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Thp preset Exyentionselaiss

WD 2004/ 048109 PCT/ AU2003/ 001515 1 THERMAL | NK JET
PRI NTHEAD W TH SYMMVETRI C BUBBLE FORMATI ON FI ELD OF
THE I NVENTION 5 The present invention relates to a
thermal ink jet printhead, to a printer system

womer@eat i ng such a printhead, and to a netACEUH03/001515

ejecting a liquid drop (sugh as an ink drop) using
such a printhead. 10 BACKGROUND TO THE | NVENTI ON The
present invention involves the ejection of ink drops

by ' I i

For FEERM BTG TN TR IR CREAD, ey SYMRIEIRIC
in US Patent No. : 5 There are

vari ous known type%ﬁ@@qulﬁubbl ej.et)
printhead devices. Two typical devices of this type,

one nmade by Hewl ett Packard and the ot her by Canon,
FAGED QK T W@ﬁﬂlgzzl es and chanbers for storing

i nk adj acent the nozzles. Each chanber is covered by
a so-called nozzle ?I ate, which is _a separatel
‘iitg

anibernal gkt nrsdheachite 4 PRYtes d

bhch OfrintilaGd, GRA BPEmethb o£§E4RL A 110IdUrofshch as an ink
?i%\?%ﬂggag},&gtsy'he at(i_{)nél plg%te S madeoog Kagt éﬁﬁTM/\hIiﬁ{:h is a
Beappnsing susbe priatliead or apol yimide film which has been
| aser-drilled to formthe nozzles. These devices al so
i nclude heater elenents in thermal contact with ink
BACKGROUND TR THEINCENTIONe nozzles, for heating the
ink thereby formng gas bubbles in the ink, The gas
bubbl es generate pressures in the ink causing ink
d%@ﬁ&sér@%nv@ﬁidﬂ&nﬁﬂ%&lﬂbjédﬁbﬂ ofktdieps F&gwmléreﬁ fonlningic S8S anvapor
obj.ect, of the_present_jnyention tpo prov a.use
Rpihlosia pibykble fropig HriRles ?ﬂﬂh Cf?ﬁ%‘rbeégﬁsﬁg frgtent No.
oS3y Nog&sighms) ecting drops of ink and other related
Ii qui ds, ~which have advantages as described herein.
30 SUMVARY OF THE | NVENTI ON According to a first
g‘rﬁlé}%?.{]eexggioﬁé 1GolB 5L bPhetnih irfk joBHREEYEY BntBEhd d¥¥ickS Two
typical devices of this type, one made by Hewlett Packard and the other by Canon, have ink

. ejection nozzles and chambers for storing ink adjacent the nozzles. Each chamber is

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

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

which have advanfages as described herein.

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

comprising:
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conprising: WO 2004/ 048109 PCT/ AU2003/001515 2 a
plurality of nozzles; and at |east one respective
heater el ement corresponding to each nozzle, wherein
each heater elenent is arranged for being in therma

ont ith a bubble formng liquid, 5 ea -
e :!eafr'r@ir:ﬁ‘%m%‘ms configured to hgat at |east part%o?‘}lt%gseu%mah
bubble formng liquid to a tenperature above its :
boiling point to forma gas bubble therein thereby to
cause the ejection of _a drop of an ejectable liquid

t hr ougyBluraligeofinezzes aebr r espondi ng to that heater

el eme : y ' .
o1 oo MleasPlt Qe SREME ol SR BGHospAT D RPRESI] Fihorcn
formed by that cacpheater clemautris airagkdforbeingin thontal edntact with a

said sides or.di .£t0 a second aspect of the
i nventi one?q?}éllrégg%m%jr}%%}%’ded a printer system

I ncor por ati ng aa¢l heateh elathenttifeorlipret hehat adeqst pai aftheliubble
a plurality of nozzles; and at |east,one respective

hent er el REMDS SR b ISMRCHTS BOAEH DRI PRt (s #ps bubble
each heat eher@he@R®RERy tb Sardk HRNGRH0A 6f 2 £16) BHad Hedidbid IRl through

contact with a _bubble formng _ |liquid, each heater
el enent | shespgzleggrawponding tofhathealceglementand of the

bubbl e 20 f or g 40 dfeflbielertBa il FORBER S8 afPR Wontidufed such
boi | i ng poi nt to&%c')rr% a gas%gugt)c ‘ggb%tl ereint erebiﬁt gt_lc
cause t he thjtageas bebbbs foamelt ypthastheater dpment dbfoandd ajhptl of said
through the nozzle corresponding to that heater

el enent, and each heater el ement has two opposite
sides and is configured such that a gas bubble forned

t hat , heat | s f dat b f.said, 25
Berrde i £ B iHa BrebCEibe et e & mP AL T e
irle6ipBratifg @ pevtheciha prikthBsitogiprieingct i ng a drop of an

ejectable liquid froma printhead, the printhead
conpr‘FElPWBtYef&ﬁ‘P%ﬁl%i’I% of nozzles and at |east one

I espegldaifond 8ahedive heaB Mentl ERRBRING0 bRL9BENe, RiheAE
wher ei n each heater ‘ .. "y
: each heater element is arranged for being in thermal contact with a

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

forming liquid to a temperature above its boiling point to form 2 gas bubble
therein thereby to cause the ejection of a drop of an gjectable liquid through
 the nozzle cdrrespoildjﬁg' to that heater element, and
each heater element has two opposite sides and is configured such
that a gas bubble formed by that heater element is formed at both of said

sides.

According to a third aspect of the invention there is provided a method of ejecting a drop of
an ejectable liquid from a printhead, the printhead comprising a plurality of nozzles and at
least one respective heater element corresponding to each nozzle wherein each heater
element has two opposite sides, the method comprising the steps of:

heating at least one heater element correspoﬁding 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;
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30 el enment has two opposite sides, the nethod
conprising the steps of: heating at | east one heater
el enent corresponding to a nozzle so as to heat at

| east part of a bubble forming liquid which is in

worresqmaglogont act with the at | east one heat e#CTHI2008/001515

el emrent to a tenperature above the boiling point of

the bubble formng |iquid; WO 2004/ 048109

PCT/ A1J2003/ 001515 3 generating a gas bubble in the

bubbl ﬁ%@g@%s'bhﬂm%mb egfo%hﬁn@ 1afidyakii Rep om@ung, the
e

bubbl nerated at both of "said Sides of the or

mitble ngdermeéaﬁrotb praisirides gfthe or each herjed heateg lep et and

ej ect ahl.e t
cor r CaBBRaI Sronsy s g i Be pElBBRuaRdls comesponding nozale
bﬁhbiﬂep&géﬁermﬂgambubhierst ood by those skilled in

the art, the ejection of a drop of the ejectable
liquid as described herein, is caused by the

: g@&@m B¢ infRrs@fod dy \iadRe kibetiales drt) tiee petibh 6F a drop of the ejectable

d, which nbodi ment
ingdreser @e‘@iﬂens@te"&m%é"’?e Fr gt g BHE AP BA LA LI
ﬁ#@iﬁ A, i ch SASEbbHRASS HeSatnb bSiyesH RS iiejdotible liquid,

the 10 drop through the relevant nozzle.
Thregdpaistsddublie guney antindedsy pressurctin sicrtage Gauid, Weigh fopces the

h
BBl P
elomedtivetich it !ﬂdﬂmﬂiﬂﬂ yorltes with igerin® 'mneoaimmabpndse applie fpéhe heater

Rebbit o ritelire i reopdy I & SOARal Ripeioui, o

Wibbld &pialp @ a foe@hiSrosédondsadiaritie hesa, putse duintried gffi rhs the vapor

bl e collapse The | e col | t 15.

Ef@f FifecoBErnBSS. Tedting ngtg aﬁiﬁe"&ﬁ’ eﬁaalulaﬁ’ﬁ%fqgﬁa"mt
mfeﬁﬁay dﬂinsrﬂ@addfbbﬂ‘aceiﬁﬁwnfdfm’ﬁmlﬂ Nin this

such a point is referred to as the "pgint,_of. c II? se"
wecifingion, wish & poinhis tpfered 1A thea peigt of q?glaﬂss pifhe bubble.
i nvention conprises a plurality of nozzles, as well as
a chanber and one or nore heater elenents
T pristied déoaringtoghe invensien cempEses B Pwelity efnageles, apwel as &

g:%}'gl%g haen%%ng 81[ ﬁlgferﬂegt%r %lgmélt%;‘ &&@s@n@ﬂé% @ach b2z1E IR briion of

nore e ferred to herein
ths pﬁnﬂnemi lierte:midd'to a ksingtetriogzlg, s chithien apdits ongrasmeore elements, is

ref er e .is nmade tq.parts being in thermal contact
R d%ﬁ@WQHSf%EWnt? i's means that they are positioned
relative to each ot her such that, when one of the 25

atS|s heate i s capahl e of eating th
B ke Spectihtion B TEREES P fo At DF 41 el RS i gach
étﬂerPiEYsﬁh&ﬁJs tHaPilleRGe ﬁ%lhbneﬁ&@l&hﬁtb @#ich ofher such that, when one of the
parts is heated, it is capable of heating the other part, even though the parts, themselves,

might not be in physical contact with each other.

Also, the term “ink™ is used to signify any ejectable liquid, and is not limited to
conventional inks containing colored dyes. Examples of non-colored inks include fixatives,
infra-red absorber inks, finctionalized chemicals, adhesives, biological fluids, water and
other solvents, and so on. The ink or ejectable liquid also need not necessarily be a stricfly
a liguid, and may contain a suspension of solid particles or be solid at room temperature

and liquid at the ejection temperature.



10

15

20

25

30

Also, the term"ink" is used to signify any ejectable
liquid, and is not limted to conventional inks
cont ai ni ng col ored dyes. Exanples of non-col ored inks
i nclude fixatives, 30 infra-red absorber inks,

Wém@ms@@al i zed cheni cal s, adhesives, biol ogp@gjngo;yom 15

fluids, water and other skoents and so on. The ink
or ejectable liquid al so need not necessarily be a
strictly a liquid, and may contain a suspensi on of
solid particles or be solid at roomtenperature and
liquid at the ejection tenperature. WD 2004/ 048109
1E@Eﬁﬁﬁ@&ﬁ%ﬂéﬁhn$dwm&mmm@pﬁﬁékmmd@&m6ﬂ@@@@mmmdm
"periqdic . element” refers town el enent of a type
thepriodicdabls pf clementheri odi ¢ tabl e of el ements. 5

DETAI LED DESCRI PTI ON OF THE DRAW NGS Preferred

enbodi ments of the invention will now be described, by
DEVABER DESIRIPFAON ORFTHE DRAWINGASe to the :
accompanyi ng representations. The draw ngs are

described as follows. 10 Figure 1 is a schematic
Rrefosst arlipidinadd oftheinvedtionwgl naw bedkscdhalybpwap 6f fzxamplet only,

cell .of a ri nt head.accordi n n enbod f

ik sireho B somaRi R hlgh® % EERaE o Moo
falldws. 2 schemati c cross-sectional view through the ink
chanber Figure 1, at another 15 stage of operation.
Figure 3 is a schematic cross-sectional view through

HiflRe | Ma sRRRY ordss QBRI ndl vidk thYQigh a8 MM AEEbS R AP Eell of a

operation. 20 Figure 4 is a schematic cross-sectiona
pyinghged srceidine to pe emhediswaifl die inyeptiew af a paticyjasstage of operation.
further stage of operation. Figure 5 is a diagranmatic
cross-sectional view through a unit cell of a
Figuire2 limthﬁnatid cassedmnaleiew throughdhedink ehebiber Figure 1ot another
%%g *Q*§ |on showi ng the col |l apse of a vapor 25

B °Gures 6, 8, 10, 11, 13, 14, 16, 18, 19, 21,
23, 24, 26, 28 and 30 are schenatlc perspectlve Vi ews

RS R b aeptebe o b R BB pet

ahHMEMdge Bf ofddratiédl | OUS successive stages in the
production process of the 30 printhead.

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.

Figures 6, 8, 10, 11, 13, 14, 16, 18, 19, 21, 23, 24, 26, 28 and 30 are schematic perspective
views (Figure 30 being partly cut away) of a unit cell of a printhead in accordance with an
embodiment of the invention, at various successive stages in the production process of the

printhead.
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WO 2004/ 048109 PCT/ AU2003/ 001515 5 Figures 7, 9, 12,
15, 17, 20, 22, 25, 27, 29 and 31 are each schematic
plan views of a mask suitable for use in perform ng
the production stage for the printhead, as represented

WO pooth48109r especti ve i medi atel y precedi ng fi BUR&8B2003001515

Figure 32 is a further scHematic perspective view of

the unit cell of Figure 30 shown with the nozzle

plate onmtted. Figure 33 is a schematic perspective

Flg@l‘% TR 15, PHD0RYSs, B 2Pard1lard&kch semBiPpILANBRAGE a mask
cording to tHe invention haV|n% anot her particul ar

eitpbld forawe ingferfhening thegredvetion stasg T theprénthepd; ag represented in the

R A B B el 00 107 the printhead of

Figure 33 for form ng the heater el enent thereof

5 a schematic perspective Vi t .
ety 22 5 R e R porebarhny VRPN eoseil OB Bire alfihn vit
thbaoiAv st omitddavi ng a further particul ar enbodlnent
of heater elenent. Figure 36 is a schematic plan view
of a mask suitable for use in performng the

PipRd 48 i QRohelaRd ﬁeﬁﬁ%’éﬂ@é"ﬁeﬁ rﬁaﬂiﬁﬁ@ﬁw% ofd G ®113Ba bfithead

férm ng the heater el enent thereof gure 37.1s a
fogpndingrto ﬁvhemtmhmm@sn nﬂé:lqw%\ﬁmbpd@ﬁet qf HpaterElgment
Figure 35 shown with the nozzle plate omtted. Figure

38 is a schematic perspective view, partly cut away,

Bifwa 3¢ 4 sohehauoqﬂazawpw iofie tresicisuitalile Sratisiy pegorniiag the produc’non

h |
#@ﬁ“%% printfcad gy 8P egs g{c} FlorBRly Seclgea%% 1@:&1’8 Jiféfq}‘an Ui ew

of a mask SU|tabIe for use |n perforn1ng the

rodyction, stage for, the t head of _Figure,38 for
BiRia e 4 HBeRUB e e PHAY 0ol o it ! foe fiead
dousrihgno SeherBlitrthaBihSRekdr vertvilereriBoditent ufhdates element
Figure 38 showmn with 30 the nozzle plate omtted. WO
2004/ 048109 PCT/ AU2003/ 001515 6 Figure 41 is a

B8R §scﬁ&ﬁ£ﬂc§{‘ahnt HEP HQQR@SH%I@ o hadAIer fBfmifg the production

pri nt head accor to an di ment of the invention
sms\ipni@e wﬁh@é@ﬁﬂ@uw@éafm f@eamerth%hee%ﬁﬁm%%ﬁr%@d in a
bubble formng |iquid.

Fxgure 37 is a further schematic perspectlve 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 a2 mask suitable for use in performing the production

stage for the printhead of Figure 38 for forming the heater element thereof.

Figure 40 is a further schematic perspective view of the unit cell of Figure 38 shown with

the nozzle plate omitted.
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5 Figure 42 is schematic section through a nozzle
chanber of a printhead according to an enbodi nent of
the invention showi ng a suspended beam heater el enent
suspended at the top of a body of a bubble formng

wbiofiddiods1odi gure 43 is a diagrammatic plan vi-@wrafuaésinoisis

unit cell of a printhead agcording to an 10
enbodi ment of the invention showi ng a nozzle. Figure
44 is a diagrammatic plan view of a plurality of unit

ells..af a.pripthead according,t n odi :
iRt 4hen i ireh S, BESRh foars agPo SHHHAENE booBlding to n
EinBotiRertof it iAvetion SRMWIBE 4 Susp@déd Boani vty glemantimzetsed in a
chanber not_in accordance with the invention show ng
Bultiedogping|lighidnt enbedded in a substrate. Figure 46 is

a diagrammatic section through a nozzle chanber in
accordance with an enbodi ment of the invention

Eigow 42gs schematiesecioreirenveh pnozdrchembes offe naindigapesserding to an

‘ . N7 e, . . s on it
SR b el i el £ B Bk B AR R o he
hpatfehbody efenbblerfeddetqiid a substrate. Figure 48 is a

di agrammati c section through a nozzle chanber in
accordance with an 25 enbodi rent of the invention

E%gew 43ds ald{hgﬁhﬁﬁaﬁg!;mﬁévz gﬁfﬂwﬁﬂ creg.oaagﬁmhbm. ave@tiing &s 15

of the elenent. Figure s, a diagrammatic section

£Rp ﬁnté’fﬁ%?ﬂﬁ’eé‘ﬁ%g%?ﬂ‘%?g% ZZen accordance with the

i nvention, showing a thick nozzle plate. 30 Figure 50

I s a diagrammtic section through a nozzle chanber_ in

Higuesr4ddn 8 diagranpnatis plasiberaphipiuraBly of pail pellsef gipggttead according to
' b ; : 109
%%%}o%ﬂ%ﬁ%ﬁ ﬁéﬁ%?gﬂ&gga %ﬁlﬁﬁg%%i amat i c

section through a nozzle chanber in accordance with an

Q . . :
e e T
mvantion showing afheatecdleraery einbeddad in guubsitdiead 5 show ng
two heater elenments. Figure 53 is a diagrammtic
section through a pair of adjacent unit cells of a
Pigui 46486 diap@etidic Bertion titughHindiisehimiad it deeordance with an

I nvenption, show two different nozzles.after drops
embodiment of theanenggn showing a heater e ementzin the form of a suspen%ed 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.

