yweddgsur i zi eegplexnst r uct i ol28
chi p| slergat, isysk a gnill o1 c HegreBssravel ur r oy L diMrgy haviae
act uateneler and  exp@l | SHY! unreg r om fHctiopaAPivet i n |t he
~h har requirements point
Bend | The actuator bends ¢ A verysmall ¢ Requires the ¢ 1970 Kyseretal
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 ¢ 1103, 1J09, 1710,
piezoelectric difference across the | 1J19, 1723, 1J24,
expansion, actuator ' 1325, 1729, 1130,
magnetostriction, or 1J31,1133, 1J34,
other form of relative 1J35
dimensional change.
Swivel The actuator swivels ¢ Allows operation |¢ Inefficient ¢ 1JO6
around a central pivot. where the net linear coupling to the ink
This motion is suijtable 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 ¢ Canbeused with | Requires careful {e¢ 1J26, 132
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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circenf“zed?‘gmd 1? F?iuo vgl'uge-and  posjtion
“i‘ br w i P VQI Ulkmgd P
None Lindf BEm@yis i Nk, ] e%stlot sehQARY | NG BREedcS 1osvar | 0US
ot helrepergkdgver br ook mdﬁ%ﬂdﬁm% h@oiateiat Or trpdeoffs
are 0771 658 A2 and does not nDVeeqiRRitisigld t 0
rel ated patent elim nate novi ng gppeideatdt®dns parts
Shear Tone-EredgizM@h2006/ 0 9063211 RCEAsAH200%s/ 0BQ:3&3ily 36 INOZZD4B Fishbeck
REF| | Lactuivbr ERGE aSxsc | | glepton rivdldint ggeeplibblacaiznt agedSP 4,584,590
Ex anphatign inSeraf tate ThW?”ﬂ@“Fhe nor\mafaigay  Fabrication
Low |gpaisidl  Ther nal | | #R2PEt _ t ensilofPeFR%E™S nk jets are
Radial ginnp| The adtyator Queckerc b t RFSHEH caPi eZdel Etgtl fire ink |¢ 1970 Zoltan USP
strictio of j || 4o dik. fes%f"t”ér t he to(%’éfa‘aets Kal |f ofapieed relative yP§8ef12
act uafPré‘t“glng %‘Hlérgl 7e EomiEs ty’ citfhnpared t o
| JOU-PFGFe Py }cly ret/drn Diftigut ﬁ%@{ force
1314, 1J16, IJ20, r@,g& 5 toitg r;f"‘rgjg&‘”‘ Lofig refill
Coil / u}lcloil A d4& ddas POS 3 sy td hl:b caloOHleU Btk loy O] "d'Iﬁ? 121, 1J34,
returfe 8,1%%,15 i sta @as1 I ef etfdbh(':agar}'or nt)l_hr ou
nozzl gndyahie ngg,ggtmfn ). prdc g | nk surnf aggar I&RSI ON at t he
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 |¢  Can increase the ¢ Maximum travel |¢ 1J16,1J18, 1127
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 ¢ 1IJ18
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 A setofactuatorscurl | ¢  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 A setofactuatorscurl |¢  Relatively simple |¢  Relatively large ¢ 1J43
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 ¢ 1J22
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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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 1JO1-1J07, 1J10-1J14,
ink pressure both 1J16, 1320, 1J22-1J45

operate to refill the

nozzle.
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shut 1 erei’ﬂcﬁfg‘l“h of f head operation drive circuijt the
i nk i res"’gf are ct mai n actuator |{s energized. | The
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car ef ou et. I JO3, 1J05, |ocated problem of ijnlet
Baffle® 2C K7 oL 8%0%183{}1%5 dexl Ofnd Balh@isM £6& To0a W07, 1[3TOHP 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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ﬁ(‘)}l}lﬁg r208 SE} ge L %F oddc ec‘t“fgiﬂmﬁ K [ hoI es| 3 .SPEE’BZZ;”S
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K. Bea 1 El ol Cr 9- 91 P gtt rUctd o)
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print head wafe ¢ Nozzles may be ¢ Xerox 1990
clogged by adhesive Hawkins et al., USP
4,899,181
Glass Fine glass capillaries |® No expensive ¢ Verysmall ¢ 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 bulk
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 etchedin | e  Existing nozzle chamber ¢ 1JO1, 1702, 1J04,
litho- the nozzle plate using processes can be ¢ Surface may be 11,112, 1317,
graphic VLSI lithography and used fragile to the touch 1J18,1J20, 1722,
processes etching. 124,1J27, 1328,

