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WD 2004/ 048104 PCT/ AU2003/ 001509 1 INK JET PRI NTHEAD
W TH CONFORMALLY COATED HEATER FIELD OF THE

WO DMEBAIION 5 The present invention relates to BCT/AB2098/001509
ink jet printhead, to a prinhter system incorporating
such a printhead, and to a nethod of ejecting a liquid
drop (such as an ink drop) using such a printhead. 10

AN Ry S e L AN %%Wmﬂmmgﬂm

gas or vapor bubbles in HIBABERf orning Iiquid. This
principle is generally described in US Patent No.
US3, 747,120 (Stemme). 15 There are various known types
FILD QF FHE INVENTHOM ubbl ej et) print head devices. Two
typi cal devices of this type, one nmade by Hew ett
Packard and the other by Canon, have ink ejection
Theorzdeasinaadticirelis 1ts a tlermal iak jet @rintheadidp aq:einltelr &z@em
. hozzles. Each chamher is caovered by a so-¢ e )
InFRIPITRHNE P ,P%ﬁh%}ﬁ, gngl tg ag%fﬁlaqc{a?fgql SFUNgRriauit drgpi(fushnes an ink
j b Sy chanically secured to the walls of
dr?ﬁ}é:s%ﬂa%lé?imﬁﬁleg”ai n prior art devices, the top
plate is made of Kapton TM which is a Dupont trade

n i i ich has been
B@K‘F@W%WWN es. These devices al so
i ncl ude heater elenments in thermnal contact with ink

that is disposed adjacent the nozzles, for heating the
Theiresenbingpytidngnrelres the sisctiarbes iak draps biiavayreif formtiag gassor vapor

l. kat . u i.n the 1nk i.ng. ink
ol RRF B pHRIEREL TP iR TR ok i eI B i s potent Mo,
UShj4n12®fStéhmenr esent i nvention to provide a useful

alternative to the known printheads, printer systens,
or nmethods of ejecting drops of ink and other rel ated

Tk O arionBloblh QA A U5 (Biti5os pHARMMIEALR: Two

typical devices of this type, one made by Hewlett Packard and the other by Canon, have ink

ejection nozzles and chambers for storing ink adjacent the nozzles. Each chamber is
covered by a so-called nozzle plate, which is a separately fabricated item and which is
mechanically secured to the walls of the chamber. In certain prior art devices, the top plate
is made of Kapton ™ which is a Dupont trade name for a polyimide film, which has been
laser-drilled to form the nozzles. These devices also include heater elements in thermal
contact with ink that is disposed adjacent the nozzles, for heating the ink thereby forming
gas bubbles in the ink. The gas bubbles generate pressures in the ink causing ink drops to
be ejected through the nozzles.

It is an object of the present invention to provide a useful alternative to the known
printheads, printer systems, or methods of ejecting drops of ink and other related liquids,

which have advantages as described herein.

SUMMARY OF THE INVENTION
According to a first aspect of the invention there is provided an ink jet printhead

comprising:



According to a first aspect of the invention there is

provided an ink jet printhead conprising: WO
wQOm40018404 PCT/ AU2003/ 001509 2 a plurality BET/AU2003/001509

nozzl es; and at | east .one rxspective heater el enent

corresponding to each nozzle, wherein each heater

el ement is substantially covered by a confornal

Pr otatda e, SARELIREG anfihe coating of each heater el enent
havi ng been applied 5 substantially to all sides of

t he @ eastaneaesneetive lsaten lemeabepstogpandéng totvach norale, wherein

coating is seamess; each h L | .§.arranged
for being in teﬁgﬁﬁ% telfce %’%%?Saguvm%%tﬁ%éﬁgﬁc&%%%eéb & nnémal

liquid, gheteeidedcdating ahe ea6NE 0T edch heatef élgmesichavingt@ah applied
at least part of the bubble 10 formng liquid to a

t enper at UibstamElly tp el sisss pf thg hpperrlementsappfancgusdy such that the
bubbl e t&ﬁ{iﬁéﬁ sg%ﬁiég%y to cause the ejection of a

drop of an ej®cta iquid through the nozzle
correspondi ng daoh heaér diandrtiis atamged for bamgan thengal @ngact with a

second asp f the inpvention there is provided a
printer sli}’g‘g{ﬁﬁgfrﬁ?gﬁﬂ&ﬂ’ﬁ%‘iati ng a printhead, the
printhead comgifhefer derRét iPddniibufl 16 Be a8 Roastdaft dFlthe bubble

| east one respective heater element corresponding to
each nozZbaningtizpa to a temperateaglmvedts doding point to form a gas bubble

substanti gl | overed b conf.or nal rotectiv .
coating, PHEMGEREPHE wpeferiotich a2 dioBalal rstblegiavid through
been applthedoZle sdthEhaithihgdol tattheatet tlemiehles of the

heat er el enent sinultaneously such that the coating

is seanl ess; each heater elenment is arranged for being
: . S . . L1 qui q
AL BELPle ST AL Sy A | TRy
inp@pératihg & biniheld) ltlee prafihéadraoinpgisinggui d to a tenperature
above its bojling point to forma gas bubble therein
t her@plyrality etnpzglesiagdej ecti on of a drop of an

€] echabkforde rgéﬂegti%‘ﬁé%’t@ Riement corresponding to each nozzle, wherein

each heater element is substantially covered by a conformal
protective coating, the coating of each heater element having been applied
substantially to all sides of the heater element simultaneously such that the
coating is seamless;

each heater element is arranged for being in thermal contact with a
bubble forming liquid, and

each heater element is configured to heat at least part of the bubble
forming liquid to a temperature above its boiling point to form a gas bubble
therein thereby to cause the gjection of a drop of an ejectable liquid through

the nozzle corresponding to that heater element.

According to a third aspect of the invention there is provided a method of ejecting a drop of

an ejectable liquid from a printhead, the printhead comprising a plurality of nozzles and at
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t he nozzle corresponding to that heater el enent.
According to a third aspect of the invention there is
w@evioghaos a nmet hod of ejecting a drop of 30 aPCT/AU2003/001509
ejectable liquid froma prihthead, the printhead
conprising a plurality of nozzles and at WO
2004/ 048104 PCT/ AU2003/ 001509 3 | east one respective
1ef3® éﬁ@%sﬁécﬁ%ﬂéat&%’lén@éﬁ 5t Ondife RAGRN aeﬁé fhe ﬁl@ﬁmd comprising
nmet hod ‘conprising the ste provi |ng t he
ﬂmm¢mﬂ$&ad |nclud|ng applying to each heat er el enment,

subst a 1 al des t her eo I t aneou

conibp s pinete iR ol Rt sk Mot et s Gatiaty to
alﬁsﬁé%@ﬁér@cﬁssimﬁl@éfebﬁ‘ﬂy al confmbl ﬁﬁ%eﬁ@@é&[mﬁ k€d¥RRAt the coating is

corresponding to a said nozzle so as to heat at | east

seprtess;of a bubble forming liquid which is in thermal

Contl%c{l% ttle s{ I(')]l?e ater%% en? orreilgfgﬁd? Eo%ﬁé(fﬁqz%ee%ﬁag%? %eat at

era ure aobove OI

leds® it Bfa biitshlé thrm@eiequad lwfhg:h&s gﬂﬁle@lﬂdl bbﬁtad:thftHlﬂae ukbdt@ne heated
forming liquid by sard step of heatlnt% and
(&

hegter semgnt e tgmpgragye é‘f‘é’@tt%‘P(éhﬂg BRintofthe bubble &m@tg liquid;
thrg %%Qfﬁ g BRI ft%@’s‘]m)'ﬂéﬂfo% &Jl Wiy $id b ﬁ%%h&ﬁﬁg and

heat enment sald ste gener at |
bubhdaasin@thevdrbp obegectatde |11q1111d(1d bbyjetted $lﬂ‘osg1 the adzzla cdn’mspondlng
theeectl n of a dr of ., the gjectable id
toghe drdessho PEptT elementhysaul $i5p ?fre%n@féﬂlé% S ErohiD)
vapor bubbl e |n a bubble 15 form ng |iquid, which, in
enbodi nents, is the sane body of liquid as the
A@wébbawh@rstmqibsdthoseﬁkdleglen élreoart dhebejbdsion of a@sqmﬁhe ejectable

bl | i d,
g A ERGP TR Fwed b b 0ot o B P PR L f R
foﬁﬁﬁnglﬁlhﬁﬁ which) BLéEbdiRabnteds eHe sami %@Hﬁ_bf liQlie aBtHe eydetable liquid.

is I'n thermal contact Wlththelnk he el ectri cal
The generaigd Prupble cewses pe ingeepse in pressuestingjactaplediguad,ivduch forces the

B L S WL
elemeitedtdoinds tirfharcohtet WihtierinkuTheelestritalrpués aspf)lﬁed ’rAShe heater

t he vapor, cools, it recondenses, resulting in buyb
is @6 pri thFthPE@Eb fess then 2apisraseeands BBF it stogdbeatin H@dlqmd the

bL?b‘!é)}]et Jkgyn 5 f fow %&&5@(:@%{?0&& f]‘.l%rhteét?r Ak 8 %ﬁl@&@‘lﬁf As the vapor

speci ficatlon, suc
cq@ba rttreao&dersﬁae rrcsathrtg;n Aebblheollapse.nThobubbdd ¢dlapss toh poing

ubbl ad accor di 0 fhe inyentio .
Spp e dprals et Hs5t i SirbSe fefion 8t e inl n s
sp@aﬁeaﬁfn AR O8ntqQs rdmm Q8 kiR fp@irﬁ OB B3I fapSOT STEBRPRMBINY
to each nozzl'e. Each portion o
The printhead according to the invention comprises a plurality of nozzles, as well as a
chamber and one or more heater elements corresponding to each nozzle. Each portion of
the printhead pertaining to a single nozzle, its chamber and its one or more elements, is

referred to herein as a “unit cell”.

In this specification, where reference is made to parts being in thermal contact with each
other, this means that they are positioned relative to each other such that, when one of the
parts is heated, it is capable of heating the other part, even though the parts, themselves,

might not be in physical contact with each other.
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the printhead pertaining to a single nozzle, its
chanber and its one or nore elenents, is referred to
whereiossias a "unit cell”. 30 In this specificapCDAP2003/001509
where reference is made to parts being in thermnal
contact with each other, this nmeans that they are
positioned relative to each other such that, when one
of the parts is heated, it is capable of heating the
ot her part, even though the parts, thenselves, m ght
Alsoj the eerinri‘igtiyis sl to sipgnifaany epectable dighidg tivkis noWibnited to

2004/ 048104 PCT/ AU2003/ 00150 4 Al's the tetrm"ink! .
ocreSBal P SR LBt EEPEPIET GO CAIprad s fasude fixatives,
ink‘ErXEgEd SbofRr ik MBAIInANA dhefafcal) lﬁkllg:’sﬁbﬂ Bi168i041 FRhidky R8ter and

| es of non-colored inks include fixatives, .
otherfsotventsdandisoamb elrheiink ot ejecinhie liawidialspaged hetrriccessarily be a strictly

dhesi wes, bi ol ogical fl ui . er angd 5 er
o BT At SRRt ¥ sfPosian b Rg PRARLes BRBy 1Rl ) S sgragsrature
anddRlih@tthdgesionembyraige.a strictly a liquid, and may
contain a suspension of solid particles or be solid at
roomtenperature and liquid at the ejection

t . i ifl i " i odi .
i sFRES A Gn, b8l DeABRE kAl Lo b B AR of B fected in
thi Qettidntic bid aftlandémdl e of el ements. DETAI LED

DESCRI PTI ON OF THE DRAW NGS Preferred enbodi nents of

the invention will now be described, by way of exanple
DETALED'DESCRIPTION OFCFHEDRASVEAGGSPanNyi ng

representations. The draw ngs are described as

follows. Figure 1 is a schematic cross-sectional view

t iroygh.an. i nk chanmber of a.unit. cell .of ri nt hea
P AT O B emEn P v B v p PR only,
wiRkdfbrehdeto 1B A@6mPhnyRREIeptds@tationd 0 Th @tbveng dré déscribed as

schematic cross-sectional view through the ink chanber
folpyere 1, at another stage of operation. Figure 3 is

a schematic cross-sectional view through the ink

chanmber Figure 1, at yet 25 another stage of
Figpeeriaik ia@thenfdt@uidssbettional sieweh@ugle a nishasbeatdfanait cell of a

vi ew throygh the ink chanber Figure 1, at yet a .
pm&h@aﬁ@pccgfl@géo ap e@ﬁ@qha}qnbﬁf the invention, at a particular stage of operation.

Figure 2 is a schematic cross-sectional view through the ink chamber Figure 1, at another

stage of operation.

Figure 3 is a schematic cross-sectional view through the ink chamber Figure 1, at yet

another stage of operation.

Figure 4 is a schematic cross-sectional view through the ink chamber Figure 1, at yet a

further stage of operation.

Figure 5 is a diagrammatic cross-sectional view through a unit cell of a printhead in

accordance with the an embodiment of the invention showing the collapse of a vapor
bubble.
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30 Figure 5 is a diagrammatic cross-sectional view
through a unit cell of a printhead in accordance with
wao b@4assiesrbodi ment of the invention show ng theCT/AU2003/001509
col | apse of a vapor bubble&e WD 2004/048104
PCT/ AU2003/ 001509 5 Figures 6, 8, 10, 11, 13, 14, 16,
18, 19, 21, 23, 24, 26, 28 and 30 are schematic
FRSBESLI0/ 71, 15, QU1 o TR o) 01,3, DEIiRgrPaHd S0 arUbhdifiperspective
a unit cell’of a printhéad’ in accordance wth an
v1@wb ciguner30 b@ing preetly atemay)orf,a wit oglrof aqmnﬁwad: msancmlance with an
roductlon rocess 0 the thead
e@é(ﬁﬂp&g’c eglnv rglon1 %t vagiou %cesgére Stages 1@ gﬁwnﬁocess of the
prdtBesdach schenatlc pl an views of a nask SU|tabIe for
use in performng the production stage for the
printhead, as represented |n the respectlve

nedi gt ' f ' ur i S a._.
Pl e d SN an P8 Peraeet B of G b et Pof ajqpogramask
sutiablérfer 135@ ifs pornyihg the ﬁrbkﬁcﬁ@ti Zt'age folr Secpridithdati O4b refricfbnk e in the

33 i.s a schematic perspective view, partly cut away,
regpecive ppediate]y chéhft&' $¥¥ead according to the
i nvention having another particul ar enbodi nent of
heater element. 15 Figure 34 is a schematic plan view
F igﬁreﬁ?riaalfu&hﬂrtsdﬁﬁnmtffc(pbrspsmvie wigweof the uhingell b&Figure 30 shown with
prodli {on ge for the printhead of Figure 33 for
A'hy %@mﬁ@ ter element thereof. Figure 35 is a
schenatlc perspective view, partly cut away, of a unit
cell of a printhead 20 according to the invention
Figunei 33gisaa fchemhide pqxspetctiwiaw, Mm dutrasvaly, @fa drstatcedlrof a printhead
element., Fiqure .36.is a,sch t.i C vi ew of a.nmas
o<Goftouns Gl B e P B PR e Bt ol peeuaf Bt
for the printhead of Figure 35 for form ng the heater
el enent thereof. 25 Figure 37 is a further schematic
Figatiesidds ischematioplass view of amask gitablegfor Psegaperfagnigs ghaproduction
sté%ehflar th{e%%nﬁ%?é lgglé%ugete ﬁvﬁ%otrﬁl?r%tth hgét elg’rg }}%her?o uni t
cell of a prlnthead accordlng to the |nvent|on havi ng

a further partjcular enbodi nent of heater e|lenent. 30
Figure 35 is a schematic perspective view, partly cut away, of a unit cell of a printhead

according to the invention having a further particular embodiment of heater element.

Figure 36 is a schematic plan view of a mask suitable for use in performing the production

stage for the printhead of Figure 35 for forming the heater element thereof.

Figure 37 is a further schematic perspective view of the unit cell of Figure 35 shown with

the nozzle plate omitted.

Figure 38 is a schematic perspective view, partly cut away, of a unit cell of a printhead

according to the invention having a further particular embodiment of heater element.

Figure 39 is a schematic plan view of a mask suitable for use in performing the production

stage for the printhead of Figure 38 for forming the heater element thereof.
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Figure 39 is a schematic plan view of a mask suitable

for use in performng the production stage for the
w@eioavksaed of Figure 38 for form ng the heat erP€l/anmens/001509

t hereof. WD 2004/ 048104 PCT{ AU2003/ 001509 6 Figure 40

is a further schematic perspective view of the unit

cell of Figure 38 shown with the nozzle plate

Figgi‘lzewoqg a firtH S&efhhtit ge@pcccﬁk}g TRl & (RERhk BAL M‘Figﬁi‘%% 8&hown with

zl e chanber of a printhead according to an

the mbealé pletetongitted.he i nventi on showi ng a suspended beam
heater elenent imersed in a bubble formng |iquid.
Figure 42 is schematic section through a nozzle

Figham a5 a 8¢hemabic isiitioaktoagic # helAIcHaRP of £pRRdbdeRboing to an
the invention showi ng a suspended beam heater el enent

ershpsivaeriad tha invensionshowing ashspengdediyeant heatdyeliment fromeisad in a

haui d. - Fiogure 43 is a diagrammatic plan view of a
m%ﬁ&ﬂbgg 1%@“@ printhead according to an enbodi nent

of the invention showing a nozzle. 15 Figure 44 is a
di agrammatic plan view of a plurality of unit cells of

Figuis 2t prehsmatie sention Hyovegh 2 perzisihembeeeka printhepd according to an

. . . | . .
UL A0 LG bt AGBEh e L Syl e
topof abddycta ilible fonming liguéht i on showi ng a heater

el enent enbedded in a substrate. 20 Figure 46 is a
di agrammati c section through a nozzle chanber in

Fi%%&%ﬂ@ﬁ@l?agﬂr&ﬁa@de‘ﬁ)laﬁm@ddﬂﬁﬂﬁt &1 otftﬂ%riifnmé@@ bi®Ring to an

Showi ng a heater enent in the formof a suspended
erhipcshimentrif g imvetionshewibigagoanat i ¢ section through a

nozzl e chanber of a prior art printhead 25 showi ng a

heater el enment enbedded in a substrate. Figure 48 is a

FiginRgMa s eidgEans6tid $l8n mmrplaan?/&ﬁlﬁit%m prifthead according to
accordance with an enbodi rent of the invention

anstvelgdigent of e iaventionvhewing afplvrielity of ngaglebet ween parts
of the element. 30 Figure 49 is a diagrammtic ,
section through a nozzle chanber not in accordance
Figudeltstihe didgranemnbti osecticiibveugdl asotzbile @liamberzloe irpdc@b@lance with the

invention showing a heater element embedded in a substrate.

Figure 46 is a diagrammatic section through a nozzle chamber in accordance with an

embodiment of the invention showing a heater element in the form of a suspended beam.

Figure 47 is a diagrammatic section through a nozzle chamber of a prior art printhead

showing a heater element embedded in a substrate.

Figure 48 is a diagrammatic section through a nozzle chamber in accordance with an
embodiment of the invention showing a heater element defining a gap between parts of the

element.

Figure 49 is a diagrammatic section through a nozzle chamber not in accordance with the

invention, showing a thick nozzle plate.
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WD 2004/ 048104 PCT/ AU2003/ 001509 7 Figure 50 is a

di agrammati c section through a nozzle chanber in
waemendgance with an  enbodi nent of the inventiPOI/AU2003/001509

showing a thin nozzle plate€l Figure 51 is a

di agrammati c section through a nozzle chanber in

accordance with an 5 enbodi nent of the invention
RS8R STLR! LSRR SO S BR I Brordog it
engyadgmentrof therinmerttioaghowing\wi thig rozpleipbade.er el ements. 10

Figure 53 is a diagrammatic section through a pair of

adj acent unit cells of a printhead according to an

Figiieadiise Alagffmh e JeBNGHhkQiEh aStRWleRBarthb& i hEdoRdLRE with an

nozzl es after drops having different volunes have
enhoslimentad thediny ¢rdioashe winghiwo hiegfer demsas.and 55 are

di agrammati c sections through a heater el enent of a

prior art 15 printhead. Figure 56 is a diagrammtic

Fig@ets2ds a dtupeisghatec ondrothi@ighi mesleetatibaicda pelo iR printhead
according to an enbodi nent of the invention. 20

ShPW@Q&téVOS}Wa'F% elementigr ammat i ¢ el evational view of a

heat er el ement, connected to el ectrodes, of a

print head accor di ng to an enbodi nent of the invention.
FiEin@lSBa's SSidgsarmna;tM\enMﬂ threnghlaqehirdb fpdjasgra amit\cellvofeapririthead
acg %iﬁntﬁ@ﬂt he{aeggzp dul pﬁ‘@lgﬁl@ eg}hgrtl,h oyy}n@&}%écgiggerp r'g)%zl%s after drops
haVReBblcht RANSBERIve HRerY bieWed HRrddboOgead modul e of

Fi gure 58 shown unexploded. Figure 60 is a schenmatic

side view, shown partly in section, of the printhead

FigRen oS 7o 35 bRt b thfouthal Rals BERGH! Lorkor i
r&@l%ﬂ048104 PCT/ AU2003/ 001509 8 Figure 62 is a

schemati ¢ expl oded perspective view of a printhead
according to an enbodi nent of the invention.

Figure 56 is a diagrammatic section through a conformally coated heater element according

to an embodiment of the invention.

Figure 57 is a diagrammatic elevational view of a heater element, connected to electrodes,

of a printhead according to an embodiment of the invention.

Figure 58 is a schematic exploded perspective view of a printhead module of a printhead

according to an embodiment of the invention.

Figure 59 is a schematic perspective view the printhead module of Figure 58 shown

unexploded.

Figure 60 is a schematic side view, shown partly in section, of the printhead module of

Figure 58.