Figure 50 is a diagrammatic section through a nozzle chamber in accordance with an

embodiment of the invention showing a thin nozzle plate.
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havi ng di fferent vol unes have been ejected
t heret hrough. 10 Figures 54 and 55 are diagranmatic
sections through a heater elenment of a prior art
printhead. Figure 56 is a diagrammtic section through
wa 2eanisacaal | y coat ed heater el ement accor di PGI/AURG/@P1515

an enbodi nent of the invention. Figure 57 is a
di agrammati c ‘el evational view of a heater el enent,
connected to el ectrodes, of a printhead according to
ﬁgﬁt%'ﬁ‘i? g Elﬁé{t&r{nﬁ{ i DR tbA MBS gh A hozAD cHizinfbef 8 adSbrddcéwith an
sCthemati ¢ expl oded perspective view of a printhead
erishdlireers fof the prvientidrethdwingdwo hditppleneeniin  enbodi nent  of
the invention. Figure 59 is a schematic perspective
view the printhead nodul e of Figure 58 shown )
Figfesh aglediagrammiatig ssctioh tiroweha metie ohaniber of adwiov aepyinthead

hown partly in section, of the printhead nodul e of

&Hﬁﬁ“@é@agéiﬁﬁﬁ? 1 is.a schematic plan view of the
printhead nodul e of Figure 58. 30 Figure 62 is a
schemati c_expl oded perspective view.of a priﬂthrad.tlI d
HewsSdiing degrammatie pestian Fapehrpaimol aipeaiiiRls 48 prmtirea
&Qﬁrﬁér?%% Q?mﬁ’éifﬁaéﬂ%@%/ LTS shwikik B4 @fBRni Sozdles after drops
schemati c further perspective view of the printhead of
IEving diffeentsiobmmes havechgen aisetad thereffopughes i s a schematic
front view of the printhead of Figure 62. 5 Figure 65
Is a schematic rear view of the printhead of Figure
Bigures 54 gad 35 46 diagramnsatih sedivncthimigh o heaiérelenesht efpcprior art

L %Sead of Figure 62. 10 Figure 67 is a schematic
éﬁ%ﬁ% iew of the printhead of Figure 62. Figure 68 is
a schematic perspective view of the printhead as shown

fl«'igurlélsg lilsf g digér’am?n%%c sg’crtlign (l)JIP Xapc!ogg)?gé]ly coated heater element according

to an embodiment of the invention.

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

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 parily in section, of the printhead module of
Figure 58.

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

Figure 62 is a schematic exploded perspective view of a printhead according to an

embodiment of the inventon.
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15 Figure 69 is a schematic |ongitudinal section

through the printhead of Figure 62. Figure 70 is a

bl ock di agram of a printer systemaccording to an

enbodi nent of the invention. 20 DETAI LED DESCRI PTI ON
whedd@s@escri ption than fol l ows, correspondipg@auz003/001515

re?erence nunmeral s, or corgesponding prefixes of

reference nunerals (i.e. the parts of the reference

nuneral s appearing before a point mark) which are

sed in differen igures rel ate f '
Bare o hupasrbrubaRtpiots it e Paan B s dyown
wHekhiedddng suffixes to the reference nunerals, these
indicate different specific enbodi nents of
corresponding parts. Overview of the invention and
ﬁg&%%@'is S 3eMsid £oht HevoPRh&bslifRead Of Wenh 20 erence to
Figures 1 to 4, the unit cell 1 of a printhead
according to an enbodi nent of the invention conprises
. . i 1. 8l:Bg2.t he nozzl es
ﬁ%@gﬁély%géz:e(%F%%ﬁ%?ggﬁébgggg?ﬂ$§§§% ext endi ng
t hrough the nozzle plate. The nozzle plate 2 is WO
004/,048109 PCT/.AU2003/ 001515 . hed from a
S 605 hiberas Wrpacvey o reoniet GE0BeE b2 by vay
of chem cal vapor deposition (CVD), over a
sacrificial material which is _subsequently etched. The
Hevsf dngschraah play m@&fﬂwwthﬁégﬁg]%‘g”ﬁe&&eac h nozzle
3, side walls 6 on which the nozzle 5 plate is
supported, a chanber 7 defined by the walls and thg
Figure|68 it sghemgtic perspastive-iewy af the piinheadas sheynind'igye 62, but
' e 9 extending through the multi-Iayer
%@g§%$§§g&?%'the far side (not shown) of the
substrate. A | ooped, elongate heater elenent 10 is

PR RO s b g G o o s T RRRRT,

shown is a mcro el ectronmechani cal system ( HEMS)

Lructure L.ch is fornmed by a |ithographj 10
Beted0 s Stk beraimad s PrOR STFe R e AR e Brdiben gt the
tnkentjokl nthead is in use, ink 11 froma reservoir (not
shown) enters-the chanber 7 via the inlet passage 9,
so that the chanber fills to the |Ievel as shown in
bEUWiEED DESERSRPTICN. the heater elenment 10 is heated
for somewhat less than 1 micro second, so that the
heating 15 is in the formof a thermal pulse. It wll

[ i | ondin;
B o B e o fosponding
prefiseswiiesforehes netnsralniiei the hastaefdhe nefiirepee sunegrals appraring before a
eneraty f Xy ' ' :
AORGP R Gt e SOt AP Bon rile b8 orlefonding parts. Whero here
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 aof operation
With reference to Figures 1 to 4, the unit cell 1 of a printhead according to an embodiment

of the invention comprises a nozzle plate 2 with nozzles 3 therein, the nozzles having

nozzle rims 4, and apertures 5 extending through the nozzle plate. The nozzle plate 2 is
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bubble formng liquid. Figure 1 shows the formation of
a bubble 12 approximately 1 m crosecond after
generation of the thermal pulse, that is, when the
bubbl e has just 20 nucl eated on the heater el enents

wdtho4da8108i | | be appreciated that, as the hedCWAU2003/001515

applied in the formof af%ulse, all the energy

necessary to generate the bubble 12 is to be supplied
within that short tinme. Turning briefly to Figure 34,
ptlalgﬁfa%tdhéd ﬁ&ﬁ%ﬂ&oﬂ'ﬁfﬂﬁé&%‘uﬁﬁfﬁ: HREMs MRy Gsite 8 By bﬂcli&mc]% vapor

the 25 printhead (which heater includes t'he el enent

- depdsisiond @ VDY, arisvw eacrificiah mpigrial whichris gfbspaviently ithsess, as

described in nore detail below. As the mask 13 is used
to formthe heater 14, the shape of various of its
Tha priatheat desipdndess with tespech’amaclmﬁozzhé eide mells 6 GOwhithéie nozzle

SRR A R/ A B PRI HESREISHRRE S Pmtiyer

sﬁ@&h&@ st ah aflciglagaks Deaendidohenpt epautdilngr susitdeto the far side
parts designated 15.34 o theg fbd a h%a elr.. -
(’éf?téh@m of ghesgpsiaien ShiserRy- £lgns %B?Fﬁémﬁﬁ*s Gh SHSBEeH V= e
cﬁiqu §PEHtthd QemRS B Bm ¥PA hidgendes badi! TIRMr@{easss shown
the electrodes 15 to cause current to flow through the

is4 witserlectromedipicel wetendNEMDsirptarentsichinforred Dt igthographic
pEJb@ssq*rIﬁ%ﬁtdﬁgcgb tnggg d%g%g%g‘fv the electrical

resistance 1S provi e el ement. Thus, nearly
all of the power consuned |n WO 2004/ 045109

CT/ 01515 .10
VRS B 16 e, 1 B Aol o MR enfee 8 pharnoey 7 via
ﬂliﬁjhEePasEagﬁ O sceitlattthe cantber ﬁJWte thetlbeel o4 Shmmtm Figuresl. Thereafter,

ted .as Gr bove ubhl e. 12 for | .

S REGRAEIOD = KAOURRIAR. e e oRshY oo hi e iheating
1éb1£i g%ef@nﬁ b8 Sreifdl ipuRa at ?m I%Mp@{]ecﬁ}:délﬂti]ﬁ tﬂel heater élement 10 is in

u e portlons one or C (0] t el e ortio
o PoRTICT I B0 Bkl e OHRB b L1t Paen Shreriyal B bt his

c&lﬁ%’ﬁé o@RrdifAE LEFaor bibU:A2 TR Nk, tﬁd:d&ordlﬂgly,ctﬁ@ﬁﬁ el cc?nsﬁtutes a
In turn causes the ejection of drop 16 of the _

bubme iormmgrlmgh HRigrwe h sbowysaheformpiéon ¢fia t&lbhlﬁsluzé%fo’ﬂmtthl
nﬁbgo%ﬁf%e% E&e%a R 0%%{3 @Eengh oﬂlﬁseeﬂhﬁt% &fhen3Re BibbleDas just

mnmze nce P m sd |rect|on The reason
nuﬁeated drethe heateratemyentsid. dowill|be aBpresigted Hhakire thehepids applied in the

f(g: (gtI E}fuz gner%ht?e%eﬁ[sgﬁ%o #&%%art] g at&i{ﬁﬁ@ lz\?\fghe supphed mthm

tieak shoeitimd 0 and formng of a bubble 12, does not

- effect adjacent chanbers and their correspondi ng

nozzl es. 15 The advantages of the heater el enent 10

TRRERSLrEAYRE Pk F4atheayis bivaun dx8hdkd 3ebbRatig ailrater 14 of the
printhead (which heater includes the element 10 referred to above), during a lithographic
process, as described in mofe 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 wsefial 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
operation, voltage is applied across the elecirodes 15 to cause current to flow through the
element 10. The electrodes 15 are much thicker than the element 10 so that most of the

electrical resistance is provided by the element. Thus, nearly all of the power consumed in
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any solid material, is discussed below. Figures 2 and
3 show the unit cell 1 at two successive |ater stages
of operation of the 20 printhead. It can be seen that
t he bubble 12 generates further, and hence grows, wth

wo Bfhankhsdl t ant advancenment of ink 11 througBciMe2003/001515

nozzl e 3. The shape of thggbubble 12 as it grows, as
shown in Figure 3, is determ ned by a conbi nati on of
the inertial dynam cs and the surface tension of the

ink 11. The surface. t he

potas heeai s mipBa b donas 1D o e wt e

efiledidatrpunt of I|qU|d has evaporated, the bubble is

25 essentially disk-shaped. The increase in pressure

wi thin the chanber 7 not only pushes ink 11 out

FRERHAIIE: 10198848 & doBitine@LRR AHS BB SO Brrhd WodkARKlength of
rough e1n passage 9. However, the inl et

tbasls:mgnt this lmbh,bmppoamng,tmlﬂgn PBeseatiosd iew ¢fifigme f.res four bubble

R T e e S A

As a result, the predom nant effect of the pressure
rise he chanber, 7 is ta force ink out,.throu

TRsbhle1bqgos ROUTE: Gapsch bR s FomisP o LR B8 SRpmber 7, which
ﬁ’ih‘ﬁ]ﬂl&%ﬁ%ﬁ 18 efctlich oiﬂﬂﬁ@@g@oﬁhe MR 12 %ﬁ@ﬂﬁéﬁ&zle 3. The rim 4 assists
PCT/ AU2003/ 001515, .11 Turnin nowto F| a\;jté
ipdingetingdbe drep 46 8t isieckeds iq 4 P the %f‘s ifEoRgpisgigection.
of operation, in which the |nk drop 16 that is being
ejected is shown during its "necki ng7 phase" before
Tltwereahon fhabthezeds onlfyfone ezl andshergleer 7imreinksy pssesePds pridat the

ch

S8 s EAEL i PCHHER Sl BB B8R 090 Riming of o
mmeaa; dmhs nbt effmclmijmmiehanbers mdRbgjuccereSponiting nozzles.
col I apsi ng of the bubble 12 towards the point of
col | apse 17 causes sone ink 11 to be drawn from
Thd ddivintigdes oMb hbAerdldnicho D0 bdisg sisptaded Bttef thixh beidg erpbedded in
and ‘g@ t.,o be.dra from the inlet passage 9,

aferial 5&isersset PBWI apse. Most of the ink 11

dravvn in-this manner 10 is drawn fromthe nozzle 3,
form ng an annul ar neck 19 at the Sase of the dr.op tltg
Hiewes 2 pied 3 phogv the aaik pelhl #fftwo sygressiedpersipece g RperEonof the
]?‘ﬁ{ﬂﬁeaﬂ nn%%)ﬂé‘é djgiha{%%ﬁsﬂmi Beri s FRHRr, WA hate ghRRSWRR the

orces, in r to break ink 11 is drawn from

_ nemétanfcaziza@e@ewfmel lctbmualpth@ n@:zlw heThashspeofithe bubbly 12ps it

E%%g%qf&{ ci%(a%tgr[% ensi’on hﬁ%ﬁng tﬁg ropdj;ﬂaﬁmsm1d

ﬂhb aitrfich BanB[Dﬂ'eflﬂlEl mlofl TThe swhaoptension tendsto epininieeithe enrfage area of
t‘iah Bubhls ﬂ 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 O is approximately 200 to 300 microns in length, and is only approximately 16
microns in diameter. Hence there is a substantial viscous drag. As aresult, the
predominant effect of the pressure ﬁse in the chamber 7 is to force ink out through the
nozzle 3 as an gjected drop 16, rather than back through the inlet passage 9.
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sufficient to allow the drop to break off. \Wen the
drop 16 breaks off, cavitation forces are caused as
reflected by the arrows 20, as 20 the bubble 12
col |l apses to the point of collapse 17. It will be

wozetsideat there are no solid surfaces in REREAU2003/061515

vicinity of the point of &bllapse 17 on which the
cavitation can have an effect. Mnufacturing process
25 Rel evant parts of the manufacturing process of a

Phrhide R840 Pf‘gﬁ&f £ irinfheS8IRAHWE Bl Sstibtffiite sudcé‘s‘éﬁre Bﬂaghrbf

are now describéd with reference to Figures 6

apstation; in gvbich % ighideorel6 thatdy eingseiadiestin shovey Gsing §é c“ﬁdé‘ﬁg
% *t%i—*or '&%%955@ 4Rt @i sthg b e udd 12 hgs%lesagqgacﬁed its

ion o an 1 nterned
mindoem gizetand hgy thembetgm tp qaﬂl@p@sswardh@z poifnt of Riollapse I Guas eefiected
relatg F,Ilmc.[;hat portlon of the printhead correspondlng
Ipgnare fefpy wagyre The description of the
manuf acturi ng process that foll ows mnll be in relation

to a_unit cel 00 48109 03/ 001515

The o8 arsing of g h‘a%blsézéﬁb‘mfé%'?%i’@&t ¢ aRSﬁ s Eome i ﬁz’“’ be
B8wA BRI Withih SheFoib 8 (frstH ehcided dB @Eﬂl@ﬁrop%%ﬂ scﬁ:ﬁé fobe@hawn from
whi ch the whol e rlnthead S conggfed

th@pﬂ@tsaemse 9. kewandscthe peiakefsllanse.s Mot of @%ﬁqﬂ% 41 fhﬁgm in this manner
RONIARIH 1A BE 9B Sing 84 btk Reck 1) & B ] dzak Bbp 8 prior to

on process, including the
ittivedkang ¢fbn of CMOS drive transistors (not shown) in
the region 22 in the substrate portion 21, and the
conpl etion of standard CMOS interconnect |ayers 23 and
1hhﬁﬂmwﬁﬁﬁmmﬁayﬁﬂﬁﬁémomﬁMfﬁ@mumndimaWﬂ@mbymuﬁee&agheﬁHﬁﬁin

nes. 25 electrically interc nnec th
it 5 bikak St A4k T8 5 v BCRP By Do WIRBE o Ry e 12,
the dia.ﬁieféeg bﬂﬂsﬂfckqgfrgmm%e eﬂﬁcﬁ@&e aesadtef tatd stifee dnsion
rings are formed in the I zation
holdiag theerpe 50 1halas mopsng: AP 3 e S b e nozzle i
&ﬁéxaﬁkdmomﬁmop%ﬁﬁawﬁr designated 27, where the
nozzle of the unit cell 1 will be forned, through the

substrate portion 21 to the region containing the

| sier) Elg 1608 Ehks 6 5391%&1;8)91 fgﬁgs LVERisEd $:GEidcias B BRPRRRF 20, as

gi on designate 15 The first stage after

thh’eubbdmtﬂ eilapaas tofthe heinianiosllanse 1 7.dhwilbe noicsdbaj dhere are no solid
suPh g’es { fe %Icuﬁ%y 9%0%11: 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 intenmediate stage in the production process
thereof. This figure relates to that portion of the printhead corresponding to a umit cell 1.
The description of the manufacturing process that follows will be in relation to a unit cell 1,
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portion of the passivation layer 24 to formthe
passi vati on recesses 29. Figure 8 shows the stage of
production after the etching of the interconnect
| ayers 23, to 20 form an opening 30. The opening 30

Wgt,zﬁog}gmg@nstitute the ink inlet passage to theysomibenisis
at w

| be fornmed later 3 n the process. Figure 10
shows the stage of production after the etching of a-
hole 31 in the substrate portion 21 at a position

EEh o DRSS G e L b g R O gt
it sheBich e hd R prittlehd Reopbededad from the other side

(not shown) of the substrate portion 21 to join up
with the hole 31, to conplete the inlet passage to

) T . M
B S 1AIRRb (P ook St bl gy bt e
iy etiomtod a pondarcBMOS fabrication progess, ineluding therftteicatinmei GMOS
Layers .23. .3 f, J.nst :

SRR Gt BTt D Aonbedfe YR A0 g0
&cﬁnplaib@io@ sﬁﬁtﬁr&lﬁmﬁﬁimmn@t' hﬂygg esl ambp?s'?fat@nga@t P4oyWiring
the transistQors._.in t egj, on . _the e. .
iedratct BY e Sadhenmacs 2 saesialsy e Rmmted Sy an et acve
HEAE (aBOn@Shéwn) Ma ViR iRakEibabl Correspogiing thithdiozateed by
the arrow 34) for etching inaccuracies. But the

etching of the hole 31 WD 2004/ 048109

Bl ::0%53& i AP ti o APk cdnhset Siy8S LB & Srevent ink
portdié%{ﬁ 1,Q%@é?ﬁeégg%u[ta%{ﬁ)shortened degétyh of ,tﬁre .
hbfrem3tffusingefeoms the hegions designsted 2daweprathesordeet theupibeql 1 will be

nd L . el . ‘
ﬁo z%‘?’@%& ntﬁ%%%é@%éb%éh%%@eﬁﬁg%g E’?&éirle 1% shows gtz(l’%’eand
sdragiingdahe QlOSUGichitny ddpbeed imtheoegiomdesisnated B2.ck | ayer 35

of a sacrificial resist has been deposited on the

| ayer 24. This layer 35 fills the hole 31 and now

TR fEt palktafteahe tdigplsionusfithe GVOR filiriation protms chnsibsef etching a
resist_|ayer. 35 i s then expgsed w t.h certaif) patterns
parion pLsbs Ksetn 1B PR TTHL RSP P - 05) ¢ o
formrecesses 36 and a slot 37. This provides for the
formati on of contacts for the el ectrodes, 15 of t

. e
Figaeck shewe the stase of preduction sfferdhe qiching ofithe ipjrroonpesy Ecyﬁsc% to
i . STt B0 1s 16 EONStiREs the Bkafilel phséalto the chamber
%ﬁ%@?@ﬁ%@t eOP%g?gn\%(%i on of the nozzle lfmhlgl fb:s 6,
thatiwillirel foroppdflaterdin e nroesps.t he chanber 7. Figure 13
shows the stage of production after the deposition, on

the layer 35, of a 0.25 micron thick |ayer 38 of
Aizateci0 showeihb atage afiroductiomafidn ghepidsingnt adwlecdiine substzate

Bt el PP aioE P P eRricg e a s g B8R ) proces.
b @tBier 88 (indicated by the dashed line 32) will be eiched 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 o be etched all the way fiom the other side
of the substrate portion 21 to the level of the interconnect layers 23.

