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WO 2004/ 048101 PCT/ AU2003/ 001504 1 THERMAL | NK JET

PRI NTHEAD W TH HEATERS FORMED FROM LOW ATOM C NUMBER
wedvaMisT FI ELD OF THE | NVENTI ON 5 The pr esenpPCT/AU2003/001504

invention relates to .a thermal ink jet printhead, to

a printer system incorporating such a printhead, and

to a nethod of ejecting a liquid drop (such as an ink

| WERHERHAL e BRI HEA DR EH SR TERS

of FORMED FROM ROWATOMIC N U/MBERbEt[bEMENTS

in a bubble formng liquid. This principle is

general ly described in US Patent No. US3, 747,120
FELDOB)THEINMENXEI@Ne vari ous known types of thermal
ink jet (bubblejet) printhead devices. Two typical
devi ces of this type, one made by Hew ett Packard and

Tfh]gg, rQEGh é?ﬁﬁof;%let@s tdPerrhdl Knk RE HGAthEA, w?ﬁﬁ& m

or storing ink adjacent the nozz
indoapdyeting sich e pviethedd,ind fo & mefwid of¢jesting & Hqpidaken (swah gvan ink

iS.a par.at el. ricated itemand which is 20
dﬁ%@ﬁ‘éﬁﬂé&?ﬁ%@%@ﬁﬁ%d to the walls of the chanber. In

certain prior art devices, the top plate is nade of

Kapton TM which is a Dupont trade name for a polyimde
BACKGROUND BTHEFINVEXNIEONIri Il ed to formthe

nozzl es. These devices al so i nclude heater elenents in
thermal contact with ink that is disposed adjacent
THReréRAzIheetiohGivdteatthagedtivn oftikk ddops Bipwaf of firming grasr vapor

bubbles in the ink. The gas bubb es gen
tuhblep & 3 iwbbiaifpsming ligmd. dFlypsripep le38dher {Yéféﬁ%ﬁveg ¥ B fptent No.
[§§ge7 d@«?emh{? is an object of the present invention

0 ’pravi e

ful alternative to the known
printheads, printer systens, or nethods of ejecting

drops of ink and other. rel ated.liguids LC ave
Thetdie a@%%usztl@ow&stmswééh%%ér’%et i oneiibigcs. Two
tl?&léﬁé@ﬁ@ééﬂ%@%, one made by Hewlett Packard and the other by Canon, have ink

gjection 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.
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2 SUMVARY OF THE | NVENTI ON According to a first aspect
of the invention there is provided an ink jet

w@eioanksaed conprising: 5 a plurality of nozzl PGT/AaR®3/001504

at | east one respective heater elenent corresponding
to each nozzle, wherein each heater elenment is forned
of solid material nore than 90% of which, by atomc

Jil.’QEF ' d by at |east one periodic
Sﬁ% a\F/I:IE% an zﬁ%llgrg nunber bel ow 50, 10 each

heater element is arranged for being in thernal

cont act th f I d h .h
A oiadirgomps<g F e ntsoHn s s heageCHripk 3t riead

EHL?P o fOrmng Ilqwdtoatenperature above its
0 |n6 point to forma gas bubble therein thereby to
causaphllmlitgjoémbizzles,aﬁda drop of an ejectable liquid

t hr ou 15te C espondi ng.to.tha te .

ol endhitast RRe Earg e 6tis QHDERoREHROEingEd P 1RAk Y herein
there is provi Q-ﬁéh%a%bﬁh%ﬁtﬁ%ﬁa%@oﬂsﬁﬁ@ﬁﬁf&rmm&t&an90% of
printhead, the printhead conprising: a plurality of

nozzl es; aviiclzdyatoniegeporing, rsé@pétttlied byatlepgong periedie element
correspon Nnozzl.e rein each heater

el ement g‘?’%ﬁ %ﬁlc"u |% br%? erlsal nore than 90% of

whi ch, by at oMegcHoheaps? ettt isiasrag@isfor beihg th thyrnadl contact with a
| east one periodic elenent @ having an atom c nunber

bﬁl ow 50, buhblk freringliqeideddnt i s arranged for being in

t hermal cont act

each heater el eeﬁéﬁé%teg e}:%r%fn Pg%hgg‘%& F]Belzg&t & lggllgégm 8fhe bubble
part of t Herohiupbigeid tb atempegatuteqabioste ftobailing ppint &t form a gas bubble
above its boiling point toformac%as bub

thereby td %fﬁlé}éherf’%toéialéﬁth%ﬁleﬁ)tﬂo FGpP 8 a%ﬁieCtgﬁe %qmd through

ej ectabl e ¢, L gui gL éol?fe%%mgtta%d@%gt&eel&ﬁéﬂtespondl ng to
t hat heater el enent

According to a second aspect of the invention there is provided a printer system
incorporating a printhead, the printhead comprising:
- aplurality of nozzles; and
at least one respective heater element corresponding to each nozzle, wherein
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,
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 ejection 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, the

method comprising the steps of:
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According to a third aspect of the invention there is
provi ded a nmethod of ejecting a drop of an ejectable

wO p@uiogB1br om a print head, the printhead conpriBCTgU2003/001504

plurality of nozzles, the X ethod conprising the steps
of : WD 2004/048101 PCT/ AU2003/001504 3 providing the
pri nt head wherein the printhead conprises at | east one

resp j ; . ' .
B L
he@éesléradnt m&gbig(ﬁﬁg ﬁﬁ?échﬁlome,cdach hgatage&mhmt beiog dormiedrof solid

IS constitute t, t i odi L
G eh HOE R BT HTl DY BB PEO T, AR o b g lepst one
pORSO ek ht &lvﬁig%tat&rﬁ;cfmmém& 409 a nozzle so as to

eat at least “part of a bubble formng |iquid which
i s i hedthgratridastomethaater elembnttoogresponlingde amnzzlpeaasy heat at least

pglg i%ftﬁg IBBI?AIS LU qugd %Ngq el%g& ﬁlf?]%g)atﬁ %’Sﬁ/tg%%\g@ﬁ%i% ie%gtgogllg heated
DAMBIOd1 EméL 1 g@en%é%{_n% AR Botlingyiotht Y tisthBbEd fofmiv liquid;

=

heat i ng; an causi ng the drop of, eiiec_t able liquid ta
be ejgendrating dgas byhblefiethednbble fowring sigviddivitgid step eidreptipg; and

at | east heated ter . ' .
gene rcgl?sln}ggtlﬂg dbo%gof%beézgq% ¢ l‘i:"qr&g(? {tlaetl)n%aé} %cécgcyu tﬁd@r@t@% &Dzsé corresponding
1 HR:L 1kt dnk @datbMhédi@ eddrhent b aidjseptof @enevhting dgmbubble.

the ejectable |iquid as described herein, is caused
by the generation of a vapor bubble in a bubble

form liqui d; ' il s i . .
A
lﬂaﬁl@[saigi%i‘iﬂl@d !hbﬂegl, Q\?\‘;hmml Bynthe gereeaiion dfla yapesisubbée inra bubble

ej ectable |iquid, ich forces the rop.through the .
fprapiag Havidnwhishen cnbodpmsh & 4 S@Bﬁl@?‘g}t %@l%ﬁ e gectable liquid
LIRS TESHE o AR RS0 S TRt s
drdyethnemhehe releyantnoarlee Thd brblle tngenesapaddyl Joyle kegting plmheater

T TR O S RN e -

iPUF GiFefidSiraish N§FicAly lesethat Deni¥dBionds) D@OloSstored heat in the liquid, the
recondenses, fesulting in bubble collapse. The bubbl e

tobblezppasls tfor afeponistoseetmnds pfiprthe hegfendsedsy fangdoff. As the vapor

interplay,of inertia.a urf t ' o) [ .
RSPl LR TR 8, AIANOY L8 g
deh@miRaibytthodyraalit Mbsplay of idetttr fidiahtface tEheopof thieadn this

according to the invention conprises_ a plurality ?;
specifitaiion, sushaaroint ssreferred te pathse Poinh af epllapss’” afghebubble.

heater el ements corresponding to each nozzle. Each
portion of the printhead pertaining to a single
TiRZ#H fheall ascoediagbethe amantitss canprises arphurelitylof meriles, 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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referred to herein as a "unit cell”. In this
specification, where reference is nmade to parts being

WO pootlogs1oml contact with each 30 other, this PEEAF2003/001504

that they are positioned retative to each other such
that, when one of the parts is heated, it is capable
of heating the other part, even though the parts,

t e N 8 39 . 3 . 1 L ¢ 1 t: .

A ARGt i, B S8 M o RO R B SBR S5 kL

cbipentienahinkisebtitairéng iedaret dyes. gixafnplesof nejeotoatd ks include fixatives,

Jiquid, apd.is not limt to, .conyentiopal in .

infoed hsBer Bk o Ao BASHRiSH BAPon DAL Boidgcgater and

o#H%? Laig&ntd, i@k YR SThe iRl drRidcBBIARRA B8 nbdHsfot necessarily be a strictly
unctiondli zed chem cal s,” adhesives, bi ol ogica

afliquidj snd may eontainc suspdnsionsdselahpasticlanor brosodid. at [em feprperature

or..ej.ectable liquid also need not necessarily be a ‘

a‘%ﬁ Pﬂt‘gla;&? eéecbplathn&erm. may contain a suspension of

solid particles or be solid at roomtenperature and

liquid at the ejection tenperature., In this i
Is fhes srfecidmation thet them tperindiqelementi’ sefetsdoram elomegt ef astypgreflected in

an_ el t. Q type reflected in the periodic table
ﬂbefpe&"g@%?lg .0% i‘%mﬁéi%m LED DESCRI PTI ON OF THE DRAW NGS
Preferred enbodi nents of the invention will now be
described, b vva¥ of exanpl e onl with reference to
DEEAHGEBMR@ F@H&E@‘E%P% . drawi ngs are
described as 15 follows. Figure 1 is a schematic
cross-sectional view through an ink chanber of a unit

Peefetredémbodipehtstolf drdnaadion dvitl grotwdbeatesentimddbyreny obéxanipde only,

invention, at a particular stage of rati on. .20.

wiflyisfeaeneita the AcedRpAMITG PSS ioEE; BRGHrYIRs, e A5GHPed 25
i nk chanber Figure 1, at another stage of

operation. Figure 3 is a schematic cross-sectional

vi ew t hrough the ink chanber Figure 1, at yet another

t age .of eration. 25 Fiqure 4 is a .sgchemtic .o
RGe iSeadlanr COPbrRapdn et BRaRRBberktgupit ot of
iRl adeordiHg 1R ertb SRR of SREIRAEMLVM, 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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Figure 5 is a diagrammtic cross-sectional view

through a unit cell of a printhead in 30 accordance
waowdok/osdier an enbodi nent of the invention show PQI/ALZ003/001504

col | apse of a vapor bubble WO 2004/048101

PCT/ AU2003/ 001504 5 Figures 6, 8, 10, 11, 13, 14, 16,

18, 19, 21, 23, 24, 26, 28 and 30 are schematic

.per spegt.iv [ (b glr [ ;
rigpted B 10 €116 B0 EL.AY 21,25, 2R 202834 D0 ol thnctiiperspective
viewd orlarer30 tefngtaely cutenai)ost.a wtit addirdfaysinthead ésaicorlance with an

stages in the production process of the rinthead. 5
crraslmest of theginvantion; & vaxipus wigcessive singes 5 ht prydipnprocess of the
pﬁiﬁbﬁpch schematic plan views of a mask suitable for

use 1h perform ng the production stage for the

printhead, as represented in the respective

Fiebered: Lo hind o Farspith o803 g pit sty Pl igwe g a mask
SLgfég%é;fﬁr 72 iﬁ gel%‘m’{ﬂl bhe grb@udies 5laBe Rirah&p@ithéddees repregeiit&l in the

a schematic perspective view, partly cut away,
respectivelimmediately peceling figntbead according to the
i nvention having another particul ar enbodi nent of
heater element. 15 Figure 34 is a schematic plan view

F r@SZ@%@uﬁH&ﬂs@H&rﬁaﬁc‘}feﬂ%&@tﬁdﬁ&@ of tertinitg:ell o€ Figure 30 shown with
roduction stage for the printhead of Figure 33 for
thearomzln glathiemittedt er el ement thereof. Figure 35 is a

schemati c perspective view, partly cut away, of a unit
cell of a printhead 20 according to the invention
Flavd 39 ida behetlage ppepddios vivw, pattiydiutreway, of a heitelt of a printhead

element. Figure 36 is a schenptjc an, vi of , a mask
agnording testhe dpvegten hﬁ%%?ff%h%?ﬁﬁwké C%LDB@H}FP%VW%EEF glgment.
for the printhead of Figure 35 for form ng the heater

el ement thereof. 25 Figure 37 is a further schematic .
FRgiES pehitd schematbvplad vicheofianisskossithble fforRisg i perfBméngiia production

wth the nozzle plat mtted. Figure 38 is.a
SiSEn ks AT L8 13 RO B PR SRRRT 1RO i ¢
cell of a printhead according to the invention having

a further particular enbodi nrent of heater element, 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@eioanksaed of Figure 38 for form ng the heat erP€l/anmens/001504

t hereof . WD 2004/ 048101 PCT AU2003/ 001504 6 Figure 40

is a further schematic perspective view of the unit

cell of Figure 38 shown with the nozzle plate
FRBS PR o S By ot R ATRL b B QUGS shown with
tiededicpate onfittddne i nvention show ng a suspended beam
heater elenment imersed in a bubble form ng Iiquid.

Figure 42 is schematic section through a nozzle

' %ﬁl@@ : ' R daB AbcoRding to an
P? e ifrel£Seé;{chrﬁlQﬁs%§ogfmﬁﬁlgﬁg&£%%@ﬁg§d&gtgg% ohfglat er ereéflaemant g.
emibsdiereie df the inveation havapg e Suspehdadybeam heatsy blsment iprmerpgyl in a
I{aolui d. .Figure 43 is a diagramuatic plan view of a
bybble ferming §8Ui4- pri nt head according to an enmbodi ment

of the invention showing a nozzle. 15 Figure 44 is a

diagrammatic plan view of a plurality of unit cells of
Figure #Aisrshemattcsscdomiprough aanpzeleisbambennt agiringhead according to an

i pvention.showi ng a pl urali I H '
BRGNS Dot B sl 08B Bty E PRl s e
tG5 604 BRIYCST a¥bbletfifning Mg@idl i on showi ng a heat er

glperrent enbedded in a substrate. 20 Figure 46 is a

di agrammati c section through a nozzle chanber in

GG {a ] SIRed iRMER ARBrding ¢
@%%%4%8§%&ﬁgﬁﬁg?ﬁeélpénentg ‘gi nt let% %?E?g?ﬁgl suspernélnegd0 w
dathadimentio§thednveatios skowinggmanztat 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

L3843 RG] £&4ticWlad NEQRUIR pRurdPE 2 enft REIAS a prihthead according to
Pg%%gﬁgg\grﬁgla%a?n ar?qﬂeni;}ogi merlf?Ll o?%,t heni nventi opn s
anlemviodnent bé ttednventiomsimwidg hiphiralityf gegzléset ween parts

of the element. 30 Figure 49 is a diagrammtic

section through a nozzle chanber not in accordance

bR 45 Bea diaBMaRhMRISectidiOhtdigh A dobkle khiRBetndt Bl berdance 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/ 048101 PCT/ AU2003/ 001504 7 Figure 50 is a

di agrammati c section through a nozzle chanber in
wa@e@angance with an enbodi ment of the inventiP@I/AU2003/001504

showing a thin nozzle platel Figure 51 is a

di agrammati c section through a nozzle chanber in

accordance with an 5 enbodi nent of the invention

chowi h : . o .
PR s Rb AL sHBTRAbSoh LAl g Biniccordgnce with an
elabbdifment 6f the invehigacshostigya thin tewzld@ateer el ements. 10

Figure 53 is a diagrammatic section through a pair of

adj acent unit cells of a printhead according to an

| - SdLYieR RO habiber i deb@gmte with an

Fﬁ%?%fgggg%?%%ngggggaxﬁgs@ﬁggh?ffefgﬁk vol unmes have
cinbedimehtof thel inventiat $howughtwohegter elsnBatsand 55 are

di agrammati c sections through a heater el enent of a

prior art 15 printhead. Figure 56 is a diagrammtic

FRRES 5213 at(iﬁ?h'lﬂfhaﬁc setbarinBhilya A6 Lchaitdat 6f a pli@miprinthead

accor di ng o an enbodi nent of the invention. 20

sifowjog 6we fedter edemiedgyr anmati ¢ el evati onal view of a

heater el ement, connected to el ectrodes, of a

print head according to an enbodi nent of the invention.