Figure 61 is a schematic plan view of the printhead module of Figure 58.
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Figure 63 is a schematic further perspective view of

the printhead of Figure 62 shown 5 unexploded. Figure
w@G2004m4806chemati c front view of the print headP@f/AU2003/001509

Figure 62. Figure 65 is a&chematic rear view of the

printhead of Figure 62. 10 Figure 66 is a schematic

bottom vi ew of the printhead of Figure 62. Figure 67

: i : I
Fig o 73 L paRg Bt RApRlil e of A pRE e DI B an
enttodipentof Heddvadioshown in Figure 62, but shown

unexpl oded. Figure 69 is a schematic |ongitudina

section through the printhead of Figure 62. 20 Figure
Figlel63 ifa BRelati6 fiafed PrShechvekicht &*th%ﬁﬁtﬁ@ﬁ@éﬂ%%% B9 shéwn

an enbodi nent of the invention. DETAI LED DESCRI PTI ON
un8plpded. he description than follows, corresponding

reference nuneral s, or corresponding prefixes of

reference nunerals (i.e. the parts of the reference
Fipth@euas & scHRREE ot WewdT theprifiiéadlof Fagued 63vhi ch are

used in different figures relate to correspondi ng

parts. Were there are corresponding prefixes and

.di f f.eri f £.i , s, th
FilthlcloBh B SCtRHIAiL FEm oI e PEMEERNGBURRDD, o (hese

correspondi ng parts. 30 Overview of the invention and

.general discussion of —operation WO 2004/ 048104
Fietp 909 B SRBBAS GO0 T A PEPBRIREGOL JERTGl 0 1 to 4,
the unit cell 1 of a printhead according to an
enbodi nent of the invention conprises a nozzle plate
Figumsitt/Hs aedeimesic lanhéeve pfithetpiatheed of Bigutesdd. ng  nozzl e
rims 4, and apertures 5 extending through the nozzle
pl ate. The nozzle plate 2 is plasma etched froma
Fighilelg8Q8 a BéHekriatie péﬂsgé&ﬁvé RRwW\B 66 phifthdaPASShbe4 in Pigur@s?2, but
of chem cal vapor deposition (CVD), over a
sheworinexplpddd- mat eri al which is subsequently etched. The
printhead al so includes, with respect to each nozzle
3, side walls 6 on which the nozzle plate is
FigtiR[®0rit & dchetnatib dsHpatudiraldetiisrethrdightthepn@hésl dRigirb 62,
nozzle plate 2, a nulti-Iayer

Figure 70 is a block diagram of a printer system according to an embodiment of the

invention.

DETAILED DESCRIPTION

In the description than follows, corresponding reference numerals, or corresponding

prefixes of reference numerals (i.e. the parts of the reference numerals appearing before a
point mark) which are used in different figures relate to corresponding parts. Where there
are corresponding prefixes and differing suffixes to the reference numerals, these indicate

different specific embodiments of corresponding parts.

Overview of the invention and general discussion of operation
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substrate 8 and an inlet passage 9 extending through
the nmulti-layer substrate to the far side 10 (not
wabawn)siof t he substrate. A | ooped, el ongate heEX/ap2003/001509
el ement 10 is suspended w thin the chanber 7, so that
the elenent is in the formof a suspended beam The
printhead as shown is a mcroel ectronechani cal system
Wit EMDensd fMGEMEE T 10 RE A c£10T BEY H%th@ad ddeDRBE AP embodiment
process ich is described In nnrg etal |l below 15
of\fheimverdtnpomprisesaainazgle plata Lewith ndzzlek 3ftheming thegwerlephaving

ot. shown) enters.the chapber 7 via .the inlet .
nosBB i Nt abethien s prEn ERBIe Ry p&acplfine ThE pardgglate 2 is
pISRONACHER fFdf W ERicdn nithEE §AICHRE whidh18 dBRAIE, b?'\@dgﬁiﬁhétﬁical vapor

i's heated for sonewhat less than 1 mi'cro second, so
deppsition {eVRyavengysactificiahmatesiaf which ¢f subsequentia¢tcing se.
It will be appreciated that the heater elenent 10 is
in thermal contact with the ink 11 in the chanber 7

TheGpridfiadad WS indlides SRR BRpedt 3o Bhtdzle Bhiige %4116 008 &hidH e nozzle
generati on of vapor_ bubbles 12 in the ink.

plite dovuppaeds a chaberridefined by dhq walisend she moggla rlate &y armplji-layer
sophfle € o I phoBROY Scllfing BT 8 ol Sy Wi tho fr side
(nbhshowal) opthlesabstiateatA iompedietongatechebtebblemeniald) is wsdpended within the

nucl eated on the heater el enments 10. It wll_pe |
cha@%%éisatt% ﬂeqneg?r{lergés VB i ok @WF@E@% Tg%metB?% as shown
T Sl I o SRy e REDARES By Wographic
pro¢ase whihiris desgribed mfrhgretdetaflitglove 34, there is shown a

mask 13 for formng a heater 14 of the printhead

(whi ch heater includes the elenent 10 referred to

WAB® ¥R)printhéall Rindise, AN VY AR feserRb®R (R Shows) GRS tHekBBmber 7 via
in nore detail below As the mask 13 is used to form

the frdetinassage 913, th@ghe ehandtes Hills & the devicbapsshofvniin Figyse 1 s Thereafter,
AR08 AR By B S BIIA1 s E 3ok ihbening

is irfletfbdny oF atheabisl paise! B wifl bk Approeialed that the hehtee ele@RhET0 is in
14 has el ectrodes 15 corresponding to the parts

theraagl gonfeegvitisthe miok infhe ghagmber 3 so dhay when ghg dementdgageied, this

comei e LR o Ak SR PR B PO BB o 1 | itutes

bubbber fatrg, liqual. tFigeeil shawp theddrmations atiubblel I@cippuckanatily 1
to cause current. to flow through the | enen .. The
P RSGLUGT B Ion RS LR ML AL hALBIBR EHETd bt
ndcd@tedPsthe Bbatdrtem @00, i Gl bE ﬁ]?;brééiét%& €hak, s REONdall RGpPNed in the
the elenment. Thus, nearly all of the power consuned |In

foupef atpulsg, alhtbe ergenecessarytogicnstiafgethe bubhile 12 kseto deshpmiied within
th%tos’ho{rtrilzin(fer eating the thermal pulse

Turning briefly to Figure 34, there is shown a mask 13 for forming a heater 14 of the
printhead (which heater includes the element 10 referred to above), during a lithographic
process, as described in more detail below. As the mask 13 is used to form the heater 14,
the shape of various of its parts correspond to the shape of the element 10. The mask 13
therefore provides a useful reference by which to identify various parts of the heater 14.
The heater 14 has electrodes 15 corresponding to the parts designated 15.34 of the mask 13
and a heater element 10 corresponding to the parts designated 10.34 of the mask. In
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5 referred to above. Wen the elenent 10 is heated as
descri bed above, the bubble 12 forns along the |length
wo@Roo4nksao£l ement, this bubble appearing, in theCT/AU2003/001509
cross-sectional view of Fidgure 1, as four bubble
portions, one for each of the el enent portions shown
in cross section. 10 The bubble 12, once generated,
O o SR e 5 4 Pk G AR (RS By he
elemknt1D. The olggfrodendS arezmheh BickThthan iheellenaent il § t5e that most of the

directing the dro S it i j ect ed to .
clipFrthroaeieirs ohansd By B diitbti ety Jfofebfwer consumed in
opRAERhe hadtert 168 Qisipato 4 tRBEleRRAZ (2 imbcrditthethe R Ehal hulse

per inlet passage 9 is so that the "pressure wave
refarrdrtg@beveni t hi n t he chamber, on heating of the

el enent 10 and formng of a bubble 12, does not

ef fect adjacent chanbers and their correspondi ng
Whed zhedemddid Odsl e dgaties@ibetl ABovs BetubBleaTEBimsl dloBeihe Yength of

suspended rat her than heing enbedded in 20 any solid
thewet@pgnk| this bubllp appeasiag 1p dhemrossreglignal viswdrighra hoay fowebubble

pdiflbhs, 8¢ forbadlf of HORHERERHNR hBhfn pooORIA.

e
operation of t print can be seen
bubbl e 12 generates further, and hence grows, with the

esul ta advancenent of ink 11 t.hrough the . ngzzle 3. .
ThERIEDE cBFe et ues 31 Beichte DgrgRana i T bRbsT, which
in':thﬂ%a%sé’ﬂéé SeARITT RES 1 0¥ e ST HASURIMOhANE. The rim 4 assists

i nerti al nam cs and the surface tension of the |
injdirectingths Wrdpatleast ibissijested; snakstotmoinirhiae fiezdbandesofsudrommésdirection.
area of the bubble 12 so that, by the tine a certain
anmount of |iquid has evaporated, the bubble is

TRS&afn thhtl therd i Sl $ baPRskzle3Danth¢hatder Bp&ranlelpak Ik So that the
wi thin the chanber 7 not only pushes 1 nk 11 out

PresUBY RV S gracraipd within the dhgmbed, b hpatinged thertempnild Omad Korming of a
[ t r sl
LRy L RRT e B SRIBUE Gy p .
| ength, and is only approximately 16 mcrons in
di apeter. q@ ce there is_a substantjal viscous drag,

Theadyaptagen qf the hrataseleptsh 1  heing suspendepupiborihapeng erlpqdded in
argis%ﬁgqﬂdﬂé}{m, i?ﬁfs@m%tsed)lf)ewxﬂe pressure rise in the chanber

I's to force ink out through the nozzle 3 as an
ej ected drop 16, rather than back through the inlet

8% S B AR b S e B R e
printhead. It can be seen that the bubble 12 generates further, and hence grows, with the
resultant advancement of ink 11 through the nozzle 3. The shape of the bubble 12 as it
grows, as shown in Figure 3, is determined by a combination of the inertial dynamics and
the surface tension of the ink 11. The surface tension tends to minimize the surface area of
the bubble 12 so that, by the time a certain amount of liquid has evaporated, the bubble is
essentially disk-shaped.

The increase in pressure within the chamber 7 not only pushes ink 11 out through the
nozzle 3, but also pushes some ink back through the inlet passage 9. However, the inlet
passage 9 is approximately 200 to 300 microns in length, and is only approximately 16

microns in diameter. Hence there is a substantial viscous drag. As a result, the
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5 operation, in which the ink drop 16 that is being
ejected is shown during its "necking phase" before
wo b4desaps br eaks of f. At this stage, the bubbl BCVAUN®S/001509
al ready reached its maxi miin size and has then begun
to coll apse towards the point of collapse 17, as
reflected in nore detail in Figure 5. 10 The
. | . . k
D o th B i UBREET N8 B Wk Bt through the
noaizleli as anlegectedzizd®e 1@ rétheothen hackshaegh I8 inket passagdrdop) ,
and sone to be drawn from the inlet passage 9,
towards the point of collapse. Mst of the ink 11
T@hRWhobw Yo (ke ABAB BFinthiedd ArsA¥Rn bt HEAIT RRthBPSiet&si¥e stage of
form ng an annul ar ‘neck 19 at the base of the dro 76
operation, inovhich thetinledioprlg thdtfis beifg Faeted isphowe duaggits gmeCéting

oS CBthe BPAED BB AL e WRRIR 2k A FAReR it
mb¥iffiint §i8e RATL Eheh BRgud REcoIRpieABFErdefthd frontufebllgpsd 27, as reflected

_the dianeter of the neck 19 reduces thereby reducing
intraere datgil i Figre Bt al surface tension hol ding the drop

so that the nonmentum of the drop as it is ejected out

of the nozzle is 20 sufficient to allowthe drop to
Thy @dlspsihd of tébubilbae2 devoqrdd the pomalss calfabse Chvduksetsoar ink 11 to be

forces are caused as reflected hy the arro 20, as
drewa fognpithinhe pegdlexh eam the 1de 15t ke Gprk and sragtorbe drawn from
d i t . i . i
o SR S b B, MusEoF b S LY hARR Nls manner
is deawitt fromdhe nenzle fernzng 26 amful @aeck 1¥airthé hatewfithegdrop 16 prior to
ngo&gss el evant parts of the manufacturing process of
USOTEHR féad according to embodi ments of the 30
i nvention are now described with reference to Figures
6 to 29. Referring to Figure 6, there is shown a )
The drop 16 sequiiteha céntasy ghountfmanymien be o Yaeaneirface tengipn forces, in
ei.ng a, pofti Q . a j rin t
orfit BteRat 530 L s sl AR RAEH By R elflorgs the bubble 12,
the A0 B BT Bk (RN A& 1BOrkD) edudidg tiieareming offtoitad stuifgieriension
relates to that portion of the printhead correﬁpondin .
hqlding thadrpp.cse|that the mqyﬁ)@n@l@s@frthg, diopas dfis ereeted out of the nozzle is
' follows will be in relation
s@&?\ﬁtﬁﬁ%ﬁ&g@ﬁ J}%??(?g]l%?%gﬁgh it will be appreciated
that the process will be applied to a nmultitude of

W%%L %?eec[}gp 16 breaks off, cavitation forces are caused as reflected by the 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 which the cavitation can have an
effect.

Manufacturing process

Relevant parts of the manufacturing process of a printhead according to embodiments of the

invention are now described with reference to Figures 6 to 29.

Referring to Figure 6, there is shown a cross-section through a silicon substrate portion 21,

being a portion of a Memjet printhead, at an intermediate stage in the production process
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unit cells of which the whole printhead is conposed. 5
Figure 6 represents the next successive step, during
W @814 act uri ng process, after the conpl et PONMAGL003/001509
standard CMOS fabrication ptocess, including the
fabrication of CMOS drive transistors (not shown) in
the region 22 in the substrate portion 21, and the
e e o B PRE R RiRe 634 el 1
Thtadshertptionrd sheobamifactuningjaiotess ihat élloosetitts it helation to a unit cell 1,

ransistors and .ofther drive circtecyitry. ((al so not .
atoBany Wl apl e Soe Bl wUF beairlinting ot g of adjacent
ul0%Hb 6f widétRe Wwhole pridthedd & boBfpdBd. i n the netallization

of the interconnect |ayers 23to prevent ink 11 from

diffusing fromthe region, designated 27, where the

nozzle of the unit cell. 1 will .he. 15 f d, _throu
Figf butp@iony Be Bt iniiuine b e s B te i e the
conhflétitg of, stzdardaOIONabacdtidg pkddess, Gichiling fhy flirfaasesf CMOS

in the region designated 22. The first stage after the
drgernaisiopn(ngt shome) anmbs regien 22 iy the subsirgtearpstionpk jagd theof
) i . ! _ gy

oo R PR DS Tonck i BR B Rl B0 Bt fff g4 W lne
indicaigé b thepdashkedClines 25 &ldcaicallh emt@tadnieny thod tradséstors and other drive
dnterconnect |layers 23, to_  form an opening 30. The
CLESYER G%ﬁoslet fhova) S i ienist emRe QoRRSTRRE t%é%fs%ogépet 0

the chanber that will be fornmed later in the process.

25 Figure 10 shows the stage of production after the
Gudrd lings) 20 iregfotmddein3ie natallfratienibbihe antercopmact lagers 23 tapregent ink

position.where the nozzle 3 i.sto,be forned. ter. i .

1 PfRE BRSO ohe el desTamaiag B o dneh iein !l Bt it 1 will be
fothied, dadhgdthlistest@) poMidd 2 PR tBé edpish édnithinb enedh iR 231 SRl

(not shown) of the substrate portion 21 to join up
capfodingthe ChEP® cizquitry dispesegliethe regien dedignatgthtsage  to

t he chanber. Thus, the hole 32 will not have to be

etched all the way fromthe other side 30 of the

Tisd xSt dtadeenfiee thel dmplaioh @ fitleCM©OEtabatatioh®rodtbes@eitatlectching a
| ayers 23. |f, instead, the hole 32 were to be etched

pogtipn piike RaspiviaoR hayes it torfonn Hisrassiystiongesesses29en t o
avoid the hole 32 being etched so as to destroy the
transistors in the region 22, the hole 32 WO

Fig0ofRA b8t ble LR oAp2alstion 4G he ddhing of thehiatercohoedd éayers 23, to

rSohedoa, g5 gReL st anse ey from Ghal, redion. 89 a8 e

that will be formed later in the process.

Figure 10 shows the stage of production after the etching of a hole 31 in the substrate
portion 21 at a position where the nozzle 3 is to be formed. Later in the production process,
a further hole (indicated by the dashed line 32) will be etched from the other side (not
shown) of the substrate portion 21 to join up with the hole 31, to complete the inlet passage
to the chamber. Thus, the hole 32 will not have to be etched all the way from the other side

of the substrate portion 21 to the level of the interconnect layers 23.

If, instead, the hole 32 were to be etched all the way to the interconnect layers 23, then to

avoid the hole 32 being etched so as to destroy the transistors in the region 22, the hole 32
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margin (indicated by the arrow 34) for etching

i naccuracies. But the etching of the hole 31 fromthe
wo op40§810he substrate portion 21, and the resuPCEHAU2003/001509

shortened depth of the hol 4332, neans that a | esser

margi n 34 need be left, and that a substantially

hi gher packing density 5 of nozzles can thus be

F

wERTHRER bt D 8 koot UM Aoy SEFAN reBORSH) | haye a sitable
mergii Gnditred yethe adepdst) fmohtdmlg imecduagoies. Bt tHErﬁtshmggrﬁhe hole 31

35 fills 31 . or ms_par.t
B R oB L s %at%P‘PrﬁPﬁgé Rores ﬁhqr%%} dgpih pethe hole 32,
mEeth% 'i‘ha% )é@éﬁﬁqnéﬁ‘g{@ £R8VeeDAhY B S sliBSankally ﬁfg’h@ﬁﬁd&kﬁ% density

by the mask shown in Flgure 12) to formrecesses 36

ofanvdzles eAnghusgiye achitdved. provi des for the formati on of

contacts for the electrodes 15 of the heater el enment

to be forned later in the production process. The

Figh@t113Rows tHe sl@ig@\@fgﬁ)dubﬁ&ﬁaﬂdra fhienRFALB kK 1a¥ed B 5 bR sacrificial
ormation of the nozzle walls 6, that will define part

regit has beerhdapositedzon the layerd. d hidayerdagilistbe Belggé apd now forms part
f
@ngﬂ? ttrhirg ?clg ﬁl ! nt egﬁa o §§t1%§%?ﬁs h‘élt{' gﬂéo%gc? {}vlltﬁ% V\]AJ%&L ﬁ)@tterns (as

repféséﬂﬂ&i 1oy ths eusk emmdirrmgure 123 td)fonhlrémmslﬁﬁ aﬁd trslodd7. This
ure 14 shows the stage o oducti_on te
Pfﬁ e foR thegforpetion ofifoptgcs oy t & Ohogip 1pf gre hgter slgmept to be
fofrﬁE:dTlaEJi‘?n {h%jir&iucﬁén fd&@ésu‘ﬂh@ﬁoﬁfﬁwhf}ﬁ&@fdeefa%? Bthe bPocess, for the
el ectrodes |gure ows the stage
fopnamhmtﬁ themedzdewalln®tthatwil defind part of the elsamlter [7Tayer 39,
about 1 mcron thick, has been added. 25 Figure 18
shows the stage of production after a second |ayer 40
FighreNgah6ws PRI ®deIf p Hﬂﬁlcﬁ’ﬁﬁi‘fter bifin, dothalaees £ oF 80.25
enbodi ment, this Ia er 40, like e first heafer Iayer
mggon thickdayeg 339f hﬁat@wmntenais whwh; math¢ preserit embgéiment, guektitanium
ﬁ? then shows this second | ayer 40 of heater materi al
%r it has been etched to form 30 the pattern as
shown, indicated by reference nuneral 41. In this

|IIustrat|on this-patterned |ayer does not include a
Figueet Idrshpyy dhe siagepd prodpgtionifieripatiemning asd stching:af thheater layer 38

tohfﬁfhﬁ file lfe £ qRakhh gthé'ﬁ’éétFeY %femeh?}(ﬁaﬂcﬁéﬂ@&ro%s peat er

oes assi st i n reduci ng e resi stance of
t he electrodes 15 of the heater 14 so that, in

oper at | ess e er consu
Flzgml%cf S shersage QD Pm@%é reﬁasefi?laldréélswﬁy%w about 1

midrbPWEKIhEAB RN 288&1 9y consunption by, and therefore
greater effectiveness

Figure 18 shows the stage of production after a second layer 40 of heater material has been
deposited. In a preferred embodiment, this layer 40, like the first heater layer 38, is of 0.25

micron thick titanium nitride.

Figure 19 then shows this second layer 40 of heater material after it has been etched to form
the pattern as shown, indicated by reference numeral 41. In this illustration, this patterned
layer does not include a heater layer element 10, and in this sense has no heater
functionality. However, this layer of heater material does assist in reducing the resistance

of the electrodes 15 of the heater 14 so that, in operation, less energy is consumed by the
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of, the heater elenents 10. In the dual heater
enbodi nent illustrated in Figure 38, the
weornesspondi ng | ayer 40 does contain a heater RAT/AB2003/001509
Figure 21 shows the stage d# production after a third
| ayer 42, of sacrificial resist, has been deposited.
As the uppernost level of this layer will constitute
eléé&%démﬁl'bh %HB&/@ gleeaﬁf ehdiSy cdMREA] gﬁorpi)f}taﬁﬁ ?hetréfoﬁegréﬂéﬂ@féctweness
later, and henc he | nfier extent of the nozzl®e
ofathe hmtcleelanemth ¢0. hethgldtaldfeatehembodiynent illBstrajed intfagure 38, the

suffi | 1ow for the formati on of a bubble 12
COFﬁSROII? ing @fﬁrgﬂ% BX gAY gﬁ}eaigr g{]ri ng operation of the
printhead. 10 Figure 23 shows the stage of production
after the roof |layer 44 has been deposited, that is,
Figure 21l shews thisistage il prodeefinn aften e shirdhlayerci2z pBsastificiel @sist, has been

0 a I 0 n ..thick
deé ?S {/e?mg(sj gefl%%ﬁ]ﬁgc%s% gevrﬁeoq‘ t&é ?%}e%}”@l Eonsg erre ‘llchﬁéténeé ]surface of the
nosileiplae 2 o bé fidmed jlater ardl ence eHeSinhdtieklent dSthEngxHl€a e 5, the
shows the stage of production after the chem cal vapor

h%%\é g this leﬁer(‘@vwst@fs su&icmn&wlm for the fp@ﬁ%ﬁqmg)ftarb@bbW&m the
t t d nat ed
feéén GG Er R By ok e e ll™Ct L he nozzie rim
this outside part being designated 4.1 Figure 26

sho ta of oducti on afte the D, of |I|con
Figiip B0 qLOY et OLPEHUE R 41t 85 TR %89@% Pppsijggl, that is,
th& DuyEORRICR a1l hRstin®E 'ﬁﬁ:tﬂo‘%Qlegflaté he Iﬂb%alo? bl dr® 100 micron

formthe nozzle aperture 5, and after the CVD silicon
thigk polydmidedtmy dwmoazeleplatel2 i forhed phsilicdnonitriflesjugZimeetodsrthick.

where it is not required. Figure 28 shows the stage of

production after a protective |layer 48 of resist has

Fib@en42howP el sbibe ofbioictidi 4fted tRODemidAe vapdR epditon (CVD) of
portlon 21 is then ground fromits other side (not

siligepityide Sormng the leyes 44.ss been Rarly picheshatithopesition designated 45, so
] i S t 0 . .
29 B b L IEaS oL AP OO SRR o R
hol e 32. The hole 32 is etched to a depth such that
it neets the hole 31. 30 Then, the sacrificial res

Figre g shows therrtage of pradurtigneicr e CYB of gilicgp gitage hysbeen etched all
r
théé ﬁrg%tﬁ‘lg%él?:?tg%r té)oc??%lgﬁ%e HLeai%quTtwtnoo tﬁ%ﬁ%nzngzég?rﬁ% z#l‘&ttb‘ £&tm the nozzle
apattireld, am@eﬁtérehe a¥D sibednhetrizledvab beenfrepued atcthe pésitiomaddsiznated 47
and. nozz| e te bei ng shown cut- away). It will be
WIS UdS RoTgEe ) s al so serves to renobve the resist
filling the hole 31 so that WD 2004/ 048104

PCT/ AU2003/ 001509 15
Figure 28 shows the stage of production after a protective layer 48 of resist has been

applied. After this stage, the substrate portion 21 is then ground from its other side (not
shown) to reduce the substrate portion from its nominal thickness of about 800 microns to
about 200 microns, and then, as foreshadowed above, to etch the hole 32. The hole 32 is
etched to a depth such that it meets the hole 31.