If, instead, the hole 32 were to be eiched all the way to the intercormect layers 23, then to
avoid the hole 32 being etched so as to destroy the transistors in the region 22, the hole 32
would have to be etched a greater distance away from that region so as to leave a suitable

margin (indicated by the arrow 34) for etching inaccuracies. But the etching of the hole 31
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| Ft%feélléB?W%@é giagsogrod

to formthe heater 14, including the heater elenent 10
and el ectrodes 15. 20 Figure 16 shows the stage of
production after another sacrificial resist |ayer 39,
about 1 mcron thick, has been added. Figure 18 shows

wbhensgh@ge of production after a second | ayePCHWAUZN3/H01515

heater material has been 18eposited. In a preferred

enbodi ment, this layer 40, |like the first heater |ayer

38, is of 0.25 25 micron thick titaniumnitride.

| @NShofthe@ i€ 81 BE hole 32,

T e o e

Ararsithetn lesserahargih 8d nkad bedéfe med thet mmetamaﬂah;ghpwatchmg density
| ustra atter ned |ayer does not include a

Héﬂz%]le ”E);E bé’lag]!i‘fﬁ 10, and in this sense hasno

heater 30 functionali ty However, this layer of heater

mat eri al does assi st Dﬁ%‘;}? Enqg[ {1 S 51 an%g ofasacnﬁc1al

%&*b@{h ﬁ?ss%t%d SR SHcdMel S4. ARREERYS Hlls uiaetomlta@.a ROwdorms part
reater energy consunption by,

oﬁm sifustuge gftéepenth@erdf Bestrearatress 330 hacEpeed I‘e@ certain patterns (as

. l1B% 18Rk RSali it 37 Whis

%é%g%g%ﬁnbo#ﬁ%ﬁ Ef ustrg‘;{cg%bl n H%lf?(g 8,

pmldes:m ﬂmfpmmim gf teajests faGhel degragiont aefitheh p@melmto be

the st age A .

Fosget o B DRl A PRL AL R8P, for o

&ﬁ‘ﬁ@&éﬂ@ihe ﬁ&zzlbhﬁumﬁnﬁitnﬁﬂﬂeﬁmmh affthet dhemmbérdyer wi | |

constitute the inner surface of the nozzle plate 2 to

be formed later, and hence the inner extent of the

PRGA 18 RORS the rsﬁg@ef ﬁr&ﬁmﬁdﬁﬁa@ﬂ EhleepﬁdilﬁCﬁg bmtteﬂaséﬂ?’mﬁ 8 0.25

be sufficient to allow for ormatlo bblfe’ut

oo hidkdaser P heatsE SPGHah BHH G ST dER gy Topt tienium

rinthead. 10 Figure 23 shows the stage of

production after the roof |ayer 44 has been deposited,.

that is, the layer which will constitute the nozzle
ebrhin® Chifid 61 tREheater layer 38

?@%425}1?‘%‘/(?%3&% prchﬁicﬁgn %%3? ‘ét%edléz% IS ?ﬂcr)r med of Y

i foira tie henter 14 inchjdingtthdhaater phmnt lﬂ R clecEpdpadd. 24

shows the stage of production after’ the chem cal vapor

deposition (CVD) of 15 silicon nitride form ng the

Fiyes 1 6Adowhts shgeﬁf moductign efter hecthartsadrifiziab ossist layer 39, about 1

desi g@ucﬁ(’egﬁsij as to formthe outside part of the
outside part being designated 4.1

‘ F| gure 26 shows the stage of production after the CVD

f | tride_h h tched  al | h .
?&@ﬁ%@s%%ﬁ%ﬁ%@?ﬁ%@%& daveAP SR Rimplssig hgs beoen
&ﬁﬁb %9% ér@feﬁ@t! Ehb ¥, ZtEisftaye?-@o 4R KLy HoateRlager B8] Blof 0.25

icon nitri d as been renpved at the
monmm@mm@e 47

Figure 19 then shows this second layer 40 of heater material after it has been etched to form
the pattern as shown, indicated by reference numeral 41. In this illustration, this patterned
layer does not include a heater layer element 10, and in this sense has no heater
functionality. However, this layer of heater material does assist in reducing the resistance
of the electrodes 15 of the heater 14 so that, in operation, less energy is consumed by the

elecirodes which allows greater energy consumption by, and therefore greater effectiveness
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where it is not required. Figure 28 shows the stage of
production after a protective |ayer 48 of resist has
been applied. After this stage, the substrate portion
21 is then ground fromits other side (not 25 shown)

whQodiR4ies the substrate portion fromits nomichalyzeeseoisis

t hi ckness of about 800 m cgzons to about 200 m crons,
and then, as foreshadowed above, to etch the hole 32.
The hole 32 is etched to a depth such that it neets

ole 31. Then, the sacrific S

e PasprdeenfoiL Taghe gl gt ittt rafi s R ERe Fpghe
SiPreSpOnaR: Iigleﬁmaoesb@ut&ﬁrarne&eewtructure shown in
Flgure3 with walls 6 and nozzle plate 2 which
t oget her deflne the chanber 7 (part of the walls and
ﬁ%&é' b Ha1a %}(}@:] &€ Has bee

t 2? ﬁ?és‘ﬁga SO ?,@e%\yzs tom?éeﬁr%\%e )élyerrlggldgs%rﬁafall%% t’ﬁ § been
depbsited. 1 Asthe mpparmostiiew] hbthis layenyd! ¢omstitpietihe inher sidias ofthe

e salr SR et b8 M dine? sBER R A AR . e

Isdight oDthist 1 ayer 4 st teet mﬂimasdt tocnﬂoﬂf]fot the titrenation af &b®pletiBiis the
assage ser.yvj as t he, [ assage general ly

‘% %&5‘@%’ $ﬂ%er% 5?" Ie t he above
productlon process is used to produce the enbodi nent

of the i nt head 5 shown in Figure 30,

Fth _
HEwsLAs Sethﬁﬁaserefrwsdw%% theirpollpen 4 ﬁealteg{l deposited, that is,
155 fa's'f&t v’v“lﬁ% mﬂﬁsﬁﬁﬁ%n&ﬂe@l@é‘ﬁ ETn3ftad b BN LR B3 100 micron

i nk drop

7, ures 38 an . Control of
fb}cb @plyunldi %hmethemmiﬂyl@’fﬁ 2ds fgapdofisdlioon gitride, 3ot b2 fgons thick.

-unit cell 1 shown, as nenti-oned above, is shown with

part of the walls 6 and nozzle plate 2 cut -away, which
Figwe a4 shavwesthe sitgsr ofgrodiictiothatter erchemical vap@indepheitane(C VDY) of

[ t, .shewn t hat hot

b areidr BiEine RPN len B ool Bl Abed R B boblind ieprea 45,50
skto frambsoutkideopathof thendazke i K pthispatsddecrart be{nzeiesi iatpdrde]

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

across the electrodes 15 to establish a fl ow of

T8 D6 kowsaHE §88Y off ms&sn the e ® bf glieoybitiridé Qas ﬂaah Stched all
heats the el ement 10, as descri bed above in rel

the wey Higeugh 2t 49, do eesppirts thedomnationiof the nogzie Han 4 fnd 1, ?rm fhe nozzle

dpRRut Base el the 8/ Qﬁca@ﬁl&mésame%ﬁlréﬂl@veataf #elolsigsn de@fgnatea 47
the heater 14, sone of which are shown in Figures 33,

wBreiids Wy req@hel. 38, can result in there being many
variations in the ratio of length towdth of the -
heater el ements 10. Such variations (even though the
Ripgure 28 ehcowsche sifige dfpraivetimmdfisr 4 Protective layer 48 of resist has been

applied. After this stage, the subsirate 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 nsing
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
this hole, together with the hole 32 (not shown in figure 30), define a passage extending
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may be the sane) may have significant effects on the
el ectrical resistance of the elenents, and therefore
on the bal ance between the voltage and current to
achieve a certain. power of 25 the elenent. Mddem

wdeins4ssbect roni ¢ conponents tend to requi r ePCHMER003/001515

drive voltages than earlidf versions, with | ower
resi stances of drive transistors in their "on" state.
Thus, in such drive transistors, for a given

#R R 1§&&r51&ro%%e JubQf8e pottich ileﬁdﬁ‘éhidézfeg hﬁg&h@gagss&ﬁﬁglas the

capability and 30 | ower voltage tol erance in each

ipk ydepessaeen senerdllyrdesignaged Y tade cha fed to above,

shows the shape, in plan view, of a mask for form ng
the heater structure of the enbodi nent of the
Whﬂatﬂae‘amjzeqmﬂmﬁd)mpﬂéb@a iss1s85to phodwe theregibpdingest afthe printhead

anr as i pr et pREc e he B by sgpes o

sﬁﬁﬁﬁ@iﬁ@&bssj Fight®s ﬂ@de'EEﬂIngreﬁ 88 aml 40, scussi ng t hat
heater el enent. During operation, current flows"

vertically into the electrodes 15 (represented by the
@@khgqﬁﬁgl }igMiono- 36), so that the current flow area
of the elec rodes is relatively large, which, in turn,
results in there being a low electrical 5 resistance.

I@fe gBﬁ %mgttaﬁgﬁ}eeﬁ?me i%ﬂ §%ﬂ ERL E§ ﬁgnﬁJﬁe(ﬁ LISHHE S5 éﬁwn with

esl gnated ong and thin, wt
natte)f\ﬂaedwaﬂs 6fand nezzd¢ plater?t cui-awash mm‘c@ls resrintenior @fghqchamber 7.

T R T D ST

ssémgni ficantly smaller elenment 10 10 than t he elenent
10 shown in Figure 35, and has just a single |oop 36.
Accordingly, the elenent 10 of Figure 33 will have a

Iigbﬁirathdh,\l\ﬁﬂg 1@l ;tﬁgielﬁ tlﬁ@ighﬁ&@infztri]:ﬂ&q;lessagm? (sek Figfu;b?&ﬁd filhthe

i gher_ curren QwW, n e elenme 0 i gure
chembedly é?ﬂe%wl&@e%@ ﬂﬁvﬁﬁheoql?%gev%ﬁw@t@bl{sgaﬂwo electric
ﬂ&bﬁt\fﬁ{%& 1HE HERer UNBA Y 16.0TRiID BedRORE Sombdt 100 a@de@d:ﬁb%ﬂ above in
time. 15 In Figure 38, on the other hand

relptieriodigwre Lo e svaperhebble ndby ink withnihe Ph?&i%

heater elements 10.1 and 10.2 corresponding to the
same unit cell 1. One of these elements 10.2 is twce
ﬁh@aﬂhwmsﬂde ststweshior thelbeatent4, s@ma of wiieh avg shown in Figures 33,

4 [
35307 3R A et ety RliERpa Mo Rl g o wiatn
thHH&ateWiemmts ho SacloVaridtiens (lﬂp@ﬂho@hﬁh@mtfaﬁ;@a&a afthe ilements 10
in w dt Thus_t n a t0|nk
Ay oo i AR TS e Sert e bR e iBents
af@ HekdBske BY thelRilapPBtwebie Rbltakl add alrrent ) ackidveld torain power of
vol tage and pul se duration. This permts a regulati ng

tyrelemetsi ze of vapor bubbl es and

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.

Figure 36, referred to above, shows the shape, in plai:t view, of a mask for forming the
heater structure of the embodiment of the printhead shown in Figure 35. Accordingly, as
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hence of the size of ink drop ejected due to the
bubbl es. Assuming that the energy applied to the ink
by the upper elenent 10.1 is X, it will be 25
appreci ated that the energy applied by the | ower

wBh§TRM10el 0. 2 i s about 2X, and the energy- aBEJr)A%Qoo%oma

the two el enments together 446s about 3X O course,
energy applied when neither elenent is operati onal
is zero. Thus, in effect, two bits of information can

LR L O R

referPddRt6 tin BidcusSaFthat ]ﬁda’fb@ elefiéRd. Moiring ?érﬁtﬂm?&éﬁéht Bbwed Pétically into
of the elenents 10.1 and 10.2, or of the drive

1ol eclyecestfdrerreeteddyiihe pertsdssighried L) se that feicvaent fapy area
P4 RARINR 1 HELLE AR OO/ Qfgnfecﬁjt]:li turt: fredddits ﬁhlare%gﬁgﬁ?% eﬁ:ctncal

noted that the upper ef 10.7 1s rotate
mmﬁna% oY cantrasly the elamendidiOs repres¢nded méigtn@ 36 o thmmdemgnated

£330 by il Wi chSelt, VR ol B it g S
amhhaﬂﬂdq:dssmemgd]zmmms. 5 Features and advant ages

of particul ar enbodi nents Di scussed bel ow, under
appropriate headi ngs, are certain specific features of

BRHD Bk ABRH Tat b hbdier 14N6Wh iPRignAnkY htams@ﬂﬁadm?gﬁau&felemem 10
t hese features The features are to be consi dered

fhap He; slemend 1 G phovesyin Fgmreid 5 apd s i o sielsilonp 36 Adggardingly, the
aéﬁéﬁ% JrRYRR 3%%%@%&&3 ﬁ)vFeQ efe@&lkm}&lsm%& 'aLa GRll p¥rmit a

excl udes certain ravvln S, relates to

bighai cgentdlons than g erlgmernéﬂ@ pf BvéuretSé I@h@pﬁémwnmaﬁQWer drive
28t Syt R A R ks QR ehyen B, 7 T onee
suspended beam - ang this is suspended over atb | east a
Blbinnrae; il 8 He e il S oottt e baving o
Taager ehtﬂeﬁns It)h and fl oL rbAgpopdifii todhe sadie uditicell 1 e The dégdse elements
L Tt ey Bap Polaemin g bt & RTssrron ety e Bicece

irad Kae dan(ﬁ@ peihs e levarBleknent V. Saré Q‘iﬁbﬂohélin%d& %Qﬂe those of the
significant difference between enbodi nents_ of

%Pérs@ﬁ%lemﬂ@érﬁm brierpryiny Widths ey the ﬁrker@éztpph@defe%mdg@ glagmber 7
P ie [RdD RAANMOZIR tRioe bilht (§]p i diRdby iR @ﬁerteth%{enﬁld‘i SNEEiven drive

avol di nhg

eff|C|enc can be achi eve
@élsmﬁlsy desdion.n Ghis penakits agegulaimg@f &eusme Of Vo bubbles and
1%515& SMBESizd HEP8RL Yookl YUE Y fe hibbidsOr

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 nozzie 3.

As the above factors of energy output may not be achieved exactly in practice, some “fine
tuning” of the exact sizing of the elements 10.1 and 10.2, or of the drive voltages that are
applied to them, may be required.
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25 exanple the solid material form ng the chanber
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

wooB®A of vapor bubbles 12, so that the REIAWRY3I@PISIS

such material involves th¥ wastage of energy. The
only energy which contributes in any significant sense
to the generation of the bubbles 12 is that which is

PRI 26b B HoRlthat ﬂieﬂg@eﬁ dMindnk U0l & (bt roa BB 0P @bdaea vertical axis
heat ed, whi ch |i qui |styp cally the ink 11.