1729, 1J30, 31,
1732, 1133, 1134,
136, 1J37, 38,
1339, 1740, 1141,
1742, 1743, )44
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(‘edge surface of the chip, construct?on to edge . 1979 Endo et al GB
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of fset printing. They dyes |imtation for use in have
advantages in Does not cockle ink jets, which
w0 ppsoss2 paper usually require a characteri SPCTAUDI05/000392
Does not wick | ow viscosity. ;0Me  paper (especially
no through paper short chain and w cking or cockle).
mul ti-branched oils G soluble dies and have a
chuMsiently pignents are required. |ow viscosity.
—%?ﬂcw—dryi ng Mcro- A mcroenulsionis a Stops ink
1.bl eed privitlwedsomprisinggher Al 1J series ink emulsion
stable, self formn Hi gh_.dye.than water, jets .
ol SR inslingAPlra af GG O cibuie ink Sioplgonty a prin
m8MtmS ichafolzABhavihB8 noYAk 8perti?é HefifiAdn h Gle&jedtidRR MRS the
characteristic drop size anphiphilic soluble based ink
substrgteigmdt han 100 nm di es can be used Hi gh surfactant

and | erm. ned. b n.stabi.lize . congentration the . .
or or bPPEEZEF AR Rk Fhioh S B TR B b
configliRdtta itolats e h 6102110 finnDI e Ao A RROM 2] .
PCT/ AU2005/ 000392 46 CLAIMS 1. A printhead
conprising: a substrate including a plurality of
2.N0Z 21880 fheaQl FCidid, Whkrell R'sGiSceMBERatthnl rceh&xtdh ve a hydrophobic
medi um each nozzle havi ng a nozzl e aperture ef T Red
surfacan i nk ej ection surface of the 5 substrate; and a
plurality of formations on the ink ejection surface,
the surface formations being configured to isolate

3.eac hTROgHtRead T W ath 1, QASteiPihe s8FhRCBRhatg atconfigurtién a
pri nthead of claim1l, wherein the surface formations

plurabity ofanoazlg ehgldswph eaitenozzly engloperesomprisimgeidowiakis suseunding a

of ¢laim wher ei he .surfage. mati ons. are
refiscf Ehdhale. md ety Rt h KAT o IhdR RFioR Sliface, thereby
isoladad eachmob£1s togh AAEMT bisd digacehdimdlel S surrounding a

respective nozzle, the sidewalls formng a seal with
the ink ejection surface, thereby 15 isolating each

4.N0Z Z’t‘tﬁe egarfdﬁfg%aﬁtqf lé:?&%ﬁts}, Qf\%greﬂgéa%ﬁ %BE%Q QzdbSre ﬁmhlgpgomperises a roof

prin c ereln each nozzl e encl osur
sphcadt dpart foomnitel regective makle appanredtha pesfthafingra robfopening aligned
resgectiv,e nozzl e a ertureﬁ t.he .roof havi.n r oof
WER ERFSTBeCiVE JREAC aRGiuRe:itheehyaljoxing igetad i Foplgisitp Bpss,

thEREHr&Ebh GHtd e Pt Rlefifingd 1 Nk dropl ets to pass 20
therethrough onto the print nedium 5. The printhead

of claim4, wherein the sidewalls extend from each
fto t [ jecti . f . 125 6., Th i nt )
S-or  oThs prtfeadfht otafy % WoSlhi itk SRRHaNE Bty P i RloP e ink

cjedtion¥Bifede. r egi on of each roof.

6. The printhead of claim 5, wherein the sidewalls extend from a perimeter region of

each roof.
7. The printhead of claim 1, which is a pagewidth inkjet printhead.

8. The printhead of claim 1, wherein the printhead has a nozzle density sufficient to

print at up to 1600 dpi.