Figugé!5 BisaBlihGramneio semioncheugh o gsid opadjs@attiiveslisiowpdhthead

a printhead nodul e of a printhead, accor,%n to ?n

aeqesding trerit erabodiment ofibeiveR1onp showing, o %Jg erfglt gozzles after drops
h ' ' [ ' ead nodul e of

h%ﬁagggﬁ%%ﬁgﬁg%ﬁgﬁﬁkigﬁi5%%%%ﬂﬁ?gﬁ$§ﬁ%b is a schematic

side view, shown partly in section, of the printhead

8 Bt S o oA B
pﬁgﬁéé&MSlOl PCT/ AU2003/ 001504 8 Figure 62 is a
SC

enmati ¢ 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
wW@2ous4g105chematic front view of the printheadP@f/AU2003/001504
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
: e ol a , PO (e
Fgre GER AR S Rlbdth B DT R ac S B fo an
einbediptentdfthathvestiehown in Figure 62, but shown
unexpl oded. Figure 69 is a schematic |ongitudina
section through the printhead of Figure 62. 20 Figure
' | RS €83 6€ Piotid & $Hown
Fifhed 83 8 dcekatl AOhABpe B RIViOl 8 1 bR S Pl o
udékpledetthe description than foll ows, correspondi ng
reference nuneral s, or corresponding prefixes of
reference nunerals (i.e. the parts of the reference
FHEE2YsS: RRABMJ RentREHPHEMS priRfieid of Bikle 630i ch are
used in different figures relate to correspondi ng
parts. Were there are corresponding prefixes and

ifferin uff il xes t.o t r I's, these
Fiaar B eelinrls B eyl e BB GEER rpee S
correspondi ng parts. 30 Overview of the invention and
gener al discussion of operation WO 2004/ 043 01
Figure AGEcoshematiphotton viewpliths pinthead af &igirgltes 1 to 4,
the unit cell 1 of a printhead according to an

enbodi nent of the invention conprises a nozzle plate
F2gure 6N iswschbmsatiSplah @fesi of the pentheatdfdSglra¥lng nozzl e

rims 4, and apertures 5 extending through the nozzle

pl ate. The nozzle plate 2 is plasma etched froma

LIy Lk i jrehe Ish&fn iPBighRY62, but
BB B B S i g
shown uhéxpladedmat 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

MR 8Y i efschBmah@RgiudinslbiRdhivgh i piuthead af Higdubes?.,

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
wa@bam)siof t he substrate. A | ooped, el ongate heel/ap2003/001504
el ement 10 is suspended w thin the chanber 7, so that
the elenent is in the formof a suspended beam The
pri nthead as shown is a mcroel ectronechani cal system
V&1M51¥@rer§ctert6' %#ﬁfe% 1 dt cfeﬁ Gl tl?cah 'akm&hg%‘h&embodlment
process whi ¢ esérl I'n nor etail bel ow
of¥heintendop comprisead nozzle platskwlth mlozZlés 3 thamna, th@Q@m@havmg
(not shovvn) enters the g er 7.via

SR HES MRS SR EnORETTEPeY Aozl it T /Rplsplate 2 s
Qfﬂﬁ@gfthg% EP&LH 8lidon nthfke %ﬁ{l&tﬁfe’ whlbﬁ' & dvpadini, BY ®aRBf chihical vapor

or sonewhat | ess tha mcro second, so
deﬂmttumr(él\maaovang sa¢rifidial ma’te’laﬂ @\rlmlnts sabsepesniictgbat.se.
It will be appreciated that the heater elenent 10 is

in thermal contact with the ink 11 in the chanber 7

T80 philhbad18NinchRles MafEREpdcstoaat 6kzld ﬂlsidezﬁaltsail@rewhichehe nozzle
gener ation of vapor bubbles 12 in the i

PMQ:xerdpmgteyh a chaenhen R defineddhneihe piatle andithe %@%P lated A mylti-layer
S e B2 S ORI O Al Ul e s

(ﬁdt Sho®h) dThs Shbsﬁrital Al18opeth ellbngd‘lehénﬁértdlﬁndsmi Ojisistspended within the
nucl eated on the heater el enents 10. qlit wi |

chppbad s thet theglemeatisyp thaform of & supsndeddbem- tﬁ@ pringheq as shown
I
ekl IS SO R RERR RoRRIBARES Miogaptic
pkdoes wilich iy degeriedeh imore detkil yelow. 34, there is shown a
mask 13 for formng a heater 14 of the printhead
(whi ch heater includes the elenent 10 referred to

WhAVEL gnﬁ ﬂﬁ%écp{@ '@u%é tdogr ﬁ&ﬂ'acresewdiﬁgﬁ@ sho¥n) @864 the@Bamber 7 via

in nore det al he mask is used to form
thdimldt @atsege 9,40 180 thdxélamhalpﬁllsotro thalelvgw showhinFigira & Thereafter,

ﬁor 4 esg 621968% gg}sg'ggteg X Of wthlagl‘e t@ﬁ%z nByrovaqu;:rC d, ?@ﬁﬁt 2 heating

is BEAL Kinh VB theksal paksé.Sit @ill bdrgppheiaited thhtithe hehter flembmy10 is in
14 has el ectrodes 15 corresponding to the parts

thiersialorttat with, tBetinkf1 1tinéhaeherber? saifhgt wher thealonatns isdiqated, this

e 5 RN B SR e i i

BﬁBBFefﬁ)aniﬁg liyeldt ®geuire $ sh@ps ihe doraeition 1 b beblslk 42 tappideimdtely 1
to cause current to flow thr glh the. el enent
pu

reiceaseecsd diften gengratiop g Fhetthe B Ahpt i avhep é‘%Fel?HJb%!mhaééust
r%ugﬁgtef{%ﬁglﬁ%ﬁ a%s%%lerr?eln%cltd' 'IF@? B@?ﬂp‘?ﬁ&ﬁ@@tﬂa@ aQ'EHéVﬂe‘A?Q aBYlied in the

near| e power consuned in
tbﬁﬁ bk polge,tatiehé emdrgy n&:éssax_y tdigssérpiattecbwbibde this tebeeprlied within

in creating the thernmal ul se
that short time. g P

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@Roo4nksa0el enent, this bubbl e appearing, in theCT/AU2003/001504
cross-sectional view of Figdgtre 1, as four bubble
portions, one for each of the el enent portions shown
in cross section. 10 The bubble 12, once generated,
K%ﬁ%&%(ﬁls Vgl@aéte RE rﬁﬁ’i%& a&%ssptﬁg SRUEEIM 151 @aﬁs@ %uﬁglﬁrfb %w7through the
causes the ejection of drop 16 of
ellefientl10. The eleginodeh d 5 aczmheh mckfht:han ithe deraetstl 19tso thatrmost Of the

et e STy B bt A iy B 0P S omsumet i

o% E Badted 126K QiskDaRBhya BB %leﬁ%Z i@ i8 crRRgng hrh&mal pulse
er Inlet passage 9°is so that the pressure wave

refenet tatabaveni t hi n t he chanber, on heating of the
el enent 10 and formng of a bubble 12, does not
ef fect adjacent chanbers and their correspondi ng
Wihzh&SlemEe1 054 Ylé&ié@ﬁlﬁ&es@ﬁbdd%oh@ah@bu&ﬂ@mafdrmi Qldagithelength of
suspended rat her than being enbedded in 2 sol i.d
theedlemérd tms.bslbmesapgm inghewosFregtipad vievah igutsyfo s {6 bubble
unit cel
PRTIONS O rﬁo e[aalg Rfét‘hvg el glﬁégljalgﬁ? %@Wm‘%}&g S&ctfoh

rin can be seen that the

bubbl e 12 generates further, and hence grovvs wth the

resul tant advancenent of |nk 11 through th zl e % hich

Thhbubhiajie. ece ERETHEBISFISeE 21 dereass TEPIGH Wi Wi e clfpties 7, whic
f he rim 4 assists

if i bl e icRLELL B, 181 En AL T IRLL B dfnopte 2. The

111 directing tlSeUdrprté ab &ns ejectedl esndis t¢ mimimzathe eharge of @ |df(m;1@1sd1rect10n

area of the bubble 12 so that, by the tine a certain

anmount of liquid has evaporated the bubble is

The ?ﬁﬁ&ﬁ ﬁ{ﬁﬁ bﬁeﬁi is %nﬁ*@i@%@zzl@@ ahB @hAMISdreasee inldt ﬂh@@ﬁg& 9ri€so that the

not only pushes ink 11 ou
ptéssu[ra ghave Igeneratedz wllthmsthe pambdrsen prating ef ﬁv@@bermmt 19 gag forming of a

bﬂ_-}gglggghd(gs]:%g %Jf)eﬁ 'gﬁfu‘?@f g}ay‘ﬂyésoaq\ﬁecﬁ%&Boﬁgg?%dglslfhozzles

| ength, and is only approximately 16 microns in

di aneter. Hence there is a substantial vjscous drag
The advansageh pf thefheaterslomea Gt suspoRdad e thinrbspng eriipedded in

ect af pressure rise in the chanber
agyisghc{n%l 6‘Fﬂcé 41%?8%&136{ IQfough the nozzle 3 as an
ej ected drop 16, rather than back through the |nIet
Igassa e 9. Turning.now to Figure 4, theagrlnt

and hsaaw M il ool dr ot s uieSreine 8tngBLsTot dpaation of the
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 b@4@usapl br eaks of f. At this stage, the bubbl BCT/AUR®S/001504
al ready reached its maxi mlin size and has then begun
to coll apse towards the point of collapse 17, as
reflected in nore detail in Figure 5. 10 The
o R ARPRE BB HS, Hiing MRS 7108 BRIk o0 through the
notzld B & dohgedtardiop 18, fatheothah becls thiasghitBe tfettpassage Bp) |
and sonme to be drawn from the inlet passage 9,
towards the point of collapse. Mdst of the ink 11
b Sre MBS rintHead S Wnf dt QRétitl Fertie sddcRssve stage of
t g
T ﬁgyéh g&ﬁu ar%ﬁgék 19 at the base of the drop 1
ogmratmn trowhich $hebnb akapnip thfaif is being Firstadris phoven dwing ifse éle%lﬂng

pligF LBRIore e APty B P oreS e BTe 14 bRl RALAR s

maﬁﬁ’ﬁﬁrﬁ Be BRE BAsShéh Bdpuh e colpdpsensrardd the peink ub&dirpse?] 7, as reflected
the diameter of the heck 19 reduces thereby redu0|ng

inttheregletailnin Figure 6t 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

Thé ealkapsink of Weesubbleel 2do@prds Ghdpaiakst coflhpsedd\catses same ink 11 to be
forces are caused as refl ected b%pﬁhe arrows, 20,

cotes o eops a3 5Sm B  B ot i it o e o
f irl #his manner
t}{eﬁ Mss?n%%t 9&‘?&9’9%}&1@%0% GF € IPAE)QT n19[o§tcﬂﬂtﬁie inkUn c@&@ﬁ il #Ai

nt o | apse 17 on which the
isCdidwh @tolnﬁﬂhe(haﬂzlb ayfraing2m anhiilac heck 19t dlicloase of thg drop 16 prior to

process | evant parts of the nmanufacturing process of
ity b ﬁ?kﬁ%ﬁ@gd accordi ng to enbodi nents of the 30
i nvention are now described with reference to Figures

6 to 29. Referring to Figure 6, there is shown a . .
The desp- Heetiioss & dertaingmauns pf inomentinbio Fvgrenpsoiutfaghtepsion forces, in

RSP ELASR 3 S By Bt s e 2
1‘?&?%%@3@&1&: RE 182a0Hs MbkeBAreddeing iRra@®unt ditotal urgiee éension

ates to that portion of the printhead correspondi ng
holglig theidrors eo that the muraerdem@fiths dren agit ig ejgcted out of the nozzle is

t n roce follows will be in relation
S’tqﬁ{é nﬁfﬂ %ﬁo ﬁ’ie%i()p tosq %%%h it will be appreciated
that the process will be applied to a nmultitude of
adj acent
When the drop 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

wo b@4mes10f act uri ng process, after the conpl et PONATR008/001504
standard CMOS fabrication peocess, including the
fabrication of CMOS drive transistors (not shown) in
the region 22 in the substrate portion 21, and the

| ot .
VAR, Pl B 54 AR e g Do 1.
THagbedptiometth2 manhfacturing prdogss thatefolows el be trheslation to a unit cell 1,
transi stgrs and oth drive circuitry.. SO n .
ol e bt e SRR e of aacent
uﬁ?éélkseof Wil the WIS prih&idss bahpeddi n the netal lization
of the interconnect” |ayers 23 to prevent ink 11 from
diffusing fromthe region, designated 27, where the
nozzle of t unit cell.1 wll be .15 fo Lt
FliE & FRreaR gt poRestve i Au el o EhRF g bR der he
cMY‘n{aleEGn éPa staRdhrg OMOS ifstdichtién sCincRidingrtie hbapaRacdT CMOS

In"the region designated 22. The first stage after_the

dgwerprhesistons (odt shmn)dn%t,@ Legm 2einitemsybsiseie pertivad; andsthef
{ . i i .24 .
cBhEIepag of wabfibd CRI S kubidGyBEeBlgkEoy B AN 26 Wiing

isdiggel ®f theidashied lineg2 Sitlearicilbeinirednnegs tfe ttansistors and other drive
i nterconnect layers 23, to forman openin §§ qu
cispeitry fesanoti shoya) anstibe heaiercelgment carrespapding 298¢0
the chanber that will be fornmed later in the process.
25 Figure 10 shows the stage of production after the
Glaediings 26 ara féraled i thel methllieatsanbsftthaintercemuett loyer223 totpravent ink
position where the nozzle, 3 i o pe f.orned, ter.in .
1§ o A st 0 R, Aesignpia PR BB I TR of MAGFiHL 1 will be
d ' | f ihetRtwieihg 95 dmd
o e P e
cairbding e GMIQS dfcuitrodispospd &t ther¢gion d¢signaeddage to
t he chanber. Thus, the hole 32 will not have to be
etched all the way fromthe other side 30 of the
ﬁlékiﬁEtrs?e[?% aREF thie @BmAktibA of R A0S faBYficatibe prdtesy wasibe of etching a
l'ayers Z3. If, instead, the hole 32 were to be etched
paftiont dféhepassivatiothliayendete formm thetpapsiyation rocesses B8n t o
avoid the hole 32 being etched so as to destroy the
transistors in the region 22, the hole 32 WO
I@%ﬁﬁ@%ﬁ&lf@ th REGREATRRIITEANLEDS theldching bfithk dmercomdotlayers 23, to
etc

ed a greater distance away fromthat. regi on so
fon pe gpening 3Q;j Theprening 30 is to constitute the i 1nlet%

that will be formed later in the process.

S
assage to tﬁ‘e chamber

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 op40i81bhe substrate portion 21, and the resuPCEHAU2003/001504
shortened depth of the hold332, neans that a |esser
margi n 34 need be left, and that a substantially
hi gher packing density 5 of nozzles can thus be
c SPUCi
WAFRLIAE b LR, drtar®Bin /R U LGRSO e a suable
nfa@@h gindivated bedine aepo3ix fed eiohing limcbargeies. 2But thig gtshingpé the hole 31

iy e fan & By SHRES PR e TG PR st Agaf the hole 32,
rrLegﬁ‘é" Qf(@f&%g n‘#r%{ﬁl 38 QelpbdleRAdEh A% &ﬁ&aﬂt@dlfy%glﬁﬁ padkesk density

e nas in Flgure 12) to formrecesses 36
oﬁn@lzzks&lamthlﬁbeadllnmed provi des for the formation of
contacts for the electrodes 15 of the heater el enent
to be forned |ater in the production process. The

Ff»éu% 18 ¢hotd the E’t%gé/bﬂﬁodtho’t%ﬁ lafteia € RE0E BEsk lavar3 s drfe sacrificial
formati on of nozzle walls 6, that will define

rcsﬁsttlhssbwnaﬂmted on{s s cTs smoda ol o ow forms part

i Z
CBHSSHRE I ru PRI P bRy Pl s o
r@}egehedrbryeﬁ@ﬂlbsmml iAPdure i3) tofforin te@essm6 md a $10ke37. This

ure 14 shows the stage of producti

ppmldf@rfm thg formption oh FoR§acss for Hae dlectiodes fggt@fﬁ‘t gpterglerpent to be
fgt?ndc@ 1% nqﬁggﬁ)rdEétﬁlonFérggésH df‘f%%l he Vﬁﬁﬁﬁ@&ﬁd@ |l§c€ieiﬂtthéL}9rocess for the

t’r'od e stage of
f@ﬂhmﬂi@ﬁtolfﬁ[e mizizle rw Al 6 that wﬂhdesﬁrfelprartanlf theechaptbet Ayer 39,
about 1 mcron thick, has been added. 25 Figure 18
shows the stage of production after a second | ayer 40

P‘?%gg@ gé‘rsﬁ(fwmg %{a @t)f @%ﬁu&%@fteﬁﬁﬁ%b&s@t%n bA i 1Ry&@ 138! 6£6£0.25

l'i1ke the first heater Iayer
ndi8roni thickflay@r 2% of mad)ar(mattrtal,ctkhlp]u,tta thepresent embledimpntgisrad titanium
19. then shows this second | ayer 40 of heater materi al
nétF‘td it has been etched to form 30 the pattern as
shown, indicated by reference nurrer al 41. In this
illustration, this patterned er does not inc
ngab dé sh@wyethe etagﬁeﬁproﬂuctmmfter pa eing gatheishing of i feater layer 38
at e{hgfh tsre g?%%{g H%Wgt £ élbm'éﬁlt' :Jn%ye%cttgﬁeshl%at er

u0|n e resi stance
the el ectrodes 15 of the heater 14 so that, in

operation, |ess energy is consuned by

e}
a4 16 4B P GRERCE DOMRTPRSUIT Snoinel et haHaS it 39, abort 1

a]lrclgg1t i E% ng&ﬁéggg consunption by, and therefore

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 0f 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
Jayer 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

wa@ormmssiondi ng | ayer 40 does contain a heater RET/AB2003/001504

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

YRR ioR /b3t SddnbRfRE efciclBffecti
ofe Gl SHPHINAT R Rlr oy PRI 157 EynEBIRE gicterBtlctiveness
ofj ke heater elementsel 0. Haitlgghduabheatéri esntodiraent ARustrated idEigure 38, the
sufficient to |l ow for the formation of a bubble 12
CPlﬁe%PH’édmgié’g% a‘é?ic@ﬂtﬁl"e%heﬁrgﬁri ng operation of the
printhead. 10 Figure 23 shows the stage of production
after the roof layer 44 has been deposited, that is,
Figuee R hylmmwathe stagaf prodentioniaftert athirddayeo 424 of sperificial 2esist, has been

| nst ead, of being farnmed.f.rom 100...m cr.an ' ‘
BB e PR RO 21 15 g ok s gy surtuce of the
ndk71k Rk Nold fmed 148, shdHeBEORS irldet Extent LT thid @izl apérture 5, the
shows the stage of production after the chem cal vap