In
polativerte dep lovrerodaash 10.2 o This [y edbatFhebielearorssdarie ot CQIWédent

?Egﬁgﬁé&#%gﬁgﬁaiﬁqu|% %%g?ﬁn¥ (?gplfgﬁlanguggounds

the el ement. This is WD 2004/ 048109 ‘PCT/ AU2003/ 001515

Sheettl A gt TPkl AR | 1 Gur o a2, e

heater el ement 10 bean1|s suspended at the surface of

h e i %5 bélkc)) u b\?’{lfi%b %%%@n? ﬁﬂﬁéﬁe%{fﬁ F%"Pﬂ ﬁ?ﬁ'ﬁatures F embodiments

%Pﬂie%%ﬁtz&ﬂ ahd the @8kntaded 6 thése Batures) IThe Bt toedBnsidered in
t he elenent The enboalnent described in relation to

rrlginneto sl of Shedragvingsapertaigingdo the Prosemirwmion wless thecppext
it egﬁ’cl 13408 oS B ER ik sHPIA68s b oD Br: QA0 bRy referred

nrelation to Figure 42 where th
.11 only formbelow the el ement. Thus the enbodi nent

of Figure 41 is likely to provide a nore efficient

operation. As can be seen in, for exanple, with

Sefrendsiceeatndeliegur es 30 and 31, the heater el enent 10

10 beamis supported only on one side and is free at
its opposite side, so that it constitutes a
ShEH felf:'@&t&:é to Bihred] £1fcy nidhtibid apova) tHrdmaterd Seridne 10 @dh thecform of

DS SalsbtRS5h ST CEIL 81 LB AP BEELED g

flhﬂfhb@ﬂ:% ?h@dih)‘ﬁs[‘h@ Ribineh610 18 Qo figeeed i0 thewappitieethat Grming
t he el enent heat it sufficient to forrrl]g%]qaa:bbl e

parp of, qr beine praReddad ms%m%ﬁ%t%afelﬁ&etcaéﬁ arsptingy Rystems made
b LN maﬁuﬂ%férsesugh ad ﬁmﬂ@ﬁ PB&I&I’@ Uaﬁ&h SRNQLERN tihistdaBstitutes a

required energ ess , While in a
ﬁlgmcﬁmt dififayense %@meen Qm@d@n@ﬁmf thgplreées% inveptionpnd the priopigk jet

k h%ﬂ o€ appreciated by those skilled in the art
Iror art devices generally require over 5
mcrojoules to heat the elenent sufficiently to

950568 PR I ) By A o
&[e&mﬁébeﬁafﬁﬂieaﬁig Wuohtidﬁtenal that surrounds the beater 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
to the generation of the bubbles 12 is that which is applied directly into the liquid which is
to be heated, which liquid is typically the ink 11.

tb

In one preferred embodiment, as illustrated in Figure 1, the heater element 10 is suspended
within the ink 11 (bubble forming liquid), so that this liquid surrounds the element. This is
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| oner than that of known thermal ink jet systens. This
| ower energy consunption allows 25 | ower operating
costs, smaller power supplies, and so on, but also
dranatically sinplifies printhead cooling, allows

\VE &H gensities of nozzles 3, and permts ppAthRSA5s
er

resolutlons Thesggadvant ages of the present
invention are especially significant in enbodi nents
where 30 the individual ejected ink drops 16,

O a5 AR L DB P SRR B GRR AT Hoe 2,

B4kt RIHéM R Q03EAHE 2l fe sdkhcSel the &qQbubtle RiminBEquid)

frlnthead This feature of the invention proyides that .

thip lioashis oaly belgwthe elgment retherfhan supguading ih 2pd there is air
YRe glgéf?ﬂlg)%f eﬁﬁneﬁtst’lﬁh‘é e‘gibgﬁlbeﬁt &Hs&ﬁoe&% Rlatibf o & hbm is

r enov e prin by a 5 conbi nati on of
tm‘éened esiby bubtiy 12 will fofmo el erpund the elemeat 10 urdike it the enbadiment

t
BT R Bl e BB AL O K o pens. T
the emboditentefFigurod] ik diktlywe provide a murevefifidient aperativine
printhead, to provide for automatic cooling. Under
these circunstances, the printhead does not require

ARYarBek8én B0 byl iBFBFereh bt tOFidures I0pd dl Qﬁe ﬂé’ater element 10
ej ect ed and the anount of jpk 11 drawn i

e Repariedoepr aresidapnd ivffenat da oBRQsHe H% sg 8%%# constittes 2
byuithg, same type of liquid, and will essentially be of
the sane nmass, it is conveni ent to express the net
novenent of energy as, on the one hand, the energy
g#g&%#ﬁ#%&hi ng of the elenent 10, and on the

ne net renoval of  heat energy that
results fromejecting the ink drop 16 and the intake

e ARSTRRL b4 e il e T Byt s

ﬂa?umﬁana@a bElesdthen f:jﬂma'rag@omas @mas gequitediolte applm}dmp ﬁfmbantent to .
tit

o S GRRG484Sk o

i ﬁ&%le@e Un b fréfef8d etP@litSRPBE adquired eferdyielerd #6100 ndlrvdfle in a

16, if it were at anbient tenperature, to the actual

@éhﬁéﬁ&aomnbﬁhqqa@ga%lsssa%m 120md. o ected. 20 It will
be appreciated that a determ nation of whether the
above criteria are net depends on what constitutes

¥ wall hmmatqdéwmsatsmled iny the arh thahpréey @itdo¥ifRREen TRy Tequire over
% tey{oqleﬁ% Eﬁeﬁt%ﬁﬂ&eﬂﬁ to%?éljv%h ia?@bﬁ%ﬁ%lf 12 to e ect an ink

a ure rs th nper at
dlrhp I@r Tlntsh’éadnefrgx)wquzrements of the present invention are an order of magmi:ude

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.

These advantages of the present invention are especially significant in embodiments where
the individual ejected ink drops 16, themselves, constitute the major cooling mechanism of
the printhead, as described further below.
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the ink storage reservoir (not shown) which is
connected, in fluid fl ow communi cation, to 25 the

. inlet passages 9 of the printhead. Typically the

anbi ent tenperature will be the room anbient

woaenprgiour e, which is usually roughly 20 def€®e¥2a@3/001515

(Cel sius). However, the armBient tenperature may be
less, if for exanple, the roomtenperature is |ower,
or if the ink 11 entering the printhead is

58ELbORGJF 8 prinfledn One preferred enbodi ment, the
prln ead IS designed to achieve conplete self cool i ng
.e. where the outgoing heat energy due to the net
2] . I
T’Eﬁ?%ﬁfn. behb PR FiiAR T BF AEEPRH ot Bkl ERRR 1010 fomn

eivqme bnbbmyz so\wtae;eat/a@mﬂmomz PRRE05/e0 BOBEe pﬁﬂh@yﬂ by a

B TR BT g 5 A AU 0

ﬂ@ithd:aldgi‘oﬂi)ﬂhe hﬂ@&seﬁw(ﬁaﬂ sﬁaﬁﬂ) y[hke&uuegﬂms tHat tha nek ‘tuiovement”
t he anpj ent %oerggure is. 40 de%P t.hen the{Fd h
obeat YbHe PUISHS &9 PO a&WH}aBﬁFO%mg nder these
LifHRR At e %Rnthé?ﬁ doB¥n P & k;jragn;t&ﬁ@%@jﬂgrsgst@ﬂﬁ that is

the maxi mum tenperature rise that the nrinthead coul d
undergo. It is desirable to avoid having ink

AFIRSAOD 1ol L AESS 5116 GO e
&eited drgp peicostibfted byethe semeltype ofliquide andill essentidlly heeafdhe same
at suych a tenperature, t en te e v

BB oo TR B bl bk RGPt P g e
erepyaidsedisi thghakiny ef the 'ejlemng liﬂpamﬂtqn the diberttaed, the net removal of

B e 1 sl sm oo Ao & e nlae s by dppent

@fantily@f idk ¥ € Msk@hing that®e Aggmmentslu@rimy bk c: 0 mit amelent
e

sel f-coolin as descrlb above

igmErrefuR PG R PRSPRYESIUS (19 Rt TRy eRpR) q?#r? f‘ieft B‘H EﬁP cement
%ﬁﬁfgﬁ& Qf bl Qtth ganv'eﬂefi’dyﬂ& &ﬁfe&de@ s B h@éﬁﬁd’c QoaladEREYuiréd kSraise

egrees C below it's l'ing point when the heating

e mammof the m@tetéénop\léz if trvecrovetiapbicat terpagEre o theectual
ﬁﬁ% 5%&&55?&%? g@hyﬁtg%gaéddlscu33|on and_lts vari ous

I ments It allows for a high nozzle
density and for a hlgh speed of printhead operation 20

it I
1B A bl Bl R o el S M5y B st depons o
woleet Zbress tukte ding astitiett teniperafmepin t]16 pa:smt basiesibe ep@etaade that is taken

tﬂ%ﬁ?} é’ng’é%‘i% ow@{j‘%ﬁgfsﬁg %PPé’ﬁr dre%nlnﬁé([igllétg%rtﬁase &Eﬁldﬁ‘om

tBe frlatodie® 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.

In one preferred embodiment, the printhead is designed to achieve complete self-cooling
(i.e. where the outgoing heat energy due to the net effect of the cjected and replacement

quantities of ink 11 is equal to the beat energy added by the heater element 10).
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and the tenperature criteria nentioned, were not
present. 25 Areal density of nozzles This feature of
the invention relates to the density, by area, of the
nozzles 3 on the printhead. Wth reference to Figure

wo 200413303922zl e plate 2 has an upper surface Pp@gaaBshslohdss

present aspect of the inveation relates to the packing
density of nozzles 3 on that surface. 30 Mre
specifically, the areal density of the nozzles 3 on
that surface 50 is over 10,000 nozzles per square cm
of surface area. WO 2004/ 048109 PCT/ AU2003/ 001515 21
Bg v@g%f B aafdd, aesdnﬂgzﬁstlm@ﬁk,l 1 e Biishd fodaing il Md@ﬁ@ Bastser

0 nozzl es per square cm of surface 5

bt ms:hawwbeﬂms@éwéﬁ%%@aweﬁéeg@q%& aRdidhe ambient
Eé%i(ip%{- 03fd Esec%inthé‘aﬁb t
r ferre%mreﬁg%?éngnttg&ptthﬁﬂgqi%ea den?zluﬁty glg 48 e
temtaege ® the ik beilingrempartus awh Gt ﬁéh@nwmgmtt@npmture rise that
real h nozzle 3 is taken to include the
ri vgmg$$§°H¥Mdg&§orrespondl ng to the nozzle, which
consists, typically, of a drive transistor, a shift

@_e? %St eqlé,to(atvm %%%:ge al eer%pd < &lﬁjg Ba_gtﬂ%rdgtg*h‘e an at time of

inttendg 16 Gebkion)-Phitk bid vesl Bdse i€ e bbiling gbihoftBe ink l\l\hlﬂt’ﬁe Rk 11

single unit cell 1 is shown, the dimnmensions of

BATerat such e terpperaRrsviten tempsraiige Yariatipns Refvecen paris of the Hgsntb%d ,
B2l Bt inSolbn® 'i‘%&hs blig a’ﬁ@@e@:loﬂm% p%int, WiREhe ﬁiﬁhtended, and therefore

successive row of nozzles (not 'S OVVI’]) i mredi at el

 Jadesizgbles Eymetipmsofingpor taibbles 12. haecordingly, & prefemed er@bﬂ%@lt of the

RIQECHJ%I Ebn%fngeH gﬁ%ﬂ%@ §° el:e@gﬁ‘rc)‘o]ﬁgg LR Rel bhRR%an be

P, ere are nozzl'es 3’ per -square cm
ﬂ'diweyecﬂ whabﬂm tnas’ﬁnmn teppetdnge nbthe ik Hr(éwbleﬁmmng}hqufd) ina

P%@thﬁgzlﬁ el} Z}Sklgl tﬁg‘eﬁsr ﬂgff it vo 111 23811#l F]?r( i %Qating

gledaitieadnot iévetrmi N advant age of a h| gh ar eal densi ty
is | ow manufacturing cost, as the devices are 20
batch fabricated on silicon wafers of a particul ar

_ ?h@ﬁam-ﬁ lf%é of e F&ines p&s@dﬂ@hn@éiﬁﬂldé@ssﬁ\ﬁgm(i@ﬁ@ﬁ émbodiments,

uar e cmo substrate, the nP nozzl es can be

itellowsfor 3 highaorglp density and fogabigh speediof anpihead ppstatips
Q{th&ﬂ SeqfiHnlclabd A% &BBRAg methods for preventing undesired boiling in nozzles 3

adjacent to nozzles from which ink drops 16 are being gjected. 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,

Aresl depsity 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.
More specifically, the areal density of the nozzles 3 on that surface 50 is over 10,000

nozzles per square cm of surface area.
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of manufacturing a CMOS plus MEMS wafer of the type
used in the printhead of the 25 present invention is,
to a some extent, independent of the nature of
patterns that are formed on it. Therefore if the

wWzwessm® are relatively small, a rel ati vel yPCHAGRE03/001515

nunber of nozzles 3 can Be included. This allows nore
nozzl es 3 and nore printheads to be manufactured for
the same cost than in a cases where the nozzles had a

Th Qe prefirRa bmiSdifichy the BRQI 8@5ky &feeddi20000 hizzles 3 per sqgare cm of
proportional to the area taken hy t he nozzl es

tfpen 9 arens While Brangthenprs @er/ﬁ@ emBpdimentothe great donsiy expesds 40,000
UEIE00HLA4EI00 ST} SRR 080, B2 Byl 18 s

pehequage doubbl e 12 forns in the ink 11 (bubble form ng
liquid), it fornms on both sides of the heater el enent
10. Preferably, it forns so as to surround the heater

Whmfdmﬂgko \nﬁnearreal dassitg) catiendzzles is mkeh e intladethe Hrie-circnitry

sus e ormati on ble 12 on_both
O n%fl %Zifee?"’glé*‘é?ﬁ%%% ’F@“%@Ya% 62’% 8T b regmtef
9 el 8610 PAtY an LAk B dABREHS EitREtrytiif cif Rt R eein Spekifigallyes

45 and 46. In the first of these figures, e .heater
idmiiged: 10 i s adapted for the bubble 12 to be fornmed

only on one side as, while in the second of these
figures, the elenent is adapted for the bubble 12 to

Wish federpmag to Figurst 3o tilricki achirgle wigt eslidvis shawn, ghe dimensions of the

R e L

theestxésucedseinerdw dfhdzsleb(emaﬂmem hmn@anhuuxtalx}sesthm dokeﬂb so that,

51, bbl )
o 7l OE T BRiSRRof B e bl s iR b o Bfig are 48,828

ey pﬂr 8quafd/crd. STHI@ i 46061 85 tirhies tbélbckﬁzli: atehl damtf; of 4ypidal
ati on, of 46,as.t he

bot des .ip the confi gur

& Brighpedsmdrapenly i@%eeéhae‘az o] depeisy ofpipreclectrio
piii@eiipat er el ement 10 is in the formof a suspended
beam as described above in relation to Figure 1, the
bubble 12 is allowed to formso as to surround the 20
ﬂgﬁﬁﬂ%%t%read@a% %de&ﬂg AWARLAGR 1 Ring chE, RyieGicdLare
formn pot h sTdes Is the higher eff|C|encytha I's
ba@hf@m&ﬁﬁfbonwcmwﬁeraaéapmgﬂmtu on in heat that is
wasted in heating solid materials in the

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

- onit. 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.

Bubble formation on opposite sides of heater element
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vicinity of the heater elenent 10, which do not
contribute to formation of a bubble 12. This 25 is
illustrated in Figure 45, where the arrows 52 indicate
the novenents of heat into the solid substrate 51.

wd bssesmant of heat |lost to the substrate 51lrcierencsocosts

the thermal " conductivity2nf the solid materials of
the substrate relative to that of the ink 11, which
may be water based. As the thermal conductivity of

)Q@c%? t% tﬁe:ﬂ'é g%’ %L%Bal ﬂn‘é’t]}g%@{)ﬁ &E E@dﬁtgﬂfélifso Bfat whtea i8le 12 forms

can substrate 51
ina]ndfmk 11 ﬁmbbh;fomhng ligniid)] it forgB oﬁrbeth@ﬁes oﬁth@heﬁwimt bh

B SA1E T AR S04 ol i
Pfh Bf hengedegbeati.ng to an  enbodi nent of the present

‘invention, the bubble collapses towards a point of

col l apse 17. According to the feature presently being

BldbesaRd of b B@oﬂ?@ﬁ &1 béth SAB UrSheliikaRt Sle@OR10AY bffdsed 18 on one

formthe bubbles 12 so that the points of collapse 17

_ mémﬂsdgawﬂpﬁ wierstped prlhrpBEneioFigaes 455mg A6 B’tth?)@fﬁ ¢ there

I nt % B didier P ?@}Seaﬁ ?’%%Ubﬁﬁ ¢ & bdned! ' Op one gide as,

|s con ure at-there IS no so
w.’maem ittedl seendf msmﬁgmes ﬂ:@felmlut ia pé@t@l?f_‘or tha bubtile12mbe formed
|taﬁ| on, be| ng a major problemin prior art
?h HELO/R: devices, is largely elininated.
Referring to Figure 48, in a preferred enbodi nent, the

heate el enment,s 10 are. con ured t

Fratonsuchygsdhat of Fiepted t f"’ii'g?""c e 'ﬁ? P‘ﬁ&feglf)p ormg of Pty one
di&b Jf@ﬁerﬂefaiaﬁeibﬁaktl 10Ss BetauseGhd didhert DeenfhRiMNdSn @ bulsRhte 3PS that
17 to which _the bubbl es col| apse are | ocat eﬁl at_. such

t@ab%bbqu@@mté’e\f%rmeaga theypaptifuler fide cRfFesponding g the;spbstrate. By
S GR tHABRS iR R €I ARAM P the

2 g%ﬁ?ésﬁ% E%';/lln [ﬂ&r soﬁllgaérfaterl al. 15 In a st andart%l

maﬁem:le:amt lﬁﬂnslteewase@h@m schematically in Figure 47,

the heater elenent 10 is enbedded in a substrate 55|

with an insulating | ayer 56 over the elenent, and a

(f aiiese wiheee the o elsihentvidy is fothe fomsudf, atstspgndedﬂrem ayVesnriteed

B gton RIS T AR falh 8y pledEe

saspeali@at)cidofeat.ar rows 58, all of the energy of the
bubbl e col | apse is focussed onto a very small point of
collapse 17. 20 If the protective |ayer 57 were

‘BReAMntack BEthelbhiBLIBRE PatRigAdn Bo £8& isihe highet éfﬂmency that is

cavitation that would result _fromthe focu55| n
achiegabln Sl isdge torferepiition ibheat ey ig Fosied in hegling W mﬂfﬁﬂalsmthe
ofShie BlaR Q1chidf: MEFLRE dsln@m&m&% to HOWRNEK of 4 MibBld 1. This

prevented by the pr ofective | ayer
is illustrated in Figure 45, where the arrows 52 indicate the movements of heat info 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.