Then, the sacrificial resist of each of the resist layers 35, 39, 42 and 48, is removed using
oxygen plasma, to form the structure shown in Figure 30, with walls 6 and nozzle plate 2
which together define the chamber 7 (part of the walls and nozzle plate being shown cut-

away). It will be noted that this also serves to remove the resist filling the hole 31 so that
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this hole, together with the hole 32 (not shown in
figure 30), define a passage extending fromthe | ower
WG 2@e/0¢f104 he substrate portion 21 to the nozzl BCBAU2MMB/801509
passage serving as the inkSinlet passage, generally
designated 9, to the chanber 7. 5 Wile the above
production process is used to produce the enbodi nent
¢ . . . , '
IR AN ARG 25 a0 RS s cxtncing
fremrtbeclosee side af the sshsiiate portiei JUkethd dpz4te JuthisgaSHganaving as the

. 37 nd Fi gures.38 and 4 ntrol ,of _ink drop
méj“@&%?agf?geﬁfmﬁé’pg %Ieg%at%ﬁ%éo ADAPE Ei gure 30, the
unit cell 1 shown, as nentioned above, is shown wth
art of the walls 6 and nozzle plate 2 cut-away, which
¢ &zl abovp praductéen priocess it used hplieteee the embpdinteabofthe printhead

[ . h th hal ves of.the
80857 8POAT, e W R Bl N} e e,
shbynia Fs@se BB ITg@es 8 Hend 31K ahd FiurgdB3eageo? (see Figure

28) to fill the chanber 7. Then a voltage is applied

across the electrodes 15 to establish a flow of

i. ] through the heater elenent 10. This

(7%@@%#? %déﬁé%gnfnlo, as described above in relation

to Figure 1, to forma vapor bubble in the ink within"

the, chanber 7. 20 The various _possible structures for )
ReIFEINEATCE AZAA o G T LRamaeeloTenBut Prngh ARy eos shown with

pasPofahélwiils 6and nﬁ@zﬂe FlaR ¥ &slahay, \E‘I#Eﬁ‘ fdvRall %'%]e'lﬁte?iﬁltn %fe the chamber 7.

variations in the ratio of lehgth to w dt 0

Thecheatar 14lienefrshewn Out Stayhsosthei kath balyey efitbehedtenefgmdentd0 can be
surface area of the elenents 10 nmay be the sanme) my
Ave significant effects on the electrical resistance
of the elenents, 25 and therefore on the bal ance ‘
between the voltage and current to achieve a certain

Inpprations ink | patsee fsengh tho tkiinlgt passags! Sloeq Bigiis 28) to fill the
HEBIRPACH, S, § glglgaﬁfg D éﬁ%ﬁﬁ& chr\(/)vgés?t‘ﬁ@ relegt&{)&/eg lg% E?Qogirsslhfe}gﬁo%v of electric

earl er ver resi stances o

curreatnithiraighrtie heutérieddnient 00." Thisdieats thedglémeritnl Osascdesclibed@bove in
O trapsistors, for a given transistor area, there is

refptio fyERgaye 1-do Frgheranod pridie the atk vitkip the,ehambre -

vol tage tol erance in each process generation. WO
2004/ 048104 PCT/ AU2003/ 001509
The various possible structures for the heater 14, some of which are shown in Figures 33,

35 and 37, and 38, can result in there being many variations in the ratio of length to width
of the heater elements 10. Such variations (even though the surface area of the elements 10
may be the same) may have significant effects on the electrical resistance of the elements,
and therefore on the balance between the voltage and current to achieve a certain power of

the element.

Modern drive electronic components tend to require lower drive voltages than earlier
versions, with lower resistances of drive transistors in their “on” state. Thus, in such drive
transistors, for a given transistor area, there is a tendency to higher current capability and

lower voltage tolerance in each process generation.
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16 Figure 36, referred to above, shows the shape, in
plan view, of a mask for formng the heater structure
wo@toothesienbodi nent of the printhead shown i n FPQUAB2B5/001509
Accordingly, as Figure 3616epresents the shape of the
heater el ement 10 of that enbodinent, it is now
referred to in discussing that heater elenent. During
g@%@@t {effireddy %@\R&t stidvWie EE'lﬁ kWi WL dF a3ndskSor forming the
ectrodes 15 (represente e part’s desi gnated
heifsr 8B)cturs of theamtiddenent of ﬁwtprfrﬂtlmad aheven indfigethd5. Accordingly, as

| egtrod t I
P dPeeP RSPt Iae Sperh oGt enat e et Spipdfihephdtis now
refYre@ ‘P@Inr #isdussihf ﬁha@h%rélerﬁéﬁt DERKESHRhRSA, bitrdnt HeHa v@ﬁlcally into
by the part desSignated 0.36, is long and thin, with

the hlscw@s A5 dreptdsented byr’émpattﬁ d@mteédﬁoiﬁ)mrthattﬂ@@ eigrent flow area

fl\ﬁl le?glgof;?gfs ertgf]af H ﬁat%gen %ﬂ‘é%}{b grl% gt &Jro Selnl%aplo§} clectrical

refidané. ByddUntdasiamelelensonel 0, eépreéeaf@nh ﬁgﬁre id‘tﬁ}ﬂhé pat designated
el ement 10 shown in Figure 35, and _has just_a single

10-Ho s long and Bun.avifiiby widthe! the deraent lq@ummbxrdgl@@ét b%lg 1 micron
an‘ﬁ'tfléth?&\ﬁ@ssﬁne%@ﬁ MeL.El ectrical resistance, and will
r

CuUr T ent flow, than the elenent 10 of
Flgure 35. It therefore reqU|res a | owner drlve 15

vl aetod liver ven 0 the [
It g/l]éi)g Bpted |ﬂi‘?é qhsater 34 vggm gﬁé X é1|gn ler nlement 10
th%m%'léﬁ?é}ltt 16 8R4V iﬂﬁ%ﬁi‘é%@ dLBRG&R a thgRA¥HN 6. t W@cordmgly, the

heater el enents and 10. 2 correspondl ng to
elemers 10mifFigee B3 mll mn\ee afuthloser e]leetmeaitrsmstmezandswtlwemn a
t.he \MdtHqﬂ he. ot her

g% BT gt ParaEenC T s o g over aive

vd@ta%@& mlvblhﬁgﬂv@fﬂ@ﬁerg} RBOheald) 12 iAhgivenMingd, ONS in
wi dth, while those of the wupper elenment 10.1 are 1

mcron in width. Thus the energy applied to ink in the

Ingﬁlg%fqlggg, (gnyth?%(])te}}eg E%IL(P ereﬁn@éﬁﬂﬁ% %&N%lﬂcﬁ&%\% ﬁg élhl\%%having two

hedfdr RgRNAND. PaldSH). 2l usradsporilingl ol the padtidtiiScall I.eQikd off the elements
of the size of vapor, bubbles_and . hence of the size of

1031 tawdhe pédthagy Hle puhar Glemeat b ibbvish & ComesRes gl dergpraurface
arg‘[% q‘{l@ | ! Wﬁ?e lic))gve} Ql%meﬂﬂ‘l @y %rﬁ@erﬁfépcﬂﬁ lin @xh@cﬁe\%lle those of the

appreci at at the energy
u@ppéllemdnﬂal)o 1 e 1l miveon il veidtn ThaOth? ensrgp bppliechkaandﬁlet ﬁmmber 7

R BB LA S FTERL S O8I 15 32
vcgiia?érﬁﬁﬂ pilSe QRSHGH. "Flﬁé‘bemh% a%485RatinbBihe dife 6ff a6 bulble and

s of information can
hence of the size of ink drop ejected due to the bubbles. -

Assuming that the energy applied to the ink by the upper element 10.1 is X, it will be
appreciated that the energy applied by the lower element 10.2 is about 2X, and the energy
applied by the two elements together is about 3X. Of course, the energy applied when
neither element is operational, is zero. Thus, in effect, two bits of information can be

printed with the one nozzle 3.
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30 printed with the one nozzle 3. WO 2004/ 048104
PCT/ AU2003/ 001509 17 As the above factors of energy
wo@uiopssipmay not be achi eved exactly in practi cCBCT/8U2®3/001509
"fine tuning" of the exactl7sizing of the elenents
10.1 and 10.2, or of the drive voltages that are
applied to them may be required. 51t wll also be
AR GBo BbtostF eHBRS Butghﬁﬁsphotl& abhieed SadllPth SraEtRIHdme “fine
180 a%out a vertical axis “relative to the | ower
tuhg’irefthe £0ace sizifgiod theseleenth 40.1 tahe il 0. 2edrafithedies viditagesethat are
not . coj nci den al | pwi ng i ndependent connection to
apgﬁffjaﬁo&b%md?lméé@ﬂpﬁé?ts. Feat ures and advant ages of
particul ar enbodi ments 10 Di scussed bel ow, under

aﬁgr opriate headings, are certain specific features of )
It withalg¢ heneted thet thenpperslementdf, 1 ianefated Sraagha 03 gbeutsf vertical axis

B SRR Sl e I B B RARUR i o,

allohv@geiticpendenticofitction Rsepalae dbmtcaxstitsspeci fically
excludes certain drawings, and relates to those
drawi ngs specifically referred 15 to. Suspended beam

j . Fi d ti d
FORR i WU B P Bl Sl T 75, Tror ' 56 a

suspended beam and this is suspended over at |east a

portion (designated 11.1) of the ink 11 (hubble .
Dlﬁsﬁﬁﬁﬁgelﬂgwdmdgs appioRLiaty lé%émg%fée pestaiytper ?sa&urieﬁ of gplodiments

oMRY ink/ BitREY add @B afPMeRYof Radd feires OTh RiaRBesSFD ?cﬂﬁee&élsidered in

In, a subStrate as 1S the case I n e?(l stl‘ng prlnt ea
rekion énall oftitie drawingsaertoinsngtarid presant syventsarcunless thdeeongaxt

spg G Sxs R Pt e b et R 6 RS Arh VLS pBiicay referred
topresent invention and the prior ink jet 25

technol ogi es. The main advantage of this feature is
that a higher efficiency can be achi eved by avoi di ng

S&SEgn‘féH%gﬁﬁiﬁﬁéy heating of the solid material that
eater elenments 10 (for exanple the
solid material formng the chanber walls 6, and

surroundi ng_the inlet passage 30 9) which _takes plac
With refeeeng? (ofigeiet, alasaBentions alrfevsﬂ)hﬁgew SERFRLIQITS i the form of

© SEASHSUEAFSRTE s SRRV § Bl G TREUEAEL 11 g
11 (bubble forming liquid). The element 10 is configured in this way rather than forming
part of, or being embedded in, a substrate as is the case in existing printhead systems made
by various manufacturers such as Hewlett Packard, Canon and Lexmark. This constitutes a
significant difference between embodiments of the present invention and the prior ink jet

technologies.

The main advantage of this feature is that a higher efficiency can be achieved by avoiding
the unnecessary heating of the solid material that surrounds the heater elements 10 (for
example the solid material forming the chamber walls 6, and surrounding the inlet passage
9) which takes place in the prior art devices. The heating of such solid material does not
contribute to the formation of vapor bubbles 12, so that the heating of such material

involves the wastage of energy. The only energy which contributes in any significant sense
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i nvol ves the wastage of energy. The only energy which
contributes in any significant sense WO 2004/ 048104
weERODAMKA0O3/ 001509 18 to the generation of theChabkioss01509
12 is that which is applied8directly into the liquid
which is to be heated, which liquid is typically the

ink 11. In one preferred enmbodinent, as illustrated in
to Eﬁ@é@n@&a&on%? Elelgﬁllﬁfél%g (1)? lrlﬁel{(]{gmlhlg:ﬂm da;ypﬁ ?ﬁg?q?tﬁ?gé’\hcﬁlﬁﬂ Which is

tolbiedneated swiricioligraid is typicellgthennk 1This is further
illustrated in Figure 41. I n another possible
enbodi ment, as illustrated in Figure 42, the heater

Q@ Pestbrrdde rﬂ&ﬁﬁﬁlbﬁt %ﬁﬁﬁﬁﬁﬁ‘%n@ﬁg&r@@ e h@ﬁ@leel%eﬁthl@ it Blspended
(bubbl e formn i qui d) 11, so that th 3

wishinyhdiekdw (bwd @fcmmtg hqlad)hsr thiah‘rém liqwidt smrrmim gthetelenmd This is

f
g i 1 2o L R Pl BoE® brobfirt W5 Thsurdth in Pigure 42,
the heaftéif dl@ferd 9 0tbam hyaRbendkd avihk lsuff@derdfatid inR(BUBME fda@ing liquid)

el ement 10 unli ke in the enbodi nent described in

11, sp that Bis kgridispplebdowihe plemepfaathghbpe syrounding if; and there is air
orpﬁll %érll?d clf?ﬁgf%iél?n -I‘;h l’ﬁle e{rﬁgdlﬁ@ﬁfgé n Qéd 1?1fr hgrlﬂ {Pridare 41 is
preﬁrreb as ﬂﬁehmbb]le 12fvaitl feman Mundﬁt}tdhldérﬁérﬁ rlenmhké m ﬂﬁb @mbedlment

30.and 3 t he heat support ed
df‘éﬁ‘lﬂiFr&dﬂ oD daaR L eﬁ'%%%@’bq? t"’éﬁ) 3 p Belopifae olegient. Thus
the Qﬁfboﬂﬁneﬁ?@ﬁﬁ%ﬁféﬁq Ss fikel§ %‘#I‘ok/ﬁi\é%rmo@fe%ﬂ&érﬁ E¥raﬁfm the

printhead he feature presently under consi deration

i's that the heater elenment 10 is configured such that

A0 | ess t ha nan ul es

AT B SRk B el v et Ry 5 fod o nd Fisriefment 10
bdaﬁl ifs@ﬁ%po@teb BRRI B ok side dnbi8s frokatkis,oppOsiRSide) s@1HRAEH cnstitutes a

drop 1 ink through a nozzle 3. In one preferred

cagtileyeli. nent, the required energy is | ess that 300 nJ,

while in a further enbodinent, the energy is |ess

than 120 nJ. 25 It will be appreci ated by those
Efficidnbedf ihe ptithead t that prior art devices generally

require over 5 mcrojoules to heat the el ement

sufficiently to generate a vapor bubble 12 to eject an

lelér‘féampé sellﬁ}/] uh it Sondi 86 CSHEE Wat lofef Bl Rfefit P(f 1stc.Jaﬁﬁgured such

present” invention are an order of nagnitude
thatemrenetgytof ddss ko0 tnhesjouales (1dkisj requirsedgd daappliddite tllleaellﬁnent to

QPRSI PLOr ALLOYE, 30 LT oBor &l 109 C0SISir i g
a A6A1S.| BankYrtbi® éhb&Bment, the required energy is less that 300 nJ, while in a
further embodiment, the energy is less than 120 nJ.

It will be appreciated by those skilled in the art that prior art devices generally require over
5 microjoules to heat the element sufficiently to generate a vapor bubble 12 to eject an ink
drop 16. Thus, the energy requirements of the present invention are an order of magnitude
lower than that of known thermal ink jet systems. This lower energy consumption allows
lower operating costs, smaller power supplies, and so-on, but also dramatically simplifies
printhead cooling, allows higher densities of nozzles 3, and permits printing at higher

resolutions.
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print head cooling, allows higher densities of nozzles

3, and permts printing at higher resolutions. WO
w404 PCT/ AU2003/ 001509 19 These advane@mas20B/001509

the present invention are d8pecially significant in

enbodi nents where the individual ejected ink drops

16, thensel ves, constitute the major cooling nmechani sm
Tﬁgse a@@%‘g@?éﬂ%ﬁt@@ﬁ%ﬁgﬂgl}%ﬁﬁﬁ% a & Jcﬂeﬂ ur 2 o#ﬂ t1'1?0od1ments where
the mde‘ntluai ij epted ikl drops hé,tthemmlmseeoglytmpqihe ethjdrcoaligmkdianism of

el enent. 10.to bubble 12 so as to eject a
thaPE}gt%i%d 8% d?sﬁQ{’%{.l&@ lefii‘gw/ed fromthe printhead by a

conmbi nation of the heat renoved by the ejected drop

itself, and the ink that is taken into the 10
S t ink reservoir (not shown). The

result of this is that the net "novenent" of heat

will be outwards fromthe printhead, to provide for

Tlas fearmé bEthe ddlehfign pl‘dﬁdi%ﬁ tHab @feene fgzrapplﬁai tdndeater bldgent 10 to form
pri nt head does not gw re any er cooling systens.

a )A@Of hebble k2 g @ﬁdome% 7 Eeapeld Qafnek { his remeved frem thprinthead by a
co lﬁl‘i‘ﬁlo'rl'?)tfﬁletﬁegt ut gg@ggﬂle clie%pcira]‘é 'f‘tsélf:I g?dl it g-i;att gsgcgken into the

rop are consti
prithdadésmetiteiinlt tegerveir ¢hottshews)rikhe raamsqf this i that the net “movement”

tt th t of )
o Rk Al 5 RH SR OB PEAGEG (o B ag" BHemARS PotligeofUnder these
cﬁcﬁﬁls?ahé‘&eﬁte plifthe@ddoQhot Eh%ltufﬂ: h&y ofhenSolihp8ydi&hs." emoval

of heat energy that res fromejecting the i nk
drop 16 and the intake of the replacenent quantity of

A3 b TRETERE oof T il BRI Bve R G pe Bt etace the
ej€tiad drBp AR coNBtaEE bl td sdnlteryé (Fﬂd aind wiBRkRAAMBMBe of the same
quantities of ink can convenient be expressed as the

mpssalt i Gpavenientitel cxessdhe mt@@p\temenh@fs@erm erethgong hends the
e B9 PSP E icho o, L B URHER, speg gt of

heat eriesgyethatatsailts fidm bjectig the bk dpp 16 ahditedniakabf ﬁle replacement
deterni.nati on of Mhﬁg.ﬁé t he above crlterla are

quEBp A dnkohl. Afsaming gerdacepeat quaptitnt mléﬂrbesraatambeent
te{glgelia e, ? riaﬁﬁ e fifiRreyidie 1o RERRS ?of gk e'c&dtaﬁﬁ ?%H]?Jgﬂlent

lent tenperature Ist errpera ure at
quiantitidslofemit mns:onhenqzrrtlyrhel”ﬂa@d:ssﬁadmmthd lvet thak wetildrtgequired to raise

NES AL Do WL TNEN: SIS O L
te?ﬁgﬁ?igﬁﬁ]%eﬁyﬁ £t {s)jdch@. ambi ent tenperature will be

It will be appreciated that a determination of whether the above criteria are met depends on
what constitutes the ambient temperature. In the present case, the temperature that is taken
to be the ambient temperature is the temperature at which ink 11 enters the printhead from
the ink storage reservoir (not shown) which is connected, in fluid flow communication, to
the inlet passages 9 of the printhead. Typically the ambient temperature will be the room
ambient temperature, which is usually roughly 20 degrees C (Celsius).

However, the ambient temperature may be less, if for example, the room temperature is

lower, or if the ink 11 entering the printhead is refrigerated.
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30 anbi ent tenperature, which is usually roughly 20
degrees C (Cel sius). However, the anbient tenperature

worey4loesibess, if for exanple, the roomtenper apCr/av2®3/001509

|l ower, or if the ink 11 ent2ering the printhead is
refrigerated. WO 2004/ 048104 PCT/ AU2003/ 001509 20 In
one preferred enbodi nent, the printhead is designed to
achi eve conplete self-cooling (i.e. where the
out goi ng heat energy due to the net effect of the

Ineq'ne prefetrahemyeivhantetie printhgad st desigasd tof achiek/e tampketeesgifadooling

8y ety OBroutseipra <SSET et tﬁaﬁqt“e?%ét%fﬁ R SR af pptaBement
qd%ﬁ Rhés iR 1M ﬁ%qhalqa ik iReadlened ﬂﬁﬁl%iter lgtfenhd ﬂz?l ng

a boiling point of approxinma er degrees C, an
the ambient tenperature is 40 degrees C, then there

f
Y Bf o oA o ARG b REbAs PRl gpid g s e
bdsb® tHEHain al NG Sdith of ap pﬁﬁuﬁ&talty 1oinegﬂees or z!uﬁltlhﬁﬁdimblent
coul d undergo. It is deS|rabIe to avoid havin

teppmigarat et > Hhenilerp is svppsimpn of @\%ﬂegfﬁﬁérg ’&pmtther@nblent

te%gyeﬁaid?gtog%i?ﬁ%l} fﬂt’% & Inﬁgnﬁ"%hﬁha?ﬁ%g i‘-}{?}éﬁuﬁrﬁ é&%t%l&q‘lse that

the peihthaad eoupeuadenge, then tenperature variations
bet ween parts of the printhead 15 could result in sone
regi ons bei ng above boiling point, with the _
It Wi ﬁﬂavoﬂ‘ﬂaﬁﬁ%c ft&ﬁﬁerat‘tiﬁ%%ﬂﬁﬁ‘ Bl Sorirdt ARG thONhee at time of

vapor bubbles 12 cordingly, a preferred enbodi nent
inkfdrahk ej choeh wihinh dre veryeidsg to the betling nomttofdmmk éi elf the ink 11

sel f in scrlbed above,. ca
wiikeh e e B EPRrRES Gr b Pe oon B dhffeprinthead
cJu‘lH Fesl8in dogd Iéélohﬁbélng Bisdvie ol pon@Z #itR tikdhafiiended, A therefore
O degrees C below its boiling point when the heat i ng
u@@s bgqx@wm

ation jof vapsr bublley £2. Aerordingly, apiederedpantodiment of the
1n(/§;§fo & c&{@%%&t Ju}é}tl ﬁﬁ? 8(51{1 sléﬁscoglnng, a0 ﬁeécﬁﬁe&/ 5’15(1 guccén be

|"OWs

adhesved Whea tid Iﬁ@ﬁmmmﬂegipeﬁlﬂﬁe of thi it 1 h(H‘ltbe: fofreihgtliqoid) in a
wi .t hout reqU|r|n%,eIaborate cool i ng net hods f

pastiearorag charalei e dOnlsererh belovnity beidae BOIQSWBE‘} thednpting
el%lﬂeﬁ}%qg ﬁgﬁcﬁgp whi ch ink drops 16 are being ejected.