! or .
heighbef thisdayer d¥pjusbbe sufficientgn aHpv foifhe fespatiag of #Bubbly &2 in the
44 as b pardt | . sition designated
ri%c,m g%?‘lgngge%{hg %%%%Pgllgﬁglﬁ?g@éghgﬁ?&of the nozzle rim
4, this outside part being designated 4.1 Figure 26
shows t he stage of praqductiqn after_the D of sjilicon

Fagure 23 shevassthp siege ef erdectionaticnthe fprf lovep 4¢ ArohRsR dgposyigd, that is,
t#léglrag]a{(ﬂ%ejaﬁ &ill F@sﬁﬁﬁ%‘é'n‘agﬂgglaﬁﬁ RO%Zd 6t Eéiﬁ%/ﬂ)rﬁe&j fibf 100 micron

nozz aperture and after the D silicon
thick polyamida $iliethe noezte itk 2its formeedoafsilidoo mitdide,ijgst Ameigrand thick.
where it is not required. Figure 28 shows the stage of
production after a protective |layer 48 of resist has

Fg%rﬁ'g 24 3h PPtk @ﬂﬁe 6F 58ludtidnSifict AGRherhies! wipbpddpdkion (CVD) of

tron 21 1s then ground fromits other side (not
sttvonmjtiritle formingthe ddyer 44,thes beanepaplyr ettlnd at iherposition designated 45, so

SR FERdhe GHEOF o of e PG s e adis it 1< e ietRg 41
hole 32. The hole 32 is etched to a depth such that

it nmeets the hole 31. 30 Then, the sacrificial resist
Fagure 26 Isha's thastage of prodietiparatenthe 3D of siligemniride hag been etched all

enpved usin
TR 3 0 SNPRTPRS T SRR A SUEAS B thonoca
apbitele 5 agbitfee theadeVDngliddnaitgidaibebeen rémavdd abfhet positival designated 47
and nozzle plate being shown cut- away). It will be
wesred it pejrequiied- al so serves to renove the resist

filling the hole 31 so that WO 2004/ 048101

PCT/ AU2003/ 001504 - 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

W@ 2@e/0¢f10t he substrate portion 21 to the nozzl BCBAURIWES01504
passage serving as the inlSinlet passage, generally
designated 9, to the chanber 7. 5 Wile the above
production process is used to produce the enbodi nent

of e | Ot ' ' L :
35 polPraBih i aR e LR b bohifh etk 20) el passage extending
fioht the lawe@idesfehe sbsinte pbortioh Qlrte tizhozele GuthespBSagerserving as the
.37, and Figures 38 and 40. Control .of _ink drop
ink infet paiyage; gerﬁéiflb’r%@a%ﬁgg etOég%\Fh%Ht‘%S’f Figure 30, the

unit cell 1 shown, as nentioned above, is shown wth

part of the walls 6 and nozzle plate 2 cut-away, which
Whilcethb abdvkeproditotion process it hiseddh pndskce the enbodinherd oé thelptinthead

j S not_sho ut awa o that both hal v of .t he

S 8 P8 Bridn ot Bt craimels ey STt ey ppctures are
shdwR BSEiSSrel I PisRsBBANE B, dddl BEukasSagRe4® (see Figure

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

across the electrodes 15 to establish a fl ow of

ce#ecgr*c é:urren t hrough the heater elenent 10. This
uiok of Wk GEPREIEEHOM 0 as described above in relation
to Figure 1, to forma vapor bubble in the ink within

the chanber 7. 20 The vari ous fossi ble structures faor .
Reffesring anesragain todagrse 30, thareih cell b shavaugs menitprpdrabeve s shown with

o%ﬂ}de wdils €08 rﬁgzlregj?aﬁe QoﬁH%“Iéar?)é Wﬂéﬁ%@eaﬁ@ ﬂg?ﬁc{f%oef the chamber 7.

ariations 1n thé 10 th tow
Teateger B BrebiliowiDout Swal sodhdt bbindndves @f ére tehen glentehel0 can be
surface area of the elenents 10 nmay be the sane) my
SR@ve significant effects on the electrical resistance

of the elenents, 25 and therefore on the bal ance

bet ween the voltage and current to achieve a certain
Ipopantiaf, ink hiepakertbrigh Medekninetipassage 8 ¢saednguwe 28) to fill the

onpo s tend to. requiye | ower .drive ta t han .
cBamber Mrsaciolaes ispaied sise redretodi L o aRel 480w of lectri
dufRAShRIuBHh thel HeafeP BlefmenlU. PHigth&ts theFement 10,46 @esbiibee above in

30 transistors, for a given transistor area, there is

relatiem thelfigyretlo tchfoghervapar bubble indheiskl within thegheemher 7.
vol tage tol erance in each process generation. WO
2004/ 048101 PCT/ AU2003/ 001504

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@toolesienbodi nent of the printhead shown in FPQIAB2B5/001504

Accordingly, as Figure 3616epresents the shape of the

heater elenment 10 of that enbodinent, it is now

referred to in discussing that heater elenent. During

oper )

FERELT bfrel'pB R, shothe i) SR vl O Pl otor fyming the
héater 3fhctufcoftthaémbddimentrafeind prﬁﬂthwdeshewn imFiguhe35. Accordingly, as

Pl A4 SpreRet e g of gl st 1 pihel s i s now

11
B gl ity A o il e

tHemlaecWodésm 5o(frepresenet1 byt parts debizsatedrbDdb)remthabiiersgrrent flow area

ﬂh?: ?qggo RER7 a&wg{“ Cknes el | O ‘g\ﬁrf %khe(%g%em%gléw& electrical

régféﬁmee SBg RbdttRamd éIerﬁéYﬁ'l'Oefe %s&ﬁ'@d‘in fighre 86187 tﬁehﬁlrt designated
enent OsovvnlnFlgureE d has just a single

10.364s d6ig add dhindivity the, widtheof the @hmwt inghis fembogippeat bsmg 1 micron
l.ower electrical resistance, and w ||
a&hﬁtﬁg@esﬁp@ﬂ%bzéﬂlfgﬁ flow, than the elenment 10 of

Figure 35. It therefore requires a |ower drive 15
voltage to deliver a given energy to the hgater 14

Itew@h hechoted the the heatergdrshows in Bigufdd> BasteiSHEFR 1ytsmélﬂer Cclement 10

|
Sh, U0 RS 8 s B Yot
cheateat UNbf Figedel 33bwillaee aﬁnuohéswemﬁlmmwl sesml&hc@, ang wli/hp@gmt a

h dt h h h |
higher Gl A oo Fi8rerort B eteso s, s herdn® ryayires gdower drive

Wehefly G0 BIbhelr 24 # £givefltififeONS | N
V%ﬁ%ﬁ?%&\}]‘?#gg{lﬁosee%?g upBer el %ﬁgntl fO 1 are 1l
mcron in wdth. Thus the energy applled to ink in the

Ilgg%ﬁ%:@ é&l t]?%:%thﬁfreﬂ?élavﬁ g{?ﬂ{?ﬂ@m lgglblfiefe%ﬁe&rgﬁh having two

h%?cknt ﬂgﬁeﬁﬁ‘ doR %@ 80 QLUoﬁ*ekMdetb $heF§éﬁfél in$t celire gOuedfithese elements
e sl ze of vapor bubbles and hence of the size of

10r2Ks (ﬂwmp thesj wicitteas the othepelementlfbbivith a correspensdingly largegsurface
t h t h
e a:%}/us ngf?%of ﬁ'xedgwer %rpéeﬁéllg%ﬁ %Q?h 1 181%?1% 1rﬂ:vﬁﬂﬁ nsI/hlle those of the

u@ﬁ&l él&ﬁerﬁn 0f1hge Il @iBroneh GAEH! THE. tBe elser@b@.jﬂle&ib nﬂmd themhamber 7
energy applied by the two el enents together i

bthe Totwee elemsat 1. ms t@merw Rpled BYthgA@Re q%em%é@ 1% given drive
vtg:lt?gee egntfd Hui Rt er@ﬁs 2 SE R atihB T the 251 apbr bub¥Res and

orna o nec
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. WD 2004/048101

PCT/ AU2003/ 001504 17 As the above factors of energy
woiposioay not be achi eved exactly in practi CECT/AURM®3/001504

"fine tuning" of the exactl7sizing of the elenents

10.1 and 10.2, or of the drive voltages that are

applied to them my be required. 51t will also be

e ] “
A%glﬁ) gnbotvg?ﬁcg&rg gf %{ Iﬁh ci}%telja\c;%%{é(;&)é}ﬁE in! vgﬁ&h':g hsome “fine
tupligyPefithel €kaet s1iﬁhg sf the eiaamdnltsalo 1 ed 10.2) @atftiocidsvel®liages that are

not _coi nci dent al.l ow ng i ndependent connection to

agRliedt athemymaydbeaequitid s.  Feat ures and advant ages of
particul ar enbodi ments 10 Di scussed bel ow, under

appropriate headi ngs, are certain specific features of
Ttewiblcedsorberiated thit thh gppaenebmidnd ). 1anrbtated ﬂa@luﬁnltf?@@ ebousfa Vertlcal axis

hese feat ure res € ered .in.
S g e £ B S0 e BRI S Bincen,
aﬂéﬁﬁl%qﬁdép@f{@éﬂt ESHheHidED Sepdifte @RRE @ibuispeci fical |y
excl udes ' certain drawi ngs, and relates to those

drawi ngs specifically referred 15 to. Suspended beam

558 ol SE e BPbBmenTC £5 ot 20 o

suspended beam and this is suspended over at |east a

portion {de5| gnat ed 11.1) of the ink 11@51‘:3be e
Disussed delavy windgr appraprisfedieadings aTq eer@ihipe tygs phprgbodiments

om i PRGh, dndahe E&Uamaﬁgﬁjoiﬂﬁéste 0dtureQ" THEFAEr&RE @djﬁéjconmdered in
n, ‘a substrate e case I n existing print

rayﬁdreﬂmllrﬁdhae diawinggpetiainingeto ticmbsene nwesmmfmrﬂess IthS/\d:ceﬂtdxt

Packard, Canon and [exjar IS co a

specarally cxpipdes R A éﬁwﬂtﬂﬁ Speffically referred

resent invention and the prior ink jet

t'echnol ogi es. The main advantage of this feat ure is

that a higher efficiency can be achi eved by avoi di ng

t he unpecessary heating of the solid material that

%Waﬁﬁﬁé%a—r‘i—ﬁ%@%eater el enents 10 (for exanple the

solid material formng the chanber walls 6, and

surrounding the inlet passage 30 9) which takes pl ace
With téfereped iorFigure 1dand asasentiphed playei ﬁhg hé*!'fefs‘%l@me@dlol igin L the form of

rraterla does n cont ri.b
53] RS B RS RO 1) o e
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



10

15

20

25

30

i nvol ves the wastage of energy. The only energy which

contributes in any significant sense WO 2004/ 048101
wEIAAEA003/ 001504 18 to the generation of theChabkiosso1504

12 is that which is applied8directly into the liquid

which is to be heated, which liquid is typically the

ink 11. In one preferred enbodinent, as illustrated in

to t}ﬁ eéjern%‘(a%iggto? glu rblﬁ]I%BE$ 1% hset'ﬂ'iﬂ'\khllﬂ id %pﬁh‘& Bﬁé@@qntofthé‘\hﬁiﬂ Rvhich is

ormng l1quid so thatf th
tolbeGehtdd saiiiclo liguid is typicallptheritk 1This is further
illustrated in Figure 41. I n another possible
enbodi ment, as illustrated in Figure 42, the heater

In nggg{f&rrgtpetﬁﬁ e, §§J§1ﬂ§t?§§‘(ﬁmqtlgﬁﬂ&q $HéHeake elemehiH) isBlspended
ormng I qui d 11, so thaf this liquid is
wnmhyhmﬂcdw (bhbble Fermeng liquidl o thahthis K swme n%gthetelera% This is

e ) e 10 R S PR B o i

the 'h@ét@f 186 e@SI dﬁeﬁmhbl blbétpencﬂea aeitld suﬁacmtahé 1rﬂ:r(hu‘nsiﬂe foreing liquid)
el enent 10 unlike in the enbodi nent describ '

17, eb shat s tiquiktiigomls balpwiihe elementraghs thag SMFPP“@% i}nﬁ‘“&rth?re is air
o @e%RtgrhsS?dee %Ietge g(;mggp Uhe dnfiod ﬁﬂgﬁ%emiéd & re'l:dtﬁﬂrtg ngjare 41 is

a nore e I ent operation.
plefdiredes HREBubbIe 15 @1l fxarll apound thé eleafeat Hhmdlkteon ﬂlegpmlnshment

dntiecin reheos el eaisci2 Gy B tRpble Bl gBD BF P L e dfent. Thus
; h?rthl}oﬁ CPCE ggﬂlgﬁ% %lsls"’hkeléfalg I‘pﬁ‘év‘?&@é moks éﬂﬁ"éieﬁﬂ@pérﬁfont he

eat ur esent |y under consi deration
is that the heater elenment 10 is configured such that

an energy | ess than _50Q nangj qul es

A6 Gam S sapIiRar PG BHEREHPIEGe ThuEge Ll 1y e ] Gement 10
QP&E& b8 kifle LitPisifFtl al a8 side, ) thattit ébnstitutes a

b%la(r}%p %‘gb%? I n tg?wrouglhe a 1rﬁlozz ae séo n one preferred

caftitedk.nment, the required energy is less that 300 nJ,

while in a further enbodinent, the energy is |ess
than 120 nJ. 25 It will be appreci ated by those

E%H&Eﬁ%f&%éﬁ}ﬁh&rdt that prior art devices generally
equl re over m crojoul es to heat the el enent
sufficiently to generate a vapor bubble 12 to eject an

T'}B‘FE dro ‘?’?%ISW ﬁIfg nsg]d%rz&f?)g dgﬁla{ ?lg lffegit@f]a@lg}énﬂ]f 01k lagnﬁgured such

€ an order o ower
thd1an chigy oﬂfes;kth@%O(D hetoj@lles @K) s eéqlmyed t@bs applieil $o thevebgment to

ener gy _consunption allows 30 |ower operating cost
heatdt $udficigaiheto foup |g|‘qu§‘gle 1249 tlgedn]émﬁ ¥ tgp]sestgag 13'0f ink through

adnro%?ia t’SI Clglohg pfselfépéd' efrﬁb%ﬁlment, 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
wQoe4oe8101 PCT/ AU2003/ 001504 19 These advane@mas2mB/001504
the present invention are d8pecially significant in
enbodinents where the individual ejected ink drops
t hensel ves, constitute the major cooling nmechani sm
o 565 S0 i s i
therindivtidumb ejecied inkedroph b, thdresebiesy anstitpiel thethajoy caolirganechanism of
| e t 10 to for apor bubble 12 so as to eject a
é% %W%Pséﬁfn@fﬁﬁgﬁ?ﬁﬁ§9%d fromthe printhead by a
conblnatlon of the heat renoved by the ejected drop
|tself and the ink that is taken into the 10
Se ina df theqmintltead i nk reserv0|r ( not shomn). The
result of this is that the net "novenent" of heat
will be outwards fromthe printhead, to provide for

BHiS fRicé 6f 150 Mvefflon pdSRIes HHAGHR enbrigh Gppledda @dratet Elément 10 to form
print head does not require any other cooling s

aA@pphbubb&ﬁ(ujm)@ﬁ togiest @ émdl dnk hbisgawared Hem;t ﬁépllrfhead by a
cg}no 1natloplto?th rl}ea&ekﬂ?)&@%@}q lhecej Jc'teelal cﬁ‘{}@ 1t§ o ]gmcli t:he%l? ﬁfateg éaken into the

are cons e’ sane

pMnMiea& Foanthedhk ses&®oid f(ndt hBoWﬂ)TE‘Then‘Beiﬂ;t, ofithis nSSthat the net “movement”
convenj ent to express the ngA élm)ve nt of ener

anhe@t%lﬂé}?é)%‘ﬁ?fés ﬁpﬁ)ethe @Héﬁhﬁ QI EOyT 0{ ﬁgolﬁété({ %)émg v Under these
&%ﬁmﬁ 208 he ;lagnth%ﬁ&j dO& of q9 Pﬁﬁ M%oohﬁg fg@% md, enoval

eaf energy t resu romejectin I nk
drop 16 and the |nt ake of the repl acenent quantity of

nk 11. .Assumi, t t he repl.acenent quantity.of ink
Afthe 0 giop 1 CitHeatad ARt O B T oW ARG o nrighsaitgs replace the
d @op Gle RYRIRA by The dd& t%@@it 1&fhid A d MR le&RBARRLbe of the same
uantities of ink can conveniently be expressed as the

thasat it isanvewentdo bxeprp@qhe n@dnct\@meat efeenergyanst emibeoae hméi the

S opaf EBEL R e AT T W

Hebt rierd) 1061 @shltsFRonh bjewlind the enkadbp €6 had e¢ ihfaké ofthe replacement
determ nati on of whether the above criteria are

cu@p@tydai i 11.whssming thet thereplacemenbausing it oftislapb isat ev@lent
t h £ S

b8 S B e e SRS KR e i

dualstitlds Eihlecs ddﬁeerﬁéntl’yt Htﬁﬁﬂrefsseblms tliehlﬁaeat thiat Wbﬂldd@eequlred to raise

reservoir (not is connected, in flu

the tmpesrrie i dhg %eﬁed %r@p 116h’é" it wgret %@@%@é@wa@freaﬂ% the actual
@ﬁg&%@gﬁgfm@)@%ﬁgﬁeggb@edgnbl ent tenperature will be