Prevention of cavitation
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Typically, such a protective |ayer 57 is of tantal um

whi ch oxidizes to forma very hard 25 | ayer of

t ant al um pent oxi de (Ta205). Although no known

materials can fully resist the effects of cavitation,
w0 100/tM81ant al um pent oxi de shoul d be chi ppedPERYRZORRME1S1S

to the cavitation, then &kidation will again occur at

the underlying tantalumnetal, so as to effectively

repair the tantal um pentoxide |ayer. 30 Al though the

APdsaibeNaBeR! drd®ubble ¢t ha el Sirabd el pmmhdt adcardiﬂm t6 an-

regard in known t her nal |nk_%et syst ens,

has
eermimwt of heatessnt dyeationgihe beblgmpeliapaes EOW&#PQ@@@%G 17.
e | I
Ging 18 8 et prodthdl) BElY A RRq ORI 11 e Bliifured
tn mm baElesrhiso ﬂhﬁé thegainggiofcallapsel &7 tomardsyvdyicy the butibées collapse,

o b At et o bt sl s pytiPialtG the ¥hthoad s contigured so

thmblltﬂrezsha soll'chi:rﬁtehal}m Bucﬁbohﬁsofa:oﬁargh 11.hiarthia wapresstatiors being a
tq the ver. ato t of the tantalum and
TP LB BRRRLIEA e tpe, RerbB e ERARYY or ot
only does this |ncrease t he anmount of heat mhlch is
required at the | evel designated 59 to raise

i Kigee 48, inpereianed ephodimsmhdlehegisr elamﬁnt%l%ﬁtﬂ configyred to
H26bark?8 vtk dekine E&ﬁs (tebreRbiQy ﬁﬁﬁé‘ bk 54 Ehdaco form the bubbles 12

substantial thermal” 'oSs to take place in

sdltfrag Breipoints ofirgllapse 44 tyhich ﬂle&ubbl@@@ipse anﬁie@?éed at such gaps. The
o SR BPLAARMR et buREnRURAS0ls bbbl DEBEE Lt hentr
efententsdVemd ditiey sdlidengierd.ect i ve | ayer 57. Accordlng to

the feature presently under discussion, the need for a
protective layer 57, as 10 described above, is

IRy Sfadeld bﬁo:g@tr@’siﬁﬂhi a8 shdviheschethiticalllid Rguré WA tthd Heater element 10 is

col ses ustrated.in _Fi e

FOPISH & KRl on YA dh i TEREPRoYeE His s QRARF G3d &protective

kﬂ@i?fbﬁiﬂmﬁﬁﬁﬂdﬂ&gﬁwmpawhﬁﬁa%imﬂdQZWBﬁk@a&bﬁﬁﬁfmﬁndﬂﬁﬂ itis
gap 54 between parts 53 of the heater el engent 10.

PR nifap offae gementy Ahenitheibubble 12 qotlanses, ph§hewn by She %WWS 38,
aﬂ BE‘ {Héren&%y BEHRR b ELHIS BfTapld 19 Rloussed 8518 alverydhallRbRik b?éollapse 17.

can” be eroded here by the effects of cCavitation.

Ifrthéptoéw’p@@ lavenSd vegre thsentpemthesrechasticahfsees gye tpsheeayitation that
vJo'Eﬁﬁ%s S h{é%&%&iﬂg o%s% gﬁ.l?o:]tgggoﬁ?of %H%ﬁ g94 %ﬁ@:c‘ﬁgzkaway

, enonenon 0 sono nce w7l
odcmde the éeatcdelmmqb dheHowewr, thisdt prpcinted by wyevtectivetlapsr 57.
vol unme of extrene tenperature at the point of collapse
17 is so small that the destruction of ink conponents

Tmcﬂty Suchel piective 1aet SBisef 'téni:ahﬁﬂ,twhélﬂoﬁﬁiﬁesge fiermed vepyhard

G 5B 15, L 82 BRSE 18 55 PR o

ed780tPE Ua B AMn US iHRGaiEah Qenok REERIEd BOCHEsT et @¥RPMEH 16 Shd O

t hat
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 systerns, it has certain disadvantages. One significant disadvantage is that, in effect,
virtually the whole protective layer 57 (having a thickness indicated by the reference
numeral 59) must be heated in order to transfer the required energy into the ink 11, to heat
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represented by the part 10.34 of the mask shown in
Figure 34. The elenent represented is symetrical,
and has a hole represented by the reference nuneral 63
at its center. Wen the element is heated, the bubble

wbagsgmsatound the el enent (as indicated by treTdasdete1sis

line 25 64) and then growa4so that, instead of being
of annul ar (doughnut) shape as illustrated by the
dashed lines 64 and 65) it spans the el enent including

5B B B3l B i

sicinit waipht aif the tatitalom sdvdpeid rednisahe efficiendyl of fedweat ttansfer. Not only

S b st B G OF R Bigh BBt of e AV (e BE g fp e
D drinfer e BEhE RN bR sioamed Sesulti G et Gedt tRhatpEl, &8t if alko results

as is 30 permtted by the dynamjcs, that are.invol ved.

S sbstaal empal Joss 1 e nq%f:% -glegi'&ef—ﬁoné fnd&%ﬁﬁé’ﬁ PR RG:

'Eﬂas& Hﬁaﬂv@ﬂﬂaﬂ%é%&ﬁd hB Rt BB hedtB Rl &Rt 80 was mbRE supported on
eater elenent 10, whére there is no solid material.

WBr00a DU Tobeverl Ryinasrediwiger 55 The heat er

el ement 10 represented by the part 10.31 of the mask

shown in Figure 31 is configured to achieve a simlar

Aexiadihg tovthe Featutrecprbuehily endge decmsiomgheaseei fintiagaotedivie Jayeh#/, as

ashe line 66 nd the.pojn f. collapse t ick .
SR phove BarripLBCebERARTIER brifle o1 RSPl & Mnstated n
Eighfees8, 19ivaids @ peineoBddllapse 1TRewhizhtiere © e BElit material, and more
represented as the part 10.36 of gge tgg k s?ﬁ:l)vvn LFO As there §
PR Feher e St he B4 B 56 B B9 B hepL 0. As thereis
#8351 the in¥Ne i€tk HALRNSHBH (pHor Rhubble GeRRfnY ARHe BWeRnaterial that

that the hole 68 is small, manufacturing 1 naccuracies

ot beiqeodad biere by Elesfisets oheayitatione dihe favepcestire At the peinty; coffapse 17
ﬁ&f@&i{:ﬁﬁéﬂo&&cﬁ 3’2??%%%[{%33 ilsgﬁrﬁ&h%tefa@y%e HenGRblAREE

IS 1n the region_ L0 the hole’” For exanple, _
goneluiminesenvay Thie wald bichk doven the ink ¢amponents wribat peing sBowever, the

B Sy OSSO 1 SR i

n e ac res
ihk pomparhBds thissvohindis nbhagnificaat.sonewhat | opsi ded, so -
that they cannot be directed towards a point of
collapse within such a small region. In such a case,

Thd ﬁbné:@%@f &F t%@b%h& 1Ize[a;t iﬁat ie&:ﬂlgpib? towaedy ]ﬂsﬂmﬂoé' doliapse 17 where
Figure 36, the central |loop 49 of the el epent can..
et 90 todd ratariabenn erghi %lgihﬁ%tPfefgWés Rorepprgdipg to that

{ehRsdn®QI 1 thd ShrtdY T bEmBR RAbwh kn Lighle3AS Thobleinb represented is
bubble is§ to fall. Chem cal vapor deposited nozzle

preairicahsgd has aholpmepresetiddivdhe mimenss Amerahpfiifcgnts:. ofhen
@E LR i% h@ag%dl,ait:hé bENHIE R bRfuRH 8 ldARnDRE Bl Boalli@y@hdashed line

64) in(rl] t?lZBIZl greows 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
being in the region of the hole 63 at the center of the heater element 10, where there is 1o

solid material.
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20 thus constituting a structure which is forned by
chem cal vapor deposition (CVD). In various preferred
enbodi nents, the CVDis of silicon nitride, silicon

di oxi de or oxi-nitride. The advantage of the nozzle

WQRH@4820%ei ng fornmed by CVD is that it is fBEHAH20030015LS

pl ace w thout the requiréhent for assenbling the
nozzle plate to other conponents such as the 25 walls
6 of the unit cell 1. This is an inportant advantage

DECiARe eletientADTETEd emga)bytﬁe@aﬂgpf;sn efﬂnlyalnatsle slibvidlﬂfﬁgmm dis
erwi,se be requiyed can be cult to e
Ry i eve 8 SHET 1P “6% bl it nrtefte dashed
il gsa b ﬁoﬂ%ﬁﬁnaﬁé tWRERe %u@tﬁle bR ERbein@ MPMB HLRIB at the
between the nozzle plate 2 and the parts to which it
oaoifr of the elegwatnbl ed, the difficulty of successfully
keepi ng conmponents aligned to each other, keeping them

pl anar, 30 and so on, during the curing process of the
‘HeHiesioy elembintdf rémeststed hethn paiz 1@ 3§ bathe n2sk showdn Figutest6 is also

parts. 004/ Q48109 PCT/.AU2003/ 001 26. The
SRR I3l R R el e e Aeearress i B ifioh&E e tat
%& hole 68?5 smallinatio faci:qtﬁﬂlﬂganidgﬁa&ieief thé)ﬁedée’ﬂlﬂepﬁhﬁmﬁjha’fectﬁa extent
e .manu ur e Thi ecause the_di erence .| n.,the
togdueh %ﬁv@%ﬁ Be f%@ﬁiﬂ@éh&s 4 BeigtofsalioRse i in fijg region aésibed by
@3 858! Bor cRarplE KRS hdIOAEY Be B 18118 st MbwAmRHIS h&aﬁse Wpere high levels

which.the nozzle &Iate is connected, where t
efipseurpaytie theslegrens 1.3 ¢ eppmotibs aghipyed; @@d@wﬁwlfa}p bu‘ables represented

|
S0 bRy B S REE Al o
@Jdppaesmﬁm suohta smeld m@nbém wbm omewnthsm tiodee IF%WF gleroient
AP 381 B B D AR5 SRR LA b Dt ey

ring te

magﬁiﬂﬁhe: sicawf themgion nawﬂictrﬁmspomt ofitslteptecdt thd bubble is to fall.
significantly greater than a whole nozzle length. This

vvoul d be significantly detrinmental for such devices.

rASO ViRE deheditee Av-attdiiss sed thik nbhde dleas ur es of the

|nvent|on presently under discussion, at least in

~enbodi nents thereof, is that, in prior art devices,

TIREREAs Bhediu®ss sfath ﬁlﬁﬁ&éﬂt 1QexBrds %&%’Qﬁ@ﬂm@k%ﬁ@ﬁ ahthdzle plate
| am nated onto the renmi nder._of _the printhead_under

thusrenstitating aftructues whick is fyrmed by cemicalvapqyfieposition (CAdP) fn
¥ oﬁg Cﬂggﬁﬁ&ﬁén&dggékgf ISEI% é‘gif) ‘?% tﬂ@&fﬂ%ﬁ%ﬁﬂﬂ@ $iibn Hf&ﬁxl@ 5r om~n1tnde

e nozzle plate 2 by
|n enbodlnents of the present invention avoids th|s.

’I‘}\.Lefaﬁ{f Ln@a e o?ﬂ:}é%]ﬂe asfla%fz btee s fgﬁ&n%ﬁ#é C\f/ﬁ% ﬂﬂﬁﬁ’?is%mlé&% place

I'nven odi
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 io each other, keeping them planar,
and so on, during the curing process of the adhesive which bonds the nozzle plate 2 to the

other parts.
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thereof, is their conpatibility with existing

sem conduct or manufacturing processes. 20 Depositing a
nozzle plate 2 by CvD allows the nozzle plate to be
included in the printhead at the scale of nornmm

wo kbos@fioonaf er production, using processes npCTVAD3/001515

used for sem - conductor mEnufacture. Existing thernal

ink jet or bubble jet systens experience pressure

transients, during the 25 bubble generation phase, of
H[é'%g LibnibBet RREF B bAbest, Fhidh 1RH&hhe size

gg%%%ﬁéggﬁ%%e a %ﬁ%@gs%j§%§?, t hen to_%iﬁﬁg%and such

pf ik gaiy attcan be enefctureds Thistabrciuse therdifkraeosdn B cogfgjent of

ozzl.e pl ate ul d be reguire '
B Gl pPSL b, 4 e AR e HENERS1RlRe e
fephsiliteds dadatkd, phat éds substrale iof eilivds é quéte sehstantial.

o)

R X

PR RRSISioR RS 560uss Yebvech e regR&iw palte D Bsing hemdiom the

say, 10 microns. Wth reference to Fjgure 49, whic

exnbieet tempaiRite te g curing Fraperaarh BYAUITR K bepding e _Pwsttiqgethérs can
b5 P BB B, OBl i s B SRS ot b P

wolild bseigaificruty detridentdl dor sydlefeviceshi ckness can resul t
in problens relating to drop ejection. In this case,
due to the thickness of nozzle plate 2, the fluidic

dnafeeptetleraddigssell be thedzatires & the intvition picesditlyl wnder digstigaion, at

heret hyough results [n significant | 0sSses.i.n e
Lenit e s Ftbot s e o Sonat AR RS SR i it Bt fo e
%’éf,rﬁ?le& Qrtetgéfeﬁﬁlﬁslaln?fatﬁﬂmtb the tdhiddenothé pﬂfhﬁdmnﬁer conditions of
relates . to e _actua chi r ocess, i,S.1S ..
eelediyRIy g tres. (TS g 7o l%gﬁegifgﬂsgscﬁé’&,ﬁesgéﬁs ABfgrmations of the
8&AdeEN @h&%’égr@&mé 6f thb So e R4te 8 b?fCV-’]ﬁ & Shtlirh@it€of the present

ortion, _exanpl e using a standard plasma etching.
vertionvgeidsithis/pi cal |y require nore than 10 microns of
resist 69 to be applied. To expose that 10 thickness
of resist 69, the required | evel of resolution becomnes
Aifiufther afivantage af fiic preent fsturpeof theinzéntigepat feagfin embodiments

L

Dspusitingtahioszie glate/hiy CiBpdllows thermegils platio bs ieinded inathe printhead

R TEN ST A e O -

Aa@aier Rhdifsstael N a case where a 10

Pxisting thermal ink jet or bubble jet systems experience pressure transients, dﬁring 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 nnderstood by those skilled in the att,
such thicknesses of deposited nozzle plates would give rise certain problems as discussed

below.

For example, the thickness of nitride sufficient to withstand a 100 atmosphere pressure in
the nozzle chamber 7 may be, say, 10 microns. With reference to Figure 49, which shows a

unit cell 1 that is not in accordance with the present invention, and which has such a thick
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mcron thick layer of nitride were CVD deposited on a
silicon substrate wafer, is that, because of the

difference in thernmal expansion between the CVD | ayer
and the substrate, as well as the inherent stress of

waortiomiohi ck deposited | ayer, the wafer couP@TBE2003/001515

caused to bow to such a d&gree that further steps in
the |ithographic process woul d becone inpractical. 20
Thus, a layer for the nozzle plate 2 as thick as 10

fB5tePie § UMTKS: dpBrdcfedRit S8dhla thidl@RE baaitksult m@i‘db&:ms relating to
possi'bl e, is disadvant ageous. Wth reference_t

§0p cierian. shisaeses eq ihe Pivkoes E6R7al Ay bt HEQIS ERuTGered by
h@nBhae £HARE fxﬁEBﬂ is Bfectbd fhe R:H%&f‘gﬂtreéup Sl foant ¥8sc Mo

nozz I"at’e Tayer 'S on m crons
:tfﬁmekcyo‘ﬂ&&rmJe the fluidic drag through the nozzle 3
is not particularly significant and is therefore not
a maj or cause of loss. Furthernore, the etch tine, and
Ahehégsstitm tHat ﬁzbﬁlfd&&isf fchié cazelof mck b (iclkozzleqgdatS2,irelates to the

T AR IR ETC TR —

foSh&vhiees ¥f thb kibsRe pbRioR] BF xagnpldusidy stt&i’dﬁﬁl]ﬂam eltc$ung This
enabl ed as the pressure generated in the ed‘rblg
11 oexposethat

wonlg typigeHy xaauie Bloye tham] Granigsers ol Teskst OF i berapp
BRUE 5 TR o 40 s ol e e
foaalydepthof thestephérdhat dowsed ierpeserthe remist isrgafivelsoall. Although it

{ { L
HPE B0 pERI B F el OARNCBR or (Y bl k3l BR moldbea
Rialiokigobely process. 2. accurate fabrication of nozzle 3

and chanmber 7; 3. stability of drop ejection at |ow
drop velocities; 4. very low fluidic and thernal

6 bglovslehﬁﬂawmﬂm leﬁzﬂ wﬁm Stich a%lcloﬁzlzﬁlmamﬁmi eassiwhere a 10
t O u e are oW U o thin
oy e e SOV P lbetied G SO SRTERS PR et
ﬁdcﬁfs% 'oP&eHB‘fE&éiﬂ:E 11{ B e Eﬁbau&on b&we&ﬂh%ﬂl@ldy&gmd the substrate, as
a

operation. As nentioned ove in relation the process

welbesythe inberent stepyaf v thigkydegosited fyen thepwpder copldibe saPsgd to bow
igﬁc]ga el tfﬁ’r't‘tﬁeg] ltﬁ‘e 1h&drEpti &YBbes? wolliHe¥Sife fr¥Ractical.
Stages

evan
Thus, a layer for the nozzle plate 2 as thlck 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 ofloss.

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

nozzle plate 2, and the siress on the substrate wafer 8, will not be excessive.

The relatively thin nozzle plate 2 in this invention is enabled as the pressure generated in
the chamber 7 is only approximately 1 atmosphere and not 100 atmospheres as in prior art

devices, as mentioned above.
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15 stage involves the etching of the region designated

45 in Figures 24 and 50, to forma recess outside of

what will beconme the nozzle rim4. The other such

stage ‘i nvolves a further etch, in the region
wdeaugeeatoed 46 in Figures 26 and 50, whi ch aeCTvaRop3/001515

fornms the nozzle aperture2$ and finishes the rim4.