9. A printer comprising the printhead according to claim 1.
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7. The printhead of claim1, which is a pagew dth

i nkj et printhead. 30 8. The printhead of claim1,
wob@se99sst he printhead has a nozzle density sub€ET/aUenns/000392

to print at up to 1600 dpi . 497 A printer conprising

the printhead according to claim1. WO 2006/ 099652

PCT/ AU2005/ 000392 47 10. A nethod of printing from

the printhead of claim1, whilst mnimzing cross-

contam nation of ink between adjacent  nozzles, the
10ret ha dnetloooofi gintigg fiven Siegpinthead of {laim by whilstinriginzizing cross-

e Ry PIa RGP SRt B g MO CRTBIRg BRstePRof

(apf)ﬂok}tdm HlikvReade@mipridazz!| € having a nozzl e aperture
fined in an ink ejection surface of the substrate;

and zaswsmtahndl}dmﬁ a plywratity pbnezzies fetriedting ik droplesnonto a print
face ur.f rmat | el .. Qur

migied Ben dodle RYDRE R Af R PO SRR an R R ot the
subBtgatd;Gindb) printing onto a print mediumusing said

printhead. 11. A nethod of fabricati ng t he printhead

of c3plurality ﬁ%ﬁwﬁgthvé@méhwkmp@gu 30§ethe gpgfpgsformations being

b at e,

ccRERIEE0 R Ercl o Bom dbjesP B ddfloB oo Bl BT
(b¢ pentingionto ﬁ@nmhine«ﬁunphsatgsa@pmtheqdrl nt nedi um each

nozzl e having a nozzle aperture defined in an ink

1o gt Bl og WS tRRe oF KRiv dla PRty Bes e

mémbdd@ﬁlpﬂglﬁgt}fe%c@@@es in the photoresist, each recess
reveal ing a portion of the ink ejection surface

sur r@UpWVHbnga pubspalst the éulrﬁgﬂel inclyghiag @pleal ltsz(n@)zzles for ejecting
1nﬁ %pcgﬁ%t%]e 0 ¢ erfsng g{sedﬂ?xfé, cH C(F]z‘%}’eer{av!]d;% xgc%?fegargtgrz{rm%t eﬁtﬂgd in an ink

ejek&fonrsarfmerrrfzt}zd: substratbpsur e ar ound each nozzl e

aper each nozzl e encl osure ha an openi ng

ot | B ECToTRERBYE: 25 BhSPFSRAPYES he émvwgs Gfa the .

roofcy Gefirlifig fe'&gssgé ﬁ%é ﬁﬁbtéﬂéﬁlétaefoh refilds Qév)ealﬁr@PﬂMIGn bP e ink

photore3|st of printing fron a
ejgationtshefack, suwiouh@ng wmmtwen@zzlc epgtwrent am nati on of

i nk

he @F 5RSiR H RS Rhen AR e phOfor i AR iR e,

subs(e) aicRink Mied 16SF MdteRiaPlolteing b Yio2dle BRAGduRSarb@hd each nozzle
ej ect| % nk droplets onto a print 30 nmedium _each

amﬁzlzq, A eaclmm heviagap ppaningidstingd én 2 rodjand sidewalls
x?én%? mﬁ £0mIHd lfo%?ﬁ) @k i r}gﬁejectﬁ) REih&L Gug @nd a plurality of
or I ONS On e

Jec ion suar ace, t he surface
for m&}tenraﬁndgethaghotomsi‘stgur ed to isolate each nozzle
fromat |east one adjacent nozzle; and WO 2006/ 099652
PCT/ AU2005/ 000392 48 (b) printing onto a print nedi um

1USi Ng ne@hdh o ﬂrﬂﬁﬂg #dm 4 PrinthBsy, Wﬁl@ﬂqlrﬁfrmz‘fﬁgﬁ‘éﬂbslgomar%matlon of

wherein the surface formations each have a hydropho
ink between adjacent nozzles, the method comprising the steps of:

(a) providing a printhead comprising:

a substrate including a plurality of nozzles for ejecting ink droplets onto a print
medium, each nozzle having a nozzle aperture defined in an ink ejection surface of the
substrate; and .

a plurality of formations on the ink ejection surface, the surface formations being

configured to isolate each nozzle from at least one adjacent nozzle; and
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surface. 5 14. The nethod of claim 13, wherein the

surface formations are configured in a plurality of
wozmeb®esncl osures, each nozzl e encl osure conmpPEBATY05/000392

sidewal I s surrounding a respggtive nozzl e, the

sidewalls formng a seal with the ink ejection

surface, thereby isolating each nozzle fromat |east
(U?\Aﬁﬁnﬁﬁg&ﬁ@%tprﬁh@ﬁiehﬁunﬁﬁvééaidgﬂﬁthgﬁihOd of claiml4,

erein each nozzle enclosure further conprises a roof
spaced apart fromthe respective nozzle aperture, the

oof .Jhavi a.roof .gpenin ligped,. with its .
1] oop ks Fotiids SPim 43rBerke By nEPES foiaidui 5h bpee s hygrophobic
surfkedropl ets to pass therethrough onto the print

medium 15 16. The nmethod of claim 15, wherein the
sidewal I s extend fromeach roof to the ink ejection .