Xmy

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®3/001504

|l ower, or if the ink 11 ent2ering the printhead is
refrigerated. WO 2004/ 048101 PCT/ AU2003/ 001504 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

h@bﬁ&}!ﬁ@ﬁrx@ﬂ dmbeineRe MRNprinthiendrs désigrdob achidvekbmiptete spifitooling

to the heat energy added by the h%%%Fr | emrent 1&%. 5

(iBy whaye the owigaipg heat %@Xrﬁuﬁéo theget efiieet pihe pipcied apg replacement
b i hE. : i ng

oS of B TS ekt BB chinal B 1S Bl iRt 2 1

the anbient tenperature is 40 degrees C, then there

' ' f 60 d f. ient. . ;
BYCHDAAEBIe, SRR B (Bl Hy® AP ORRTE dauid g i water
vhilR it hw%g BO7sE ?»bhh”c 8f hpp6xitdadly 1d@d4§b%s R, iafid [FeRGlambient

coul d unde s desirable to avoi avi ng ink )
térepayetued is 10 slegrieeshC rthemthers is pmiaximupefie degisen Cdrom thggmbient

t%gpqr%itﬂge tggﬁ%&n]’%glpﬁ ¢ En%nﬁn Timgéq%rr}h% r'gtl}\éﬁ{rg)ﬁ%u&a@rnggrg & rise that
{ tReddQWBRINAdEF®, then tenperature variations

bet ween parts of the printhead 15 could result in some
regi ons bei ng above boiling point, with the

nint.ended, a t her.ef or Jo . [ :
e
il diopel 6 djpvien) which iafe ey Elogitoahe Boeitihg pbiat oftheprketle If the ink 11
self-cooﬂing, as descri bed above, .can be achieyed .
WTe A SR 2P FRIFTS, 19D SFERIRBIETIGHENS heRVaeE e b g Printhead

f | iSO il i L Gl i i erefore
SRR bl Rt} PR DRE R SRRy v
\2desttablee furmifion of vapbr mdthilasel 2. Heordiigly,advefetrad embéditiset of the

feature presently under di scussio and,its various
AT mg,gur%u%@@t Gomplete sag-cwgingaaﬁqﬁ‘eéﬁﬂsﬁf&a@f)‘é@ can be
ARASES Wnd e bRxirBudl t&ﬁg@r@ﬁ?@oﬁﬁe Rk Nt (BEBYle GRaTiAS 1iQAd) in a
w thout requiring el aborate cooling nethods for )
rartEonéarnovzie dhetsr 7ési 10 degreesdC belowdisAodlingpods veliindbehgating
eﬁrﬁpn%él'es fromwhich ink drops 16 are being ejected.

et Qs 394350 %Ss nuch as a  hundred-fol d increase in

nozzl e packing density than would be the case if such

a feature, and the tenperature criteria nentioned, )
Thermainativantagee the feature presently under discussion, and its various embodiments,

\J

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

woomaloesoB8 on the printhead. Wth reference tPCHFAY2008/001504

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. WO 2004/048101

TS S A B B o

nd2z1808r sezztm ol pafaceqisar e cm of surface area. In one
preferred enbodi nent, the areal density exceeds 20, 000
nozzl es 3 per square cm of 5 surface 50 area, while

1 Qn@@g{"el?%g g%gfiﬁ{eﬁl? %‘Heﬂﬁﬂl exchdR 2@r0@@|no£|ﬁ9§'3 b¥ square cm of

exce noiz per “square cm
smfafeeiOraeeh ediilo dti anstiber ptdfami enbodimest the areal 481882 @xceeds 40,000

zIe53 er _square referring.to the
A § or s o) Rereferred FRAHEGS e Eitra s 2 B2 nozztes
ﬁygighéaﬁCU|try 10 corresponding to the nozzle, which

consists, typically, of a drive transistor, a shift
register, an enable gate and clock regenerati on

R el S8} BRSBTS g iy
cOirBPoRdiuB itd th@@lbkzlé Wisicle Beists, ¢ aﬂy,r@’fhsdrﬁfé&r&ﬁlstohﬁl shifpregister,
unit cell are shown as being 32 microns in width by 64

amiepaldp gate and elogk regemarationosisduitry3(tiys cireyilsy pabheing specifically

%$% ive row of nozzles (not shown) imedi ately
???x ‘g)zses this nozzle, so that, as a result of the

di mensi on of the outer periphery of the printhead

chip, there _are 48,82 nozzles_ uare.c
gh sefeenoas Rugvied? inehichAAtelepUkPa LT Py ohe Fimérbichs of the

I%'eﬁ a{% shbiffa gplamgr 3 1@13)(1319 il M(ﬂﬁ ?9 64 ﬂﬁ&oh@ﬂﬁ%gﬁidf%e nozzle 3 of

€ Nnozz nsi t a piezoelectfic
thnf nendt bedssiveErewrdinnzz es/@iot ﬂwroﬁmmema@ﬂy Bxtabsad dlnis :npg/zle so that,

S Io t t th
op F5F LAl G Geitipn e itek PETRO Y priETea Ship J4S Bue 48,828
nb28edPbE: 4842185 Thil RahoGEds MBeAhe ABPRE A8 dnSitPof a typical

square cmof substrate, the nore nozzles can be
therbral okt éqonnﬂlead,sanldgb%lﬁﬁﬂ%tlmﬂhﬂ@hloﬂiﬂp arcal depsispata giegoelectric
of on&avvafer The cost of manufacturing a CMOS pl us

fer 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.

wabeneisioe if the patterns are rel atively snal PCT/AU2003/001504
rel atively | arge nunber of 22ozzles 3 30 can be
i ncluded. This allows nore nozzles 3 and nore
printheads to be manufactured for the sanme cost than

é}%”g @ ﬁq Vﬁhe&@oéﬁb 15?%20%'11%{&’;1*‘8&11%' ower areal
ortional to the

area taken by the nozzles 3. WO 2004/048101

PCT/ AU2003/ 001504 22 Bubbl e for rmt opt,?n ite

Agegedingfo the present dtadiehe heates i s gm@ n a bubble 12 forms
%‘ﬁ%{)lﬁié 1 } éﬁ"ib%l%%ﬁ{ﬁ Ii Aﬂld) Sit E&HHS ﬁgfﬁ& 3£1BE hohE 1 dnent 10.

form ng

Hrefetabﬁ;), it fotmd sr aveo smdnntdhhs heiter abdmentt ¢ 0 vdmteethe elegrmphis in the
gPref ly, it forms so as to surround the

H’é"éf) ?Sléglp@‘i‘F{?ﬁT “where the elenent is in the form of

a suspended beam The formation of a bubble 12 on both

sides of the heater elenent 10 as opposed to on one

Biedenmtio;n of edmbble 13radroth sides ofi thhheatdretanmand 10 os Fhrpsedtp on one
and 46, In f the 10 figu ‘.the

Sty caf brfetoed i refient Botele A BULFE RE fropgf these

ﬁ%ﬂi’éﬁe&e%h&r €1Bmenmel 0Sik d@ap@&i for Y Hudblen 21t ®e Fo@HANYY on one side as,
ese figures, the elenent is adapted for the bubble

wlzlq g tb@sep@mm@ﬂhewrﬁmsw@etment sadgpleduior thebybble 12 to be formed
uch as that of Figure 45, the reason
G0 P42 Siat

12 fornms on only one 15 side of the
heater elenent 10 is because the el enment is enbedded
in a substrate 51, so_that the bubble ¢

b
Ingroppfiewationaich 5 that of Heuws 4 t@aﬁésegﬁ%&ﬁigl%l? 2:forms on only one
ﬁttﬁ@%&ter@em Pd fﬁ?efcaustelﬁ?e Q%gétq%&%b&ﬁﬁdfuﬁ)ﬁ E‘ﬂl&'ﬂrate 51, so that

es in t e configuration igure 4
thehulahle edmoeld fotleden melmrtmmtqvenb@drremndﬁlgw thessabstrate By

SRR e BoRRaN? 59" eSS dSh oy P AaBialoR o e 46 a the
Heh @Y eRmbnt 10 KerO 1M Sendidd.i s al lowed to formso as to

surround the suspended beam el enent. The advant age of
t he bubble 12 form ng on both sides Is the higher

Glnsbreraet et omefi 0 EXE MeTorm Of EatPreG el o descrbed

dHRVE I RlaSioh fo Fid@re N itld Hibble I istallewb& & RFmeb @i eN§urdfingd the
whi ch do not contribute to formation of a bubble 12.

sppended bean tlgmentat ed in Figure 45, where the arrows 52
i ndi cate 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 anpunt of heat lost to the
substrate 51 depends on the thermal conductivity of

wo b@4me81dd nmaterials of the substrate rel ati vePCDAUR®B/001504
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

Pb gane 51 rather than by the ink 11. WD

/ AU2003/ 001504 23 Prevention of

cavitation As descri bed above, after a bubble 12 has

b f di ' ' '
AgstReohMESeARe AREHRF R 1ot AETRBBR Lo el RO =
erﬁb&ﬁhllaﬁ'ﬁ (&f t]%éé L @R §f ettlon, e lﬁ%ﬁ{q&gllﬁﬂse& Qov4ies & paintioLcollapse 17.

present ng addressed, the heater elenents 10 are
Acentlingio & feagufeqresenfipbéing bidessed, thohedtertelemnty 1 presontigured

tciogt ghe Hbfes 6o MR Hedep s ShediBom Lo rur e Shiof R bubbles colapse,
al:gga? E@sﬁ@&ﬂs}épa@eﬁ%dﬁﬁ tHlHeERE clemesBN Prdferably, e prinfirhd iswnéigured so

o solid material at such points of collapse 17. In_ .
thahthereiayo selid materighat sheh pejnts of wallanse By ob s Way ¢avitation, being a

art thermal i.nk jet devi I:S..] an lLim.nated. 10
it koG 1 Bt Flmde] W 8P gevifesy RIBEHY SidiflhfgL B 10
C\Eatﬁrdelferrents 10 are configured to have parts 53
iC efine gaps (represented by the arrow 54 d
Referfing to Kigere blgbm agyefepred embpdigent e lbfz?uf%te&n%ﬁnt%m "rafg Gerfigured to
17 i t
bl e 3yttt B0 AR FonE Rl AR AnGlaoty SRR ForkH BB bubbles 12
s<:SL gﬁsflﬁ@fohﬁi bijcoliapiedlsy toantiittathie babblasreq]psoare hecatedzat such gaps. The
el enent s 10 and, other solid material..ln a st d
agiamies 4 s 5Nen s A S OGBS s ation gy B8 heater
efeﬁfe he £ Bl B miRrikg ermbedded in a substrate 55,
Wthoan 1nsul ati ngml ayer 56 over the elenment, and a
protective layer 57 over the insulating |layer. \Wen a

bubbl i NN u .
240l SO ol APk 5 o 105

e@fbe@&‘&"iﬁ aR¥bRE . KaanSBsulatdlg lapdr Sblveecthe eliyhent, ahie protective
ubbl e coll apse is focussed onto a very small point of

layet 5apee theinsulptfing Jagerp VBherca bytble 53 is-fonmed ey the gleasat 10, itis

t hen t hani cal ' '
T A
R ie SferggAftiRdisdble/collapsd ifl fedubgeddneya very seiati geirt bécollapse 17.

heater elenment 10. However, this is pre
Ihihe peatestive laygy &7 were absent, then the mechani?:al t)cl)?cre]ets ﬁge ttz)ythg Iga?vitation that

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

whi ch oxidizes to forma very hard |ayer of tantalum
w@emtoxslide ( Ta205). Al though no known mat eri al BCT/AD2003/001504

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

v:ﬂgl%lzl ltﬂ‘% ﬁfgo]{ étg{ztwg lgge%?z ;(l?%gn%ag t}ﬂé@m@% ﬁﬁ cgt%{i1 'b¥ ﬁ{eeyreference
rﬁlﬁﬁteﬂlsg)’rhﬁetrﬁahéatéd i ordet tootansfe lthed deyaired Mﬁfgy into théirk 11, to heat
regard in known thernal Ink]et}u’;ggStenB

lb@r%sép foren %hﬂhb&ﬁﬂ%fgws leyse S S hagg high dhgrmgl @awg’ﬁtt%&@ Vegy high
atdilerw %ht%ffftlf‘ect\%%tam 200 HiOARLOL tﬁ&&%%%@&ﬁf Y %@Qﬁ‘{rangf%r Not only

Vi rtua protective layer 57 (havin
diobs mMasneasertﬁe ambent d:f)heathze‘tncle fsacquicd at lthﬁrﬁevﬂldeﬁgl)atemiﬁ to raise

i eGP AR TP AOVel Gegiated Gt seLeia s 5 et i o B also resls
ih4 suﬂg’c‘érﬁlai ﬂﬁéﬁﬁalqgsshé%k% M8 iy R Bliof¥BASicsleE b% Qletsdiﬁ%ws 61.

very high atom c weight of the tantalum and
Theskudiszlvahtage Woilld ne by presertt itthk deatet ¢lemeritei0. wasanerelyl sppported on
5 this increase the a nt .of at which is

s e dEOTEREry HEoRRdedss 3 ot s ¢ he
tenperature at the |l evel designated 60 sufficiently to

heat the ink 11, but it also results in a substanti al

Adserding tol the feafuse prasenth) under discuspien.dhe aeed fons pratentivadaygr 57, as
cf%é(cr}b%g ta%‘% & av%g’]ded bzé%ﬁ%aﬁg@g ‘{)ﬁ%IQQE s%t gt c'sag%lj%%r,tag éllustrated in

presen

Rigure ag stotvhaize poiet of@sllapst 1¢avehiet there i mldtrﬁaxéﬂlal eand more
| ayer 57. 10 Accor di ng to the feature presentl

nartiselpskyi viere e i dessdpoi betpperagts 59 Of g sates ?fé%t 10. As there s
n?%élgfrthé)ﬁﬂitl"’}q{%%ﬁl bils I%Y:Qtjlcqle@ngf/ Oggit%rggeaéeeg\@&tl%})gt}g@f@ |n§ énatenal that

it co apses I gure
camhaedmledihmlbytth@éffmﬁ d)‘ﬁaqasfeatib?l dthewbmpdratuheatehé poinoof collapse 17

solid_ materj al articul arl ere there is
AenEY Bobiteanoh 3k tnonructted B B ahdrarmanen of

sbfolhRgdBed®. TRidWRliBdr¥all (lm?wﬂ ¢ idd cdrhSlehtsial tHabpSint. However, the

ocation (prior to bubble generation), there 1s no

vohinee ofdxtiehmttempentubeatdhopeidt dicgodlapse I7his sefield that gfe destruction of
. avitatiog HFeratyre P Ehe poi nt of coll apse
SRR Bip AR DB gl ees. C as i s
denonstrated by the phenonenon of sonol um nesence.

This will break down the ink conmponents at that point.

The\gsnerption pithe bybblad 2 ofo thaitit eqlapsesipwiigds aeing of txﬂkapse 17 where
tgm g%n |on lﬁgrlélltn%%%: %ﬂf%e a&n?ﬂed%é he%@?gleﬁllgﬁ%sq% tol}r%s%}ongﬂlg to that
réprésuntdddanthe 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@olom4sTat eri al can be achi eved usi ng heat er ePENBOR®3/001504

10 corresponding to that represented by the part

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

represented is 25 symmetrical, and has a hole

[.epk.e .
HEREHFRERLSh B ke SRR U P, S0k o
sélitemelegigent (as indicated by the dashed line 64) and

then grows so that, instead of being of annul ar

(doughnut) shape as illustrated by the dashed |ines
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o SR e Sh e S REB S Wb ARER ol 7

c&ﬁéﬁcﬁ‘%ﬂ@'él@ﬂlentt he bubble 12. This involves the bubbl e
ape noving towards a spherical shape as far as is
permtted by the dynam cs that are involved. This, in
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cBifigtired REacRRAE ﬁrsn@t'ﬂartréb%lthwfeﬁﬁf the brfRAt 10,86 1thzhméﬂs1diribdrsach that
is ho solid material. The heater el ement

thredpsrie 68 i smeplbankfacsing inagewacies of the ﬁ%@t@l@ﬂ@mqufect the extent

PR LR R S RaPiT: sl fne
thd Ingte. Gr er@tiple/the holethaydfe asditil@apsefawomidionsactdse. Mitlslod igh levels
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e
oé pegwEasY In el m%ntép icanii e gehivagh LuemAEEPSE it ﬁ‘ébtbg%frrﬁpfesemed
: i
5535 o OG0, 95 i ot
collgpwe mtithiDsiBh ai snadli regiosi tmasthsuwase, whithtregarth éo thelheateselpment

smal I, manuf ac ng i naccuraci.es t he heater .
renresepfed 1 ?éétl bt Eo08 A O i et Sa BRARY b g, thereby

h e RfintCTcbBRRE of theitibbRREs to fall.
ll?(ga%soﬁrfggfi?ﬁghtﬂeq%gheﬁgmé th{ exanglﬁzs t he hol e may
be as little as a few mcrons across. Were high

1t € Idment ]10§§ cannot be

i A S TP ee P Pesent ed 15 as
12 36 that are sonevvhat | opsi ded, so that they cannot

be directed towards a point of coIIa se wthip su
Themokzzle apergre 510 eachcyniteelldsextengs thtou&lg@rs aoFEe plie 2 e fozzle plate

eat er e t
L S L R O
Vaﬁﬁﬁﬁﬂ&@fdﬂ@dt@hﬁ)oﬂﬁﬂ@ts&} thd @€Driegf siicormmitides ’slhbdsred1pmdntor oxi-nitride.
| apse 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

wa 2@nesids t hrough the nozzle plate 2, the noze¢PApL@BE01504
thus constituting a structdse which is fornmed by
chem cal vapor deposition (CVD). In various preferred
enbodi nents, the CVDis of silicon nitride, silicon

di %;é :ogedlﬁ{qggﬁé 1@-& rg ess ﬂ%‘g‘ @ﬁeé@%@g&?ﬁ(g}(ﬁlfﬂgé 1%}%216 plate 2 to the
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as the walls 6 of the unit cell 1. This is an
f aft NEhiBRAANS th
P32 AR PRSP E SR T ] o\ BBRA tho i
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004/048101 P / AU20 001504
R, OB G SST T P AET D RERF L AR o SO a i rom the

dih%’iéﬂlt%rﬁb&ﬁﬁr@tottﬁe blithg teinpehtupSFegired foR bbAdHE thefparts together, can
thermal expansion is a significant factor in the prior

capise a dimeshion inismatch hésignifisantly gseaterrihan ewholetwzzlgdenghe This
f s | di f f th
T R SRy SefelaP R M s bt ween, for

exanpl e, a nickel nozzle plate and a substrate to

whi ch the nozzle plate_ is connected, where this
é@%b@rﬂa@@emsadéwsqu|hyéb?mfeaﬂ%esqlﬁﬂaf‘emgﬂﬁwaﬂﬁﬁﬁeaﬂy under discussion, at

12 ﬁ?aﬂﬁ%ﬂéﬂts ?ﬁ’e%o 6 gt’t ﬁhﬁg&e é\/}kléttes h at need to be
occupr ed say noz e relati
aswalvlsd are gehaallyotanunaedaemmelwmhhmdeesﬁhe pnnﬁelegxhurukr ccnmlitions of

biJ1 heated fromthe 1 nt te rature
By Bhaiere LIne A QOFREBR ARG e dsiieelions of the
&é%&%& hehe d@p’%&tmg JVER Rk %W@Q 89 OV fRERbodnents of the present

si gni ficantl y greater tha whol e nozzle length. This

mwerdtbntaronls ¢his.f i cant |y detrinental for such devices.