20 Nozzle plate thicknesses As addressed above in

relation to the formation of the nozzle plate 2 by

CvD, and with the advan tages described in that

regard, the nozzle plates in the present invention are

Thersare many fegtors which eonwibuse toghe signifeant prdpetiondn arepspre rgpsiont
n I | at . t - kcrons thick. 25 In
%ﬁ‘élze&ﬁ%%&?‘rdg Séﬁ‘%gﬁ@%@ "?%gse:l%élzeg plate 2 of each
Uneialt sikd ofkchambdredss than 5 mcrons thick, while in
not her eferred e di t,. it is less than 2.5
'E‘?"(‘}Wﬁe@%ﬁ‘ on p @g%% aﬁ‘g%ﬁ?'@?eé?red t hi ckness for the
NOE@EbiBtyIfat® efectibn &t 16w G elddiicek Heater el enents
formed in different |avers 30 According to the

br sy iaw faidicard thermalqosgialk DetRep9PAe A of heat er

£l 1821888 BRI N the chanmber 7 of each
unit cell 1. The elenents 10, which are fornmed by the

¢.i tavofwidisidiag thyopgle s (Zagictpes 8e3zed above in rel ation

0, El . are f i QI ctive layers. WO
éo@%ﬁ%ﬁ’ﬁ&%@?‘?m&%‘%ﬂ%@%@%r eferred
& nkeificovking spersi®oshown i n Fi gures 38, 40 and 51, the
heater elenents 10.1 and 10.2 in the chanber 7, are
of different sizes relative to each other. 5 Al so as

Aéxé ﬁbnﬁh@e@me?i ﬁlﬁﬁd? ?Hetﬁiﬂodeﬁ fmﬂmé itf @rrhde lﬁ@mzﬁihto 31, the
scription. o . I t.hographi ¢ . process, .eac eater
ftBHEAfLo,Gmicton Bk ogif QMG 7 I foITRSAeT BT Gt

§idpRtinR RS BB Stchinddf the rbfion datated 5 &P Fighh a4 kD50, fo BRMM recess
one_of the elenments 10.1 being distinct fromthose

quiside afiighat wilk besomse femogrle it Ry osher sachinge évohien @ Surther etch,
i i desidbRd RE & PLARE Y6 8hd 8] Wbttty £Pm8 #ethozzle aperture 5
%?[he(]erﬁ; as %%'al%gct ed gg%hemati cally in the diagr amzof P
#ad gisbeghe rimufch t hat they can achi eve binary wei ght ed
ink .drop volunes, that is, so that they can cause ink
drops 16 having different, binary weighted volunes to

Wozziy date thikkbérsenigh t he nozzle 3 of the particular unit
cell 1. The achi evenent of the binary weighting of

the volunmes of the ink drops 16 is determ ned by the
Aedddtdsyed abbveas rdfticafto tHyeforhaivh il thelidzAe platt 21) QVD| and with the

qfih%%gg%s géls’cﬁfget&%n %{ate?eggrfd, %hg %ogzgetz élgtrgs geﬁtta'grrese%lt E}gfgﬂgonlagé &Jinner

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

According to the present feature, there are a plurality of heater elements 10 disposed within
the chamber 7 of each umit cell 1. The elements 10, which are formed by the lithographic

process as described above in relation to Figure 6 to 31, are formed in respective layers.
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contact with the ink 11 is twice that of top heater

el emrent 10.1. One known prior art device, patented by
Canon, and illustrated schematically in Figure 52,

al so has two heater elenments 10.1 and 10.2 for each

wooeloeg10.and t hese are al so sized on a 20 bPEEHAP20BHNSLS

(i.e. to produce drops 1620 th binary wei ghted

vol unes). These elenents 10.1, 10.2 are forned ina
single layer, adjacent to each other in the nozzle
chanber 7. It will be appreciated that the bubble

12.1 formed by the snall element 10.1, onl
In@lrefmﬂeqn;boémnts, as shntm@l Figaes 18 49 apg § e hﬁt&t Flempnis Y1 and

ﬂ.fiﬁ‘tﬂ% %&gaq e?er[tgtz%tffﬁﬁ{ré/tol 5&nerThe bubbl e

génerat e |ne ects of t e tmo el ement s,
when they are actuated 25 simul taneously, is

A5 BTl mbiiieg VipaCurtats Bt bRl Mok 80l

RU6Ees, @8chthdatds elddent 10001 (ﬂ,ﬁtsifomieﬁ byialk leadd endgiqy ﬁdhatpﬁntess, the

that the size of the elenents, 10.1

Tiheermrbtc R deleidn to epphysme EFWSF%? g}ﬁqg’amséﬂélﬁ{@g’sﬁt gse
Blafifé 0% Sherdli@Rst @2 having different sizes or the

ej ection 30 of useful conbinations of drops. |ndeed,
the binary weighting may well not be represented

’ﬁ%eeiétﬁe‘ﬁltsylobﬁ/ b a%r 2 erat ﬁv sﬁﬁ? é%%tﬁ)t@g@ %%h %@mﬁl as Qe@le@ced

ensel ves n S I
sshédmsicallhinibe diaguen gh F@raﬁlowch dhat fhey cart dvbiers bm@rwwelghted ink

(%har geter ?]%%1 CS UM ougﬁc&ge q_lg%l’aﬁ%l%g&%e%ﬁalh F{’@J‘g?:‘ghted

dy nanm ce char ac i'Cs
\tdhqmsdo bbgiected thifgR (24100481 09 ttté(ﬁiﬁt&ulzﬂﬁﬁti @0 15 e agevernent of

rawi ng back ipto the ch er 7 fr he n le 3 .
e Bte uegioke oD et PR dop P IEmfifEDy e toflifEsines
deEbSéf LetaERe 0. Pé‘aﬁplf m'h fIﬁ|Fitlguré $1g ﬂ:&ﬂﬁr&tﬁdfﬂﬁeﬂiolttﬁmdfcatbhﬂh ement 10.2 in
surface areas of the e e ngs or the
spmteriorihthe okl 16 freice (et é?ﬂ]e‘?a?r ]%@&B%I]Otlo be adj ust ed
in practice to achieve the desired binary wei ght ed

drop volunes. 5 Wiere the size of the heater ﬂﬁm,ent
Quy; lmow;.l@ngr ars deviigeepptenied Ratfeanen.and Hustratsd sphepplisally in Figure 52,

%r h%{eg @En:'teﬁti éﬁ PGl ?6 8 g, éé@tgmoztzﬁealfd%éﬁ RYCAES] s¥z%§ ona
& ect

rops be”adj usted by adj usting

téugrpbasis(ok.tia gmdu@ecﬂmm?el Grwith kihasraveighted mlvancel ﬂh&ﬂesfj’lﬁnt@éts 10.1,

%C%j § rglfeg’%/xh Zghﬁé ?‘r‘é’%tg aéj%gnt i Lé%%zdtﬂeq iPthe 59%1@&%{&%&87; R will be
pptitinted (HD Hihabvie 12,1 tfbvencg by e st diaiani Hh torisk Sslatively small,

e B2 Tl et R G L R Bafac e 6

deh&BteaBy ﬂﬁ%@tmem efféctofl thetvind dllérhentsg fvhex theare attuated wi | |

be of l1ttle or no, ef fect
simultaneously, is designated 12.3. 'fhree differently sized ink drops 16 will be caused to

be gjected 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 gjection of drops 16 having different sizes or the ejection
of useful combinations of drops. Indeed, the binary weighting may well not be represented
precisely by the area of the elements 10.1, 10.2 themselves. In sizing the elements 10.1,
10.2 to achieve binary weighted drop volumes, the fluidic characteristics surrounding the
generation of bubbles 12, the drop dynamics characteristics, the quantity of liquid that is
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On the other hand, the low thermal mass of the heater
elements 10.1, 10.2 allows themto be 15 heated to
reach, very quickly, the tenperature at which bubbl es
12 are fornmed and at which drops 16 are ejected.

wibidimadie maxi mum ef f ective pul se width i s be¢mitmosoonsis

the onset of bubble nucleation, typically to around
0.5 mcroseconds, the mninmmpulse width is limted
only by the avail able current drive and the current

%%&%é %agfcg@%& ﬂ:f;e%ﬁaﬂ]@e tT% e ﬁgziz?é’ 3 Rﬁ&% cﬁ&.ﬁféq{as ﬁf‘oﬁé@&ksand SO

snown I n eaters
tarépmustderonsiderad Azcardinglyothe egtua dattcmftthecsuxfmpmas pitbe elements

0. Al t h
im0 L of S pBtings 1PN hehiPinnett Lot RO achiove
ﬂfefdemtad)myywaigh’mﬂdtob%hnﬁsrcw ts, for exanpl e by

sizing the drive transistor (not shown) connected to
the | ower element 10.2, which is the high current 25

WHRIERE sizd af iﬁ@hezﬁ:é}%fénieﬁ@tlo QOT0L G184 afd Whde HRPRIo of their surface
el enent 10. 1. for exanple, the relative currents

HERS theeefers ﬁXﬁ% tﬁ%@}ﬁé&% ¥iges of pispteth dzopy bo may beadiusied by pdjusting

B8 Rl Lo oo, TRRRAY B0 be RS s

duririzen aflike opekation pulfsestdf ¢hegiémentst Hah 9 D&t-due. theit mdserwidths.

Pﬁg tﬁ%gﬁlﬁjeew@g{ | nIl é}%ﬁ?fg&?%ﬁagnaoé% tqlo eoﬁnj:lguse once a bubble

1 2hatrindeattd ot thgstufach Bf ad ﬁanemana; 1@b,ahenning dﬁ@tidn. of Pils8 width

%m@%@%@%ogﬁﬁ@ﬁg&é st egr gf p{ ggulcle?hographl c

manuf acturing process. In the enbodi nent eof the
sent invention illustrated in Figure 51,
Sp ol ?a@fa@#m@ze@e@/%msﬁ@e h?fﬂtq?%“epﬁéoﬂehq 2#llows them to be

RaREReac Qedy quﬂc@]y2the @énﬁawe aNeHicR IB%S 1%{% fﬁﬁﬁe”&ea&d at which
one after the other. ndeed, as descri bed

Geockige piertad t While ﬂle\mwmﬁﬁﬁ@we @ulswmﬂg@rl@gteé, hydheqnset of
EBBIRERAAR ol Aldnf1®. sShitRBond gﬁhé&ﬁm is

and is t 1ograpgl C proces
lighigedeenlly by the availeblefcinrént drivagsth@euriest drapitysthatedn batotepged by

%héa@& le%%%%el'ﬁtl’ éé\gd then the material 5 for the other

eposited so that the sacrificial
| ayer is between the two heater elenent |ayers. The

M5l e SCRR BT Rt o el 5 e
dreritads ﬁeMbﬁg]ﬁh% %&cﬂ@%ﬁn&iy%eﬁﬁ%ﬁhﬂdl ftcf 8 Bthess h E@ther

%f t he heater ggents 10.1 and 10Q.2, as
adjustment can be eﬂ'ecte y 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

=
...

[‘,‘D

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.

In the prior art described in relation to Figure 52, the heater elements 10.1, 10.2, which are
in the same layer, are produced simultaneously in the same step of the lithographic
manufacturing process. In the embodiment of the present invention illustrated in Figure 51,
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10 nentioned above, this has the advantage that it

enabl es the elenents to be sized so as to achieve
mul tiple, binary weighted drop vol unes from one nozzle
3. It will be appreciated that, where multiple drop

woabewesiozan be achi eved, and especially if rPCHay208/@01515

bi nary wei ght ed, then phot3&graphic quality can be

obtai ned while using fewer 15 printed dots, and at a

| ower print resolution. Furthernore, under the sane

%ef 164 e840 SRhentd 10 hefo 5 R8 BfinfiideN bbAE, Hafbred asdHARY R other.

is, instead j Ust ejecting one dr op 14 and
ﬂm@nd,\nad@smn@edﬂn thwwmﬂlzstr@teg it IﬁféfeiﬂPq to Fygyges 6 to 31, the material

%&fb&%ﬂdﬁeﬁﬁgw‘?ﬁﬂ QQSBC%?B%QQF ﬁ.gtf Ig%re?cg Lt e? ﬁ%ﬁﬁﬁ%ﬂ@}gocefss

tvﬁmremerrmmifmeis laysr 39ds depobitadi onitoyoff thad tetement, aixd then the material

e oiBe oL T ookl 1 g R R P e s st

@mhﬁaieﬁ Th Lakybr o8 tiwd debonld\efeineat 10y Betched byna sdotegl lithographic
factor. In this case, . the nozzle 3 will take slightly

|s@ﬂ,gag|iﬂte§aﬁ:rg:}qql|layﬂ;§ﬁsaengqvie l e volune of drop 16
(relative to the mninmum size drop) has been ej ect ed

t han when only a mnimum volune drop has bee
Sefesninapncseaain,torthe differgpicsizes ebthp beajgriejenesis lpdl@élddg 2ntfch
iR S éx}er%% 128 RSl 'E% tﬂ%ﬁdb?éstheﬂié:ﬁedtﬁo@@%z&@so as to
e | ner |af ynam cs an e surface tension of
inchieve nultifle foerary weighted Biogwobms fromae aozale Fhown,
schematically, a pair of adjacent unit cells 1.1 and
1.2, the cell on the left 1.1 representing the nozzle
& witltbe apredigedthat, whkre mlﬁ)ﬁle d:rop olifneh am belrebieved, ewd eplecially if

at on r , t, a drop, of .s
359 anbseat ol cheboerin gt en e opoa il iog fpver
?f,ﬂ@da&s,ahmgtﬂ@w@rgﬂeesaﬁubﬁ]e air bubble 71 that has
ornmed inside the partially enptied nozzle 3.1 is
| arger than in the case of air bubble 72 that has

?ﬁfﬂf%ﬂ ofef dxfiler thb %écﬁﬁ:‘tﬂn%néé@'ﬂﬂ& S8y mﬁlﬁ%@ae QIhRREE That is,

romthe nozzle 3.2 of the other unit cel

iotzad e&sthcm@wmmm gy Hpnsvaitis fopheppagie? t%ﬁ?ﬁ%h% pqivalent

BF odercBh uth%ac H s FZ%hst i e}e?t%crl E%Hséa%ﬁ:?tﬂat fhebivhiBbid LAl bﬁbe@ of the

reater S i on h tends to draw't
noﬁzleﬂ:,s ni eolimiting factsir] ik ejsetinpagysl ISnecawintie, upte ﬂﬁeeztzm@s fasfer

d
39 b b AR v S D) e B Bt bt
fdemr. chiahbesse/thé nozdd 3 Will také shghﬁy:h)agerao stfidigeehen a triple volume of
sim,l ar to

7 V\:herethe itionis ,
fion B ihlafke o e B i e g o 9628 erebie? i i ol B iz
{é1eme hﬂ)gllﬁé bekn kjefed! H@w@{?értm@ﬁichce il will ht t4k@rak ivalch ys three times
refill and the surface tension fo ({&g has t heref {hemkll
pelang ogetienibés i dugfoithe ingriial dygamics 6‘@%& E
down even though, at this stage, when this cond|t| on
is reached in that unit cell 1.1, a flow of qui d

Refeingiie FigheerfBe there i3 shovph sdhematipaln & ngired a%??@hwh?eﬂﬁ 4d and
1.2, the cell on the Jeft 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 gjected. In
the case of the larger drop 16, the curvature of the air bubble 71 that has formed inside the
partially emptied nozzle 3.1 is larger than in the case of air bubble 72 that has formed after
the smaller volume drop has been ejected from the nozzle 3.2 of the other unit cefl 1.2.
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been established. The overall effect of this is that,
al though it takes longer to conpletely 10 fill the
chanber 7.1 and nozzle 3.1 froma tinme when the air
bubble 71 is present than from when the condition 74

wioepwoasent , even if the volunme to be refill edTiAnehoes1s

times larger, it does not32take as nmuch as three tines
| onger to refill the chanber 7.1 and nozzle 3. 1.
Heater elenments formed frommaterials constituted by

qihe ARALSuWahlte bOME 8% 8kl MUERES Shit cbll 1ﬁmeaufsqah efiter surface
i nvol'ves the heater elenents 10 bei nq formed of solid

énesien farpe which Feals fo drahistink ih fiom thpjetilpagees 9 fawards the nozzle 3
SPIRL 4B T30 B AELIRS, ST ey i
mm thaehghieri7gl. refiil, dweBbes aige sdasignated 74 evhere the condition is

he bel T .
SRR TR oSt i KL 7 s g8 e eRalony 1 of e it cel
1 hat paraklBriefilled E&Mgh@sdrﬁt vElendimsirce hanthetelias ﬁédmf’:eﬂt L‘I&E&esults in
is required tor e o

ener nper at
#?&P%X spepdfig dpwyn oFE; 0}1 Bféﬁlﬁﬁ@g \%il.lf; Fon‘slglon is reached in
Eﬁ%&hﬁéeﬂqdl B\ heaRuRIdnto tBEIcHabEE], @v‘ith itstabciated momentum, has

nperature of an article is essentially related to

bm established Thansrtlrtfeptofthizisiay ﬁéiihméﬁh it fakesdongps to epgpletely
ARG Hh8LY.1 éﬁ dﬂﬂﬁple 3 LY ?&Qﬁ]ﬁn bﬁaﬂ) Fi8k $RsdnPfhan from

tenper ature, nere y I nduce suc nucl eus
wher the eondifion ’éﬂ impresertadvenifithe \ecdmtd’cmreﬁﬂgedhe thr¢edimes larger, it
ucle hat a t A | !