urf . f ' ' :

11 B merhl of Uin 13, 0ferSln i rBlod RorgliEhehd chifigureg n
plucadity oflibzzEhclortiregdact nedzi énclbdurewbfipeisingtsitRwalls surrounding a

printhead. is %Wgag?mﬁdth i nkj et printhead.. 19. The
resRqcHiyBneAzle the sidersalls fpraniag A se é“glrt?ﬂﬁ fikerirtion sudageothereby
isdBRAE E¥chSoiile Horlht IERt oRadiideRf n@hieiP 10 1600 dpi. 20.

A printhead, for printing using the nethod of claim

12, conprising: a substrate including a plurality of

ozzles for .ej.ecti ink droplets.onto a print .

e it method SEE5hm A uhitnG Sk Bos ettt erepmpgses a oof
spaBeddpattthorf RCiel Rt S ihd 2 etapeftuiehhie rééY VRgtd @RbLopeitts Aigned

plurality of formations on the ink ejection surface,
with éts sespeive npazlpapsrone therehgallavgng eigatied dnk droplsts tapess

r st one adjacent nozzle. WO

ﬂ@%@ﬁ?@é@‘é@%&%ﬂ%&&@ooosgz 49 21. A method of

fabricating a printhead, for printing using the nethod

of claim12, haying i sol at ed nozzl es, the method .
1& onpFissmpthod Réclaima )3, whereimthesidewyallsrytenddias eachiraof toke ink
qgapﬁghﬂggiincluding a plurality of nozzles for ‘

ejecting ink droplets onto a print nmedium each
nozzl e having a nozzle aperture defined in an ink 5

j ection surface. of the substrate;. (b ositing a .
1 yerhmeliiolF i 6. hebinhesitimalls) Sl gFove a praRer region of
edcByosfefi ni ng recesses in the photoresist, each recess

revealing a portion of the ink ejection surface
surroundi ng a respective nozzle aperture; (d)

1P 0o A T 5 B e OB 1A o

define a nozzl e encl osure around each nozzl e
aperture, each nozzle enclosure having an openin

1§je1 | FRRmPRod of 68 4Adwaseiahs Punthead s dinegzie deplysutticient to

SR ub  14W0 dyik ej ection surface; and (f) renoving the
pﬁﬁot%ées%st.pQS 22. A nmethod of fabricating a

print head having isol ated nozzl es, the nethod

2 on’p‘&ipsfiinﬂ%ad, for printing using the method of claim 12, comprising:

a substrate including a plurality of nozzles for ejecting ink droplets onto a print
medium, each nozzle having a nozzle aperture defined in an ink ejection surface of the
substrate; and

a plurality of formations on the ink ejection surface, the surface formations being

configured to isolate each nozzle from at least one adjacent nozzle.
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the steps of (a) providing a substrate, the substrate
including a plurality of nozzles for ejecting ink
wale@phbsics2 ont o a print nmedi um each nozzl e havP@dmyAB2005/000392
nozzl e aperture defined in an4' nk ejection surface of
the substrate; 20 (b) depositi'hg a | ayer of
phot oresi st over the ink ejection surface; (c)
ef i Ri t :
2 AR SRS SRR, OF Pl vl bARTFof claim 12,
haing nsulawdmgzaesr, elxqaaetho@ eomprsgihg thepeps ofie;  ( d)

de o tin ver the phqtor.esist and .
oD% hiovidine & Sdhsn ey felsihsiinelydinetl el Bep ar g for ejecting
indekdpl1&s @n(@)oazﬁﬁrﬁ n%@lﬁhﬁ’ SEALR n@iz‘l’élﬁlﬁlu?gﬂ&ﬂoﬁ%ziﬂeﬁur@&ﬁned in an ink

aperture, each nozzl € enclosure having an opening
ejeisfonrmtfaceofihe @dxstremn si dewal | s _extending fromthe

o0t ek SO i PR R, L

phot @) @sfisihg reéveddvs the Bhetobsie, ebléH 1Ro&s eevealif ® podiontof the ink
deposition of the roof material. 24. The nethod of
ejgqtionpprioce syrUBdiRG pHESPeetieEalePpatiFes are defi ned by