Anot her probl em addressed by the features of the

i nvention presently under discussion, at 15 least in

K Toeskr aBMntadeRE 1RO resonbfehtiads, of itk ﬁf/érﬁfonaéttleﬁeﬁi &Sodiments

nozzl e Iates that need to be assenbled are general ly

thenepf as tir @nmcammlatyr@ﬂnemm ssmigandugip] MepuaeiuTingRIoCesses.
ondi.tions ti t Thi

BB iogaatle g2 Bu G RO e oL AR Blardl 1 ifiRlladdi thé printhcad

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.
WQ@QooA0is1nt her advant age of the present featur eBRCDAURING/001504

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

conpatibility with existing sem conduct or

manuf acturing processes. Depositing a nozzle plate 2

CvD.all o . . i -ACI j :
0¥ PTG O Ufo RS RREAUE REGLR: bbbl S 180 S Bnbidbrossure in
iy St dhamberBina@ bgrsag, d9aricranss Wathl ryfereneel tdf Bigusel®, which shows a

conduct or manufacture. Exjsting thermal ink, jet. or )
upifisell & thaids agidn aFROTAMRERIT ﬁlafeprgfieagw%tl% 2L v Bfeh dias such a thick
nggiryeo Eﬁﬁé NGt wﬁﬁjeb%pﬁr&?ﬂ&f 1?%’6 sglleh R 3 SEnesOan 4Rl Oin Hpéblems relating to

pheres. e nozz ates 2 in such devices
drey gjectiopl IngtblistegseC @ totthe thickmesd afwrzlaplae2 the fluisliudreg exerted by

by e B S50 A B 8 e
e‘gﬁ@&ﬁi},%lfitﬂé@qigen the art, such thicknesses of
epos

ted nozzle plates would give rise certain
probl enms as di scussed below. WO 2004/ 048101

Aﬁ}géq/f\ggo%g%%? ?vg)ﬁ}d ei%;gst\%? fhﬁ?é%ﬂ% sgcti%ﬁﬁcg{ rtlfrc:))z%g})eei?té Z%elates to the

RhAB&UKiRg Wbceésh?hi@ W dsk@mianiieke HoZXRYDB etchad, as sBown, perpendicular
mcrons. Wth reference to Figure 49, which shows a

tor thet wafet § ofithe Hebstrate pestion, forsxampleaising aitanlarplagpasichipg. This
. . . _ . |
3 07 D B B PR 8 B

thikkhdst of Fesist 6R ke quieddielel 9 f tezomtidn bpcompesdiffionlt td achieve, as the

this case, due to_the thjckness of npzzlﬁhﬁl?te %--APE .

fppalidgpth of theptepper thatds pyed tosEPeNs B9 wesist iggelpfively fpal} 1 AfiRough it
) h i . I L .

AT SE oI B GRS B Bop R THANL 50 SO 1255 Rle bBuld be s

relatively exstlytprocess.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 Firker ﬁfoﬁbwn‘?fhat HBuldn&istafiBrsugh 2thidlSo21e3514t6 2L a case where a 10

portio for exanple using a standard plasma etching,
rifferan thivkdyer bfpitode Were C3GD degosited en & lyiigon ubsirateoyrierpfs that,

resi st .69 be applied, To ex e that i f

588 B9 o Rl rERROEaR bl SR E R s, o
WIf £d @ulidhetedt @Edtl B RithSthicR@epdsae@layeg Bidwater ¢difd be caused to bow
stepper that is used to expose the resist is

toshelt 4 Jegroe thatlurthermtens du s lithographic process would 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

wa@omiloysipr ocess. A further problemthat woul d BXI/aU2003/001504

with such a thick nozzle pl&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

i f . . ' .
B L L
tivé dhlainbet Nisadnlydaposiimattly hywigsphdre andihetr1 00a@thadspheres as in prior art
caused to bow éo such a degree that further steps in
deviges, pY MEBHASARROYS 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 )
Thesesirbany fastols whthantiadetsus theesdgnificant resfustieminepressure transient

repuli iy gt O BB 1B tRABF ceent i nventfon

1t hgn M hbt dhbfiBerpzzl e plate layer 2 is only 2
m crons thick. Therefore the fluidic drag through the

2n oarheate3fabcation of apzzled ped thandiegdi fi cant  and is

t her.ef.or e. .not .a_ mmmj c f.lgss. 30 Furthernore,
3t h al@{@'h&tdir%‘?e%’r‘i’& a?!woé’v ?@%ﬁ? oc{[Ll tkness required to
46t 6dy N6 BuRISc ahd theridt brodstalkzaleenpbatles , and the
stress on the substrate wafer 8, w |l not be
Se xeptimym @ozalgsize tuhpubb e PCT/ AU2003/ 001504 28 The

e bV ' / : j .his invention is
%n@f%%ﬁlacgdré @P% egélbgé%gltr?g?é?iez §|’n the chanber 7 is
Tonlow pressueedonedue! ty ik gectivaphengh trednled®; 100

at npspheres as .in prior art devices, as nentioned
Sabplecooking RBetatigh-e nany factors which contribute to
the significant reduction in pressure transient
required to eject drops 16 in this system These
Asnakntibeed dboverin kdlatiinztbe pfocessalebaibed in terms of Higures 6 to 31, the

fabrication .of zz| e chanher .7, . 3. stabilijt
T fghe F Rk e A R aaT e O pg RN sl One such
stRWidJoditle &86ng Bﬁﬂh@?é%i&{ @@sﬁ%ﬁ{dﬂ 436h Wegies WE&IIEN), & form a recess
5.7 optimum nozzl é 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 layers
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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 pdoet4891 8. sel f-cooling operation. 15 As nePCT/anzm3/001504
above in relation the procé@$s described in terns of
Figures 6 to 31, the etching of the 2-mcron thick
nozzl e plate layer 2 involves tw rel evant stages. One

. e
AEERine3 W pp RhEIatte, o Bl SLRRALY of tafil AR 10 disposed within
tiudhamber D6 evd@hﬁmmcblll 1b&herkentehs Iowhich aré forrhed Bipthe lithographic
ot her such_stage i.nvql yves furt her etc
DRSS dgecaivgdh abes i sﬁﬁtww%aglgg 638 34rde ??ymeam E%Pec%ve layers.
actually fornms the nozzle aperture 5 and finishes the
rim4. Nozzle plate thicknesses 25 As addressed above
I prelf@iredtanﬂmdtm)ertts; @s flowraini R)gure$ 38,1 and 51| the pcaterelompyts 10.1 and
and with_the |be nthat
rﬂbe qiaﬂ’@eﬁaﬁ‘? %f‘g&é’fe@ ﬁﬁvﬁ OSEENP 1Wiventl on are
th| nner than in the prior art More parti cul arly, the
nozzle plates 2 are less than 10 m crons thick.

Admawlélﬂmappnbcwmﬁdmthmf@renqeﬁe thesboive dpscapéonz obthe élémgraphlc

pgq%ﬁ,, g?chd}egtregélf sll%gg%‘gg 18 01%net%ria%/ at eélgts h)’%ﬂ’ cl}%gdt%rocess the

lithdpieAphse dtéisGhlatihgibaReh ofie oBBle Blegfents 100 bdihg Hidting ffoai those

the nozzle plate 2 is 2 mcrons thick. Heater elenents

relaiingle theoter demenitlO2aver s WO 2004/ 048101

PCT/ AU2003/ 001504 29 According to the present

feature, there are a plurality of heater elenents 10

Thhe st M1, hiom aré bﬁ:ferhlﬁisr’rsmed Telativedtachchuothér, eetelfledted

The elemant h are_for by the |.i.t hagraphic¢ .

SEIGRESEIIES hedbrBbel HBB9S L Tohahat they ron U Y INBag egghted ink
f fire La(Se 1rAYRH 1<’r'_’hév'ih ﬁ&%ﬁf %?h ighted

dg(#o %g%%ﬂﬁggésaom%%%{ aig%res 3%5 é% th ary weighte

vohmtesro bt ejeeted throdghlthandzzld 8 of themartl'meﬂar rmalt‘@eﬂ 17 The raehlevement of

of different si.zes rel ati ach

o o et Srow P ER bikafoe 1Esehsatish By o relative size
of RGN 910 @fana ﬁl@ 2| id hRAFEPN g arbd LIRS Bott@AhBatBedbment 10.2 in
el enment 10. 1, .2 is fornmed by at | east one step of

cohtact \mﬂmﬁl@ssk 11 tséw1cp0hat|quzgh®f;ﬁmetensqnéb@1r elating 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@giaswpf Figure 51, such that they can achi BUBAU2003/001504

bi nary weighted ink 15 drép volunmes, that is, so that

they can cause ink drops 16 having different, binary

meighted volunmes to be ejected through the nozzle 3 of

t he r [ ' .
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thwsupphieclisgesdetthe o ¢lermentoo ThiscapAlse be ml@ﬁqurmf;ﬂdwseng the
%atftllfil)gtr iﬁ{e] cipe%‘é‘r;'m@ﬂ%% 5% t-\ﬁe e ﬁqleg?ssl (?{' Elt()efi 2 iy }%mgee\%dths.

sl ze be cause

}Riv%i)’éﬁ (ﬂh&p’ulédﬁﬁldtﬁﬁ’@ﬁnﬁ&ﬁtb&dta segtabiLdahdies of 8me, bekb2us2 oanela bubble
3. 301t will be appreciated that the size of t

B anarlertadon herrariaes o AIRRRJ0d. 102, 168 SPeguRAoRl Rulse width
gr{fll {]@Ig%?)f[fg'bglagﬁgleto‘?n‘é%% the ejection of drops 16

avin rent 'sizes or e ej ection of useful
conblnatlons of drops. Indeed, the binary weighting

may wel | be re resent ed 004/ 48101
@&F}Qﬂjﬂjb@} theslew themnal mass ¢ B3en Flements 10.4¢ 1.2 allows them to be

h%%t%g‘?@fe%cﬁl Qedy qut&kld thORIRRENGS at {Nﬂlcﬁ' HbBRs i D aresboANBNAR at which

t’o” achi’eve blnary wei ght ed drop vol unes,
droyes 1A are djected nd¥laitst the n@mm@n§fﬁe¢mm}1wgvndﬁgs limited, by the onset of

r at on of bubbles 12 dr o
R APt PTG Sy RO et SPory e imymy pulse wideh s
1%1%@ Sy Bpee dvatiablé Berdhh aAPEand/thb comtitiiensigzBhieas behslerated by
a drop 16 has broken off, and so 5 forth, nust be

thohedtdelaeentntG bridihgl y, the actual ratio of the

surface areas of the elenments 10.1, 10.2, or the

performance of the two heaters, needs to be adjusted
AdsHokaGhiFegure 61,286 tv@y Beaters 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
wob@dme4gibe ratio of their surface 10 areas i SPCT/AU2003/001504

therefore fixed, the relatid3ve sizes of ejected drops

16 may be adjusted by adjusting the supply voltages

to the two elements. This can also be achieved by

[ Ay

hgﬂ{eeﬁ%fﬁ)tr gﬁ i%@c%b%? él?gélé)cﬂ)lnocé Fﬁﬁee ?? %ﬁ@#léa?& epeg%%‘?ssl (Pf lt()l'he which are

ifrhwedek layehearr@plotiacad sihbRarzansipin thn carae stap oftheditiographic

anount of tinme, because once bubbl e . 12 has

ARSI RACEEH A1 S5 TBRAGIB P! 9h A EFRSHE i gtipn isstzated in Figure 51,

t%m@ﬁb Yer?é‘.l%ﬂah@qoqf 199! agslﬁ}q%tfdﬁlgd aBovedhk & grn{éaq;netaﬁepthe other.

e of no ect. On theée ot hand
Thdeed f dsatenaibedtn ﬁla;jrod:dseﬂhls’aated witheaferdnse kOFigyred 6.1@3 1 the material

f GreRaelirieoh 0 dspoptistngds E5nakaed §f hedltaigbie frofess

Wit Gier 4 Eafb?ﬁicilafﬁ 1@6193 @is%b@s‘i’ted%'t&;?of tﬁ@t dIBédTL4Rd then the material
effective pulse width is limted, by t he onset of

fouthbbothenglemeat 1 &h is doppsited] swhett @h@sa@uﬁ@uablaser is between the two heater

h el
SRR B §0at Rt E ol The PR P B becnd b s gl gpephic
st a&n&tﬁ@s%ﬂc‘iﬁl%ﬁigﬂlsh%mo%@ heater el ements 10. 1,
. As shown in Figure 51, the two heaters

elenents 10.1, 10.2 are connected to two respectlve

ri Cl | 1
e oS B e SO ERE, LS (0 70 o
méntiohéestiond, this Hwyhe)édvhﬂtegethat it ennbﬂes thé 6]l‘emex‘amp)be sibgd so as to

sizing the drive transj stor, (not, shown) connected to
achiEVe BiDLe DaREK tveihics. drgp Velﬁme§ fromeonfiipRZieyr r ent
el ement, larger than that connected to the upper
elenment 10.1. If, for exanple, the relative currents
Ipwill/balgrbreaiated that, edpecmuitipledepeniumes@ad be dchidvedy #di especially if
he ratio 2:1, the drjve 30 transistoy of Ih LI cuit
&b RSBt Baichis, fen PaoiomaRhic AUAY F67 b QRiAIRaT e dlng fower

ﬂ?ﬁltédvﬂo@ée ahd 8t a Wik Briff rebdiftigl. i ve transistor (also no

shown) of the circuit 70 connected to the other
el ement 10.1. WD 2004/048101 PCT/ AU2003/ 001504 31 In

1{\1@@{3&5 o %:ﬁhges%%re Ifqgl%aétgncre%h&%%}heg gl?et FJ ﬁé gargl%‘e rT%cfhleved That is,
ihSyRI of J@s!t RjRtiAS UL Eropi 18bnH ANROMStiNg fo? tﬁé’lﬁ)zﬁwmto%ﬁm tBé equivalent
the lithographic nanufacturlgﬁﬁprocess In

Oef mbgdvvﬁem thege droies pight baeiestad.ohsioing thathe ﬁwﬂ@bleu rgfill speed of the
UM b PSP 86505, B Mg i
may be achieved. In practice, however, the nozzle refill time will typically 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@4plsanent 10.2 is deposited and is then etch€dAUR003/001504
the |ithographi c process, 3®hereafter a sacrificial

| ayer 39 is deposited on top of that elenent, and then

the material for the other elenent 10.1 is deposited
RS R R8¢ )€ Bler RS AhSCARELPPRHERE 73 Ukt s formed afer
thé SEiNdr vibﬁmie drep ahmsml cipcted fﬁm@ drechozile Baofthé bthed Ghit cell 1.2.
step, and the sacrificial layer 39 is renoved.