B4 okl PR Bl 2 G AR 01 AR5 1

el enents of thermal ink jet systems i ncl ude tantal um

a)

atpmic-numbers

Canon) Tant aI um and haf ni um have atom c nunbers 73

and 72, respectively whi l e .t he terlal sed .in
esifeattr wplyps @Péﬁ%ﬁteéer&@%#oheﬁ)& aﬁn&‘éﬁ@dﬂﬁ% ﬁtl?@t 90% of
{av'hicﬁ, t Hed RSB BRse 8icQnfent} aﬂE 4dc b
and m%&%nﬁbg@ﬁgﬂn a]?{)um C nunb%?lov\o 2002/ 0481g oo number

pigw AQR mre@m smbgliment the atpmicoreighfdshalew 0+ whiledp gnather

'Qﬁb({}ﬁmat%g g,,gﬁq,pgl%%gg@%@ t han those of the rel evant

Ior art ev ce ter Boron and al um num which
form part of hafnium bori de and tantal um al uni num 5

% zgerﬁlgﬁt eéfﬁ&oév 'aﬁ:‘fm@ P%&Q%e X tﬁﬁg %tFEils th\ﬁfl!n tehél%%e alower mas_s,

argd m&eﬁr@bssmuﬁrggm ﬁeqmtddab raide the ibmpenamrmoif the H&tﬁ(rwtumhts 10.
JI'QJ% 18 %%asusg Iats %vrilfl bor c{]erﬁoo%%y tgose 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 reguire more energy to raise the temperature, and thereby induce such a
nucleus movenient, in a material with atoms having heavier nuclei that in a material having

atoms with lighter nuclei.

Materials currenily used for the heater elements of thermal ink jet systems include tantalum
aluminum alloy (for example used by Hewlett Packard), and hafnium boride (for example
used by Canon). Tantalum and hafnium have atomic numbers 73 and 72, réspecﬁvely,
while the material used in the Memjet heater elements 10 of the present invention is

titanium nitride, Titanium has an atomic number of 22 and nitrogen has an atomic number



tantalum is 5.22 9/ens. Thus, because tantal um
nitride has a density of approximtely three tines
that of the titaniumnitride, titaniumnitride wll
require approximately three tinme |ess energy to heat

wo bava/otsaest al um nitride. As will be under st ooBCH)UZP03/001515
person skilled in 10 the d#t, the difference in energy
in a mterial at two different terrperatures i's

represented by the followi ng e uat| on: @é g_ Dot
1&%%%&&‘15 aRfefsebéng dignificemiy t@rtthﬂﬂéh%? PR 8 8"8 ‘?ﬁ
fhe specific heat capacity, VOL is the volune, and
pdﬁV!i:eFH@“@%nsmy of the material. Although the density
i s not determ ned onIy by the atom c nunbers as it is

al so a function.o 'i“lm%ﬁaéﬁﬁtt@talﬁdﬂﬁiuﬂmnﬂtty
|Bol@¥1?¥51r?g‘! Wfl?%*g[ the atonjc nun‘glgrs g}roﬁ > tum
5 @iyshuemmgm are raatwehééﬁ@ateglal& Hegevis

feature era C hQVwARR inefuderaitamivihio place Of
f@ﬁ‘%ql%ﬁ%lw gﬁe{tﬁi nggriug‘r%%l errevaﬁﬁ b atel
C @ifaive) fstz2sghatt . (as, bcmseﬁﬁ%%‘mb?mgﬁi?s d‘ﬁg‘? Fapproximpately

each hea;&tag f%% hiteie, frsmilbenitte va!bmqmretdppmtsmatdmbﬁe
p

1 lirdeNest diegzy M@qﬁg@%aé‘st%gﬁuﬁ%e&%&by éfg)@soh kitied in

er a%l? d%g q,? by i el two diffeeentiRmpeTRIVESS BIRIB T by
10 e , I's [ess than 10 nanograns. |n one
prﬂm‘fenavﬂngmﬁ@m ment, the nass is less that 2

nanograns, in anot her enbodi rrent the mass is |ess

t han 500 pi cograns, [ )}/ < oBekher enbodi nent the
mass i s | ess than 250 3’ I C grarrs " The above feature

constitutes a significant advant age over prior art
i nkj et systens, as it R sb g@ﬁcq@a@dpac@,vomsthe
13 elejileéﬁ %wre%tséherts%?r?““ ch, Cpi

e
i e deerﬂ'&ﬁEe M&;@um o Qeriy s S Geibhnin ¥ty
PCT AU?htmg)/ ﬂl & QhinflicARE &b e c&fstahtb,ﬂhdmmmls strongly

el‘@i‘%‘?ﬂtg‘mfﬁm flre I's enabl ed
heﬁﬂ%ced&}ymmer@féhwqﬁﬁ R

r.el atlg!\fz1 m size of the elements 10, and due
el'ements being in the form of suspended
ggbearrs whi ch are not enbedded in other nmaterials, as

i ll[_,gv%'i;éa?etr%%ss for exanple, in Figure 1 5

This feature involves the heater elements 10 being confignred such that the mass of solid

material of each heater alement that is beated above the boiling point of the bubble formmg

25 liquid (ie. the ink 11 in this embodiment) fo heat the ink 50 as to generate bubbles 12

therein to cause an ink drop 16 1o be ejected, is less than 10 nanograms

ase is less that 2 nanogrars, in another embodiment the

In one preferred embodiment, the m

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

30 picograms.

. . . "
The above feature consiitutes a significant advantage over prior art inkjet systems, as¥

results in an increased efficiency as & result of the reduction in energy lostin heating the

MJT005 PCT
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Fi gure 34 shows the shape, in plan view, of a mask for
formng the heater structure of the enbodinent of the
printhead shown in Figure 33. Accordingly, as Figure
34 represents the shape of the heater elenent 10 of
wohetiogsrtodi ment, it is nowreferred to in dpesmuEsioRNEP151S
that heater el enent. The3meater el enent as
represented by reference nuneral 10.34 in Figure 34 10
has just a single loop 49 which is 2 mcrons w de and
l%l%&kfdj? S¥ihd KlaK ele!n%utg 38, "?]ng ﬁéﬁ'ﬁﬁé E; a1kl @l 16 BuSof heater
m cron I nner radius e total heater mass Is
emmpntomgwmimhavﬁgéow dmsrt@s,pbtnm g redptivelsiamall(ize of the elements 10,

rs r.ef eren
A ie30 i R TGS Gt 5 86T B BB R Sl Vi
eapsddsd i ctlkr Myatariafspasaagrateddor etandle, 36Fignre 1Fi gure 36
has a mass of 225.5 picograns. 15 Wien the el enents
10, 102 represented in Figures 34, 39 and 36, for '

BiarEd48hows Be y&%e ih BlanRAcHE loF & thask 7@ fdrRtie theB&Ser Sfructure of the
material of each such el ement which is in thernal

ersbrdimentgf the Pnflﬁléad shewe in Figererdy. Apeordingis a8 Figyad gprosents the
%ﬁaﬁ% bfhb Redidtlefonf %ﬁbﬁ&]ﬁ% 3§ dvpRiferte 1dtin discussmg that
oove that 0

erature a |ng pol nt of
" hesker eleirent. Bithe dbdterreidnyenh a@meseu:tedrbytrh‘ré@ac@mmm@ 51654 asFigure 34
|
%1% gldsr% gt%r%{gé Ig'ta\?fg' n‘%’ %f is Iglcgoglf %&J]q;l@rb i %Iornh ¥t has a 6 micron

y 1ne rnal y conductive

owmtretdias and Succ@pibhergadine Thames heatta' mos Extieptanst The
e hi

total ss, of eri.al, raise 0 her
Sieapandrig eisnest, TE Sy Dl oot RER, 10.394n Figure 39

Haty aSmdse 8 205 HibopRdvEsmdana 0 edpesented bprdietitg nadwal Br3din

a conformal protective coating, this coating having

388 ¢ BES Y 22P-P PEOFEBESof the el enent
simultaneously so that the coating is seamnl ess. The
coating 10, preferably, is electrical

Wben éhsrelrueenis 8, lqzsremwmeéam Figurep éfht39amé 36 s exgrppley Are used in
]nga@r{cg%e {4 Q#QJ +f*ﬁ'12&éhal Bg%a%ﬁ regé ok Gflich q@iﬂ%@@ﬁﬂt contalEwith
oa 0

|hg IS um num I n anot

therfdol 1rtbﬂng ihe biubble forhinegtixuiitl inlﬂne emhotbmnta thags raisgddo ian

et a of . 1
B4k PR R OE i B et Be Pt e en these
ﬁ@manﬂtﬁédmﬁhﬁsﬁﬂﬂﬁﬁmﬂh&th&nhknﬂ&mﬂyuw@ﬂngﬁdmamwﬂyﬁmﬂ;
f a.prioy art ter. element 10 t i S
e oy e T £hig o ESRe AT Yotoris rgh o lgess of
ﬁ@@ﬂﬂjﬁgﬁﬂﬁHkﬂﬂgﬁﬂuﬁqﬁﬂhﬁﬁrate 78 and which, in the
typi cal manner, has then been conformally

el

Conformally coated heater element

This feature involves each element 10 being covered by a conformal profective 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
nitride, in another embodiment it is of diamond-like carbon (DLC), and in yet another
embodiment it is of boron nifride.
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coated on one side wwth a CVD material, designated 76.
In contrast, the coating referred to 5 above in the
present instance, as reflected schematically in Figure
56, this coating being designated 77, involves
wooekoeared |y coating the el ement on all si de3CT/AU2003/001515
si mul t aneously. However, 3his conformal coating 77 on
all sides can only be achieved if the elenment 10,
when being so coated, is a structure isolated from

fa8hg & F &‘5@&1&55' tHRre drélsHo@ sEE&nﬁﬁti@fre};&eseﬁtuﬁcﬁﬁmﬂsﬁnoraﬂ
beam "so that there is access to all of the sid ch%.asbe.en

henfer elpmatd0 that & not conformally soatpirerdiscysgd ehpye. G D,
f
dfgésgt%& Bg grsﬁb;{rggs ’ aﬁwﬁ&ﬂ, BB b YAl GO Bastthéh l%laﬁ BTbrmally

I's exclu the ends of the
cehtedenbng sdswithd éB!Ibmaw)‘laI\/\ﬂ%ma‘@d d6] b enatfastche epating referred to

PSR Fr B FRLSH A BT S 1o,
desighate)7 1, freroBleg amﬂbrmhﬂy ooatitg thesdletaant ios all exdesesmnuwnle«yusiy

that the elenent is fuyll 5 .surroupnded

HQyPaveR s ok @Dﬂa%ﬁlé% S Aol bR st o o plommpt O,
WHenFR sa@ua%&i, %@s@ﬁtuf@jg&eﬂwﬁbbyoma&umeg hige, et Gorm of a
el emrent” 10 be understood wth_reference, once

sawﬁedheemﬁ tethers s agprss thpll ofdhesidesi o theglsmentinen ¢ he

conformal coating 76 is applied, the substrate 78 on
whi ch the heater elenment 10 was dep05|ted (i.e
If isrtorbelindsfstandttha ethyn mfergmetzmée ﬁowen@amllmamfh? Plément 10 on

agll c[m &2 ﬁ}&&ge poegjlﬁf SRHe gllfeﬁl[ Efbgtfﬂl)avl/ﬂlyh ﬁgﬁﬂlﬁﬁqo the

I'ng coating” /76 on
ddm&omatsw mdmamdeimmhﬁnaﬁuauym Egure A7t Tnrother wapks.owhat i oeant by

th te. 78 seam .79 b

Rt eieeset e somsrotd sl 1S R0y Bl oo BlTLy
s@RGurdicd BY mrbdﬁmmmbmngmmum ngth glithefebnrent. or  wher e

del am nati on may occur. Indeed, in the case of the

heater 25 element 10 of Figures 54 and 55, where

"le SR8y A aRRRICh B rhAllERRRIthe hédia @t 10 hgb@iiderstood
and 1ts coating 76 fromthe substrate 78 be| ow, som.aumIl

mﬁlneﬁeﬁ@@ﬁ, cppRagaine HFIEIen 54 Ard $oo /4 G b Seety WhEH e gonto
76 i %;ﬁé& RE sdblsfats &g 915 wlﬂiﬁﬁrtﬁ’é(ﬂéatér ERmeHEY) WA @%ésma (ie.

such nmaterials coul not penet rate t
famacia bffwawésr icetistiptestthecastiag fos élememw opthetsifle opperaiethf o

T I
L T T e
etmenu s@whith i) & inoy bepportkd emde |sn’ogﬁtitb 7(8f resilts ipp eepan{9 being
onas |l ustr d in Fi
T AR GR NP RERTE b Frst brf i pl et tbesirabe
pr&iels Iﬁfg,hﬁbﬂm o &lhefenilaniief®n mgndcirhndéal in thiedse bfrély heater
eelecrlcal on- conductive sui ta
dfaeat 165 P 14 S5 OB 1SS Qi ercloment
aR@ its coating 76 from the substrate 78 below, so as to render the element in the form of a
suspended beam, ingress of liguid or hydroxyl ions may result, even though such materials
could not penetrate the actual material of the coating 76, or of the subsiraie 78.

The materials mentioned above (i.e. aluminum nitride or diamond-like carbon (DLC)) are
suitable for use in the conformal coating 77 of the present invention as illustrated in Figure
56 due to their desirably ]ﬁgh thermal conductivities, their high level of chemical inertness,
and the fact that they are electrically non-conductive. Another suitable material, for these
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pur poses, is boron nitride, also referred to above.
Al t hough the choice of material used for the coating
77 is inportant in relation to achieving the desired
performance characteristics, materials other than

wo baapiment i oned, where they have suitable pcr/Av2003/001515

characteristics, mybe used instead. 5 Exanple
printer in which the printhead is used The conponents
descri bed above formpart of a printhead assenbly

&, id iBidel ! ! ARSI TUSIHRBe of Piterial used f
%@*%éa@%@é@l 51 é)%,seyll%?ésiireel ft(,pallﬁ)rYEI ﬁ?els %1 nur%er 001?; sl nsec for
the corting 3@ inohottay in firtide to Tihesyingibpdesired perforaiere chayageristics,

bel ow. Referring briefl Q Figure 44 he ar.ray. of
G501 o B pih iPund sl Sl BaBbbiof may be wsed
ipstedd. shown), with drive transistors, drive shift
regi sters, and so on (not shown), included on the
same chip, which reduces the nunber of connections
ERAPIE PRnRird WRick Meprinthend V¥ kiear ef erence to Figures 58
and 59, there is shown, in an expl oded view and a non-
expl oded view, respectively, a printhead nodul e

. ol . e _
e R R P S e e

inppidoter sxstenp Breguintiegd aBemblycitselfsincludes asivavher of firisthsad modules
ﬁfel?%&sa% Ju a%:éﬁés . ib%ﬂ)ware spaced so as to be capable
of prPn%lzng WL

a resolution of 1600 dots per
inch. The chip 81 is also configured to eject 6

ifferent, colors types af ink 11. A.fl.exihble .
Rtk e D oy 2 ] note g Bt g qifgped b the printhead
iy (Recshedn), rithhigive agsifdidrs, drive shifipgibieisNgdaoton (ReWeswn),

,aqd data to the chip, The chip 81 I s bonded ontpﬁg .
in¢ludediondhe sameahin, Fhichspdoey thy apmberod ponpgetiops reguirec,on the chip.
overlie an array of holes 84 etched in this sheet. The
chip 81 itself is a nmulti-layer stack of silicon which
Wik referrncetie Higares 5§ gad SSHbA IS shaweHe ap sxnledad view&d agfon-

FRPUEA o o, & QARG R ool ROl il ¢ S
vainthead chiprasspmblyrdd t(#lso Miiredliehgoiv as g cBO).den e typicsbeipgssembly
i fiel f . r..th ' '

it ol v e 7P o UG, P BE sl e U Bl of

phiotiby with aeesofutioh bf To0@rdetsyieoimch dBheluhiiofnis disb avdHgumdite bject 6
e qtq@ed on tﬁe dersi de of the sheet as shown in

d?—#ﬁﬁ‘f &OleEs Or-fypes 0 ’3}#{21 s 86 extend as shown so that

their ends align with holes 87 in a md-|ayer 88. ’

JENRE LN M R R

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 channeis being aligned with the holes 84.

The chip 81 is approximately 1 mm in width and 21 rom in lepgth. This length is
determined by the width of the field of the stepper that is used to fabricate the chip 81. The
sheet 83 has channels 86 (only some of which are shown as hidden detail) which are etched
on the inderside of the sheet as shown in Figure 58. The channels 86 extend as shown so

that their ends align with holes 87 in a mid-layer 88. Different ones of the channels 86 align
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37 wth different ones of the holes 87. The hol es 87,
inturn, align with channels 89 in a |ower |ayer 90.
Each channel 89 carries a different respective col or
of ink, except for the last channel, designated 91.

wohew/oksagt channel 91 is an air channel and PET/APRU§HEHSIS

with further holes 92 in3he nid-layer 88, which in
turn are aligned with further holes 93 in the upper 5
| ayer sheet 83. These holes 93 are aligned with the

iwikA ARt bfes ¥ iR hofds BY'S THSOh18s 87, idfrn, aligwitlh cHaalyedys 8%Pin, a lower
so that these inner parts are aligned w

I £.h d
taverr ¥ Bpek dhaniel 87 erresoh Fitfersniraneeliei caler s\f it cxpapl fog o lost
Fﬁ’a%ﬂél? es%}tﬂteaggl J i ﬁ&%ﬂﬁ hemtashgsthel 41d8s Abned WRh further
ayer 90 has ho

ower es 98 opening into the channels
Bdesdfiindhemiteleys 88, Woinp elvueate aligped with dyugher Beles 9318 fhegpper

e R e e e S
b}ﬁduﬁd lﬁ?é 2d)do &ﬁ’; ﬁEfb iﬁimtpart@ﬁ‘r allignetl Iméthgiﬂd thergtore i8 @pidt-ﬂ@v

eet . an e, channel .l a a..espectively,
B Riot T iDh A R P e isg by ek pRgb1.veY
assembly 81, fromwhere it is forced out, at 100,
e loBep oy Q0 6% 20 S ARSEIE S BB o e g Cptapressed
g.g&g?, 5? #g&lkaﬁ adrso tnol- gho%ﬁﬁ \MhtersRBS Shahikl 9U 8Roighehd@le®snt hole

ower layer 90, into the channels 89, and
p%and thenpesseroagip thethioles 9 6793 B sleth 8 iyfhepd layer 88, the sheet
LobTn&RR 805 | 5w PPE b the chi
FEBREEE | bR Bl e e B iolf SRR B inyd P staBB bfthe chip
sdsembly 8anfor wheretihis Gorgéil et $0Qttkroggh a nagzletghardd Al phigh covers

t wll noted that .there are |
Hiseietens Bkl 6 PRt g oo fosh DiepEHF Bldhea S 11 oot
ish’&@z@d Paks @ﬁ&uzﬁthhe h&l&dmmh@ﬁ]@%ﬂla&ér@}), intcdhe\ﬁitﬂﬁhelt B%; ahdhthen
an Ir is, pa to the chi 1 ] i.n
Brvasbrenedioe o Thatrorbatoweayocheehi = B gfisiot te vpper
laRerMabet B3 andhsiErewpeRyvdholés Bt dFithdl hkes dndrindn tiroughskerdddty 95, to
80 of. Figures 58 ‘and 59 is_ schemat a%l ﬁﬁg , |s1 90
e shipsle Al begotetitlaat diert &P JUShIRVED qlbe s S Igwer layer
G o doforloR Bk dn@)RE FMIRY @nih&ssdBB vROAELSEe @kthnd air is
el r associated drive circuitry is disposed. Ihe top
pawgestto tixsrhisf 81 the ik beingdisectad) tg ﬁ%@ig@ﬁ%z?ﬁ@?iﬂ% t he
nozzl e guard 101, enables the filtered conpressed air

to be directed so as to keep the nozzle guard hol es
Figdre(60hincthich eside vipwed drtretithveh medtle asgemPlyRP of Figyees 58 and 59

| Cl f. , i .

iRt had FARY ExEiiin, 6 ool thvg RUASEEER) Sedthlyis e

Bharwierstha 680 @zl nghibelr wisbiateh drivotiegitd4s digpashd The top layer
inl. | . heet 83...Th h

PLBe RS Senhy BBk SR ST PTE ke,

SfInR8ssEe Hif fo HRHea0Q Y& as 18 kEey the RoLhle Anikdhdldsel Ok fivhich Atk

air to the chip 81. The need to funnel the ink and air

- yepesReniptorchematicplly hiedasheddencp) clear @f paper dust.