T oS g5 5T ERFL & B Mo ERs iy e

wher @) etching thowbf material &l ddfme dapeszke tacdodire ploasdraach nozzle

enhance m cal aqur depositi.g PECVD 6.
aPPHBr%ﬁ%‘]%d'tP E]F el 8?%?3 VINGAR PRYTNG ﬂ%‘{hﬁéé‘i‘ a%&f@pﬁ é}zde?”éns
ey&é}ﬁ‘ﬁ%ﬁwﬂnttﬂe %o‘ﬁi’@!h@@ﬁl@abé‘tlon@%fﬁéé ahgafter deposition.

e method of claim22, wheréin the printhead is a
pagetf) wrtovingdhephetoiasishead. 10 28. The nethod of

claim 22, wherein the printhead has a nozzle density

suffici ent to print at up to 1600 dpi. 29. A
21 | NAheaRcd dBfablicaing @ pratigd hiingeohtel fdzzles Ah8méthod comprising
conprising: a substrate including a plurality of
thastepPs 65 for ejecting ink droplets onto a print 15
rredl ' g
oS pro R e B e A g B oS b ccting
m]aldmpiéts bytoaf prim misdivinoreaclonozchdving £nexzld apertaterdefined in an ink

.the surface LLo%’ﬁ%atl ons being configured to isolate
eieClion SHE3A o the sl east one adj acent nozzle. 20 30.

A ey aehRitiny d 1%/&%@‘ plet%F@sﬁ;t Q{?ér'?ﬁehﬁmﬁ@g ecligf Shfqlked

usi ng 't he met of Claim 22, I'st”mnim zing
cr os@®) d@ﬁmameq:asscsam thé phothresist, mcénrea@sjs acwalingip pottios of the ink
s of. (a) providing a
eiboRcREAT LERiPRak AP hst L bR EnStire) i ho a

pl ur @) déposain gl’tﬁbéfﬁéteﬁ@rox%k el phidebrésidt afld iRb EeSreOerbé; a
print 25 mediu each nozzl e having a nozzle aperture

def i (2 @tchingdhe mﬁ mafesial {oglefing amaede ghclpsse argypd eacknozzle
ap%Pfg?ea eﬂhq{o%h'ete}{clggugge ﬂ?\g}r?émhx? Pgenngﬁ%{i&ﬁleh MXa ?«#MH gglekvalls

surface e sur eing configure
extamuling foraabdiraod rrthe ik €eotmn susfasd; amhe adj acent nozzl e;

and nting, onto. a print nedi umusing said
pri néfh%?gg)vlmg tile ghotoremst pri I um usi ng i

23.  The method of claim 22, wherein the photoresist is UV cured and/or hardbaked

prior to deposition of the roof material.

24.  The method of claim 22, wherein the recessed features are defined by exposure and

development techniques.
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25.  The method of claim 22, wherein the roof material is deposited by plasma enhanced

chemical vapour deposition (PECVD).

26.  The method of claim 22, wherein the roof material is coated with a hydrophobic

material after deposition.
27.  The method of claim 22, wherein the printhead is a pagewidth inkjet printhead.

28.  The method of claim 22, wherein the printhead has a nozzle density sufficient to

print at up to 1600 dpi.

29. A printhead, fabricated using the method of claim 22, comprising:

a substrate including a plurality of nozzles for ejecting ink droplets onto a print
medium, each nozzle having a nozzle aperture defined in an ink ejection surface of the
substrate; and

a plurality of formations on the ink ejection surface, the surface formations being

configured to isolate each nozzle from at least one adjacent nozzle.

30. A method of printing from a printhead, fabricated using the method of claim 22,
whilst minimizing cross-contamination of ink between adjacent nozzles, the method

comprising the steps of:
(a) providing a printhead comprising:

a substrate including a plurality of nozzles for ejecting ink droplets onto a print
medium, each nozzle having a nozzle aperture defined in an ink ejection surface of the

substrate; and

a plurality of formations on the ink ejection surface, the surface formations being

configured to isolate each nozzle from at least one adjacent nozzle; and

(b) printing onto a print medium using said printhead.