Referring once again to the different sizes of the

thedit ER 111 ROAE iARAPY¥Euter surf:
ﬁﬁ%gﬁ %gg%%taébgﬁﬁh]?%ﬂ?t eenab l'es the ellerre%Ynt sersg aee
thgsicad ﬁ)&ﬂ: \Bhlchsenﬂ. to dmh'l thevmkrfulL froml the rdﬁlhmsgagw@ltgwaldsl the nozzle 3
twill

agrgo ’f@\éﬁl Li'@an ;gcima glrcgt%%y& 3, 157 DT% ey gls%tgrp shorter refilling
ﬁﬁ@ | VR chaftkr Qslpf‘eﬁll?lljc Yabtes atsﬂ@b! &El%n@cb@ M,Ywﬂ@é HRtcBAdition is

phot ographi ¢ qual ity can ‘obt ai ned while usin
sﬁmvlmrto thoatiim thedldmw unggredll 412. 3n thm/mndﬁmnﬁle icbarabert. el the unit cell

R SSFLERIG el SO S SATBL RS b s et i

thé 8dfilRdpRed blBﬁ’lrglﬁ)vﬂf &Rn Hough Oat tkie Eta@@lv&heﬂghifs @6nd1ﬁ@1 is reached in

nozzle 3 tore the equi val ent of one, two,

thafrumat ngﬂdp]g, arflayhef 1@@11@ jrde t hamber il ,Wgthtlﬁ@[sschéed momentum has
l?ae\éa e%tglgb]lbs%]e ’E‘B‘Jz !)ve%i tgecgcf &urh is t}%?fﬁgll}é’leﬁ Eark?%tolng%r to ngpletely

filotHelthe@béx msand ﬁ@ztzﬁr 3.1 firvay bﬁnﬁ@*ﬂeﬁ\ﬂ&dalr bubbje A isipresent than from
however, the nozzle refill tinme wl]l

be .. .
whem the pepdition &k isgireseph eyep if thegolime Wéaenfsféﬁgg%hrﬁ? fihes larger, it
gglotitjgk% Yol SR thksSdel to 8 b€§ 7 VAl 1

File to 1 I mum si ze has been
ej ect ed than vvhen only a mininmm volunme drop has been

|nert| al dynam cs and the surface tension of the ink
11. 30 Referring to Figure 53, there is shown,
“Elvib éeatatr ormiolwes tize pater elgmeatsj18deing fanncd efsiolid materiahra least 90% of

Fhigh il SR Bied S onp St BRIt PO fEybmic number
welsw 502tn 8 Prefiéifed' dnitidirerd thedtb@ic Weidhtdp belowsI0g lwihﬁe in another

vol unme has been ejected. In the case of the |arger
efnlosliment thiatomie waight & bslow Ak air bubble 71 that has

formed inside the WD 2004/ 048101 PCT/ AU2003/ 001504 32

partially enptied nozzle 3.1 is larger than in the

Tiasflvahtagé 6f D1dwbatemTCmirhiedr idihst the atvats offtliat inaterial 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 hafhium boride (for example
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results in a greater surfaéé@ 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

i . ‘ . Cy : _
0 o ARtk BRI b 72 g
i twhiledistreajerzal yied gethe dlentigihaaterclaraents ifeaf éhet teseniondintioro

| SitansdaThindd: ] i i i 1 )
tf}nlts conl(tlirlﬁ5 tei ic;l{r%l,lﬁlt@lﬁféasc aa]tfggg? 1q@"lﬂ?[éﬁ gfﬁzt e I%Jtﬁ‘lggt%lcl:weﬁ]?&tofh El] number
i of @atheseahdterialsafidréfbred eongdighifieantly liflsterghincthede of thegeleant prior art
h%%vi'é@%%%fiﬁg.e reduced. This results in 10 the refill

spee OW rig down even though, at this stage, when
this condition is reached in that unit cell 1.1, a

flow of JJiaquid int. he cha r. 7.1.with .t <

L R8Pl Bt Hith LS o BB wdonrift 4ld sy gtuminun,

l()\t&dpaétivelgj like @itrogén, ltafa r@lfaﬁﬁl;t ligﬁt matehilh olthd;ev'et, thezdeﬁﬁty olf tantalum
on r.t C e A .the c el . .N0zzl.e

5 SRS i5 16 3R Sttt e Wl il S T e of

f rtamlmm?i@ rsbm@crfp :'I;-ﬂlh% ibewugeﬁltaﬁ@lu?g@@iaaflas aﬁdeawo:fapiﬁ}exS imately

VO] uneg (0] ererjliiLed |S ree I, S rger,

ddee fes thajof the titapinm, nitde, :H‘ia%‘én’tqnfrir‘g% WF@WE‘@P FpRro<uRgtely three

t RgndIBA ARy 16-hbatdhieh tRRAGEMRitRdd - As WiliHeQind &8 HE BY § person skilled in

formed frommmaterials constituted b'é” elements with | ow
attbiirh dndiiierence yeperey g materaliah i dilerentigmprrgfiies 1s represented by

el RIRNbwind 8q@bng forned of solid material, at |east

90% of 20 V\?‘Ii ch, by weight, is constituted by one or

nore periodic elements having an atom ¢ nunber bel ow

50. In a preferred enbodingepi ct b tomc weight is

bel ow 30, while in ano?ﬁer errf)ogi rren/%p the atom c

wei ght is bel ow 23. The advantage of a | ow atomc

n i t i . . .
ol o Bpl R Prf AR Bttt CoB G rRLED AT BP0 i e
r aviobmne, el 1 i thpatensityrof thefmatérial. halthtosgh B demsiiy & m0detatviined only

. | e . ' 1 led. i
SRR e R P Bl 136 i o
r ahfhteackdtby thehmosicanmbeaf ofithe eraenitls afvotved and bének isof key lgpect of

at .. Accordingly, it will require nore energy to

ratﬁgéa%eeu"? frﬁgsec}‘%%‘%‘r e, and thereby induce such a

nucl eus novenent, in a material with atons having

heavier nuclei that in a material having 30 atons

Wﬁ@;{iﬁg@%@@;ﬁ nuclei. Materials currently used for the

heater elenments of thermal ink jet systens include

tapgtal um .al um num al | far .exanpl e used b W et t .

polESietre Byl oh B in disrenisd O R B Sugighar B eSS of sotid

20044104 81164¢h heak¥e EleMleGRt iR 4bov3 Bhe boiling point of the bubble forming
liquid (i.e. the ink 11 in this embodiment) to heat the ink so as to generate bubbles 12

-

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

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.

MJTO10 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

wa@e@d/ous10t he Menj et heater elenents 10 of the PCEAEQI03/001504

invention is titaniumnitpi#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

materials. Boron and al um num which form part of
Thafabovefehturd cbdstitntds baipnificam alvaﬂﬂageumer pnesq&emiq" ot 8ysyems, as it
like nitrogen, are relatively ght materials
reslie ioan inprvascd ShdgienPy o aggsHtRT abﬁ regdyqtion J& eReIey fpstyin heating the
St8{|1<tf gﬁlteafr%ﬁ: cht]‘ ?hc—f ﬁ@ter Qi;en{e st"’lr(b' l’mlls"fe‘étﬁltedﬁ eﬁéﬂﬁéd:@ué tﬂ%éjﬁjs%sof heater
elmmﬂmtdrmtsﬂmtzmgﬂwkiemmﬂmeshd{m ta thl@rei;attvyiyaﬁnall size ef the elements 10,

th t, t t t he .t
sA Oh e bl PPEE e R S padt bR g not
ehi%@@edl ihiofRr h28SiaRN8! WhsttAed) S exbhBle, I@Figﬁﬂeblm nitride.

be understood by a person skilled in the art,
the difference in energy in a material at two

gt S5 TR0 L R e s of e

chdRERSHA b thie einthRAP SHo¥ LinFiglirk B8 r&é&)@dm@? as$1gthe 34 represents the
speci fic heat capacit VOL is the _volune, and

shapee efdheheajer @tentemel %/ thpt embodanenol gnah @feﬁﬁstptlgf dtsgussmg that
0 S0 T RO 5 04 i
Has just 4 singlelloop 46 Whigh de2l ntigtohdwidetandiO Smuitbetsshiok. Itﬂnﬂs a 6 micron

materjals involved, and henge is key aspe t he
oruteatr%dfles NPt mesroR inger HAtus 13% @éﬁ@tﬂ?}a@s s gispf?ﬂgfgms The
hin g&l’ %ﬁ?o E'aﬁmih @;‘ re§n! rSferéhcB lif@ral 10.39 in Figure 39
suc th of

conlgur ss of solid material

hasia mdseaf 299.@pieograms ahdithat $0 tepedsentediby veferehee wadrali.36 in
0|n f the bu&%esf.ormn liquid (i.e. the ink 11
gpre ALHBEE ety RPPHEBY the ink so as to generate

bubbles 12 therein to cause an ink drop 16 to be

ejected, is less than 10 nanograns. 30 In one
Whet e elstheatstldkli fR:represetted inaiguties 34.630xnd 134t fog example, are used in

I{r?}%’ﬁg»égg%ﬁ?l &%zgs 8ﬁ,@h§egﬁ§org)eﬁdl§ %1%0?1 ae}]% 0 t w%?c is ; thel%t?zﬁ cP]ntact with
th@ ik 11bbifg $he tidBledofining liquid in this embodlment) 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. MJTO O PCT WD 2004/ 048101 PCT/ AU2003/ 001504
34 The above feature constitutes a significant

wa@oooattsseige over prior art inkjet systenms, as iPCT/AU2003/001504
results in an increased efBfciency as a result of the
reduction in energy lost in heating the solid
materials of the heater elements 10. This feature is

oRAE R s Pt SRR ATl TR g

e@tﬁp&lﬁ%nﬁitmotiﬁmdeand due to the heater el enments
being in the formof suspended beans which are not

enbedded | n ot her nmaterials, as illustrated, for
i - r Bns bt art
FEAHRL 0 SOUAE o G B R B i

hedtert dlemerit A Oehdi detnotenhfoahaliheoaped astdnmsbed labewe, but Whigh hes been
33. . Accordin as Fi 4 represents.th h f

deppsitedan é.suléﬁ%ér/ré dov et on e tRRBHGR RN hag fhep BogifGpntormally
{)}a@é@&ﬁ Sﬁie §i@e With Qi @VE%ﬁdt&Qalt Jh%fggaté@ Fhelin 86:RABN the cbBEng referred to

eater el enent as represent ed ref erence nuner al
alidvedd thepresaytinstadde, ah e@lept@étsclaermmglﬂsem E;etpre 46, this eoptingbeing

SRR Thie e aar R4S R AR S BhGt nelt oF S sfuttangopey.

HoNedbr, BEAEGToN®RS SodtfgB? dH 4PGd&Ban ohfiebeldhieved if the element 10,
correspondl ng element 10.2 sinmlarly represented by

wheh deimgse caiadria stTectwy isolated §omeother stHelres -rgsd th¢ form of a
<A n P RTLRTR AL halesd AIRRTEORBLES DY glbBLRY ence

picograns When t he elenents 10, 102 represented in
ures 34, 39 and 36, for exa are used in 0
tpus be wrderstped that whenrgiaense ismp ¢ Prgonrmale Foathehe element 10 on

?ggegfghis\ﬁgb%t&%%tﬁe tdﬁl‘ié@lem‘él?c%&‘{b@nd@d@%am} D&idhne {'Je]-ned to the

ormng ltquid n this enbodi ment)
etdeabdessl SraailﬁchchtecbdlagxtaemeDalllwm@lglbe\ﬁé Inhtherofortd$ avhat is meant by

oi.nt of .the be s h th

sty auns tiectong P Sialhisudesith el thal ifefimegd ¥ty
sﬁllr d’eﬂ%?ltllré/cdn?oﬁ'ﬁia%éd@ﬁg afReThERhN of RS dlemerdther mal |y
uctive material. Thrs coOating increases, to some

extent the total rrass of 25 materi al rarsedtothe

her te atu Conf I | t.ed.h
ek SRS U s TR 0 AR TP A o
vﬁt}P&fEcré’r[dé%ndé ragﬁlﬁ ClolFigurePS4 aitl55.t Aé Gan bseen) aﬁhe\ﬁghe conformal
havi ng been Ired to all sides of the ele

copting Tis @gp,lg,e }g@ubﬁ@@e Then whigh thgheater element 10 was deposited (i.e.

formed) effectively constitutes the coating 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 b@rmwdioconductivity. In one preferred enbodi PENAD2M0BE01504
coating is of alum num WD 36004/ 048101
PCT/ AU2003/ 001504 35 nitride, in another enbodi nment
it is of dianond-like carbon (DLC), and in yet another
nmbodi It i i tride. f WelcP DLC
TR BT herlonL aBvef b Auftobln a3 Bl Qarbon (DLC) e
stiigghl €fe Ntein thé)sorddrneal poating 7ardf thédpresmt tvesticnasillustfated in Figure
that is not conformally coated as discussed abgve, .but,
Saidoe o gy sy Bieharmalponnuciviinscheis highige Ruchpics] inertness,
| i [AEYEal _{dh@0ctRREAnS@B! QB n¥aterial, for these
a%:@g%eggdg%ﬁot% agléfge \;ﬁ\n% a C/D rr?ateri al , desi gnat eeczlrl 7’5.
phrposes isrtason nitride, eleatéfemed tofabove dAtkoughitisa/choice of meaterial used for
i nst ance,, .as .refl ect

dhgsSoeie 21 BoHE TG BT oRer Grepea e g pancs Bieristics

SR SR thaif @REd ASnii IR OVEE MeyPavabditabledBBracteristics, may be used
si nul taneously. 10 However, this conformal coating 77

ingteadl | si des can only be achieved if the el enent 10,
when being so coated, is a structure isolated from
other structures - i.e. in the formof a suspended
Baiple pRnieR it whith'the plinfhea@iused al |l of the sides of
the el'ement. It is to be understood that when

reference is nmade to conformally coating the el enent

C J .
TR st flosaTbibpg R BB AS RGP tum, is used
i b @eihted dpsen]. SThs pritiéadaissantly, d e Hninelndesd hymben oFpgothead modules
57. _In other words, t is neant by conformally
800 HhePRASPEES @leé]ﬁﬁ‘i@’eég‘%w- all sides is, essentially,
that the elenent is fully surrounded by the confornmal
coating along the Iength of the elenment. 20 The
Rufernag priefty trifigere 44§ the arrhp pfimdzzles Sohownds dikpospden the printhead

| epent. 10 _maybe .understood . with referenc once
cBgEAPRL oy s P SR EpES At so GRER: shog)
RARALY StBthe s&RAERIPIWHiCh tRlueRithé BembdrtT conidetis@iequifed¥h the chip.
whi ch the heater el enment 10 was deposited (i.e.

formed) effectively constitutes the coating for the

| t on the si ite.t C . '
Gy ed Gus ey eRhSS B Fins unr Bna bR u] viaRRbY Shon-
dxPRdBE et rdPectivelyeapridlesnodule 8sseinblyt 80 Which iphates @ MEMS
on the substrate 78, results in a seam 79 being

nithead _ch@msgengggﬁi @sqmﬁen@éﬁ.g belowtas aé;h\l,;galg)npao%i[c?l chip assembly
ek af fﬂaﬁﬁl%w@l? gle?et 46 56#@&&%16@ abhiEh o s‘ﬁ?lr:]égtgé élgltclgﬁé ct:aﬁ)gble, of

orm -or ere’delam nation may occur.
pagiag ofith dwesdleddrest 16800 eornter i@hoThdclip Be s Bb amdighBd to eject 6

where etching is conducted to separate the heater
diffgregt golors or %lpes ofC inﬂ 1?. P

A flexible printed circuit board (PCB) 82 is elecirically 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
wheani4singr ess of |iquid or hydroxyl ions may PERAURG03/001504

even though such material s37could not penetrate the

actual material of the coating 76, or of the substrate

78. WD 2004/ 048101 PCT/ AU2003/ 001504 36 The materials

TR bRty R O BR o4 i g, 3R Iet 1e®
deefrhined by theofidtinef the diekindf thewtepyicr tt dsused kaifabriedte thei chip 81. The
shest i Bis SHAERGS S gAY FOmP v RSO AR SR detail) which e ciched
o'n"fﬁé LR de ot sﬁéé?a Aonlif @i%ﬁ‘@ 59 ”@ﬁ@clfa&ﬁélﬁ Rb %f&leh&' as shown SO

non-conducti ve. er suitable material, for these
timad thpdisesls align mxhdmleﬂ i87 rin d eyid déyso 88 D ifferand ones dbkwélannels 86 align

BB L1 SRS ol TS 8l et Sl LR S8R i e

1@%& HOIRACRaRBRAE4rAEL § HiffePent rdiPb@Iviedbor OF BRI etddpifor the last
t'hose nentioned, where they have suitable

charmeh desighated 25, Thnajrasbehamgelc?l i ﬁstagachan@baﬁlé rpeed with further

R B 8 GO S R P R AL difn? e TR G 3RS B e upper

13yt SHbet 871 Thidsd iholeS 98 9fhlignsd ﬁ/ﬂﬁrthdﬂirmér pacitoansf sIEiﬁs?95 in a top
Cgrl nt head assenbly, itself, includes a nupber of

anel leaerd Grselthat Hesgmer st arealigmed ¥vithy @%@é@fqrﬁ yfluid-flow
S)éxﬁ.i’l‘ﬁcaﬁg aﬁ{hefﬂe aﬂgc(??é%eg ?g olﬁd{él?l]tg&‘ Eft %QngLgl?Sy of

(not shovvn) vvlth drive transistors, drlve shift
regi sters,

s B RO sS40 RS, compresed
ﬂ’lﬁ‘f’é&S%Ieﬁio%%taﬁesoﬁer Rnotd8oWhi éhtér@ftlfer 8RGfel99 tﬂoﬁ%’ﬁ &= reldvant hole

ere i s sh own, I n an exp oded vi ew an a non-
%xmidﬁexdpasses/ﬂumghplm:holwglandaﬁmdralMe a8, mml@hmnei layer 88, the sheet

ss ly 80 which incl d VE th
388181 o staiie] Ben IF EPERNEY’ Bl BUPERPIA G ARBTEe fife 9 of the chip
aEéé?d 7?131 R whSREIR firced bus BETOR ShrbhigH a & W‘%Jaiﬁ‘ﬂﬂewhlch covers
are 7680 nozzl es, which are spaced SO as to abl e

th$ nozghasrioikegp thietrlozeles dsai afpiaper dost. Bidrangly solseed inkse hl (not
B rr LR ey SpEh3Rs FF SLLLIp o e DTt fog ingls 89, and then

tRfouph 8p&dtive Hbles 180 &hén ﬁlBﬁE}esﬁé’ctiv& cﬁérﬁﬁlsm&lﬁhheyundermde of the upper
connected to the ch| for _supplying both powe

laee ket 83.tthrougl TQ?HP%IVCTIHES Shiop thet sheet, 584 daca thiough fh slots 95, to
tRE gﬁlﬂ |8?.S i3 ﬁﬁlq% noted 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/0ma1bt i -1 ayer stack of silicon which has iP&I/AU2003/001504
channel s (not shown) in thé8bottom |ayer of silicon
85, these channels being aligned with the holes 84. WO
2004/ 048101 PCT/ AU2003/ 001504 37 The chip 81 is