I's can allow as nuch as a hundred-fold increase in
nozzle packi ng density than woul d be the case if such

T e%nagfralﬁ %ﬂ]f\t P etutrg esen tyl“lllrn er 1|sc}u(§sr1})r€f1 r1]tts Vgnouds 'embodiments,
is that it allows for a high nozzle density and for a high speed of printhead operation

without requiring elaborate cooling methods for preventing undesired boiling in nozzles 3
adjacent to nozzles from which ink drops 16 are being ejected. This can allow as much as a
hundred-fold increase in nozzle packing density than would be the case if such a feature,

and the temperature criteria mentioned, were not present.

Areal density of nozzles

This feature of the invention relates to the density, by area, of the nozzles 3 on the
printhead. With reference to Figure 1, the nozzle plate 2 has an upper surface 50, and the

present aspect of the invention relates to the packing density of nozzles 3 on that surface.
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Areal density of nozzles 30 This feature of the
invention relates to the density, by area, of the
woewzied08 on the printhead. Wth reference tBCHFAURN08/001509
1, the nozzle plate 2 has &h upper surface 50, and the
present aspect of the invention relates to the packing
density of nozzles 3 on that surface. W 2004/ 048104
: [
METRETS R HREmRD dofily VRt oPREL S L Ml kartich 3036 885 10,000
noz@eOPE sqnae rhesf pefacesgear e cm of surface area. In one
preferred enbodi nent, the areal density exceeds 20, 000
nozzles 3 per square cmof 5 surface 50 area, while
InioRe PRASARY e SABEALEfhe ARRP MR bx cdbE2BOGPhoHRE Si e square cm of
exceeds 40,000 nozzles 3 per square cm In a
supfped ¥} areq) véiitsadianether prefeared ewhbdigent ithg/areal degsifxgceeds 40,000

oA 55 g SSRGS B LR B8 58 horss

pelbduage &hr cuitry 10 corresponding to the nozzle, which

consists, typically, of a drive transistor, a shift

regi ster, an enable gate and cl ock regeneration

. g i . Ot . Y o

WEBL Y o B0 el LR S RO O E M APE IS Yoty
cosiesywindingto thecwdzzle]l whichonsists, tyhiealt, vBadriotRamsistdrhe shifi register,

unit cell ar hown as bejng 32 mic¢rons in width b 4
an fingblg gate;an |C§w§trf>gen%% iy Ghiriropsy rebkeng specifically
idsuaeapsi ve row of nozzles (not shown) inmediately

Jj uxt aposes this nozzle, so that, as a result of the

di mensi on of the outer periphery of the printhead

T R e LR P el o
urfitydel1 Ged shofwedsFeing 32kmic@énshh nidth®9b4 midtbns v BRAbY. 490 nozzle 3 of

times the nozzle areal density of a piezoelectric 20
the pexttshengesivenios ofanazzlgs (noh shaya) dmmedidte] i jwstenpsesdbisgiogsle, so that,
IS f [ C , [ r C
s TR R LR ORlas BtV 5 BE KRR 01y, BB o
nokbles Bpeesquazdngs Thistihidhout 8 tites drarariededabderisity af a typical
square cm of substrate, the nore nozzles_ can, be . .
thergal inkaietprinthead, andwoughly 408 Himeshenpzelesresh density 9f 8 pisgaelectric
Pl’)ﬂf\%a'e waf er. The cost of manufacturing a CMOS plus
waf er of the type used in the printhead of the

The main advantage of a high areal density is low manufacturing cost, as the devices are

batch fabricated on silicon wafers of a particular size.

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

directly proportional to the area taken by the nozzles 3.
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present invention is, to a sone extent, independent of
the nature of patterns that are forned on it.
wabeneisane if the patterns are relatively smal PCT/aU02003/001509
rel atively | arge nunber of 2hozzles 3 30 can be
i ncluded. This allows nore nozzles 3 and nore
printheads to be manufactured for the same cost than
Blilbl& i A866n YR EhsoshE SidBOSAcBfer BRFheft | OWer areal
density. The cost Is directly proportional to the
area taken by the nozzles 3. WD 2004/ 048104
PCT/.AU2003/ 00150 22 B or maLi on,on_.o Sit
ASHIGE 5 D SLPE TBH T e TAREDH U AUEI B SAEUBH & Bubble 12 forms
inftRainktria, (blibtte RIS lidAd), & f@m‘mﬂwtﬁ §1d§§o{f tAdhei&lerfent 10.
bubble 12 forms in.the ink 11 (bubble form ng

Prefegablyi )it forms p@psie sorropist the beaterse @mentri@ WWieeae the ehﬂl@memm the
it forns so as to surround the
kg gsﬁ%ﬁé@%ﬂ%ﬁ%b where the elenent is in the formof
a suspended beam The formation of a bubbl e 12 on both
SI des of the heater el enent 10 as posed to on one

@enetmp aclibblsel 2 il sidetiolihe he%tef Jemaent d Orag oppayed tson one
L
figuresytict lwatey clemean ) fsiadﬂpted;for thdibdbbld 12 tolbe femewinehlpbdn one side as,

whis e, SN B SR EnET esqlflaazgl%gsg ot 1 tht AEhplE P2 tefbe formed
m@@ﬁﬁgﬁ@gq&@&gw§uch as that of Figure 45, the reason
that theé bubble 12 forms on only one 15 side of the
heater el enent 10 is because the el enent |s errbedded
n a.sub trat that e bub
InpakoRBRHAROR RS 8 Foat BT FlatRi s iXsion i pBle L foms on onty one

si@dBhé Réfer dmert Q0 B&huse&ﬁ@el@ﬁh@ﬂd i€ erhBedd®d nfl Q kHBs@dte 51, so that
both sides in _the configuration of Figure 46 as the

the baklde camefbeformed pa the nastiaas sidecrogrespodiog te thersybstrate. By
co\gﬁggt:tng %gblglg gr&n%gi% ?A s 1 Iqbﬂ} gide oveg&ﬁig%?a[tfgb%ff F?%ure 46 as the
heEtegHreﬁleﬁt 10 hereiwduspendd® is allowed to formso as to
surround the suspended beam el enent. The advant age of
the bubble 12 fornming on both sides is the higher
| I .
OF ey TRaY ) SofRuPIUI B B0 (Grm 21 SupPnddBehl 8 described
a‘tmte arickdtionito Figues 1,vthebulible/1 2fs allhwed éafoem selas beswrrobfd the
n@ dgo nof contribute to formati on of a bubble 12.
SHpEIged P P at ed in Figure 45, where the arrows 52
i ndicate the novenents of heat into the

The advantage of the bubble 12 forming on both sides is the higher efficiency that is
achievable. This is due to a reduction in heat that is wasted in heating solid materials in the
vicinity of the heater element 10, which do not contribute to formation of a bubble 12. This
is illustrated in Figure 45, where the arrows 52 indicate the movements of heat into the
solid substrate 51. The amount of heat lost to the substrate 51 depends on the thermal
conductivity of the solid materials of the substrate relative to that of the ink 11, which may
be water based. As the thermal conductivity of water is relatively low, more than half of

the heat can be expected to be absorbed by the substrate 51 rather than by the ink 11.
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solid substrate 51. The ampbunt of heat lost to the
substrate 51 depends on the thermal conductivity of

wo b@4oedidgd nmaterials of the substrate rel ati vePCDAUR@B/001509
of the ink 11, which may 3@3be water based. As the
thermal conductivity of water is relatively |low, nore
than half of the heat can be expected to be absorbed

PR edtltl oTehsitdiahe 51 rather than by the ink 11. WO

~ 20047048104 PCT/ AU2003/ 001509 23 Prevention of

cavitation As described above, after a bubble 12 has

t d d| n to rrbod .ment
ASFEHROS MEfe, fhe bl ] 26 R Bintadr o Aot feen
erBbGimeht 6Xfth€ pleba@d Sifedtion, tiR b%ﬁlér&l)'llﬁﬁlseﬁ RovidEs iﬁ‘(ﬁhwf%ollapse 17.
presently bel ng addressed the heater elenents 10 are

Agending e the feaurearenentiebeing pddsessed th@hetatmeletrrteatsri& ane eonfigured

toQIfonﬁ?lké @L@)z)f Illé nsé?l)é@glges V‘(ﬂ% éPcdlﬁgseth{c))l esdgl V@H%Ih{%g%ubbles collapse,

arBraeﬁﬁsiﬁkbis)SpadehQTqm t@ﬂﬁﬁéﬂelbﬁeﬁ@ nPiegeraislel, the Fmﬁﬂﬁé&d ik Rehfgured so
is no solid material at such ?m nts of collapse 17. In

thatthereig po salid materialat spehy ppyots of pelfappe pr- ol tbmwaa cpyitasion, being a
d. 10
B pETS] ph S YR85 1BELY bt 0. 10

heater elenents 10 are confi gured to have parts 53

REi it e 8D ratetehed Sabodiment e Hoaienrlemers derexseggured to
haké ﬂaﬁs ‘5@ i RinB YRR @SHr&ehicaB$ hdfow 94’)35&1%0%& Hiefbubbles 12

ga he advantage of this feature Is
s@hb@hﬁ m)inéﬂ ofycolopsiedd te mhichahé bmbld@rm@epae@r& heathdaaitsaph gaps The

oy Pnpe AP SisPa Bl Aiho il I Rgtion Boang o8 Hiicttcr

elblhentbeataﬁﬂoﬂieﬁsmmmét@nal.s enbedded in a substrate 55,
with an insulating | ayer 56 over the elenent, and a

prot ective layer 57 over the insulating [ayer. Wen a

1Q ] f OIl=Te
B QR o ARy R R 101
embedslhd) Wwha b;bstrhl!e 58y withvan bulating layef 56 over &[b&il@ﬂer@fanﬂfa@rotectwe
bubhl e cql | apse, | focussed onto a .very small point

lag) 1 20ySE thensulgting e pW3@thub@e|lay@for@¢dmﬁ® e&m@mw it is
foh'ﬁ@di‘ oﬁﬁg) 6?%139 @fnead §m§ bt 19 csﬁﬁ]sssaxg Uy, the gﬁows 58,

omthe ocussi ng of I's energy to
albof hht: endrgy of tha ybubbl@ Eollapsdiscfocttsisq:ﬂ avay veqrsnmﬂqdmttdﬁ eollapse 17.
vented b

If B’il%%fg \v/eef'ar.?%‘rf w%r? ’X%{e’n tﬁeb }nséclllasmc%{ Forces due to %e th\(faltation that

far g

would result from the focussing of this energy to the point of collapse 17, could chip away

or erode the heater element 10. However, this is prevented by the protective layer 57.

Typically, such a protective layer 57 is of tantalum, which oxidizes to form a very hard
layer of tantalum pentoxide (Ta,Os). Although no known materials can fully resist the
effects of cavitation, if the tantalum pentoxide should be chipped away due to the
cavitation, then oxidation will again occur at the underlying tantalum metal, so as to

effectively repair the tantalum pentoxide layer.

Although the tantalum pentoxide functions relatively well in this regard in known thermal

ink jet systems, it has certain disadvantages. One significant disadvantage is that, in effect,



10

15

20

25

30

Typical ly, such a protective |layer 57 is of tantal um

whi ch oxidizes to forma very hard |ayer of tantalum
w@entossioe (Ta205). Al though no known mat eri al BCT/AN2003/001509

fully resist the effects @ cavitation, if the

tant al um pent oxi de shoul d be chi pped away due to the

cavitation, then oxidation will again occur at the

t I

Y g B 7 (e P e BT Y W p¥ference
mmmnalai% mqs’ebﬂ lneateden Hrdec ta toasfar dheateqvieddyenargylintorthe ksl 1, to heat

it G o oo SHERE 28 T, 37 B high M nets s 1o thserepghish

atb R weil (ﬁ'ftﬁeetﬁﬁtalu\épag@ B¢ %ﬁéﬁ%“:hg STHcRY %39913%9 fda Ql%nsf&4 Not only

virtually the whol é protective layer 57 (having
daeh thik instsesé the |amat1@tcbfthy>attmlgcln @freqlemdelt tmdmsal QBSISQ}edﬁPSto raise

N
inhZubsthitial lRyAA] 1656 th Bskedldtee i tHelRictBdnsTBESatUBy the akdes 61.

very high atomc weight of the tantalum and this
Thesq d@afévamée apopldras he presentt hie herter elementflErwastrelyspgported on
t eat which is
aggﬂﬁg?%%ahfm#Q£Q%éve &%@nﬁ@%ﬁ@égﬁ%gbto rai se the
tenperature at the |evel deS| ghated 60 sufficiently to

the_ ink 11, but_ it al resul n.a substan

A?‘l‘?é‘alﬁﬁFO {hg deayis presen Yp‘m&’é‘%ﬁ‘ﬁ‘sﬁlﬁ% t@? P@ﬁfpbﬁgrqt?ﬁaﬁvei% 8457, as
dR%iBAbaNE, @é’@vo@dled ly-géﬁéjatu?geﬁl@%‘d Bk 3980 YIRY t%oﬂ%ssepeas illustrated in

present if the heater e was nmer el pported
Figure 48, towwaf dscepamntcbfwaBapsotl 7 @owhichdhdry 1stﬂoesoﬂ1dmmeé@‘tal,v@d more

10 Acc d|n to t he feat resent u r .

paf O here eSSk Ser e oS R RET elsthellI " As there is
méRBLthi REd] 1BRREn tﬂ1§lo%é(ﬁb1ﬁ®ﬁopbb EBBRS %'ehbﬂaaoﬁ)hmeMB Bb enaterial that

12°so that it collapses, as illustr din Figure 48,

cmmwdéaeﬁdﬁyﬁhe effectoof capifationy Te tﬁmp@htmu;mlthﬁ ﬁ;:sntmf collapse 17
s T RPAS 3P W B Bublt

soﬁSlutﬂiﬁés@néeS This Wil ‘ﬁbak ddven iheKnkd dorhp@Rhis ak that poist. However, the
| ocation (prior to bubble generation), there_ is no

‘H’éﬂl@ ef ertremptfempergirgat the pefatiofrollapssyl 7 Lif 80 spalh that therdestruction of
%&nﬁ%gﬁén?ﬂn ﬁ'g%fuﬁmﬁhaﬁéf%gﬁé%?ﬁ he point of collapse

y reach nany thousa degrees C, as is
denonstrated by the phenomsnon of sonol um nesence.

Thiggebgttion pREE PP R trioesif e eaRyBraR api af clfgse 17 where

tth%'lB ho Q61 CRbleARSEN bE ablfeRA BIRY HeaieP 8lerehR 10R8kE4ohliRB to that
of 20 ink components in this volunme is not

repregcmtq&d athe part 10.34 of the mask shown in Figure 34. The element represented is

symmetrical, and has a hole represented by the reference numeral 63 at its center. When

the element is heated, the bubble forms around the element (as indicated by the dashed line
64) and then grows so that, instead of being of annular (doughnut) shape as illustrated by
the dashed lines 64 and 65) it spans the element including the hole 63, the hole then being
filled with the vapor that forms the bubble. The bubble 12 is thus substantially disc-shaped.
When it collapses, the collapse is directed so as to minimize the surface tension surrounding
the bubble 12. This involves the bubble shape moving towards a spherical shape as far as is

permitted by the dynamics that are involved. This, in turn, results in the point of collapse
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The generation of the bubble 12 so that it coll apses

towards a point of collapse 17 where there is no
wa@elod4sted eri al can be achi eved usi ng heater ePEnBO2®3/001509

10 corresponding to that r&presented by the part

10. 34 of the mask shown in Figure 34. The el enent

represented is 25 symmetrical, and has a hole

SRERRERARA ot e 6 RERERERCIUITRL B B ikicrt 16, P60 Ber s o
solidena¢rgalent (as indicated by the dashed Iine 64) and
then grows so that, instead of being of annul ar
(doughnut) shape as illustrated by the dashed Iines
T heaRd eRRlent 10 &B?éﬁént&&‘%( ﬁlegﬂﬁrﬂ) 31N tinRgk SHAGHNA |F‘?gt§§ 311is
the hole then bein h the vapor that forns
cmﬁgumdbcba@uevﬁaenmllmwll 2v1ihstht: bukbls g@@taamglaamd}cated by the dashed
S e Co
i 2SR 51 37 ol do 58 R Bt i F PRt Rote 67 at the
contdr bOtHe@idhgentt he bubble 12. This involves the bubble
shape noving towards a spherical shape as far as is
permtted by the dynamics that are involved. This, in

g S S5 PEL Ol R B0 R e
coﬁﬁgaltedtt@ eclﬁmtaenimﬂﬁr fefidt. Neladre the&ilmmtlom is dresheioh&esieh that
top Bofecisan cmal g muRe i s U PF o e HkiAaY #ffcc the extent
Kl |
to WIQ%H g bﬁ”Jblé éaé?%&fggﬁgcgé;l{cﬁ%ét gtss ?J:Bﬁit I%g gc%lgag%b’@ﬁ ﬂ{? rE%%ﬁ dbfined by
th hple. Exﬁr exampld; the hotd mby bé aclittle aps dew mwxfnns:dmrbds;e Wbk [htgh levels
hol.e 6 t,th t

ot iirary i i e e nfithie aphieP i 1Sy Eepuffin BubfSpepresented
asQ. 3¥thef aré Bsin SRS 163N, dothii tBéY @nd&t YeiRLRA towkdtds a point of

configured to achieve a simlar result. \Were the
COéllapwemthm sucter smallitegions o Aeth et witlaregardtie thwdle@tee gleinent

relfiBinist TR 0P ot Ot ROPTT Gl ST oniged. thereby

inbRading thedizWwe thd fagibn il &/hivhithé peiht 6Jollapeeritite Bubbldie to fall.
region defined by the hole. For exanple, the hole nay

be as little as a few mcrons across. Were high
cﬁ&%ﬁ%&svap&f d@&%ﬂé 1dzz J‘plaﬂée %1' G Y& cannot Dbe
T eved, y result bbl es T epresented 15 as
12. 36 that are sonmewhat IopS| ded, so that they cannot

Tﬁqﬁ%ﬂc.jz;z e?a%t el et O\Q@ﬁagﬁ %?lcf;tg)ggr];% tﬁq%lul ag%ﬁ)&\g%lts I;)iqggi utﬁlg ngzzle plate

thﬁ@é&%’fmﬁhg q%ﬁhcmfeemeﬁ &bRAed By c’fﬂeﬁﬁ&ﬁ vifor g@slﬁ@l{l (¢9h). In
oop he el enent can S np (0] t hereb Yy

various preférrag emimdsn@és dlfie EWD is e@ snhnon mtmtn, sificemdiopislers oxi-nitride.
of collapse of the bubble is to fall.

The advantage of the nozzle plate 2 being formed by CVD is that it is formed in place
without the requirement for assembling the nozzle plate to other components such as the
walls 6 of the unit cell 1. This is an important advantage because the assembly of the nozzle
plate 2 that would otherwise be required can be difficult to effect and can involve
potentially complex issues. Such issues include the potential mismatch of thermal
expansion between the nozzle plate 2 and the parts to which it would be assembled, the
difficulty of successfully keeping components aligned to each other, keeping them planar,
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20 Chem cal vapor deposited nozzle plate, and thin

nozzl e plates The nozzle aperture 5 of each unit cell
waennesios t hrough the nozzle plate 2, the noze¢BApL@Be01509

thus constituting a structdée which is fornmed by

chem cal vapor deposition (CVD). In various preferred

enbodi nents, the CVDis of silicon nitride, silicon

i oxid Lo . .

ol X Bl B il o of 1 IIEHER BRRALAhe hbte plate 2 to the
otherpaetd. i n pl ace without the requirenent for

assenbling the nozzle plate to other conponents such

as the walls 6 of the unit cell 1. This is an
ThéB&Set FMhermdVekphadon RCAMTR A Gt Bl pricRfart! WRIAMEAitShe size

1glate 2 that would otherw se be required can be .
ofdnk jateihet candeapdnaactuedl Thin i3 begensedhadifiseanen i thie(cpefficient of

I I.SS . Sugh jssues i.ncl.ude .th otent i al .

bl s RS R Bl LA MR A BP R R APd T Pigote to which the
nddzRigate iSduaintdied, BdbietSthissubktidisi df siMebh,ds geiteshenitiad,

the difficulty of successfully keeping conponents )
Consegyraly: ¢vee aximalt adistangeagthaipackrigd py.aa%rL000@ozzles, the relative

/ S: L
o e R B BN R Mo AR e el 2o the
ambizat températuee @ the cudies temiphturg esquired Tdrdohdingeheparts together, can
t hernal expansion is a sjgnificant factor_ in the prjor, .
calyeg 2 Gipasio RIFPESh 9_?1 seaihegntegpicr then f abela Wﬂésragt%eThls
wRABE A @iy ditimehfil REGAUSEiRG, di fference in the
coefficient o thermal expansi on between, for
exanpl e, a nickel nozzle plate and a substrate to
ich the 2zl late is c ected., where thi . .
AL iem B GG Feokite YIS B Einnl IRy ol discussion, a
1e&82 s @EbENlelits tIRFET, 18 $hat MRl griod aflideVieek; RoAde pIARk that need to be
occupi ed by, say, 1000 nozzles, the relative thermal

asspblad pisreenerally eningted petowberenainder efibe erinthsag undes conditions of
' : f . [1en . r h

B D8 A 0, TSP RSB SRR Ao s ot
dévige! k¢ depoaiting 0f tiktoazIdiplae 2 ibg T VID sirehbbdindents of the present
.significantly greater than a whole nozzle |length. This
L 108 a¥eidg % f i cant |y detrimental for such devices.

Anot her probl em addressed by the features of the

i nvention presently under discussion, at 15 least in
A dmittloct iatheant agetolfi éreqmresent featunest of theringentm, atrleast @vémbsdiments

nozzl.e pl ates that need .to be .assenbled e gener al
S e T e e
D&t a&fb%zl@fplaté ehhidws |a}1?®'b gﬁfn%tzﬂ% Bate ’EUBefSintGIﬁLged #:5H¢ brinthead

in breakages or undesirable deformations o .
at the scale of normal silicon wafer production, using processes normally used for semi-

conductor manufacture.

Existing thermal ink jet or bubble jet systems experience pressure transients, during the
bubble generation phase, of up to 100 atmospheres. If the nozzle plates 2 in such devices
were applied by CVD, then to withstand such pressure transients, a substantial thickness of
CVD nozzle plate would be required. As would be understood by those skilled in the art,
such thicknesses of deposited nozzle plates would give rise certain problems as discussed

below.
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devi ces. The depositing of the nozzle plate 2 by CVD

in enbodi nents of the present invention avoids this.
wWQ@oa0is1n4 her advant age of the present featureBCDAU2IN8/001509

invention, at |east in enb@di nents thereof, is their

conpatibility with existing sem conduct or

manuf acturing processes. Depositing a nozzle plate 2

Fédextd alea{He QM%kﬁé@@ oﬂﬂi%ﬁdeesuf?ﬂiﬁ&ﬁ tb YrithSrahd & h @ ﬁgnd thérQ Bressure in

rlntwea at the scale of nornmal silicon wafer
thp nozale chanrber i shaydep says €6 sEerons rWih h;fengrs@dtOfFogurs é8j wizish shows a

u%ﬁ%egllulctﬁ"]oeelf n&gﬂagg‘ir %eWE)&eﬁ)@é) T Fltétgg %ﬁ }élﬂ]? 835 such a thick

ndidle pigte Rhie wilub Eb}ﬁ'eaﬁféﬁ it is@¢h @fh@é&essQfan wsultGn HRBlems relating to
atnnsgheres If the nozzle plates 2 in such devices

drga eiechiprp |l Bds eape.cp to thethickpessiof hezzgplate 2 quofﬂtedw{r@ exerted by
ok PR $3L i PV RS A0LL A BA1I855,) R R R i

effibieaey sfikhé edcd. n the art, such thicknesses of

deposited nozzle plates would give rise certain
probl ens as di scussed below. WO 2004/048104

ARSREANBOR BANROR &k e EXRBPLEN o gektn*amg BE352, FHlates to the |

nitride sufficlent to withstand at nos
aqiua shing process. fbisie aszslummglﬁnbéle nézate$ metpheihys shib®vn, perpendicular

togh‘%{vgﬁeéﬁlo @etsﬂéieéq? .8 _tf]% ure 49, whi 0

ws a
GuRL 2 AP RSP sLbine. This
whld Qj?ﬂléémnre AR WeGRa BEmEdiSHs & rEJ"étQSlQ to BQ 4Bp1RdP TR &pdse that

it wll gprematedthat such a thickness can
thickgegstof irfﬁlspﬁ therasuired kﬁtvshgfr@sphsloatrh@pompse@ufﬁ@tht tolaphieve, as the

he thickne of n
tobl epfT e, Sibet el 5 IR RO 08 res P el 41PGue i
weyle bt pdssitle teédpose!diis fe%i/uhtt&pt}fbf&bﬁﬁl@hﬁﬁfgtx 95,388 wolld be a
the efficiency of the device. Another problemthat

relagyely castlyqrogesst he case of such a thick nozzle plate
2, relates to the 10 actual etching process. This is
assum ng that the nozzle 3 is etched, as shown,

A fextlpee pelibdenh drat woald dxdstweiflesuch adliick hezztplaterBines case wheire al0

ort ,, for _exa using a standard, plasna et chj
Pﬁﬁ%t eyeg of 91&'1@%*/?5? ERdepestics B atsHigan sb %ﬁa&‘és%%r 3 that,
bdcRise D tHRAUiFereRSe 1ﬁ99érhﬁ@ oxp -595185 B?ﬁ%eﬁ ﬁﬁt CVﬁhh}‘é&f D68 heQlibstrate, as
resist 69, the required eve resol uti on becones
well &< the inherend staesh Déwethlra&ﬂd(l’(bpmi’@d &dyer ¢l Wafef coulé be caused to bow

tofstgi?lg%) ﬁer/%{eei/ht er S dqshg Ltllbezlﬁﬁ% geraltallﬂg plto%gslssvgoulc‘? become impractical.
Thus, a layer for the nozzle plate 2 as thick as 10 microns (unlike in the present invention),

while possible, is disadvantageous.

With reference to Figure 50, in a Memjet thermal ink ejection device according to an
embodiment of the present invention, the CVD nitride nozzle plate layer 2 is only 2
microns thick. Therefore the fluidic drag through the nozzle 3 is not particularly significant

and is therefore not a major cause of loss.

Furthermore, the etch time, and the resist thickness required to etch nozzles 3 in such a

nozzle plate 2, and the stress on the substrate wafer 8, will not be excessive.
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15 woul d be possible to expose this rel evant depth of
resist 69 using x-rays, this would be a relatively
weomtioysips ocess. A further problemthat woul d BXi/aU2003/001509
with such a thick nozzle pk&te 2 in a case where a 10
mcron thick layer of nitride were CVD deposited on a
silicon substrate wafer, is that, 20 because of the
o | . J ; .
T ENED S DD PATE AR LRILBRY & o LR eifrated in
theichdrbert7his oklydppusimatdlyl lagterosphteneandafod 1 0¢ etmaspheres as in prior art
dcaused t 0.bo to such a degree that further steps in
HES BSORBEPRFhROVEr ocess woul d becone i npracti cal .
Thus, a layer for the nozzle plate 2 as thick as 10
mcrons (unlike in the present invention), while
Thrae stehasty fagtorsi wlzidly aentebete testhe 2Enificant redfictionrin pressure transient

Fi 50, 1l J: hersaml ink ejection device
re {él(g%{t ieiegft Ei%)%526 l}ég%sggtﬁs{ﬁgntﬂ%fw 5 hd resent invention,
1.t Rmall¥enif thdflisermozzl e plate layer 2 is only 2

m crons thick. Therefore the fluidic drag through the
2.n@srate fahrication ofngzeled andrgbpmberghii fi cant  and i s

t - A A .l 0ss. 30 Furthernore,
3't Egbg{tgEfacthliaﬁtgj,e%gndb@%‘évccﬁgéﬁglg&%lh|’ckness required to
4.etvety InoZhlidis aid thermaldrosstallnbatsleen pdzates 32, and t he

stress on the.sub te wafer 8, will not be

t
5o PEHRSMAOZZARE 20 REBOS 654 PCT/ AU2003/ 001509 28 The
6.1 %@tﬂmeﬁwragmug@ﬁﬁmmﬁ&sn%zﬂessh' s invention is
enabl ed as tThe pressure genérated in the chanber 7 is
7.0m0w pegspure kissduetoyink ejectios thieugh theihlet@® 100
8at%ﬁ€_sg&eres a ioi n prior art devices, as nentioned
BBV & O BRSOy e many factors which contribute to
the significant reduction in pressure transient

required to eject drops 16 in this system_ These
As mentiened abovesipgrlation she pypceshdessabedzin tarmsnf diguaesed to 31, the
| hon: L Lot Seal SLADLL LY,
o RE £ 23080 ARt IS SETRE L AP Yone s

sthgavin¥dluestthe ehihglof ehierebion desighatkd it Mgees DPadd 6 tSform a recess

5., op}i mum nozzle size to bubble area; )
outside of what will become the nozzle rim 4. The other such stage involves a further etch,

in the region designated 46 in Figures 26 and 50, which actually forms the nozzle aperture 5

and finishes the rim 4.

Nozzle plate thicknesses

As addressed above in relation to the formation of the nozzle plate 2 by CVD, and with the
advantages described in that regard, the nozzle plates in the present invention are thinner
than in the prior art. More particularly, the nozzle plates 2 are less than 10 microns thick.
In one preferred embodiment, the nozzle plate 2 of each unit cell 1 is less than 5 microns
thick, while in another preferred embodiment, it is less than 2.5 microns thick. Indeed, a

preferred thickness for the nozzle plate 2 is 2 microns thick.

Heater elements formed in different lavers
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6. low fluidic drag through thin (2 mcron) nozzle 3;
7. low pressure |oss due to ink ejection through the

WO pioe4894 8. sel f-cooling operation. 15 As nePtT/anzm3/001509

above in relation the procés$s described in terns of
Figures 6 to 31, the etching of the 2-m cron thick
nozzl e plate layer 2 involves tw rel evant stages. One
&) 188 BrdsBy g {nl Waleh hdGer RBA 10 d ithi
%&gclﬁré at ed‘fﬂig&l¥E &&I%urelge %ggiﬁ‘gagg?fto fr grm a reO 1§posedw1thm
the diasitebe 7@f emdialmtmdlll 1. bEeoiendrte 10y odutleareifonntked b"yhhe l1tho graphic

RS MBS0 AR Bl B0 B i e

actually fornms the nozzle aperture 5 and finishes the
rim4. Nozzle plate thicknesses 25 As addressed above
Inumefr:mcmmbcvdlmcntsm Showm Fxgnreeﬁ 81 Hranso¥lz e hsiater elemehip 10.1 and
ri bed n that
10%5‘&?‘8, o 1% édg[f | i ?Sascglrﬂth‘?rhventl on are
t hi nner than in the prior art More parti cul arly, the
nozzl e gl ates 2 are less than 10 m crons thick.

Alspes pilbbe pprseciatad vdihraference tocthp abovedepgrintion »f gre léh@giaphlc
prg&ls% heé}% ﬂeraé é:?erngegﬁ 30 tlbgtfb R f;gl-rﬁ&?w at 1 Jeyé é}fe{ %éwalztﬁ%f p@ocess the

11thbgapiﬂs sﬁeias ekatinkneoleslt, one of 82 deradnty t@ U beinp distiasisfrdm those

);agg Ie pI te 2.is 2 mcrons thick. Heater elenents
re b st eleaieahtO Faver s WO 2004/ 048104

PCT/ AU2003/ 001509 29 According to the present

feature, there are a plurality of heater elenents 10
Thti dpoees 1l H).D aretmderalbhmmd rélative weambh othiet, as edflected

Th I 10, wh f th ith hi. .
schpnatiely T e O 5. SR B Bt caghieh § BtRORvgiGhred ink
drdp voldhRs ftRAITE Goithat rtl@a%/ﬂﬁﬁ "chﬁ‘s@ 1151@&%g§ 16 ﬁa\hﬂg @ﬁ'ﬁf&l‘f rb%bry weighted

enbodi rrents as shown in Figures nd

Vqlﬂ@‘a@%tp b@leﬁ?ﬁdttbroygh thegogzle ﬁo)fth partméardhntm@lslrl "ﬂhe@ﬂblevement of
thgvI L}I}I gﬁ %if: tg? %glugme? Hf e 1519 dr%?g P? tnfeﬁerrmnbedsog/ tRerelative sizes

er en

ofdﬁéelemeﬁﬂs qo lendtﬂ@QZ | TntFi@3€ 8p, hh@ areP bOtR $ttoMARBteh eldinesit 10.2 in
el emant 10. 2 is forned at | east one step of

copagt WHR é‘%*’e@%lltlh@vlc‘it]ﬁa? ?fitﬁbbﬁaéﬁﬂﬁl@n@ttéﬁsl relating to
each one of the elenents 10.1 being distinct from
those relating to the other elenent 10. 2.
One known prior art device, patented by Canon, and illustrated schematically in Figure 52,

also has two heater elements 10.1 and 10.2 for each nozzle, and these are also sized on a
binary basis (i.e. to produce drops 16 with binary weighted volumes). These elements 10.1,
10.2 are formed in a single layer, adjacent to each other in the nozzle chamber 7. It will be
appreciated that the bubble 12.1 formed by the small element 10.1, only, is relatively small,
while that 12.2 formed by the large element 10.2, only, is relatively large. The bubble
generated by the combined effects of the two elements, when they are actuated
simultaneously, is designated 12.3. Three differently sized ink drops 16 will be caused to
be ejected by the three respective bubbles 12.1, 12.2 and 12.3.

It will be appreciated that the size of the elements 10.1 and 10.2 themselves are not required
to be binary weighted to cause the ejection of drops 16 having different sizes or the ejection

of useful combinations of drops. Indeed, the binary weighting may well not be represented
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The elenments 10.1, 10.2 are preferably sized relative
to each other, as reflected schematically in the
wale@grossmof Figure 51, such that they can achi BFBAU2003/001509
bi nary weighted ink 15 drép volunmes, that is, so that
they can cause ink drops 16 having different, binary
wei ght ed volunmes to be ejected through the nozzle 3 of
pﬂeagelg BY Hcak A6t | blene 104, 10D AGURY L IPing the élél}gents 10.1,
bi nary” wei ghting of the vofunes ot the ink d ops I's
1 @2 teeadhiave dirayy Whghtedlmll vaumey, dlse fluiflictdheraefesistibostsarrainding the
and .10. lL.n Fi t he area of. the_bottom heater .
eGPEHER P b thes 177 Heghon vianites Frameroristcss e iy CB Dy hat i

digbvidetack fab ee GaBIBBNY frdh: the n@&lg‘ Sn&'w&Bp ABIHAS bRkEn off, and so
device, patented by Canon, and illustrated

fostbhmsithiecahsidered. Acgudinglthe acina matimef thevsurfasatanas of the elements
and 10.2 fo nozz
1§ > g@%‘ |0§ %1% pe fognalbce ﬁ’gﬁv gegtelisr n%eds {oeb%?,cg%%cgmcprt%cg{ge to achieve
thé Qedtddbikbir aieighve dbp eslumet.unes) . These el ements 10. 1,
10.2 are forned in a single |ayer, adjacent to each

ot her !n t he nozzle chanber 7. It will be 25
VAR 61 gkl DDA, ok LA Rl B 5 i

aréad. iR teoaforedixed, thh eelhtiregizeslo€ Bjedbd fifbpa 16®1miy)be aidinsted by adjusting
reI ativel I ar e. The bubb gen t ed by
ekl 19 Cleennd bis Balp e aﬁkﬁéYthWe%ﬁJ‘éﬁuég the
dﬁ&ﬁd@&ﬁﬂe oﬁér&&’drf FH163 48 mé elérﬁen@sefo Qm@tfdl & 4h dpuTéwzgths
differently sized ink drops 16 wll be cause
Hejvewt giie pylse edthi camot ewpeata cemummmm of fithelbeca@eDnana bubble

1l Fisasieaied gn hng o SR FEhEuii0ds [rei ety SRt Filss widtn

affee tHit AiadeYwilieeWTl Rk drhoceitee the ej ection of drops 16
having different sizes or the ejection of useful

conbi nati ons of drops. Indeed, the binary weighting

I t
OFR e bbb REEFPLE AR RRE URAEAR 1 o ghows e e
heatedrte IﬁéaS:h,l\Q:nl quitkly Zht benpeedtnesit whithSubbleg 12 afe @hﬁé@ﬂkﬁat which
10.1 10.2 tao_achieve binary weighted drop_ vol une
dropie 19 prgicisictede WY il the maximers %ﬁﬁﬁvmwdﬁq@ limited, by the onset of

ofpREnRIdaA y
SRS 0 A S B AR pube i
limitedvomly bly slokaviailblde tineent ideinb end the enmenttdersitydhatl can Be twierated by
dr.o n off, and so 5 forth, nust be
Bﬁ%tfﬂg‘ﬂ?r@ﬁnsi\%gof(ﬁfngly the actual ratio of the
surface areas of the elenents 10.1, 10.2, or the

performance of the two heaters, needs to be adjusted
A shyraistHigere 15, the hve heaters elements 10. 1, 10.2 are connected to two respective

drive circuits 70. Although these circuits 70 may be identical to each other, a further
adjustment can be effected by way of these circuits, for example by sizing the drive
transistor (not shown) connected to the lower element 10.2, which is the high current
element, larger than that connected to the upper element 10.1. If, for example, the relative
currents provided to the respective elements 10.1, 10.2 are in the ratio 2:1, the drive
transistor of the circuit 70 connected to the lower element 10.2 would typically be twice the
width of the drive transistor (also no shown) of the circuit 70 connected to the other

element 10.1.
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the desired binary weighted drop vol unes. Were the
size of the heater elenents 10.1, 10.2 is fixed and

wonbmae4sibe rati o of their surface 10 areas i SPCT/AU2003/001509

therefore fixed, the relatidve sizes of ejected drops
16 may be adjusted by adjusting the supply voltages
to the two elenents. This can al so be achi eved by

Inacﬂé Higdd e{ﬂgdés&%ééi% %&mt%h t%fF1é1H§ 5OPRE ﬁf:ét&fblé}gérﬁéﬁ $0.2f 10.3)&vhich are

el enent s . hel'r
inHiosveanes Lay¢rhae ;pmchleedmmuhanaoasimm tlmsame dtep of ¢ret lthographic

cau once bubbl
A BSOS HE oL ARG Of EMEHSh{vEBtan ypiraged in Figure 51
tht RS heddrs @lbﬁﬂahtsol@ DR 0RULSReMidHeD abdwe, BfctBFmdd\dHe dfiePBe other.
will be of little or no effect. On the ot her hand, the

Indess, endaseribecringke procesh dlustratied with refeeence t Biguyes 500 21 the material
t 0. ea | ckl
to{%éﬁn% )é% tl%ﬁ%lt é@ 2\/\/?1 dgﬂosﬁ cg%r}dt is t %ﬁgd hit% process

whérediter adh@fficidlGayr 89 & Rpbetbd oWib Gf ﬂlﬁﬁeléﬁﬁéﬂtn&&{ﬂ then the material
effective pulse width is limte t he onset of 20

fop thetleer slfanehd -3 s dqu,gqtngq thatithe ﬁcg gi@l pyer is between the two heater
elgll)rlxgﬁt(?a;%?so 'Tﬂi@ aejepgf ik Qé fﬂeﬁf"l oM 4 t{flcﬂeﬁ b a'ge{xﬁmglelﬁgél) %{‘gphw

avai l'e curre |ve and 't ren
st¢thatd tdersabidfidiall leyen B0 ds deynovede heater el ements 10. 1,
10.2. . As shown in Figure 51, the two heaters
el ements 10.1, 10.2 are connected to two respective

RéerriHgl ofe 5%5[11? t tthé de@ererﬁ"sfz@QHQﬂBe ﬁl@ﬁ@teel&hérﬁé“l@) 3 ah8 10BYRe

i dentical To each other, a further ad)ustnent can be
mertfened ebb\tyytlwalsasdhe ad-'V@Bi@g@thatm iehables the elexmntsite bbyized so as to

d hown d
achie PN o e B o Fom e rom

el ement, larger than that connected to the upper
elepent 10.1. If, for exanple, the relative currents

It Biilb be appreeiated ﬁ@t,r‘&%@wltmée @109 ryeHinges xan lpe aqlue\@damgi gspecially if
kit e IR Ele LTS S 8C oS e

privged ddts,@antilea IOMedfphnotfesdIh@mﬁrl ve transi st or (al so no

shown) of the circuit 70 connected to the other
el ement 10.1. WD 2004/048104 PCT/ AU2003/ 001509 31 In

LLI‘H]%I’IHBIIG RE thedGRe rcir@lﬁﬂsth%eg %Q{eh Qg]er H‘fmﬁ'tlﬂg Eﬁl Bachtd¥Ed. That is,

eater elenments 10.1 e sane
inbtegcbof justregecping due dwpslitrnd tlemewaitihg forthe terzkede sfilbtheéquivalent

T A T T T
ndZZRW i€ nofa limithey fa¥ier, Heed; Sétﬁ)neblmké prfirg %Qo threcdBmes faster,

ment i oned above, are forned one aft er the o
may be achieved. In practice, however, the nozzle refill time will typ1ca11y be a limiting

factor. In this case, the nozzle 3 will take slightly longer to refill when a triple volume of
drop 16 (relative to the minimum size drop) has been ejected than when only a minimum
volume drop has been ejected. However, in practice it will not take as much as three times

as long to refill. This is due to the inertial dynamics and the surface tension of the ink 11.