ﬁ%ﬁé‘?’éﬁ 2 fﬁbétl%?f'nﬂ%ﬁ}qégg a@?/ %ngﬁ%ﬂ%;ﬁ%lsgg{&}{eﬁ élll n gfngse 01@ %c%aennels are
adigegpeith tHedioldsB4us itk dtainfesdntbat appertiner slidep8B 1Thelsteet 83 receives
is o] eRRRTCWeA &F PP PP eHDVE DR AR BEScBed oV it astgtect the ink
80 a6 tl?;@%S PSTHR ttg Bmﬁbﬂt‘ﬁlé ?nkgﬁlgsa ﬂ;t'l?orﬁ Qﬁﬁfkeih ?shr‘%lgklved by the

extend own' so at the lgn Wt ol es
18Wet layex 90| via litreymid-Bger i dnklappertlayands tofhetdhep adsembly|8d, is because

iﬁgpglg\i ogl%]erw%’\sdﬁﬁap mqlhrfafcgﬁgq‘f %al%‘qﬁ e %{Hﬁ]{l@? lég&pﬁ zgve}rrg \%@fﬂl nozzles 3
Wit 8l 188er, RREALHRARALs FPIinGRE [ovRS 18eF9d.f er ent

respective color of ink, except for the last channel,
designated 91. This last channel 91 is an air channel

' Lgned with hal i -
B PR Capbirdd e PR sedleSind iR b iy bt M) tocated
dotie WIBET0216T dhiy Rkeriblo8l . §8e clipessnitly 85 iskbndedby wires 106 onto

alianed with the inner parts 94 of slots 95 in a top .
theBRBcflex) angd dheso ayires gre then encapsiatedhinean qpary $05y Eo effect this

ol ¥ . otora e .
ek i P ERBREAE it MOl 02070 o appig to Al e
pyicd hrgwekasthe darhi108 aAd thedhép dssorrlbly|8a e thad thdraieshitloese &fibedded in
openi ng into the channel s §$3nd chan

| 91. .
the gpRYs Luge thesepoxy { f Bep har dhi’ré?FFCBﬁqﬁe wigboadipg sructure from
t I t hol
e g P B8 %65 and
slots 95, in the md layer 88, the sheet 83 and the
RetParens taesh St SRRV R maeubh T aplodel i ibtnead

dskerhBly 19/ %Kigh fHudedlard i@ othid? COMBOnehts) BAAhaDiMBaEe 48kmblies 80 as
whi ch” covers the nozzles, to keep the nozzles clear

dskscrtzedaboviu sThe mirfthiead assemply b isroenfipurké for 2 nagewidth printer,
sk ) S I h the holes 98 of the | ower |ayer
@E}gb\/ﬁgm@@%bgﬂ%ﬁ%gpg P8B%"- and then thr ough respective

hol es 87, then al ong respective channels 86 in the
undersi de of the upper |ayer sheet 83, thrqugh

Thresprinthiadasieaibbs 1 @inciides Haver-ofdbe prigthepd medplesassergilics 80, which
he, sl 95, i i b t\hat.

RSB b s BTN He b S5 Hep R, 0B ot s

dfayeeen Mes daohalebighatedbin tteatferenoé nimkrabsnd 1pme providddie supply the 6

conpressed air) via which the ink and air js passed
dctntcdp gtk aqdﬁge PORRDISESEA GIr P PhechinsSpemblis Ho g cxtuded
AO&B1: &3k RSte 172 iCALR into 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@eleowgidcal |y shown, is now referred to. The BPENAEL003/001504
| ayer 102 of the chip assesbly 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
Theéosori2) def@espatalicl| chsnnkDAl 15Whhich extesd thedaregdsefthetlose. At one end

schematically by dashed_lines) c|ear, of paper dust. WO
136y bassrig2 ibestecizd SR er o showngat & thyappagits end 117,

, et . ' .S
e RSP EOnBA0 ARl ol TR e Ry gk hid fhcfeey Blose, that
eadl af thedwse.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

Adetal Spt Bp&RbRtB119 siBBorReA 1bEatés A8 BhanhBE] 107HAIHREE 81T, and
fromwhere it is received by the 5 | ower |ayer 90, via

seives ad @bam_e 68 thesd. [H.}p éhannak/leliﬂ 8@ hoge 11’123 i Hirp exert pressure onto
<R LA s arTUR e s R eliB B OB s 21 which

etenl khroe@zh&ehed 1204ik ﬂletdﬂﬁvnm&@? exteh@igs wallaRs aif ¢heublamsel 110, to
98 in the lower |ayer 90. The flex PCB 82 is connected

lpeste the channel andep]pigivetisresprgt torqsel odick.cui try (not shown)

| ocated 10 on the layer 102 of chip assenbly 81. The

chip assenbly 81 is bonded by wires 106 onto the PCB
K1 extnaivgh 1ods prowidedso docatetdopperdins dpsulat adthbuglathe epargy required
107. To effect this, encapsulating, a.dam 108 is .
th PRORIGAPTINHHEAd 259018inG ' FlE TERSRY I Hionds E%Oéﬁbi’ﬁl ragenigyde lower

' (fﬁm rifis ARG ARE, RBA of 1€ BB P00 nozzles 3 in th
tféésdsﬂg?rt{) y g%ﬂgfg)&{r%g&?ﬁ@vm r?e’s 106 are er?bedded in n?zhzees e
peimthend aayg end Hes spppioxinatelyaksOtomeiehenymber qf moralet that are
t he wire bonding structur rom 15 contami nati.on b
g et BLSPICLR PP 4 CIRAAS § CLNE REF M BT PR ARy be
dperafibi gﬁe. Btay A1BF6:€a kontBROWNbAH tﬁﬂ‘ﬁﬂg'o?@ﬂaﬁ&fm,_ th&toddl power

expl oded view, a printhead assenbly 19, which )
dongiimptee, witlhsrag asdérerf neagnitedretrigher than thattia gachlgwiwneprintheads, and

ssenblies. 80 as_.describe hove. Th ri .
BESER 2 SReRY it e e PR R Bl b B s congpynotion per
kI 011 B e faf ordd 0P mafitddRb@Er thiPthapiBé kndie piifitheddseBlek busbars
assenbLg 19 includes el even of the printhead nodul es
128 seqiifable fgoproyjstingfor speh REWSE BedyifeBeRts sAdday g pewer leads 126

in the formof a bent netal plate. A

Eéggﬁggbg%%%roups of seven hol es each, designated by
the reference nunerals 111, are provided to supply the

C60mpressible 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 14i0$81gl ued into place in the channel 110. |PCWAUR00BE01504

noted that the hose 112 idé¢l udes hol es 113 therein.
These hol es 113 are not present when the hose 112 is
first connected to the channel 110, but are forned

t.her r; Vi.0f i i

R S BT GO o532y AL ol of
flegliwsf.t Data i§&ﬁ\teﬂﬁﬂ)@s tBsvih ¢hef ddge 36hrichiorslBi t i ons at

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

the printhead assenbly 19 is assenbled, are in

{ aﬁﬂ@pl

A B30 L i, R 1 P L8 FRKEhRl of the
compblhmltsl (oii/thas plizitiead (36enatfly @9 ¢dgether.i h thisadgard,dbé ¢hannel 110 includes

BLEDR 154 BB o) AHATHEHOB A 1 PILS | oy PBRP Leesebly 19 s put
t§g2eher SMAake @bn HASted ‘ﬁ%u%h;ﬁ POHEmBRE; 45ld&reds Ae pReQes tAdR from

I's connected to I nk confai ners (not shown), and at the
beingosithdeaventhraueh the slaér 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

BY wsPoflshthnSd#p RoitH fefaakbelto F%\%&I ige srixandad| assebtbl@ngis shown in an
hose 112, an serves as a back Iate for these. The
agserbirg state.dnis aed eryBrressed airjare supphed wig diaq hase 443 af L3 newer is

el?egﬁfz | {efég (W”a%lg 'gesifa?ghr% Wﬁﬁzd% Hyré]l% gl{lﬁ'ragsfjégkﬁlés 81 via the

edgd éXhﬂhSct&&Z 3enThb @ndﬁn‘ﬁdiﬂl\aﬁpl laysemkh&n&ill arg lovatdd chABe efeven printhead
t he channel 110, 0 e _the channel and plate with
m(é’élﬁfe%sﬁem}élleé§9hwbiché?du‘%ﬁ£%£ﬂgé§'§on 124 is provided to

| ocat e copper bus bars 125. Although the energy

required to operate a printhead according to the
Moaowgimgholenu 671 treqmovidedfor mouhating)ﬂlerm@thea@ dssebiyel9 ibPlace in a

than tha the nt er here are
T3 Shr Ve Ot CHes bt of e bEHRA] ey 1 5 Ratied by the
RERY 13816 jusPbverite RRIM OXARY Bhae AR i hbas sthackudber

of nozzles that are typically ound in typica

prlntheads As the nozzles 3 in the present invention

peratignal. (] .e. fir on 2. &9
HSRRT0E PR i, S e Gho P et aten S-SR RIS e
a‘éée'rﬂbl&ﬁprﬁﬂh&ﬂcwr FRin thag fid pedRiohiogasilicbh afack ﬂﬂfmng’la Siip lassembly
known printheads, and 20 the current re U|renent

84ican cleady be seengrscangdongigiinabsestion Fuowgh the @kpaé\s%@pr supply hose

n
EEIRAE, RS pESGs e e R B0SH o AOh 0S con
above with 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
W bh@a104881 Conpr essi bl e conductive strips 127 aP€r/AU2003/001504
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

t end ]
SEob A R P RGOl a8 BV 3 15 e
b%;ﬁ? an3 tolihe pribthead, padnk supplpei30und printsdatd P8l wiizich issfed to the
at the contacts 128 are positjone

el o
peipihead s iketents thipat 443,10pko At megdp g ?1? }N%fXﬁ@P e, of paper 146.
doubl e-si ded and pl at ed-t hrough. Data connections 129
(indicated schematically by dashed lines), which are
Matiatrankport rofers 41 ere psoviflatte tofspdrethe@Bp 8 4aIpast thewrinthead 141.

t, ts 130
Aenhasicl mpstagtmms 44 & eopirid e Wi at 2 ag o paper 146 from o
,é?ﬂ}ﬁ%@p@ﬁ/001504 40 which, in turn, includes a data

us and edge connectors 132 which are fornmed as part
of the flex itself. Data is fed to the PCBs 131 via

B FORAT TP LSO o R e iRt Ry pF oty in

pallnlterqtgvfbgbe 5 conponents of the print head asserrbly 19
together. In this regard, the channel 110 incl udes
tw st tabs 134 which extend through slots 135 in the

’Igllregﬁl? ﬁlé’g)%x W S]{Q é(?lﬁ?h r Ougﬁﬁééééﬁ%xdlhrgmﬁy%nd %ﬁlgr eesl%t es of
infoeneién wiEbes prooided kel 5@, abbtittte Mlsubplypsigh ab ke mqlins of ink

10 By way of summary, with reference to ure @
IERiRENge ddinindermstign PrPEdeh i SYﬁte%?rfongg %r?.lé g‘l létcennected to

IL{%%r %gﬁifaw B3, e’fﬁeeﬂlté?fa'éf Tgeiét@itrbgﬁ% z{ NEnL 28 bdthens (not

power is suppli s 126, and data
shewny, suéhokesch “tpoint”Hention] falge adivanbé’ ’d)lmsmeaxbdq @s ‘Bt systam controller

(5 SesmoR g BnalPt LA B arecEhiat BRUOE Iy e Riskpp mechanism
1'1‘3 A1l e n‘?@téﬁm o qriPig e inedla tARSPeG LI 1REBS 82. 15

Mounting holes 137 are provided for nounting the
printhead assenbly 19 in place in a printer (not

hown f f | f. h
N PR
pakthd pahthesd A1, Baant plilddg dah beBRbled 8t theicBgER $ine. 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@eioanksaed 19. Fromthis, the position of a siPC€TAan2003/001504

stack formng a chip assenddy 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

: . ~ i
GRG0 Gt
&1fl ex 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,

. . I. o i . .

ARG bR L JESHER SR0L W Bl o o SRFE SR BHinfs, it will

5 Heiwdestodd byttheseakilled shihenrtahdilticinveintigrmay bd émisddiat inmgany other
print head system 140 . accordi,ng to an.e di nent of :

PR Ry Brmn g0 st FOPOBETTIS TH0 4 DTSt cmonts being

SRR T B cfuBRd DA RCY e i BT AL Bd (elinddid 15 £86 be used in embodiments,

(repreSented by the arrow) 141, a power  supply 142 to

wirere ppproprivded, 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@eioanksaead 141, so that printing can be effectPdI/aUu2008001504

correct tinme. This time caddbe 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.
‘ﬁ:‘%ably, however, a paper sensor (not shown) is
ed, which is connected to the systemcontroller
151 so that when the sheet of paper 25 146 reaches a
certain position relative to the printhead 141, the
Isyst e‘mb'@dﬁtrnﬂﬂt]@adéamp’éﬁﬂé'ct printing. Printing is
ef fegt j A a print data formatter 155
whic%lggggﬁaggk%%giaggint data 144 to the printhead
141. ak teavd drle rédpecibfedreateb elempnt @ctespandirtgtateatthmozsles wherein

control ler 151 nmust al so, interac ith the i nt. dat.a .
f or meeeheheaiarslenmeyt sfarmeq Soﬁéf%?t"%ﬁkn@ﬁ“aﬁlﬁ{‘ g@%‘#&ﬂ*?}h by atomic
pﬁ_&éﬂy&gmlis EHRH&I b ﬁ@éas@&lfé"iﬂ’é%ioﬂﬁ@l@ﬁérﬁ Havthg 49 StonA@Rumber below

e transmtted via any of a nunber of different
Xonnecti on neans, such as a USB connection, a

n
ETHERNET. connection, a | 394 .cponnecti on ot her .
nowFASLB AT B angeiar SPEES DOMROGPTGR. Wikt faYpe forming
Rmyuni cati ons nodul e 157 provides this data WO
2004/ 048101 PCT/ AU2003/ 001504 42 to the print data =
f or meeacleheatGSlemant freonfigersd éwhgat ot lepsipait ﬁgthedwbb]@ formaing liquid to
systemcontrol.l er ... 151. u t i [ '

SoFEE Rt Wit Wi BB el AR Blebto cause the
&edhiod ioffie dksp of the Biible fodmixg liyiddttsdphcthdyoddwaerespandingdo that
In the art that the invention may be enbodied in many
heptseelempeni g8d  For exanpl e, al though the above
enbodj ' : :
ol ot gt Sl Wch SEHIRRFIGMCATRIb AR fymis ollapsible
aaldd&ae npsintef calapse, bad whedid eack hibaiel efemert is contfigmeed such that the

RROU@DLPse Ak PHRCLS S5t FHEFRYAR SEIoRD e g estyr cfement.

plurality of nozzles; and 5 at | east one respective
heater el ement corresponding to each nozzle, wherein
Zach Hegirrthelefehimildeing wolgakd tosipgortdhebitdle fooming liquid in

tkgr?r{]al %ggﬁcgfwi%ei:a%ﬂ 'saiB)flegtteP e%r(r:lent.

3. The printhead of claim 1 being configured to print on a page and to be a page-width

printhead.

4. The printhead of claim 1 wherein said atomic number is below 30.

5. The printhead of claim 1 wherein said atomic number is below 23.

6. The printhead of claim 1 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.
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proportion, is constituted by at |east one periodic
el ement having an atom c nunber below 50, each heater

webk@aomi1oi s arranged for being in thermal contBCT/AWRGB/001504

a bubble formng 10 liquid4 each heater elenent is
configured to heat at | east part of the bubble formng
liquid to a terrperature above its boiling point to

f or m"[%s %n %he%c? b# gl?)mbf 4 Inel ! Q %é%bgt]e e(iel%%%{s‘fa c&ﬁfgaued such that an

eJ ect’i or m n

abtlﬁam&géhetg@a)mésg Fhe mo)rﬂaﬁspmed (1Y i xeqmbai to H&egpl&:erd to that heater
el enment; and 15 wherein the bubbl e which each heate
cloman i heat thabheateg gleaent %pfﬁeﬁmbr to feen saif bubple in ﬁw&uhh@ forming

n each heater el enment
l@ﬁqh%tl)}gﬁ)r%ggés%ghﬁ Ch&?gﬁw&r% int of collapse of a
bubbl e formed thereby is spaced fromthat heater
el enment. 2. The r|n of claim1 bei nfiqured . .. .
%o sJéﬁ@rmﬂx%o B b P I e TRPDRS (o ety orming liquid
af AAA nﬁ"ﬂeﬁl of3 8 witthdn REH RGP lalecﬁi%ﬁf is cOnfidf?&d such that the energy

prlnt ead o ai’m 1 being configured to print on a
repyed anbe appligé tlzergtadge hedt daitl payito oavse d. ej&Bion of F4i drop is less than

PR 5 Hh TR R PR e L FveL It volume of
{Rd QA GroP HFBRa thiH ?&ﬁﬁﬁé!\écﬁﬁl toBsaidld3EbiByit t&hﬁﬁﬁﬂlr@fo sald@oilidg point.

wherei n each heater element is in the form of
suspended 30 beam that is suspended over at- Ieast a

PO AR 1o PURE) £ AT A 30T 8 W, i

cBEETA ARS8 h 20ZH0 dpertide dpenitpethfvuigh tirebsiedie slrics) dhd wherein the
wherein each heater elenent is configured such that an

aggal density AT Bsarogglesrelative o thearbsit alter Staeeds (0,000 nagzles per
Fﬁé}? %‘Aeoqsﬁﬁstlgfe s%Pﬁl:é ed to that heater elenent to heat

ter element sufficiently to form said bubble
in the bubble formng Ilqwd thereby to cause the

@LecitTi@E %é@fhteg‘? }Dg@g{ni‘? Wé‘e@lﬁ’&&fi@/ ericfian Sﬁﬁoép% %ﬂﬂﬁar surfaces
ol og#egte sides 3Pt }%@élﬁéhtt the&hak %1%% sﬁ‘ﬁa‘éﬁ&’éd”su%ﬁ et BRAlSFthe planar

I's configured such that the energ
surfaces is in thermal contact with the bubble forming liquid such that the bubble is formed

at both of the element surfaces.