Referring to Figure 53, there is shown, schematically, a pair of adjacent unit cells 1.1 and
1.2, the cell on the left 1.1 representing the nozzle 3 after a larger volume of drop 16 has
been ejected, and that on the right 1.2, after a drop of smaller volume has been ejected. In

the case of the larger drop 16, the curvature of the air bubble 71 that has formed inside the
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5 I ndeed, as described in the process illustrated wth
reference to Figures 6 to 31, the material to form
wo b@4eksanent 10.2 is deposited and is then et ch€dAUZ03/001509
the |ithographi c process, 3hereafter a sacrificial
| ayer 39 is deposited on top of that elenent, and then
the material for the other elenent 10.1 is deposited
pa?@alfy%?ﬁptie'ﬂ%o%ﬁ@ '3' 1f ik Gdr8dr tﬁzﬁy @lthd Sash %F%@ﬂbﬁl@ 92 Y has formed after
heat'er = el enent | ayers. e layer of the secon
the bmakertvohond diop has beeadd djedareme tlommbzzietnd gf thp loiter Lifit cell 1.2.
step, and the sacrificial layer 39 is renoved.
Referring once again to the different sizes of the

TheabR: cehaiRebthdQirbuBhid 710Gn the @t caBN tRARINAGYRer surface
this has the advantage that it enables the elenents to

tepsdons foreqwhigh dends ¢o drawrth@mé: Iy fronpthe refll] prssageiciogitdsdhe nozzle 3

S 3. 1 Wi |. |
ool A0 P R e B RERBORGI: Hr o0 s e st rfilling
tirae. A ethe dharﬁ'likﬁL 761813:@,1!5 61{ teicliek a stdpydeipRatlll 1A/ whie kit doBdition is
t hen photo raphic qual ity can _be obtained while usin

similaile thin fecdiaserismital 1 I tiosadit, e dhasbert | 6hthe unit cell
lggs eﬂ;agﬁe{lpﬂgﬁﬁ&?anﬁﬂg f&c@ Ft‘en%@ﬁ'i? ﬁ:'.f: h%?ﬂi%l‘e?%?éd c@l gji‘fﬁfs results in

ting can achre i hst
the vafill s;]eed: Blbwglgﬁwvrdewp tHoilghmi thik @ﬁgWﬁdﬁﬁbleCOﬁdlﬁbl@ is reached in
nozzle

BT LLS HEb) BEa St el e 4t G, e
be%i{ dithBIhed.r ?ﬁé !)Jrerélp@f?&t of thiie tha@ Ocﬁtﬁ) %]l’l?'lt kakeS' Ring@r to completely

limting factor, ink ejection, ce printing, up
ﬁll thetchpmber 7. hreed fierziect.] fromey tite Vdmhlthc/mdbubhie pt eqireseet than from

theoleref ti i ]l typjcally be a :
WIEHRY B L858 r8nd fiapif weoBButt tohe' HBUSTs reg B targer,
ddeg k6t takd &vhhidh AsQRASkinied 16ridkt 10 ref @R éhabibeP |76l M AbFBIS 1.
drop 16 (relative to the mninum size drop) has been

ej ected than when only a m ninum vol une drop has been

H@d‘t&%ﬁ e‘?ﬁient% 1@{3@1&? {Crt)mi @at@ﬁﬁg E&&s?ip_.rl t%gir Wy glll lﬁmggtts &i@lﬁgwaagogpw%c c-:rllqumbers

inertial dynam cs and the surface tensi on of the ink

11. 30 Referring to Figure 53, there js
Thig frathae 1ovalviey thegleﬁf&r slegientsd 0 deingiormed ofcsehﬁ Saeril g past 90% of

Hick,b e|
v BgEEL oRAREL) B4y SRR O MV A7 B e
bekovd 50.hEt a prefarted embgﬂiméht the admerwaghiriopelofv Xywthilein another
s_been the case of the larger
nﬁ:}ogﬂni%hﬁl ﬂ8méclﬁy Edlﬂf”%e air bubble 71 that has
formed inside the V\D 2004/ 048104 PCT/ AU2003/ 001509 32

partially enptied nozzle 3.1 is larger than in the
agfpeeofra lowbtoraiczpmbients thatshe atoms @f #fat eraterial have a lower mass,

and therefore less energy is required to raise the temperature of the heater elements 10.

This is because, as will be understood by those skilled in the art, the temperature of an
article is essentially related to the state of movement of the nuclei of the atoms.
Accordingly, it will require more energy to raise the temperature, and thereby induce such a
nucleus movement, in a material with atoms having heavier nuclei that in a material having

atoms with lighter nuclei.

Materials currently used for the heater elements of thermal ink jet systems include tantalum

aluminum alloy (for example used by Hewlett Packard), and hafnium boride (for example



the smaller volunme drop has been ejected fromthe
nozzle 3.2 of the other unit cell 1.2. The higher
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results in a greater surfaéd 5 tension force which
tends to draw the ink 11, fromthe refill passage 9
towards the nozzle 3 and into the chanber 7.1, as

ﬁ%g'b 2bamh) Boantalién BldmasviufBhavéatosnighwetsers T3aadt73, Egspectively,

shorter ref|II|n tine.. As the h
Far g M i eod: RGPS el Bt
A TitaRiuihad ad ﬁoﬁﬂ&&uﬁiﬂbﬂf@ﬂtandlmhbg@@% an| atomicgmber

s congltl on, the chambe

bﬁ7 s inafetigls thefefare bemeEA 385 igpres it SR Ot fiételevard prhor art
gas th reaflore reduced. This results in 10 the refill
f)‘@‘éedn%Fovm ng down even though, at this stage, when

this condition is reached in that unit cell 1.1, a

fl ow of, |iqui SaiEhfim Boddennt] antalen aluminum,
g@%‘ﬁ‘cﬂ“ﬁrﬂ{e]é""ﬁwm v%lﬁ%l%()ﬁﬁhg%rp been established, The. . coooim
@ysgeatvbly,eﬂcé antogelf, arehrelativiely lighmaterials. HERTGSh thedgioly

! 0”8 (_}ﬁg ag%mq rr%’ el!hé(t of itahdund 16ide (wiBieclddek tizamihnnimzstdoe of

e alr bubble 71 Id§9£ ent tmg,[nly
ftalﬁmmy\taemztgnancdmda; tbe@nswntﬂlgmm“‘é@eh% OF FPRPTE
vol une t RE@RS appiokindzely three
§“ﬂ’8§8’?%ﬂ%éhe amun? tﬁ tnEllhee I{ltlhggﬂj olrit er To refil Ted in
tiiRe REARABRY torhedt tha]damaiumlneiﬂée 1As wﬂl@t@f*e@% tBefs"“ siafie
fornmed fr mat.eri al s 1eBéthitredis opres@ated by
ath® At éh"n"lf&‘g?@?%e 0 Rt egpﬁe?%lt #%@%ﬁl\%rseﬁi he heat er o
gl duitkhng formed of solid material, at |east
90% of 20 which, by weight, is constituted by one or
nore periodic elements having an atom ¢ nunber bel ow
50. In a preferred enbadi NExtC,xHOlaxpmi c wei ght is
bel ow 30, while in another enbodinment the atomc
wei ght is bel ow 23. The advantage of a | ow atomc i< th
NYRBRAT 2p febdts thdBm ?ér@(ﬁl:‘e diffferbidvaf Cyrathe spesifichggicappcitp WL 1s the

mass, 25 and there e |les d ont
s ind P SRR PRIGTEEHE: RGPS fdsnEHIL R Gefeftuingd ont
¢ f% *ﬂlee%t@dﬁ%@ uidBer¥d it is ARo W M@ ist afthe lla‘gllc¢ bstents khe deagity; if strongly

e tenperature of an. . arti.c ¢
r enfhenatd by theraéoraie ArAbEss oL AR RAKHR!S wolv?]de af}]cﬁl(l:eﬁag‘esl‘? théf‘ésbé/ct 0

at , it will require nore energyto

r eg?gaw)éﬁ?éeyﬁ%gggture and t hereby induce such a

nucl eus novenent, in a material with atons having
helaw AL ei that in a material having 30 atons
witH-4GTTer nuclei. Materials currently used for the
heater el ements of thermal ink jet systens include

Lol lATLUTA Sndlon @egupiBursddobaisnesotsoid

nium boride (for e
20)4tefA BT Bath B@fér&@ﬁ@g@h@m@@g tﬁ(eabrgplmg pomt of the bubble forming

liquid (i.e. the ink 11 in this embodiment) to heat the ink s

therein to cause an ink drop 16 to be ejected, is less than 10 nanograms.

o as to generate bubbles 12

In one preferred embodiment, the mass is less that 2 nanograms, in another embodiment the

mass is less than 500 picograms, and in yet another embodiment the mass is less than 250

picograms.

MJTO12 PCT
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used by Canon). Tantal um and haf ni um have atomc
nunbers 73 and 72, respectively, while the materi al
w@e®d/ 048104 he Menj et heater elenents 10 of the PCEABI03/001509
invention is titaniumnitB#de. Titanium has an atom c
nunber of 22 and nitrogen has an atom c nunber of 7,
these materials therefore being significantly lighter
than those of the relevant prior art 5 device
mat eri al s. Boron and al um num which form part of
Tllrﬁaéhmive feabue corstites & a'gmiﬁlcmhadVaJMgelﬂvpr plﬁta‘saﬁeinkjiet/sglsgems as it

reﬂ%} e{}%}'ﬁl{qg%g r ee{l{)/ye !Q,Sfa . JIE \5/ éf th}ﬁ? hdlr]ﬁ {m ; gl‘rsenlelégyfgstgn heating the
solidGhdteriadbf e hbabr Démérité 201 THi's Bédtlire ‘i'@erfaﬁ'fé‘d‘aﬁe %@ﬂe%@ 8f heater

titaniumin place of 10 tantalum is 5. . Thus,
elpmenfuratenialy havinghom dansidies. ke t«atl@e‘n]gtwgly @mal 51ze of the elements 10,

P [ f the, t tanl u
oo e T et ety e s s 97 Pl Wiy ot
erhlBHdG.ed i dther rhﬂsﬁalgmeﬁ]msnh&dh&)@eycérﬂlﬁe ih@gae um nitride.
As will be understood by a person skilled in the art,

the difference in energy in a material at two

gh’{ fﬁ’rSﬁB&’S '{}%’Eﬂ%‘;eah}'ﬂ%@ VE%VA[P? %p&ﬁc@%?&refgn}?% tﬁéql?e&ﬁer structure of the

'owm ng equat
empplimesntfshd ﬂirmthadrshom it Bigate $3e enadingly ak F1gui°£34 represents the

h th |
RS s SRy Kbt 0 I g o
heafl eRaical MTIEta R 'ebérr%gt Wre%fé@erﬁe &féf’éﬁ'@é%ﬁﬁle?a? 10t34'1§ Flgure 34

al so a function of the ice constants, the densit
hasguss tarsmg@ﬂ lpop #9fuhichris édmlg;onts adaarshd.25 numbm thidk It lm a 6 micron

| ved f
oS AR08 Conel PR RS 012 HRaleF o808 8 picPipacts e
corR8pdiding dldthent 9.2t il PRiPresehtBd B Feferbiceddfinitdal 10.39 in Figure 39

configured such that the mass of solid material of
has gapash €622%.6 picemams and dhatlg represeateddygeferanse nyoptal HY36 in

g&ge%h%g §Sp%%apltc8§%]n§ liquid (i.e. the ink 11

odi nent t the ink so as to generate
bubbles 12 therein to cause an ink drop 16 to be

q(ii is less than 10 nanograns.

WS el eeminbb dDranirooping TGO é% and fafopexample, are used in

prQ@tﬂ:@gﬂh@ RStal thiks QP Rabielal SF@&H sH8 ety n% léﬁlehﬁﬁﬁcoRtact with
O picogranms, and I'n yet anot odi nent

thnuﬂsl I @eingsthe bubdote B@ing liquid in this embod1ment) that is raised to a

temperature above that of the boiling point of the ink, will be slightly higher than these

masses as the elements will be coated with an electrically insulating, chemically inert,

thermally conductive material. This coating increases, to some extent, the total mass of

material raised to the higher temperature.

Conformally coated heater element

This feature involves each element 10 being covered by a conformal protective coating, this
coating having been applied to all sides of the element simultaneously so that the coating is
seamless. The coating 10, preferably, is electrically non-conductive, is chemically inert and

has a high thermal conductivity. In one preferred embodiment, the coating is of aluminum
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pi cograns. MJTO12 PCT WO 2004/ 048104 PCT/ AU2003/ 001509
34 The above feature constitutes a significant

wa@elwanssge over prior art inkjet systens, as iPRCT/AU2003/001509

results in an increased efBfciency as a result of the
reduction in energy lost in heating the solid
materials of the heater elenents 10. This feature is

ni%'i‘&é? iPshothus eﬁﬂo@lﬁfent‘ﬁqs of dlﬁﬁéﬁf ﬁkéc C)lf’ﬁﬁc? n: }%'t another

having |ow densities, due to the re atlve Sl ze
emboditnentsit ismbosonitirideand due to the heater el enents

being in the formof suspended beans which are not

enbedded in other materials, as illustrated, for

Refeaiiy . F1gd}ed:549&i{(19551 thdré Bié'sBowh s&féﬁi@fﬁc Yéiﬁes%ﬁ't%ﬁ@ns dff prior art
plan view, of a mask for formng the heater structure

h@ttertelﬁéneni 00 dbisciotepnfonnaltyeoatedias discussed Huwe, bus W&l@uh@ been

s GEAPLRRL 8BS 5L, 1 G FRRRY N S5 Ry

coapddest @t side with 8iCSOV Ritel, tdRsignatb 6.6l RheHRthe cddiBig referred to
heater elenent as represented by reference nuneral

abaye 3 therpresegfungance, anygsleqted schamatispllvan Fesise 30 thicestingdeing
dsi FHatid OIS indb s @tgﬁogna:fﬁ/ cf'ghﬁrggo B efeme‘ﬁt(on b sﬁ@sssﬂluﬁanﬁ?usly

m<ron outer radius a cron 1 nner rad
Hbwtwdr, théadorformabeoaitiag 82 oplaﬁcsgfeakrm ol ®e hhieved if the element 10,

ondi elenment 10.2 simlarly represented b
whigh B RR S Corlle o U0t o R SUsY SRS g tHform of o
su?sg&&d Bb@rﬁ gsroétfﬁt tRdd id t&tsst&) an SPIHRSRIA %P'ttﬁxaén?én% rence

nuner al in Figure 36 has a nass of
plcograns V%en t he eIenents 10, 102 represented in

1§} SR g ol Ve Rty SRS kp o Eelifi e Slement 10 0n

albbiees tis whilwdes ke dnids bk Rimdh® (Hussdnd¥d bhm)tWBch i jdided to the
(being the bubble formng liquidin this enmbodiment)

elFWéﬁde$ §5 paindicgted diagrarampeadly un Szl In hther wordshwhat is meant by
(H.Z&Jrﬂa'ﬂg cBch'%tthQ fale St 1 511 al 1des 1@%@%1&913% at%{atzh%iglﬁler; § ?ully

mass

suetonaded isyathk }tomﬁ)ﬁﬂdﬂ&bhﬂﬁ@ alGﬂi@f]!ib ¢etgttyof the element. her mal | 'y
conductive material. This coating increases, to sone
extent the total mass of 25 material raised to the

Erytaﬁ%lﬁé tdﬁc@nfoﬁﬂﬁlﬁfﬁ%gﬂl&%@fe glbﬁl%ﬂt f m& S e§stood

Th| s féature 1nvolves eac nent el ng covere
with cdmeocmhcmagatre ta Figeres déta'ndl §s5. i |can be @eenpwhemt];ue conformal

coﬁ%l éqgag)gﬁg(? 3 %gﬁ V@Bg:? ﬁxﬁgl qementni% was deposited (i.e.
formed) effectively constitutes the coatmg for the element on the side opposite the
conformally applied coating. The depositing of the conformal coating 76 on the heater
element 10 which is, in turn, supported on the substrate 78, results in a seam 79 being
formed. This seam 79 may constitute a weak point, where oxides and other undesirable
products might form, or where delamination may occur. Indeed, in the case of the heater
element 10 of Figures 54 and 55, where etching is conducted to separate the heater element
and its coating 76 from the substrate 78 below, so as to render the element in the form of a
suspended beam, ingress of liquid or hydroxyl ions may result, even though such materials

could not penetrate the actual material of the coating 76, or of the substrate 78.
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seanl ess. The coating 10, preferably, is electrically
non-conductive, is chemcally inert and has a high

wo banodioconductivity. In one preferred enbodi PERAD2M0B/01509

coating is of alum num WD 2004/ 048104
PCT/ AU2003/ 001509 35 nitride, in another enbodi nment
it is of dianond-like carbon (DLC), and in yet another
[RITHACHAE H{enhénédsabgtfe ﬁ%" Dindh hﬁﬁde 5'?({1%51'1({‘ k¢ Garbon (DLC)) are
Figures 54 and ere are shown schenat
surtel]zia dwrast at the menfofma qoating 7Aof the prdsewttieventibe peillusttfied in Figure

o iy b e E0RS Rl S Er el Pl ticahnertness,
an'd"thé het thihephre %Pe'&ﬁﬁ!all?; RS- chhtRiRt RE AhoRA AR th¥terial, for these

coated on ore side wt CVD material, designated 76.
Purwsc@ m beron pitride atsgafcferrgd teeghonveedlthoughabe vkoicmof material used for

thg 8oa I1sn %égﬁo@%&t 0 erlelrellgon toe%c%ge%gfggg ga 1re8al lcﬁg%%ice clgarac%ensncs
méenile bﬂﬁf thyin €lQRE nit@tibhe, @hefBhdy e @hl'tabffé El@8acteristics, may be used
si mul t aneously. 10 Hovvever this conformal coating 77
inggady| | sides can only be achieved i f the el enent 10,
when bei ng so coated, is a structure isolated from
other structures - i.e. in the formof a suspended
Exannple printdr lmiwhidtethe printieaddsasddo al | of the sides of
the element. It is to be understood that when
reference is nmade to conformally coating the el enent

Tﬂeoco%onélﬁs é&écnﬁé@%ve?%pﬁ%&f S AT Qf}n&lhﬁl turn, is used

el ement (suspended beam are | oi ned to
ing| mmtercsmgnlihasnnﬂndact@sedbhh m@liémwhxde$ahumbcnoﬂ¥1rgﬂwed modules

7. 1n ot is nmeant by conformally
805 ShEP F% Vd%ﬁgmed%ﬁ)g’n all sides is, essentially,

that the elenment is fully surrounded by the confornmal
coating along the |ength of the elenment. 20 The

Ryferringoyiefy iahi ‘4o thecastay off ned2lss &:ab@wnng disheser @att}@fr printhead

ch?@ggﬂg? Mo w;lrs \QRP( dRGe égrgsgs{t]%tsgcgﬂre ’&‘g'lfg: %ﬁ{ rse LHASS OQAﬁt{ez)ﬁ gl%onvxén),

gures e’seen,

1n610&écbd5rﬂﬁle same alﬁlpn@hl%ﬁ réducaibk in@shbert dﬁ&:oﬁh&lﬁbﬁﬁie@uﬂ&i &the chip.
whi ch the heater elenent 10 was deposited (i.e
formed) effectively constitutes the coating for the

W%%gféfgncé){g) I’éi@lgrg§ 58S PHP QH#rE ?sh§h|3€vn ffhoi?lf e%F)fHaleb Yie 8‘1}1 Ga%n-

coati ng positing o e conformal coati ng
exipheletl @ave respSetiehrre ptinthBadvmiodul eiasserribly 8QiwhichsugipdestaddEMS

PGP AR S TR SelpCase: S Rl el chip assembly
81%@5 s st %%mamér@ére 630! ﬁ@lfzqsésr *hic8 ardos”paéé&tosas% g@t:apable of

orw1 or ere del am nati on nay occur. | ndeed I n
priving with g 1esolhiden eff 1608 detreper inoh. She ¢hip i e&alanccmﬁgu@ﬂ,to eject 6

d1#§ren§ccﬁors%r%z%esofmﬁri‘iium ed to separate the heater

A flexible printed circuit board (PCB) 82 is electrically connected to the chip 81, for
supplying both power and data to the chip. The chip 81 is bonded onto a stainless-steel
upper layer sheet 83, so as to overlie an array of holes 84 etched in this sheet. The chip 81
itself is a multi-layer stack of silicon which has ink channels (not shown) in the bottom

layer of silicon 85, these channels being aligned with the holes 84.
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and its coating 76 fromthe substrate 78 bel ow, so as

to render the elenent in the formof a 30 suspended
whean4dingr ess of |iquid or hydroxyl ions nay PERAD2003/001509

even though such material s37could not penetrate the

actual material of the coating 76, or of the substrate

78. WD 2004/ 048104 PCT/ AU2003/ 001509 36 The materials

THEHiH 91 ?sdap%ﬁﬁ(‘ﬁﬁat@l Emnf Wgﬂféﬁd@ﬂﬁﬂrﬁﬁl ﬁlﬁﬁmﬂ%:ﬁe

car bon are” suit use 1 n the confor
detcrannedgoy?the wﬁdthiméﬂmf@é nf thie stepperi that imsseid|td fabricatedlte ¢hip 81. The

%{}%ﬁ 6 @6{@ hsg'n{q, 3 Il‘{rglﬁag{? hirg%elﬁﬂ%ré{@taﬂ) which are etched

ont fh%ruhﬂ&?rﬁe of aGhéd s Elﬁﬁin faniEurE 38Y TAE BhAnBKILE! e%?elnlﬂés shown so
non- conducti ve. Another suitable nmaterial, for these 5

theitheis seds, aligy with lyes§ % inj a:teld-layqd& Btféerﬁrédmcmﬁb@vmnnels 86 align
t coa
BRI SRR B TRLEOASD, R Sl S50 P v

lap&rJ00E adN&RnEd) D datriE Iaﬁliﬁfé‘rsm redpRtterd o@n& oFidleexdadpfor the last
t hose nenti oned, where theﬁﬁhave sui tabl e

chepagledesignpter 94 s Thisdgstishannebl isiangiiechanne] gndiecakigned with further
(géé ¥ fthd Hu(g'm\ygp§§ il fn%@xred?g al'b@ fgﬂas JK %%}elﬂttﬁe upper

escribed a orm part
layérishést 88n The&rerholess%me dligried vathpthe [Itnef pa;smecm slot§185 in a top

Aol S 10 oA ke s pitisiase ALTSE 0t A HetEo R fuid-flow
c&l%hﬁﬂi’catﬂe’ﬁ vﬁﬁf ehd P %e{ﬁhélejll ){s fn@lcgfeg %g@hé(fashéd"ﬁ‘neaé’f ay of

nozzl es 3 shown is disposéd on the printhead chip
(not shomn) with drive transistors, drive shift

L o R 2 B e T D e PSR BA 1. comprssa

ﬁl‘t&a&l hif @dnDh 4iPo1REY (Rot HOW bitersShSERNGE F10hidugh fiRSrefedant hole
and 59, there is shown, in an expl oded view and a non-

9&3%]@41 wé@awmm%@b@b@lﬁs/%i gnd 93 grd shetn 8adinrbemiclayer 88, the sheet

SERREPIOD ARuill: b8 LR o VMR o BLUIBLAGAD E00iBe 09 of the chip

askatnblg 3ll, Ebmpviessh Iﬁsbfo)!ced&ht i1 C00, aAlsrotigtad néim)él\gnard her ﬁ'hlch covers
are 7680 nozzles, which are spaced sQ as to_be_ cap

thgpozzles; iy ey the Rgzzles cleatel pepetivst. BEteerdcsl et mkﬁéh (not
sh&?ﬁ) gﬁ‘s's an‘%&%l? fhe®oRA 9@%@%&8?@ &é} 19?, ﬁlX(S ﬁ% é:)}(llg%Te(les 89, and then

rent colors or types o
thprdghtreﬂqbectlvredmﬂds 8Gpothenl a(oﬁ@BéspBﬁmes:hm’n&tst 86 inah¢ ynderside of the upper

con he c for bot h r
IoGR e S e e SRR e b St et o s dgER f ots 5, o
th8 CRipM18 96whl Bhoted that there are just seven of the holes 98 in the lower layer 90
(one for each color of ink and one for the compressed air) via which the ink and air is

passed to the chip 81, the ink being directed to the 7680 nozzles on the chip.

Figure 60, in which a side view of the printhead module assembly 80 of Figures 58 and 59
is schematically shown, is now referred to. The center layer 102 of the chip assembly is the
layer where the 7680 nozzles and their associated drive circuitry is disposed. The top layer
of the chip assembly, which constitutes the nozzle guard 101, enables the filtered
compressed air to be directed so as to keep the nozzle guard holes 104 (which are

represented schematically by dashed lines) clear of paper dust.
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upper | ayer sheet 83, so as to overlie an array of
hol es 84 etched in this sheet. The chip 81 30 itself

WO 200a/08a1b4 i -1 ayer stack of silicon which has iPK&I/AU2003/001509
channel s (not shown) in thé8bottom |ayer of silicon
85, these channels being aligned with the holes 84. WO
2004/ 048104 PCT/ AU2003/ 001509 37 The chi p 81l is

TR AT s RN gt e

algheppeh thdtailes & msbel stamle‘sahteelmper layee shéxit 83 8The 'sﬂlt&t 83 receives

heet 83 h nl ch
in 85 oy AR £ G Pt QDR QEPCriBRe Ehy e e? (igect th ink
arfélfant tB %hesclf}ﬁﬁgl aghé Hééﬂrto 'fﬁhﬂél @ﬂé ik 2 air H@m‘%*?l?é?@ﬁllsc'reggved by the

extend as shown so 5 that their ends align wth hol
lo@er lagiered Oprivia-theunéd-1:g@r 8Diufdf uppentayaridsio dic ¢l asshmblyed ls is because

i {p R it PermpracHEN TG e T B 1 ke iBPE 36 R o gt nowates

witiRitRNar3er, 1dsaatuediansies 98t waldwedayr 90 f f er ent
respective color of ink, except for the last channel,

designated 91. This | ast channel 91 is an air channel
I
Tlgég@e)fvg‘;C]§ 8.'2 qucgm\ré@ntgﬁ; Foe a Qt%l‘s a%dfou e Eg%tﬂﬁg Wéog b(gWr?) located
ort the laym‘éﬁn di(bhh];ﬁmém‘ﬁly@at 1&3 chi’ﬁfﬁse?nlﬂlsmeis Behdad By wires 106 onto
al i gn with the inner parts 94 slots 95 in a_top
the %Q%nfiq Etse%reseée thﬁlaﬁnqaaei%teq? HEY enoEy £.87-a ) e ctfedt This
etﬁhﬂsg.ﬁlﬁﬁ%vﬁ ddin 168 f%#r@ﬁﬁ@cf Ofti3s hlgbvu {8k @8&1 PIH7 to bglagghed jo fill the

conmuni ¢ation W t ai r channel as in
spbge bdﬁwefdﬂhh €aml| li0Rand the c‘ﬁhreadsemblly &lesy)ehat@h)e wass Hif are e@Bedded in

B Lt ey dpory D2 Paspeiasien Dot AIRE vwirg fiopding sispeture from

coﬁtmmatlo@trﬁyega@elt 4 aRAAReFoRImédnanidaIntohet.m el evant hol e
98, and then passes through the holes 92 and 93 and

slots 95, in the md Iayer 88, the sheet 83 and the

h t|v and i,s,then bl o
R&EE 8 Ge (e R b SRRGARI i AD S Sac Eike o ifca
askémblg 19 owkieh nﬂiltides aetmdr@Q)thdr oM Eellibnas Eﬁﬁﬁﬂe@d fdanild admblies 80 as

whi ch covers the nozzl es e nozzl es cl ear
deé?ﬂhﬁéﬁé?ved uke prythgad agsembly 1:%}5&0@ gyrgg £or ppagersidthprinter,

o ol es 98 of the | ower |ayer
8@ |%1rt[g$§ Ugl] %}&sdgggh and then through respective
hol es 87, then along respective channels 86 in the

d f heet h . .
THeRFu 33@5%% 000 JlRREks i ibepinthrnd HAGH Hresufies 80, which
aré Ricé 'oﬁtfosa RBstrdte chdriasl Pl'@)' 1H tﬁ%]fonhtof Winkht lﬁ&aﬂﬂﬁt‘éd A! Qs of groups

there are just seven of the holes 98 in th
of] sayesrhodey eaelerdesrgmte@br thegeferncofurnerlsard, anercf\odedtth gupply the 6
al r a which nd air

SR GRERP s TudehahEed el 1 e B bR el e
flexame irkShase 11D & gl’ﬁlécpmto place in the channel 110. It will be noted that the hose
112 includes holes 113 therein. These holes 113 are not present when the hose 112 is first
connected to the channel 110, but are formed thereafter by way of melting, by forcing a hot
wire structure (not shown) through the holes 111, which holes then serve as guides to fix
the positions at which the holes 113 are melted. The holes 113, when the printhead
assembly 19 is assembled, are in fluid-flow communication, via holes 114 (which make up
the groups 111 in the channel 110), with the holes 98 in the lower layer 90 of each
printhead module assembly 80.
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Figure 60, in which a side view of the printhead

nodul e assenbly 80 of Figures 58 and 59 is
wa@elvemetidcal |y shown, is now referred to. The PENABR003/001509

| ayer 102 of the chip asseddly is the |ayer where the

7680 nozzles and their associated drive circuitry is

di sposed. The top layer 30 of the chip assenbly,

whi ch constitutes the nozzle guard 101, enables the

filtered conpressed air to be directed so as to keep
T]llfhbbsndiz defiggsgrachllebtleandl® 15 V\tuohl’ex‘c'and the lepgth o€ tedtbse. At one end

BB 1B Bl o S Sho RS Do 17,

thlbi;i]: klé*?f)roS/ideHCaCBhaﬁ‘im ek@gsiddap Clh@”ﬂﬁicﬁ s@xtv@@%%lhé‘ ahfl 'theTéﬁﬁ'éfose that

hannel s are aligned mnt the holes 847in
enskofithe kess. st eel upper |ayer sheet 83. The sheet 83
receives ink and conpressed air fromthe | ower |ayer
90 as descri bed above, and then directs the ink and

Aangtalttop blioetPlite 819 sufiprts efdllocste thanBhnrid €10 fkd R 12D Mand
fromwhere it is received by the 5 | ower |ayer 90, Vi a

SW asp papkaplate fgpthesrl Thssbanichy ) awbhass 1 Beindminpexert pressure onto
I T Y .

exseral thraugh nbeches3122nintthe ddvenw adlyextendRpsvAL AN dtthe Elﬂinﬁsl 110, to
9% he I ay 90. The flex PCB 82 is connected
loggge fh‘?é’i]gﬂ‘i‘efltan B’g"?es‘f" Eesperl t8a5B Oty cui try (not shown)
| ocated 10 on the layer 102 of chip assenbly 81. The
chip assenbly 81 is bonded by wres 106 onto the PCB
Af lextxusiord] 3his peovidedete logate ctdppcr ‘tmscba;sshﬂSatAel&oiugh the eapi@yyrequired
07. . To ef n a dam 108.i s
to SR SRR hack S bt aiso v Eort s Sp rdep of e lower
thin tHat §fihovwaPREEn D HIVRERAES, Ha a2 OB tcﬁﬂ%fﬁﬁ@u’c%'d@o notzzhles 3 in the

assenbly 81 so that the wires 106 are enmbedded
prisplesey artaycamdethis isgnpxgximeElhHY tinectba atmber ofmo@zleetlet are

5
BB g R AP AR R 8 SR Bl R Pt iy e
ofetationglUi.e. fidy fitdhena costimidaybasscheaim! dpeadtion, the lﬂot@lrpower
exploded view, a printhead. assenbly 19, which
ConF Wﬂ]a‘?ﬁﬁgoréﬁlﬁéfrm%%%@gb@r thisy that ieneh ki printheads, and

th8 e }rci:/cfa?rgﬁgn@%ﬂld%‘&fdu?@f evel;f]t‘ﬁogéﬂnfﬂ% 5&8@& cons%ptlon per

asse I's configured page Wi
nogaietvelllbe ahardekdf maghﬁldedeer thtuy freat frethe knowh @nﬁﬂllemish@héibusbars
senmh i nc en of the printhead nodul es
S%F}Bﬁ%b%f%éamv ‘?fbpoaﬁaé%ﬂuaﬁ{n&nfé Wghjave gpwer leads 126
Sd&&@gﬂ@hh&ﬁp in the forn1of a bent nmetal plate. A
series of groups of seven hol es each, designated by
the reference nunerals 111, are provided to supply the

Conpressible conductive strips 127 are provided to abut with contacts 128 on the
upperside, as shown, of the lower parts of the flex PCBs 82 of the printhead module
assemblies 80. The PCBs 82 extend from the chip assemblies 81, around the channel 110,
the support plate 119, the extrusion 124 and busbars 126, to a position below the strips 127

so that the contacts 128 are positioned below, and in contact with, the strips 127.

Each PCB 82 is double-sided and plated-through. Data connections 129 (indicated
schematically by dashed lines), which are located on the outer surface of the PCB 82 abut
with contact spots 130 (only some of which are shown schematically) on a flex PCB 131
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25 different colors of ink and the conpressed air to

the chip assenblies 81. An extruded flexible ink hose
wda i®4ioe81gd ued into place in the channel 110. |PCIADR00B@01509

noted that the hose 112 id¢ludes holes 113 therein.

These hol es 113 are not present when the hose 112 is

first connected to the channel 110, but are forned

r e

e RS e RS b ] (i otk PAZ A AR ol & part of the
fléxoitsetf. tD@emssfed toetha@C@mldésnatthebdge cSﬁhnechersdégj tions at

whi ch the holes 113 are nelted. The holes 113, when

the printhead assenbly 19 is assenbled, are in

Afrﬁéﬂél%iité Q83 BES S e, tMge@hé?%ﬁﬁthé arkiehi 19 cﬂ?ﬁ&g%ﬁ of the

the groups 1 in the channél 110), with the holes
conponkats Déﬁb@rprlndgﬁed agombly Khtoether: iIntlie separd thel channel 110 includes

RSB o SRR RASHRS T ARSI A0%, 0CT 1o

topéther, @MDAMD tidh thvied 1 BERgh AbpRRENAEIS 451 kSreet REprBRME thbhPfrom

I s connected to ink contalners (not shown), and at the
beippwithdrawatrogglythe siater e i s provi ded a channel

extrusion cap 118, which serves to plug, and thereby

close, that 5 end of the hose. A netal top support
Byivay ef ﬁﬁﬁnatypwﬂhtrsfeaﬁde todtiglire $8 the peintrae hsséhBlyaltdis shown in an

hos i nd .serves as a back Iatef r these. The
assaAd pates CRBDEESSorA1r 318 SYRRl1ed “eade o Bt 1o gt is

su?ﬁh&f’ﬁ@ R ads2G W Cdhtd ﬁ%}%’&%‘&;l tfoltﬁé(pﬁ’ﬁthé‘a{de&u;ﬁ hsrs&ﬂhﬁecs 81 via the

e plate 119 has tabs 1 ch 10 extend t'hroug
edgo comrestor P33, nThewindtmad whipdisyeneiiies 8d ianplovated od 88 ebéven printhead

channel 0, t hannel and plate with
]nngﬁ g£%é%ﬁhﬁﬁ%ﬁhﬁiﬁl %ﬁ%ﬁ%fon 124 is provided to
| ocat e copper bus bars 125. Although the energy
required to operate a printhead according to the

petinigrftolesnhAdrare piovided Sor ropurdingdhe m@heq&membimé P in place in a

ool Tl Byl SR G35 oL S P St cRe bRy 1, tigRiel by e
distasiceyl,3 8atzdust diver the wadth o6 xh ratpRky (th&Qds, tdbt’f&tss § rehegymber
of nozzles that are typically found in typica

printheads. As the nozzles 3 in the present invention

RfErin % £ 88 11008k dbwh; %&E@ﬁ‘la{we{il@ a OsRsdcBh hﬂ&?@one

ng dperation, ower —consunp
asmrhlblecbpnmﬂlem tefrah tlma,gha: pmﬂﬂlmorha)@mhcdﬂmldfbﬁmng @ chipcdssembly

rint heads, and 20 curre |rene
SR Clealy 0S8t hEnEruHRa svignt Hg}h M@fsupply hose
1 1‘2014%@&#%%&% therh%ﬁ‘éﬁe%t Mih'e B ?éés@l’ecg@r'ip @f7 Wﬁﬂ:ﬁ'rﬁﬂk@? contact
| ower than th in the known r|nt eads.” The busbars
above w1th the busbars 125, and below with the lower part of a flex PCB 82 extending from
a the chip assembly 81. The twist tabs 134 which extend through the slots 135 in the metal
plate 133 can also be seen, including their twisted configuration, represented by the dashed

line 139.
Printer system

Referring to Figure 70, there is shown a block diagram illustrating a printhead system 140

according to an embodiment of the invention.
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125 are suitable for providing for such power

requi renents, and have power |eads 126 soldered to
W0 @44 Conpr essi bl e conductive strips 127 aP@I/AU2003/001509

provided to abut with contdtts 128 on the upperside,

as shown, of the lower parts of the flex PCBs 82 of

the printhead nodul e assenblies 80. The PCBs 82
SRS HREL bh a%i‘islqh@@%‘?tﬂ?ald & r&%mea%g%ﬂaﬂ CHaRPEer

110, the support plate 119, e extrusion 124 and
supplybldizgo tireyrintiead, poisktsipply héd,cnd phiat data il b whith is &d to the

t hat .t he cont act 8 are .posit.ioned belqw, and.in
orilficadial S0 B 158, BrBoRedi WBE oAtk ple, Of paper 146
doubl e-si ded and pl at ed-t hrough. Data connections 129

(indicated schenatically by dashed lines), which are
Megdiedraaspasirolliaes 19 taes provided tetraisper hepeBes Gatnat the piinthead 141.

. act S.1 Gqal ne. of which are sh ’
AZRPAEEH SRR Gl 199 1o Bl 4o MO0l o per 146 from e
mBGatAY2493/ 001509 40 which, in turn, includes a data

bus and edge connectors 132 which are fornmed as part
of the flex itself. Data is fed to the PCBs 131 via
The R 120 Bro¥ing DOk RhEH T, 4 Find B Wbty in
praitér ddvidehe 5 conponents of the printhead assenbly 19
together. In this regard, the channel 110 incl udes
twi st tabs 134 which extend through slots 135 in the
TN @k Quply 148 fedh $nieSSeIaBLY (n@)@sﬂ_o%vn? gllid, t%;%gaq iouPRfes of

~are then” twi sted through approxi ma y dégrees
information wilhberpfavaded, &diSAgabat the ialosupphy; sudptesttheasowtt of ink

10. B . of . summar. Wi teference to. Figure 68, the
ref i e e SURREICY % roviced i SRREFort-BUEL P 8 s golieoted to
a bRk irEhce QDI T86 Bflerftice 132 GypieHlRicbRdstY bfa hidEb&VTBuAds (not

at 136, power is supplied via the |eads 126, and data
showynhrsyoh afedl“Arint?t beitqss | ‘pagk adveneh| Puttoss ardn ¢ sTigisygiem controller

co ok ri hiD ... .

140 SASLSGIOEF 151 el o 1L A UBVRSR S g oo
1480ahdl cemats 8 &5 for esiviid, theviedia tiansporti®llele 47CBs 82, 15

Mounting hol es 137 are provided for nounting the

printhead assenbly 19 in place in a printer (not

s f [ 3 it :
I A Sy P e IR PlachiS e Y HED A BIRE T Y moving
past e Iprinfheach 14, sp dlupe pfintiag canshe effeotet]! aBths comedtgsme. This time can be

related to a specific time that has elapsed after the media pick up mechanism 148 has

picked up the sheet of paper 146. Preferably, however, a paper sensor (not shown) is
provided, which is connected to the system controller 151so that when the sheet of paper
146 reaches a certain position relative to the printhead 141, the system controller can effect
printing. Printing is effected by triggering a print data formatter 155 which provides the
print data 144 to the printhead 141. It will therefore be appreciated that the system

controller 151 must also interact with the print data formatter 155.

The print data 144 emanates from an external computer (not shown) connected at 156, and
may be transmitted via any of a number of different connection means, such as a USB
connection, an ETHERNET connection, a IEEE1394 connection otherwise known as

firewire, or a parallel connection. A data communications module 157 provides this data



20 Referring to Figure 69, there is shown,
schematically, a cross-section through the assenbled
w@eioapksaad 19. Fromthis, the position of a siPCTAaN2003/001509
stack formng a chip assendtly 81 can clearly be seen
as can a longitudinal section through the ink and air
supply hose 112. Also clear to see is the abutnent of
¢ . o .
R b P8 oL TR A T svs BByl
13l.flex PCB 82 extending from 25 a the chip assenbly
8l1. The tw st tabs 134 which extend through the slots
135 in the netal plate 133 can al so be seen,
AltAGUghGth® ehviehi@dd is d8bcEbed als AR BFeBlrbRR to SRRIRSM R BMs, it will
the dashed line 139. Printer system 30 Referring to
baynglerssoothy thase skilled is Hrsat thabihe ekvediieymaybé binbediedin many other

rd Nt syst Q... .accordi.ng to an di nent of . .
R R BB B Ao B et BsB0a o R et being
elGhieivally detdahel, Bboelecteically fMadted dl&Bedds hial AR ®e used in embodiments,

ﬁrepresented by the arrow) 141, a power supply 142 to
WHES 2BPIOREIAEad, an i nk supply 143, and print data 144
which is fed to the printhead as it ejects ink, at
145, onto print nedia in the form for exanple, of
paper 146. 5 Media transport rollers 147 are provi ded
to transport the paper 146 past the printhead 141. A
medi a pi ck up nmechanism 148 is configured to wthdraw
a sheet of paper 146 froma nedia tray 149. The power
supply 142 is for providing DC voltage which is a
standard type of supply in 10 printer devices. The
ink supply 143 is fromink cartridges (not shown) and,
typically various types of information will be
provi ded, at 150, about the ink supply, such as the
amount of ink remaining. This information is provided
via a systemcontroller 151 which is connected to 15 a
user interface 152. The interface 152 typically
consi sts of a nunber of buttons (not shown), such as
a "print" button, "page advance" button, an so on. The
systemcontroller 151 also controls a notor 153 that
Is provided for driving the nedia pick up nechani sm
148 and a notor 154 for driving the nedia transport
rollers 147.
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20 It is necessary for the systemcontroller 151 to
identify when a sheet of paper 146 is noving past the
w@eionpksaad 141, so that printing can be effectrdr/av2abeo1509
correct tinme. This time cad3be related to a specific

time that has el apsed after the nedia pick up

mechani sm 148 has picked up the sheet of paper 146.
cEAgMey ably, however, a paper sensor (not shown) is

provi ded, which is connected to the systemcontroller
1151.$mn&naanM&mdmbemﬂMegt of paper 25 146 reaches a

certai n SI reI atlve to the printhead 141, the

syst effect printing. Printing is

ef f egli@d: (mé rEiﬁeglg\?er Hetbr éleﬁfehﬂéor@@ﬁ(%dﬁﬂ tﬂ%&?ﬁoz]zﬁasw erein

whi ch ErOVIdeS the print data 144 to the printhéa
141. earh hogter elernant éf evercddyamonéuinat ptectivg caabieg shis tanting of

AR A BNl b G55 A DS R o

suem}@tﬂﬁlcogﬁfg)luts@[lmeggot shovvn) connected at 156, and
maybe transmtted_via any of a nunber of different

conrfaeh henierpiqumant isarangedsfos beiggin herme conigat wish a bubble forming
h(El HERNET connection, a | EEE1394 connection otherw se
own as firewire, or a parallel connection. A data
c onmaach hm’.tcrdanmb thudoafigbréd oo hast delsast bhﬁ ofltiiedu¥Ble forming liquid to
2004/ 048104 / AU2003/ 001509 42 to g? print data
o EEPRRRYE Ao dingRntde orabnersdubplerthrrmingrby  qanes the
¢jSoh T arsY §qhd %bblé-ﬁ’ﬂ-mng cﬂ‘i’d"ﬂﬁ’oﬁéﬁeché éo‘i’fcsﬂ)ochdmg to that
descri bed "above with reference to spec
hegtebeldimestit s, it will 5 be understood by those skilled
in the art that the invention may be enbodi ed in many
other forns. For exanple, aIthough t he above
2.emborliditiseat ©F €lairk 9 behi d&ﬁﬁ%ﬁé ﬁﬁ')?&tt $hMIbBR: forming liquid in
el ectrically actuated, non-electrically actuated
thermekeontact vilh eark s beatercalementenbodi ment s,  wher e
appropriate. WO 2004/ 048104 PCT/ AU2003/ 001509 43
CLAIMS 1. An ink jet printhead conprising: a
3.pl urtld grintiedad 0Oelalne s behigtboafighred & prait®nragRige ahd ¥ebe a page-width
heat er el ement corresponding to each nozzle, wherein §
Preghesdneat er el ement is covered by a conf or mal
protective coating, the coating of

4, The printhead of claim 1 wherein the coating of each heater element is substantially

electrically non-conductive.

5. The printhead of claim 1 wherein the coating of each heater element is substantially
chemically inert.
6. The printhead of claim 1 wherein the coating of each heater element has a high

thermal conductivity.

7. The printhead of claim 1 wherein the coating of each heater element is aluminum

nitride.
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each heater el ement having been applied to all sides
of the heater el enent sinultaneously such that the

w@omiissyod s seanl ess; each heater elenent is aPCEHAY2M®3/001509

for being in thermal contadt with a bubble formng
liquid, and 10 each heater elenent is configured to
heat at |east part of the bubble forming liquid to a
te t [ f
bbby o Psrerd ik (A et fbr LAnHRERE BB fs diamond ke
catbap(IHECY he bubbl e forming Iiquid through t he nozzle
corresponding to that heater elenent. 15 2. The
printhead of claim1 being configured to support the
9bubbirge hMtAEAADfIcl i ldwhé}emttfi'@édﬁﬁh %PQatcﬁ‘HeaﬁM EIQm@ﬁt‘gQ boron
said heater elenent. 3. The printhead of claiml
nld:@&ﬁflgured to print on a page and to be a page-wi dth
printhead. 20 4. The printhead of claim1l wherein the
coating of each heater element is substantially

1@l ecThé p@hth&adr&’féiﬁﬁdeBérbM%acﬁheaTé}%ldﬁﬁén'ﬁlsﬁﬁ@ﬁ’e RIrmJfdisipended
1 wherein the coati ngqqgf each heater elenent is

beagn dhai it suspended pwercah lagstapariion aithe bulshle farming ligni sads to be in
I in the coating of each heater el enent
ﬂﬁﬁn£(%ha&ﬁh&@ﬁéﬁnal conductivity. 30 7. The printhead
of claim1l wherein the coating of each heater el enent
s al um nu n| t i,de. WO 2004/ 048104 PCT/ AU2003/ 001509
1144 g Iherpygnthead g lowh%rpla. eaeh hegtes elament frecop§gened guels that an
y
a&é‘%ﬁaﬁ"?ﬁf?ﬁ%ﬁ*m@f’*gﬁ TR iRl Babedleltlo it hootr
elomantdo hedtdhas meatesclboeatrsufficientlyrto dam b bubibée jorthabiitsde forming
m.,1 wherein chkm?erehmmn|5|nthefmm

h%‘fldgtheﬁ}’%'ﬁ%ﬁﬂésﬁtheof@% onf $fididoR yspended over at | east

a portion of the bubble formng liquid so as to be in

12.  The printhead of claim 1 configured to receive a supply of the bubble forming liquid
at an ambient temperature, wherein each heater element is configured such that the energy
required to be applied thereto to heat said part to cause the ejection of said drop is less than
the energy required to heat a volume of said bubble forming liquid equal to the volume of

the said drop, from a temperature equal to said ambient temperature to said boiling point.