11.  The printhead of claim 1 comprising a structure that is formed by chemical vapor

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

12.  The printhead of claim 1 comprising a structure which is less than 10 microns thick,

said nozzles being incorporated in the structure.

13.  The printhead of claim 1 comprising a plurality of nozzle chambers each
corresponding to a respective nozzle, and a plurality of said heater elements being disposed
within each chamber, the heater elements within each chamber being formed in different

respective layers.
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required to be applied thereto to heat said part to

cause the ejection of said drop is less than the
wep@ngysinequi red to heat a vol une of sai d bubbP@&r/AU2003/001504

formng liquid equal to thdSvolunme of 10 the said

drop, froma tenperature equal to said anbient

tenperature to said boiling point. 9. The printhead

f claiml.co i.Sin substrat e having .a sybstrate, .
G 1 akis PrigisAd P otaisd 7R Bactfidten eleiph Belffe pljf ateriel and
HAP 8 MhadS of REOUEN 10 Agncerdisd 6fthe sslid haeRal Fitht hoREEdEmédieo be

areal density of the nozzles relative to the substrate

heatefl 4@ & tenxpeedivrs abovosid bejking peinphierebs te beph sad ppit of the bubble

. I 0) el g ' . .
PR BN RS TR BRI 2 gl doton o st .
surfaces on opposite sides of the el enent, that
el enent bei ng_suspended such that each of, the pl apar

19ur f alhepringhead of plapmd Whegsip eqh higater clepentis sphstantigly pongred by a
PR AL Rath B anOYRG of S e o iy B g boplied
substintiadly ng alh sides oitthe heatethaéméern sioaultaadousiy stk that 8le coating is
vappr deposition (CVvD), said nozzles being

SFﬁgJ%??)orat ed on the structure. 25 12. The printhead of
claim1l conprising a structure which is |ess than 10

m crons thick, said nozzles being incorporated in the

16t r ucA prieter 4BtenT sorporatingagutingfead) the printheasheomipgising: a

pl ural ilt%l.gf%fnoz | e chanbers each corresponding to a

r espdt PREN YIS 804 2 plurality of said heater

el emepigsigietespdtisRasatts cRheh dotieSp@daly toRasezzlel Wherein
heater elenents within each chanber being forned in

di f f eeenheaterelgmecnt isdermed efsolid watered mone thep 0% of which, by atomic

PCT The Rpri I m:

R 0B RBARA A B S e B el

snd has a nmass of | ess than 10 nanograns of the solid

mat eri al  of that heater e nt to be heated to .

t enpeReh heater shayeat SArnge formﬁamsm therma] corisgt Wigh p g'abble forming
tgd part of the bubble formng liquid to a

1&@'1

tenperature above said boiling point to cause the

ej ectdachnhettershintent isoqpnfiglred fo hébh et lpast path efithedfubbledommifg liquid to

wherei n each heater el enment. is suhs tjally covered

TR A HILOHLRATVE g BRI EBRAEDGf cause the

e?%‘ﬁgn Realispy & ROBIbIO RN IRREN IR tﬁé’noz‘-‘zl@&irf‘é%drfdhﬂ%to that

'l sides of the heater el ement sinultaneously suc
hteatet elementiendi ng i s

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.

17.  The system of claim 16 being configured to support the bubble forming liquid in

thermal contact with each said heater element.

18.  The system of claim 16 being configured to print on a page and to be a page-width
printhead.

19. The system of claim 16 wherein said atomic number is below 30.
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seanm ess. 10 16. A printer systemincorporating a
printhead, the printhead conprising: a plurality of
woowzlogspl and at | east one respective heater eP@naOR003/001504
corresponding to each nozzK4e, wherein each heater
element is formed of solid material nore than 90% of
whi ch, by atomic 15 proportion, is constituted by at
| east one periodic el enent having an atom ¢ nunber
bel ow 50, each heater elenment is arranged for being
200t NEtensgbte@@TicRih 16 vileréin baib atenit aumibegis belogw23l; each
heater elenent is configured to heat at |east part of
the bubble formng liquid to 20 a tenperature above
ts i t '
5" c ey PR 18 SR QoA BRIl (8 Bl ol BE# Riopended
Heanpyithet ishmsmgﬂled der aideadt @ pocionexfploniclibibde foamidgdiquid so as to be in
eater ele and wherein the bubble which each
thergas porgact ?W¢@ configured to formis collapsible
and has a point of collapse, and wherein each heater
el ement is configured such that the 25 point of
2ol | éﬁwystfﬂmmf lolalr| 16 Wherein dachhimatsh glemensisaonfigfred such that an

t heat er 7. Th t.em of m 1 [
EBRPBERE oSUBRbI0 eI 5 SRy Yo RRP R p (ho heater
le1BETR héu tHaBBéatd ldin@@ Gl¥fisRhly REREAsaR RIBBRLIN tBIbubBle forming
The system of claim 16 belmé; configured to print on a

lm@bthawbymcme thepiggtionptisaid dpi nt head. 19. The system

of claim 16 wherein said atom c nunber is below 30. WO

2004/ 048101 PCT/ AU2003/ 001504 46 20. The system of

23, ai MhkGywberdf| ictaniiali6dwhé1@ﬁ‘i the printhesd issonfieed Brecdde a supply of

The s sten1of claim 16 wherein each heater elepent is .
the, bifile fosmingdiquid sfpsperient tempeEdie R horeis QoG PeFigReRioment i

DY g o B Bl 18 B e 1 Lo ot
egacsipa ot sdid diopi islek6thah dieetnergyaehuitedad deatel verteme of said bubble
fggn%fnlgg lcjl{lﬁideq%glctlg tltl‘s:h\‘;Jl tlume of the said drop, from a temperature equal to said

ambient temperature to said boiling point.

24.  The system of claim 16 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.

25.  The system of claim 16 wherein each heater element has a pair of planar surfaces on
opposite sides of the element, the 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.

26.  The system of claim 16 comprising a structure that is formed by chemical vapor

deposition (CVD), said nozzles being incorporated in the structure.
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actuation energy of |ess than 500 nanojoules (nJ) is
required to be applied to that heater 10 elenent to

wheai/osdiat heater el enent sufficiently to fornPGRAU2003/001504

bubble in the bubble formAg |iquid thereby to cause
the ejection of said drop. 23. The system of cl ai m 16,
wherein the printhead is configured to receive a

upply of . th ubble for.mn i quid [.e . .

o sy 08 s b SRR sl b AR ATt microns hick
s§i@ﬁi‘ohﬂ@§@éin%ﬁﬁbrpbhﬁédﬁlhﬁeﬁﬂﬁhﬁ¥. 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

ol u i o L Gh
251 gy 5 R 1 Sonb AL IR Ry B bl Vo
cofteshondifi ite B keshevtive matale,entl @ phaklitylodishit hgatpoélenent? Being disposed
24. Th ystem_of claim 16 caqnprisin sybstrate .. .
HHR ﬁ@c%a:%é@ggr@ Hhgiheatsr Piemients WiHh gAch CHRBRE BBEA0EmpLIg different
r%ﬁﬁ&hﬁdéﬁ&&t“re openi ng through the substrate surface,

wherein the areal density of the nozzles relative
to the substrate surface exceeds 10,000 nozzl es per

quare cm of supstrate surface. 25 25. Th St of .
23 TGO HE RTB AR ISEE BreraioeiE AT i softerial and has
aRh AR JF 1634 (a8 A O aRbkraBP Bk s61i® hidRiaPbf thithetlef Blefient tbbe heated to
el enent bei ng suspended such that each of the gl anar
L}

agemperetue akoversaidivoilingl poimriberchy tpihent seikpasi fshe bytblevongging liquid
liquid such.that .the bubble is f . . h
rop S oo B0 Sy PRl o g 7

conprising a structure that is forned by chem ca
vapor  deposition , .said nozzles bein

n (CVD), | | .
30ncorlpwrsysten of glaimd Ogtterein gadh hopjor slgeniis S%Mantlauy covered by a
P . ' .
DAoL tng e &l NFoRUTLRRT AlmehlsVins been applicd
stbdtaktially s@aldl sidez @f the hémérrederhent smpdtaat@dlyi such tmt the coating is
structure. 28. The systemof claim 16 conprising a
Sﬁmﬂlﬁéﬁl'i ty of nozzle chanbers each 5 corresponding to a
respective nozzle, and a plurality of said heater
el enents bei ng di sposed wthin each chanber, the
Jieat eX netlederftegecting aidropefaibubblrfbening diqnig ffan apdinthead, the

dj ff to.r. tive | . .29, .Th t f clai
Pr4GRE COMRFISAE A DRSO B e e metheit Bt b e o1
and hagvidikg tRe priiBeddl whe&is thdidintAehdRRPELEE 1kt dfdQespective

solid material of that heater elenment to be heated to )
heater element corresponding to each nozzle, each heater element being 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;

heating at least one heater element corresponding to a 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;

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, and

collapsing the bubble to a point of collapse spaced from the heated heater element.
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a tenperature above said boiling point thereby to heat
said part of the bubble formng liquid to a

w0 espposgdur e above said boiling point to causeP€tiau2003/001504
ej ection of said drop. 30. 4§he system of claim 16
wherei n each heater elenment is substantially covered
by a 15 confornmal protective coating, the coating of

P e dhhal o R L Budfily BRioRPRu §f oZhEBHEh Seador
t hat di§Rsmealid RdbblsforbRam@idin tBdrmafcomidi@diiahe heater elements.

ejecting a drop of a bubble forming liquid froma
printhead, the 20 printhead conprising a plurality of

0zzl-8s, |.Si . . of . .
3 ovi Bt ERL OEMARE E AR 1 i SEARRIAle o printhead, sad
Aamermuater Btbeleasd. one respecti ve heater el enent
correspondi ng to each nozzle, each heater el enent
being formed of solid material nore than 90% of

I Chy . . 1 .
Vst e o0 Gl SERRELAPin 1 REPSE PLVLEML B phthcad, sid
dbahiowubber RDeleald.ng at | east one heater el enent
corresponding to a nozzle so as to heat at |east part
of a bubble formng liquid which is in thermal contact
34, t h THenéhod 688 kinPTEwWHERIEACh REAE iR IR thé Bordh of a suspended
tenperature above the boiling point of the bubble

lfe@mn’_thfvgnettl_uqhﬁmt;helg@mmr'@mg] gri@l‘gtg dke se bf leeating ah].gasb ob®heater
O S P RO e G B e i

dbbee,A8d 7 BieBhal CORTABISPIRH) At REstlapdrtiéh &f tht Babhle BitiNenyad.

heater el enment by said step of generating a gas
bubbl e, and col | apsi ng the bubble to a point of

04 BraRO R e B O B o g 4" Jing 8RR e p¥ier clement i

affeaiethby hpplgingransictigtion ededgyeotlasscthat S@Ondto bahtsudghedtdreslement.
steps of disposing the bubble formng liquid in
thermal contact with the heater elenents. 33. The

h . o Ee i ‘ e
oL oIS MO RSN B one b
eldmentpthé step of reckiaing Bbipplyerféhabhubbie Hanchgdigmpd, af an ambient

rovi din he printhead,. [ atom.c nunper .i,s bel ow
(BiaBerayird o bl ep O tin Sh T SHIRHes B S eEle Y BB heat
@Ry badhSubRhéN& d@hdht Ofhdein W8RSPPREN 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.

38.  The method of claim 31 wherein, in the step of providing the printhead, the
printhead includes a substrate in which said nozzles are disposed, the substrate having a
substrate surface, and the areal density of the nozzles relative to the substrate surface

exceeding 10,000 nozzles per square cm of substrate surface.

39.  The method of claim 31 wherein each heater element has a pair of planar surfaces
on opposite sides of the element and wherein, in the step of generating a gas bubble, the

bubble is generated at both of said planar surfaces of each heated heater element.
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beam the nmethod further conprising, prior to the step
of heating at |east one heater elenent, of disposing
wo b@4loetibi e form ng |iquid such that the heat ePCT/AU2003/001504

el ements are positioned aB®ve, and in thermal contact
with, at least a portion of the bubble formng |iquid.

15 36. The nethod of claim31 wherein the step of

heating at | east one heater elenent is effected by
appl yi ng an actuation energy of |less than 500nJ to

fach Biechethe@beelal 8NRMktrein tBE ste§ e prridiag thefpratimhdinziudes
conprising, prior to the step of heating at |east one

theaimge stefapd cheprieal yargs dgpositiand(GNIRY the stysirs/ingprppraéing the
mng liquid, at an anmbient 20 tenperature,

I?%Q?%gw%génthead, wherein the step of heating is

effected by applying heat energy to each such heater

el ement , erei.n said applied heat energy is |less than

ke gﬂ&ragﬁﬂoe Shelnieal poCIEan Gestp @%@W;X@& fhe nsmbaed, the

FrifiiBal Bad b Hh PR IHAth & %esk _lﬁgat \Ig_grﬁ%nghim WhiBR incofdoPdtes said

a tenperature equal to said anbient tenperature to

mazlds herdin.ng point. 25 38. The nethod of claim 31

wherein, in the step of providing the printhead, the

printhead includes a substrate in which said nozzles

@ e diRnasted of A8ins YPVhERIEhE BMhih8adhasSHNEtaliR} 6 nozzle chambers

surface, and the areal density of the nozzles relative

qaoh chemnben betrespondisg id arsspective seatlaandrohgein thostep esprpeiding the

sguare.c f substrate .surfac 0 39. The t hod .of
QAR 4T RIRTE A B RN RS Epeatly, Fonerd " B PRI, such tha
tht BeAdr ethérAEBSeaclp thafHee St forrddliasliPérehthesRiveEalerd Rlone
wherein, in the step of generating a gas bubble, the
AT i s generated at both of said planar surfaces of

each heated heater elenent. WO 2004/ 048101

PCT/ AU2003/ 001504 49 40. The method of claim 31

48her eitie théthod v L¢laind 3 pivhedett sagh hbatersléméhéadudes sblidlagterial and has
¢ . hem oal ——
3(1@@@0 A m)lgsgstth@a S]tsqr xlpjaa)@Ct gr{u r%e ,b qlqglcy C\@]peeirgn@,igg]gq %/@)pg %teigg ;tlzlregl g r(])ne heater element

hOGE& Heatime the goﬂ_&‘ {'?naEE'Fitaf‘6’J,de:atel§11 ggcbq{eﬁ??’ defen! t%iancelghﬁgs ?é:labove said

step of providing the prin e printhea
wilingpainte which is | ess that 10 mcrons thick and
whi ch incorporates said nozzles therein. 10 42. The
nmet hod of claim 31 wherein the printhead has a

4. ur aftid Metfibd BPEZINE3 CHABRAS the sRBGR Pﬁmgfhe printhead includes
corresponding to a respective nozzle and whérein the

appbpngio gaelobeatiérrelenndng substantially to all sides thereof simultaneously, a

conformal protective coating such that the coating is seamless.

45.  The printhead of claim 1 wherein each nozzle has a nozzle aperture and defines an
axis extending through the nozzle aperture, wherein the point of collapse is disposed on the

axis and wherein the element is configured so that the element is spaced from the axis.

46.  The system of claim 16 wherein each nozzle has a nozzle aperture and defines an
axis extending through the nozzle aperture, the nozzle being disposed about the axis,
wherein the point of collapse is disposed on the axis and wherein the element is configured

so that the element is spaced from the axis.



printhead includes formng a plurality of said heater

el ements in each chanber, such that the heater
web@ansgisl i n each chanber are forned in differP@l/AU2003/001504

respective layers to one addther. 15 43. The net hod

of claim 31 wherein each heater el enent includes solid

material and has a mass |ess than 10 nanograns, and

i,n t t .0of , heat | t | t t
A e et R AL Rl e bR Shas iR rurg gof defines an
aXxUCdxtdid ot hroRble RHozEle aperh@ERBE ﬁézﬂ@b@bg)&i@%@s@ii dbout the axis, and
boi ling point. 20 44. e nethod of claim 31 wherein

thielemertpbebte spresd; fm the axés, prd whirsi thengas bybble inppllapsadgo a point
t h r t, substantially to all sides
(#%8§%%Fd§§§%ﬁf§ﬁ%§%§'y, a conformal protective
coating such that the coating is seam ess. 25 45. The
printhead of claim1 wherein each nozzle has a nozzle
aperture and defines an axis extending through the
nozzl e aperture, wherein the point of collapse is

di sposed on the axis and wherein the elenent is
configured so that the elenment is spaced fromthe
axis. 46. The system of claim 16 wherein each nozzle
has a nozzle aperture and defines an 30 axis
extendi ng through the nozzle aperture, the nozzle
bei ng di sposed about the axis, wherein the point of
col | apse is disposed on the axis and wherein the
element is configured so that the elenent is spaced
fromthe axis. WD 2004/ 048101 PCT/ AU2003/ 001504 50
47. The nethod of claim 31 wherein each nozzle has a
nozzl e aperture and defines an axis extending through
the nozzle aperture, the nozzle being di sposed about
the axis, and the el enent being spaced fromthe axis,
and wherein, the gas bubble is collapsed to a point

of collapse disposed on the axis. 5