13.  The printhead of claim 1 comprising a substrate having a substrate surface, wherein
each nozzle has a nozzle aperture opening through the substrate surface, and wherein the
areal density of the nozzles relative to the substrate surface exceeds 10,000 nozzles per

square cm of substrate surface.

14.  The printhead of claim 1 wherein each heater element has a pair of planar surfaces
on opposite sides of the element, that element being suspended such that each of the planar
surfaces is in thermal contact with the bubble forming liquid such that the bubble is formed

at both of the element surfaces.

15.  The printhead of claim 1 wherein the bubble which each heater element is

configured to form is collapsible and has a point of collapse, and wherein each heater
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thermal contact therewith. 10 11. The printhead of
claim1l wherein each heater elenent is configured such
WO bat/0#8104 act uati on energy of |ess than 500 naPCj/aubms/001509
(nd) is required to be appkbed to that heater el enent
to heat that heater elenment sufficiently to formsaid
bubble in the bubble formng |I|iquid thereby to cause
r. .
clbEntlh SR ol el Ll of otkse d PRI I RERY titgby is spaced
fromrthathgater ejament. at an anbi ent tenperature, wherein
each heater elenent is configured such that the energy
required to be applied thereto to heat said part to
16:aUSehd RentReAT @AM cordrBiry LRruchird BRafistHRTed ﬁe}r&emical vapor
energy required to heat "a volunme of said bubb
depesitiom (CV Dy satl mogales being timorpositadin e s@@ctttee sai d
drop, froma tenperature equal to said anbient
tenperature to said boiling point. 13. The printhead
1Df  cTid prinkhea@miciasth NOcopHétiptd AfuRti@Whity i1e8¢hah N 8t8crons thick,
surface, wherein each nozzle has a nozzle aperture
saighapnzleg bemmeduegrparnisd s thetsiraetares ur f ace, and wherein t he
areal density of the nozzles relative to the substrate
surface exceeds 10,000 nozzles per 25 square cm of
1& ubsTheagrintheadfofctrim JdcomiptBingrd pltvhéadofafozgle @himBers, each
wherei h each heater el enment has_a pair_ of planar

COITFFPORdES 10 greRRspidY 302215 #ska Bipraliheoijaudigster claments being disposed
whhiA BN cHRRiRE (BLERERILeh SCRihiARhcPd Zjnb%Eb%iEg f&ifn%ﬁﬁ{different
h I th e bu e formng

surfaces Is I'n thermal contact w th
reppegtivellagers ko oteadnothee. bubble is formed 30 at both of

the el ement surfaces. 15. The printhead of claim1l

wherei n the bubble which each heater elenent is

1% onf Tigkrafihdad of @laithi1SwKkRbih RREH Idafor 3hARE BrRQ $¥soBf material

col | apse, and wherein each heater WO 2004/ 048104
mpeTthan P86 3 vbichoby atemiepregrertion; is constititgd brdt kast lone heriodic

j f 1 of a-Rubble fornmed thereby is

elélggrgglg{“%ragr%m%’ﬁgtn%ﬁlég’ibeellmglsghent. 16. The printhead of

claiml1 conprising a structure that is formed by

chem_ cal ,vapor = 5 deposition (CVD), said nozzles being

20 ncoFtsorrintieeadiod clafie Lswirasein gadh hepter elpmenpinichidresalidgnaterial and
hefsadhdls %f%ﬁ%‘@l&h 3bMGnFerSht HEMY G Bafelial 5 thESRafeP 83mb to be

m crons
heated to a temperature above said boiling point thereby to heat said part of the bubble

forming liquid to a temperature above said boiling point to cause the ejection of said drop.

21. A printer system incorporating a printhead, the printhead comprising:
a plurality of nozzles; and

at least one respective heater element corresponding to each nozzle, wheréin

each heater element is covered by a conformal protective coating, the coating of
each heater element having been applied to all sides of the heater element simultaneously
such that the coating is seamless;

each heater element is arranged for being in thermal contact with a bubble forming
liquid, and

each heater element is configured to heat at least part of the bubble forming liquid to

a temperature above its boiling point to form a gas bubble therein thereby to cause the
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sai d nozzl es being incorporated in the structure. 10
18. The printhead of claim 1l conprising a plurality of
wmomaheiechanbers, each corresponding to a resperAU§®3/001509
nozzle, and a plurality of 46ai d heater el enents being
di sposed w thin each chanber, the heater el enents
W t hin each chanber being fornmedin different
¥,
TR 0 (e DI LA ERRAT Birpugtte Bod O otk BIPRAE that
heatsk el¢ment.eri al nore than 90% of which, by atonic
proportion, is constituted by at | east one periodic
el ement having an atom ¢ nunber bel ow 50. 20. The
201 | ntessted ofcdlAinm 1%%?&&1&‘@1%@%8 stk Ohe Btﬂﬁﬂ@ {Hrmmg liquid in
includes solid material and 20 has a mass of
thetwah camagiaridyeashsaidtheataeclementd mat eri al of t hat heat er
el enent to be heated to a tenperature above said ‘
boiling point thereby to heat said part of the bubble
23.or Migsybtetld tbldim 2 bedipeindigiired té pﬁneorsap@ge%ulto Bga page-width
p0|nt to cause the ejection of said drop. A
PQmi er systemincorporating a printhead, the
printhead conprising: 25 a plurality of nozzles; and
at | east one respective heater elenent corresponding
24.0 EHuivystemzdfe]aimtitrehereingedvatiagbéeachlhenentleinsnt is substantially
covered by a.conformal protective coating, the coating
d@#““@@&ﬁnﬁﬁgwgﬁwﬁtenent havi ng been applied to al
sides of the heater elenent sinultaneously such that
the coating is seanl ess; 30 each heater elenent is

2%r r abpeysteoroflsbiimg? 1i wherbiothadoatiog vfieachictter eletnetiik substantially
C%ogn@ngﬂg{iquid, and each heater elenment is configured
Itglﬁlg 4t | east part of the bubble formng liquid to
a tenperature above its boiling point to forma gas
bubbl e therein thereby to cause the WD 2004/ 048104 )
26pcT/ezoesmoy hom 2148hapiadhe ensting oheashdisatst clementapblhégh
d t hrough the nozzle corresponding to
ﬂ%@ﬁ#ﬁE%? ter ‘el ement. 22. The system of claim21 being
configured to support the bubble form ng quuid in 5
t her mal cont ct with each said heater_elene
25y stEhn ystery 03 Ciﬁn?llz I5ehstgindls¢qaging efeach %atehtle@ﬁntds alétgunum
niffid. to be a page-w dth

28.  The system of claim 21 wherein the coating of each heater element is diamond-like
carbon (DLC).

29.  The system of claim 21 wherein the coating of each heater element is boron nitride.
30.  The system of claim 21 wherein each heater element is in the form of a suspended
beam, that is suspended over at least a portion of the bubble forming liquid so as to be in

thermal contact therewith.

31.  The system of claim 21 wherein each heater element is configured such that an

actuation energy of less than 500 nanojoules (nJ) is required to be applied to that heater
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printhead. 10 24. The systemof claim 21 wherein the
coating of each heater elenent is substantially

we@bk®@anssieal | y non-conducti ve. 25. The system oPCTAERIWB/001509

21 wherein the coating of dach heater elenent is
substantially chemcally inert. 15 26. The system of
claim 21 wherein the coating of each heater el enent

' [\ 7. . T : .

50t D8 s DLy NI o UL bl e
liqtiditherdbnto 28usnitlier ¢jektion 2B saidldeopsyst em of cl ai m 21

wherein the coating of each heater elenent is

di anond-1i ke carbon (DLC). 25 29. The systemof claim

1 ' i 3 - i S

o ISy SRR el S RBIRA L8005 Oy o
thhbubtde fahenghquid st amarhbientftemperafurg asd syhereiiechchiheatar element is

t t o ded t t ti f th
e S R Bl Bba R hogDo R ikl Bl i priomse e
¢j6dMRN k4D drdPis Idss tHARGLS Vi &Mefhirsd RIHLAvORRE BF 5ai@B&Eble
heater element is configuréd such that an actuation
foamimediguist equabty thesipluseT therejddiopsfi¢m dytemperamepquebtotsaid

] 0, th heat er. WO 2004/ 048104
aﬁ#ﬁ%@%@%ﬁ?ﬁ%“%ﬁg%&%m to heat that heater
el ement sufficiently to formsaid bubble in the bubble

formng liquid thereby to cause the ejection of said )

334r oplheystemyef dgimy Zncamprising asupstratghayipg A sebsirate surface, wherein
. . . _ w | _

oo B AR, 4 fora i s Aehife WEGELARe QAR ofr@le, it ricin the
ared) dendity of diodndrzhs eclatblesniind substrate sunffacg ek extds UE,00Q hadzles per

t he ene required to be applied thereto to heat said
S%Wth%{%ﬁaéefwg“eej ection of said drop is less than

the energy required to heat a volune of said bubble

formng liquid equal to the volunme of the said drop,

34 r oriTte systeperfaiaime lewherbinteactshéatior ckamixing has 2 pripefiwanar surfaces on
optp?)sifc’easliges%%lﬂllé er]gm&%i {ﬂ%t element being suspended such that each of the planar

surfaces is in thermal contact with the bubble forming liquid such that the bubble is formed

at both of the element surfaces.

35.  The system of claim 21 wherein the bubble which each heater element is configured
to form is collapsible and has a point of collapse, and wherein each heater element is
configured such that the point of collapse of a bubble formed thereby is spaced from that

heater element.

36.  The system of claim 21 comprising a structure that is formed by chemical vapor

deposition (CVD), said nozzles being incorporated in the structure.

37.  The system of claim 21 comprising a structure which is less than 10 microns thick,

said nozzles being incorporated in the structure.

38.  The system of claim 21 comprising a plurality of nozzle chambers, each

corresponding to a respective nozzle, and a plurality of said heater elements being disposed
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10 33. The system of claim 21 conprising a substrate
havi ng a substrate surface, wherein each nozzle has a
wmomaleiapert ure openi ng through the substrat ePGAT28/001509
and wherein the areal dendg8ty of the nozzles relative
to the substrate surface exceeds 10,000 nozzl es per
square cm of substrate surface. 15 34. The system of
Wﬁ ﬁ'eﬁahzéhaﬂ‘?) [ hdh&As I@leﬂfe?]{s%lt}ﬁhg Er l?enF%forrmg(fl in different
anar surfaces on osi'te sides o
remeahveellayemnthomglwuspended such that each of the
pl anar surfaces is in thernmal contact with the bubble
formng liquid such that the bubble is forned at both
30f IR SARARClH laxﬁﬁ&em?egc}’r)’ﬁeate-g téfen‘?éﬁ? fsqﬂhﬁ’éd & sBlifhaterial
wherei n"t he bubbl e which each heater elenent is
mm@rthargim% of mhmht by atoitgc propbHies] islcensditited by atd egsd b parfodic
1§ t% g}:bn each peater element is
e%‘?ﬂ‘ E‘L’ﬂflg&né 6W°tnﬂ R ¥OW3Pnt of col | apse of a bubbl e
formed thereby is spaced fromthat heater element. 25
36. The systemof claim 21 conprising a structure that

40-s fhematemyofchim %awhemp@ﬂch ks slamephinclodey solislanaterial and has
a &ggszc!f?éss ?ls?déxlnlg)l 1J}na?1§§rr ﬂhedso n1<ri‘ nliah:ee al %f” #1%{ ot eceﬁneng{%eoe heated to

ystem o St derar e
a ﬂeﬁ@&rahha abds sﬁdcblfcﬁh@g Ibd‘ihtctherebﬁfb liie’at shihpaz bBhe Babblg forming liquid
incorporated in the structure. 38. The syst em of claim
to p ferRpsrATI S Abny e s2id beilmeinojnt e camse Hieceieatianiosaid deope h
corresponding to a respective nozzle, and a plurality
of said heater elenents being di sposed WO 2004/ 048104
41PCT/ AR eftj &fitg ad&mﬁdbubbk‘aﬁohnmlgaiqbﬂ froth haeprinttehérthe

ele nt thin.e er f or med i fferent
SR CompEShE A EaEg S drmraar gg)%ﬁ?@e@y@?@ﬁ%ﬂemem
co@ﬂeé}édﬁﬁﬁ% toREEEhdYZRAMR nﬁ\ﬁﬁé@éong&r%ﬂ?g%e kiepd of med of
solid material 5 nore than % of by atom c

pr ofupviding, the prietbeast incliding 4ppldng toecash hcmq gheménsdpell sides
therle thltle?r?e\{)uag a con? ml f):ro?euc%g rcoang such t91at the coating is seamless;

heating at least one heater element corresponding to a said nozzle so as to heat at
least part of a bubble forming liquid which is in thermal contact with the at least one heated
heater element to a temperature above the boiling point of the bubble forming liquid;

generating a gas bubble in the bubble forming liquid by said step of heating; and

causing the drop of bubble forming liquid to be ejected through the nozzle
corresponding to the at least one heated heater element by said step of generating a gas
bubble.

42.  The method of claim 41 comprising, before said step of heating, the steps of:

disposing the bubble forming liquid in thermal contact with the heater elements.

43.  The method of claim 41 wherein, in the step of providing the printhead, the applying
of a conformal coating comprises applying a conformal coating which is substantially

electrically non-conductive.
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40. The system of claim 21 wherein each heater el enent
includes solid material and has a mass of |ess than
wdonassagr ans of the solid material of that heBtBAU2003/001509
el enent to be heated to 1@%a tenperature above said
boiling point thereby to heat said part of the bubble
formng liquid to a tenperature above said boiling
oi ' t.on. af [ . .
A 4 M ACKE By e RB) LR ing b prullBl M appiying
offar ¢omfdrerati coating coppiiseshpplyingengmifainalcaatipl whidhi is gulstantially '
nozzles and at | east one respective heater elenent 15
ch@gp?aé d]& ing to each nozzle, the nethod conprising
the steps of providing the printhead, including
applying to each heater element, to all sides thereof
45 mutheaneibod pfclaim 4 bwhereimlin thestepafipvayvidiog thiermyintheatl, the applying

L : ; : at |
ot iy SO bR SEIMTRY o5 UL 8l 238 perma
condadtivady. | east part of a bubble forming liquid which is

in thermal contact with the at | east one heated 20
heater elenment to a tenperature above the boiling

oi i : [ .
4B 0bp| e rePE P FLIAERAD h oMb pr AROEL e uftafi e appiying
offee@niforgal esating camprisey appleingrao@nédrmalibdatiag fxdich i8 gluminum nitride.

liquid to be ejected through the nozzl e correspondi ng

to the at | east one heated heater elenent by said step
Rl ol g 1one0r AaRRT vRUREL B b VR TE s lead, the apling
ofgt eoporofal coating wompnses ahplymglbioafdrmahvaating wdpishds diamond-like
Ca}her@glccontact with the heater elenents. 43. The

rPe({nh 81‘ claim4l wherein, in the step of providing

the printhead, the applying 30 of a conformal coating

conprises_ applying a conformal coating which is _
4& ubsthednethed 9f Clainedt whetgin, in the step of grayiding theyagnthead, the applying

0] 4 . 1509 Ehe hod of . .
S
printhead, the applying of a conformal coating
compri ses_appl.ying a confornal coating which is
Psu bsl”}éﬁﬁlﬁam? of Clainphd &V%Pmyn ¢ach peaterploment thia the fosepiersuspended

e tHB ALY irBlcPeor stu%e h ki

pri nt he%\%, tﬁﬁgl a%op ‘ng/l—l1 ng”’ pggﬂg tg%%t% ?ﬁfﬁ%b@% g‘% llg%sé one heater
clenens; the step af disposige the bobble foraling Hquid sgchnhbtcthe heatereelements are
polg{tg)lﬁe& zt;ll?orvré?el\nd in thermal contact with, at least a portion of the bubble forming

liquid.

50.  The method of claim 41 wherein the step of heating at least one heater element is

effected by applying an actuation energy of less than 500nJ to each such heater element.

51.  The method of claim 41, comprising, prior to the step of heating at least one heater
element, the step of receiving a supply of the bubble forming liquid, at an ambient
temperature, to the printhead, wherein the step of heating is effected by applying heat
energy to each such heater element, wherein said applied heat energy is less than the energy
required to heat a volume of said bubble forming liquid equal to the volume of said drop, |

from a temperature equal to said ambient temperature to said boiling point.
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conductivity. 46. The nmethod of claim41l wherein, in

the step of providing the printhead, the applying 10
w®@Rooa/oesad or mal coating conprises applying a cetf/apzmb/001509

coating which is alum num @tride. 47. The method of

claim4l wherein, in the step of providing the

printhead, the applying of a confornmal coating

conprises applying a conformal coating which is

di anond-1i ke carbon (DLC). 15 48. The nethod of claim
521 whhbe micthodiofi clatne 44 trdereid, ip lth:wsitqj ofprovidingrtheprivethehd, the

P e R AR B P S st A7ieh e BRI by haviag o

sﬁgtratyﬁﬁrfﬂﬂét herknefredl @énGi‘tfféf ﬂ‘@ %ﬁél& BRale {betﬁE %bs%ﬁ‘s@ﬁﬁtace

isin e formof a suspended beam the net
exwpdlhsﬂoﬁaﬂpvzmsn@r sqnarmmpﬁsubh@atstseﬁa@f heat i ng at

| east one heater elenment, the step of disposing the
bubble formng liquid such that the heater elenents

53r e ThOfiethod v dlagh AV &vheddif] eddh HehRF B8ROk dGhairf Ih,naﬁéurfaces
| east , a portion of the bubble formng Iliquid. 2

orARPAsie Fides of the plementy anduvbersin in the stepof serfersting:d gag babble the
bl!llﬁﬁ‘éfs tg{%ﬁ'&at!%ﬁ af @Jth %k gePE Efan anﬁé%(?(r‘llc fgamol?e\éte%%at)ér %‘l% maht,

actuati on energ each suc
heat er el enent. 51. The nethod of claim 41,

o R e S e
gdHePRL Ep bRl '?:Qllfgisﬂ)‘l’é £hd 1B a 1rﬁ“§? b&fh&)ﬁé do a@%ﬁ@ﬁ‘iédrs%ch that the

to the printhead, wherein the step

paifif efctoldpssyis smpéd/from theattlease nes lppateddicetac hlemenh heat er
el ement, wherein said applied heat energy is |less than
the energy required to heat a volune of said bubble

54.0r N"TRGmbthadiodl clafit 8l Vﬂl@réilbﬁle\é%wf%r&fldlﬁ gtk SHifibad iAd10d8s
a tenperature equal to said anbient tenperature to

fogming ¥Tuchuig by ehemical wepgraisnpotien (2VPEL esireost 000g0ating the
e nethod of claim4l wherein, in the step of
n&gleg%h %—g the printhead, the print head i ncl udes a
substrate on which said nozzles are di sposed, the
substrate_having. a substrate surface, and the area

5&1ensihgmgthod pé claisn 41 adierein, dr theestenpiimneyidins daq pringhead, the
LSS B0 RO DI BEE l SRR G cgroorcs

saphubduzhsdba@einel ement has a palr of planar surfaces

57.  The method of claim 41 wherein the printhead has a plurality of nozzle chambers,
each chamber corresponding to a respective nozzle and wherein the step of providing the
printhead includes forming a plurality of said heater elements in each chamber, such that
the heater elements in each chamber are formed in different respective layers to one

another.

58.  The method of claim 41 wherein, in the step of providing the printhead, each heater
element is formed of solid material more than 90% of which, by atomic proportion, is

constituted by at least one periodic element having an atomic number below 50.



on opposite sides of the elenent, and wherein, in the
step of generating a gas bubble, the bubble is

w@esenatied at both of said planar surfaces of BEAU2003/001509
heat ed heater element. 10 54. The nethod of claim4l
wherein, in the step of generating a gas bubble, the
gener ated bubble is collapsible and has a point of

50l ’Plﬁbﬁﬁeth@&‘ g élﬁmggp %@feﬁﬂea%ﬂ % ttepél%:m&l&qn 1084s"S lig fnaterial and has
col l apse 1s spaced fromthe at f'8ast one heate eater

a mhasyhesstthar]l B) fdnogifines amdtvﬁmdeimthecﬁt@ sfitatinghar edsnondelement includes

he@%lpgg{elfp %g\gllte%]ﬁgg{ ﬁ SR, ’peg & Blgegf 4Ogﬁd]tgs f?urr{en ﬂ%ve said boiling

pdiht; ucture incorporating the nozzles therein 56. The
met hod of claim4l1l wherein, in the step of providing
the printhead, the 20 prlnthead i ncludes a structure
which is less than 10 microns thick and which
i ncorporates said nozzles therein. 57. The nethod of
claim4l wherein the printhead has a plurality of
nozzl e chanbers, each chanber corresponding to a
respective nozzle and wherein the step of providing
the 25 printhead includes formng a plurality of said
heater elenments in each chanber, such that the heater
el ements in each chanber are forned in different
respective layers to one another. 58. The method of
claim4l wherein, in the step of providing the
print head, each heater 30 elenent is forned of solid
material nore than 90% of which, by atom c proportion
is constituted by at |east one periodic elenment having
an atom c nunber bel ow 50. WD 2004/ 048104
PCT/ AU2003/ 001509 51 59. The nethod of claim4l
wherei n each heater elenent includes solid materia
and has a nmass |ess than 10 nanograns and wherein the
step of heating at |east one el enent includes heating
the solid material of each such heater elenent to a
tenperature above said boiling point. 5