The lower layer 105 is of silicon and has ink channels etched in it. These ink channels are
aligned with the holes 84 in the stainless steel upper layer sheet 83. The sheet 83 receives
ink and compressed air from the lower layer 90 as described above, and then directs the ink
and air to the chip 81. The need to funnel the ink and air from where it is received by the
lower layer 90, via the mid-layer 88 and upper layer 83 to the chip assembly 81, is because
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| ower layer 90, via the md-1ayer 88 and upper | ayer
83 to the chip assenbly 81, is because WO 2004/ 048109
PCT/ AU2003/ 001515 38 it woul d ot herw se be
impractical to align the |arge nunber (7680) of very

womddloariozzl es 3 with the larger, |ess accureraubobess:s

98 in the | ower |ayer 90. 3%he flex PCB 82 is connected
to the shift registers and other circuitry (not shown)
located 5 on the layer 102 of chip assenbly 81. The

?I ex (goﬁ%&a%e S e%ﬁéﬁ&ﬂﬁ%ﬁ%}%ﬁ Iég%éﬁﬁn%p@@gﬁcﬁ' vetyigalEBzzles 3

res are capsul ated i n an epoxy
Wil thellargerf fessaccutaiecholes §8 aptha lowter kayer 3. dam 108 i s
provided. This allows the epoxy 107 to be applied to
fill the space between the dam 108 .and the chip
TrsHEDPYB 81 isconhdradd th the shifrregisiéGud bthemltmdxye(doti showt)Hecated

SR Bl B e P e Rin e oh s bRy i 106 onto
BRPEB AdkChnd Widse wﬁ@@laré BRAeARG AN an GO Rafeﬁwﬂtmg

to Figure 62, there is shown schermtlcall

g dagg 108 zﬁpmdﬁéa'ahls allaysihe spoxy 10 Rerppplied to il the
’sgﬁl&lz y%ﬁéen tﬁggéﬂﬁ’ 164 %Qﬂﬁﬁ 81Rp it hE8 38O Ure embedded in
ssenbl I es as Scr

bove. The printhead
thesporyl YOO the@pmnm’igm h@rdmd ibprotegts e Wehbending sepetuesrom

swt L abl eonff%rpaﬁé % 1.%% 8 bl m eL-ToI=1 %thThe pri nt head
i cl°u n

es el'even o e pri ead nodul es
assenblles 80, which are glued onto a substrate

gstl%nnel 10 i he f m of a %ﬁéﬁ et ae!X a (=S thead
e B F1851% m&f" RLH 8 nSY" dp%%/
%ﬂa%mgﬁ ﬂ@ﬂ@l@mﬁm&ﬁd aﬂnsllgldrﬁef r ;amggmwpﬁﬁﬂeaﬂm@mbgenﬂnes 80 as
ifferent colors of .ink an ressed.air.to
feveribadi agoves S prpihgadzassemily é&#ﬁ@ﬂﬁ@w’? ﬂgggmﬁm MPrifie
glﬁ%bje%ﬂ&y&obgm @ﬁeﬁn t he channel 110. It wll be_

noted that the hosé i ncl udes holes 113 therein.
These hol es 113 are not present when the hose 112 is

St adsBHBRA 80, which
The Pl ARBENEA orhalS ofeal i the prfitheallthodlcp ale ARG 50, whic
sne gt onie a(submslmm)el 1 Hrindiegforth of mbénd saem plaia;\m gepiies of groups
Ies t hen ser. ide
et 16 R BB AR Sl hiinde 1 I RAGRHOONS sitely the 6
tifferant colbrs efiitk and therebinpret@d afs tatheehipl agetmbliee8]. nAn extruded
d f.l.ow atio Vi ol e C
beadbl e § S e b R s R0 117 WA RS BB nose
LR ﬁanlgldésq;lbﬁdé 1ham%e11901mh emedmmfembmadat :ﬂilﬁlﬂfl tie r]}lose 112 is first
asse 80. 30_The_hose 112 arallel.c e
opneqigd orfhechamnr 1 g dut &g &tlwe%gl ey okmeliing, @%g"mmg a hot
%@su&dﬁﬁem i SudQBORAELH 1t ﬁhicﬂho!é@fhbﬁb&%& ok to fix
shown), and_at e opposite end 117,
the posmons at which the holes 113 are melted. The holes 113, when the printhead
assembly 19 is assembled, are in fluid-flow Qommumcahon, 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.

The hose 112 defines parallel channels 115 which extend the length of the hose. At one end
116, the hose 112 is connected to ink containers (not shown), and at the opposite end 117,
there is provided a channel extrusion cap 118, which serves to plug, and thereby close, that
end of the hose.
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there is provided a channel extrusion cap 118, which
serves to plug, and thereby close, that end of the
hose. WD 2004/ 048109 PCT/ AU2003/001515 39 A netal top
support plate 119 supports and | ocates the channel 110
WORH0HEs®9112, and serves as aback pl ate forPGTHEERA03/001515
The channel 110 and hose 132, in turn, exert pressure
onto an assenbly 120 which includes flex printed
circuits. The plate 119 has tabs 121 which 5 extend
t hrough notches 122 in the downwardly extendi ng wal

123 of the chapnel 110, to _|ocat
ARl 'ap EEPPPE P SBPRAB SRR OAREREY IO POREES] 17 gnd

RE-PM! ag %%a Iﬁplht@ g&ttﬁesg OPREERAES 1 PRERI Hodd 1120 fae) gfbrttﬂi‘@.mjre onto
energ Ired to operate a printhead accor di ng t

eSSpnblsféﬁG wihiphdpdudss ﬂbzs papfedeitmuits. ofhanignil 19 brs tﬂtﬁ\ﬂo@} which

Bed Bl BbicRl 1698l HOGHTRIY dBlenb B ol 103 6F S chBAT10, 1o

pochte tireckenmed pmd/plate mdkhtrbspsciitseapptieri mat el y 160 ti nes
the nunber of nozzles that are typically found in
typi cal printheads. As the nozzles 3 in the present

IAR\eR {461 2By pReide® REIOBALE Coppbr Hus bers 1aRy Afthough tesenargy required
cont i nuous baS|s durln%% g@ratlon t he tot al ﬁ%@ﬁ%ﬁ%
EARSTARR PoHheadercording 1o 157 BReserb VAR FLREdf ) fpwer

(A that B B6GR tHERWNNRdt Bhf'@ﬁdﬁterefﬁ&% bl bh&boetigs, @Uﬂ)tnozzles 3inthe
requirements wl|, accordi ﬂ3%§ be_hi gh, eyen thaou
7t

piiethensheoay.cad hisdseppraxigeately @ the PFmbes OEROZZICY
REAIY il LR DAL sl ADS1ok B9 e Bfch ﬂﬁ@ﬂﬁonﬁi}%e

[e for providing for such power
ppoationeln@rtsgy Emdbrhacmmtipews badieding bperatien hedptabpansr

R

#R cafrenmequirkmedte wilh) wesordiagly,Hedfight, beenfthengh BEEwWE2 c@isumptton per

the t head enb 0.. The PCBs .82
SHF e RSPty E B e gt h o] BioR TG, Thpusbars

ms)are stik8lePRovitinglfed sac pdver ittt Sind havehbranads 126
busbars 126, to a position below the strips 127 so

@?ﬂtﬁém@%ntacts 128 are positioned below, and in
contact with, the strips 127. 25 Each PCB 82 is
doubl e-si ded and pl at ed-t hrough. Data connectlons §P9
Crimpressible gondvstive pinsdal ee pgv tﬁéhﬂt 28 Ao

%ﬁé A Rdadio fg%él tve 3¢ Elquexﬁ’hl%s %@%f iR ;ﬁﬁﬁtﬂead Wbdulle

nt act SpOtS sone of which are shown
sssemhmasuseamqtacmzaemanéﬁonGBe ¢haip assgiblies 81, aropngd the channel 110,

RS0 I, BB 1 54 R ORI L% JoSRio BN B frips 127

so that the contacis 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
which, in turn, inchudes a data bus and edge connectors 132 which are formed as part of the
flex itself. Data is fed to the PCBs 131 via the edge connectors 132.

A metal plate 133 is provided so that if, together with the channe] 110, can keep all of the
components of the printhead assembly 19 together. In this regard, the channel 110 includes
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30 flex itself. Data is fed to the PCBs 131 via the
edge connectors 132. A netal plate 133 is provided so
that it, together with the channel 110, can keep al
of the conponents of the printhead assenbly 19
woomeiisee. In this regard, the channel 110 i PCI/AUZNO3/KMI515
2004/ 048109 PCT/ AU2003/ 00815 40 twi st tabs 134 which
extend through slots 135 in the plate 133 when the
assenbly 19 is put together, and are then tw sted
%&k& sl tﬂ3@ﬁgfcﬂ éktgﬁi gﬁ SloH635 %e bRtPr 3@\6@:[&5 e HREBfDI P is put
Ing Wt hr ou the slots. 5 By of
tegatharapd awi thén umeertettbmeh appreximeicly 4§8iegtehfet0ﬂ>r¢vﬁtﬂﬁh% from
asse 19 |s n an assenbled state. Ink and
n@%% g@?%@ghpplled via the hose 112 at 136,
pomer IS supplled via the | eads 126, and data IS

OVI dgd t o ”‘,‘;lgthfg nt hea _chi %hgtg r{ﬂ 2,35%% 1%555’@?‘[’31113“

aage%aﬂtémett@ diﬂ@ihdtoeﬁtpfﬁs@d%ﬁ' #0¢ suppledads mmdw M2as 53ypbveds

80, which include the PCBs 82. 10 Munting, hol e 13g i
saprliedrvinthe lsgds 0, sk st in gravided f the prath dstg'w@ﬂhf@ } e the
eﬁ#@&ﬁm&&o@ 138! ttgé;ﬁtmﬂeﬁ%m 5 AQWRbLies Bl Grefobasd i oo le}%t?@:t Printhead

e print assenbl 9, represented by t
Mmckﬂam@nm&s%,lv@u?hmclum@pP%S% dth of an A4 page
(that is, about 8.5 inches). 15 Referring to Figure
69, there is shown, schematically, a cross-section
Mblﬁmimgﬂ’noleh @37 s proviled dorpnomitihg the plisthesd asmmﬁijf 9 inleceina

SItI i lLcon,st ck or.m a ch
13’91 ge %Véerten t&%P%nﬂ %d g nar @F@%%ed oy the
dlttﬁxwégbs tltwjesﬂ dViér 1B ridth bf SLAP lpygel’(ﬂﬁas, abbﬁt 8.Mrsbesy| ear

to see is the abutnment of the conpressible strip 127
whi ch makes contact above with the busbars 125, and

Jgawétu taguﬂe lae, th&WshBﬁﬁt scﬁéméhcﬁll ¥ cB@Bse%ﬂoﬁthhﬁfgﬂiﬂﬂtg

)

he chi p assenb he tm%ﬁ% tahs 1
ashaieprindie % Fserg his, ﬁhegqsmog of ailicen stk forgpag 2 GIBP Zisgmbly
%%P%%Qﬂ}?’%eséeeﬂ%s o4t on, éé?:ﬂo& Bfduich Y Jﬁﬁ 8¢ air susply hose

i'guration,” represent y the dashed Iine

]F!ﬂt Atse pleslytstseems t?@abmieat ot thg cqmprﬁs@atﬁ- siriy §27 whigh sajes contact
D8 8 bt A Bl dod MR BRI 1o BLEPRE RIcRBng from

0’ an e e I nvent
aSh@ vliip iassetmbly 811 Ghk hﬁsﬂgbmm@ntmmlmph@aﬁe slots 135 in the metal

latee %f g’a%naﬁsoqae sgent Pn%lua{nrg%\glr slted conﬁg&t%ﬁon, represented by the dashed
line 139. '

Printer system

Referrihg to Figure 70, there is shown a block diagram iltustrating a printhead system 140

according to an embodiment of the invention.

Shown in the block diagram is the printhead (represented by the arrow) 141, a power
supply 142 to the printhead, an ink supply 143, and print data 144 which is fed to the
printhead as it ejects ink, af 145, onto print media in the form, for example, of paper 146.
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30 supply 142 to the printhead, an ink 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
exanpl e, of paper 146. WD 2004/ 048109

WOARAN2G03/ 001515 41 Media transport rol | ePGT/AYZPOHROES1S

provided to transport the4paper 146 past the printhead
141. A nedia pick up nechanism 148 is configured to
wi t hdraw a sheet of paper 146 froma nedia tray 149.

MedidQraR@oBi roldiP M 7yard Ardvided foo&anppmapqgr D posi thagenthead 141.

which is a standard type aof supp
Sanqdizmick yhaeshariswy 138 nwaaﬁsurp‘i Por%#%w 81@5{‘ ?fﬂaa?jeléﬁ from a
¢w#) and, typically various types of
n@%?ﬁgt%%n Wil | be provided, at 150, about the ink
supply, such as the anount of ink 10 remaining. This
format i o QUL &hrh Blpe bPduppl
TR BT S8 2P RS BBl hE Do £ A3 hghd Boo SPAuoply in
priiterdesives. 152 typical ly consists of a nunber of
buttons (not shown), such as a "print" button, "page
advance" button, an so on. The systemcontroller 151

ﬁ@@k M?ﬁii ﬁoiﬁﬁh@éaﬁ&ﬁﬁed (hailsngn}nhd,vnypﬁedlyfmgzm}yp@smgT
e nmedia_pick up mechani sm 0
indiruiehgn WHEDSREEN e FoloQofe o ks 470k g gt S ink
Fenfaiming ”%}ug BforfnBorSi¥ B Ml @htbﬁrcoﬂtﬁﬁlef 1)51 ﬂﬁlﬂh isfopnnected to
when a eet of paper 146 is noving past

prienitierfage 1501 Ttmntpﬁme 182 tymiqelly cnaistsios aé‘f‘F@E‘% @&uﬁ?nst(ﬁ%t
?h%%ifsﬁ }{és ?nﬂ—tlh 'bﬁttts %&v ge” Huﬁbﬂtaﬁg-o Bﬁ PhSR/ChS doBitroller

apse dia pIC up
bcdismniontrols 4 Sndbersl 53 fiat isemimu@edt ﬂqyedrm gfed@gp@q'up@@:hmnsm

R S R B R . o o 1 o1

151 so that when the sheet of paper 146 reaches a

BBt SR AN 5P R b s movin

£t B pAAhea 141 @gﬁiﬂpﬁguﬁg Eiibateffdabbat filey comtettetime SPhis time can be
whi ch prOV|des t he

144 h h
i P SHEaHC Gne Y 9P EloTie i L PP HREATRy LB e

4@ Brefekdbl L hawbvenialpapériensor (dot s}d;amals
ﬁorrm t%?ghf%tg& %%he pri nt )gatavlid?ﬂeap nat es(f

previded arhiduspennerted idhe StsvrgonEeimd el wdhaivhesghe e of paper
el eé § sl J‘O%ﬁg% ﬁ%ﬁm@%f th%fpnﬁth@mr th@fsyﬂétﬁ f::&[t&i]l"er can effect

conne Ion ne as a connectl on, .
fmﬁ@r\lmmm effectasthy taggeEEEm-mnt dimioaeaties AS%MM@@% the
pm&\gcgtaalﬁ4 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 2 USB
connection, an ETHERNET connection, a IEEE1394 connection otherwise Imown as
firewire, or a parallel connection. A data communications module 157 provides this data

to the print data formatter 155 and provides control information to the system controller

151.



firewwre, or a parallel connection. A data

comruni cati ons nodul e 157 provides this data 30 to the

print data formatter 155 and provi des contro

information to the systemcontroller 151. WO
wp(0eH/ag8409 PCT/ AU2003/ 001515 42 Al t hough tPiga/AU2003/001515

invention is described abo#e with reference to

speci fic enbodinments, it will be understood by those

skilled in the art that the invention nmay be enbodi ed

B%hyﬂ]@ {¥8fition 10 B&8:ibddbo P RIP L ereftle ke8GR c ABoBROMS, it will

mm0|nmnsrﬁertotheheMereummnsbmn

b wedarstond Yyythossslilied in the ex thet Sednvegtion paybq aplttdisd in many other
appropr|a%gﬁbzgégwﬁﬁhy%%g'%EmgaHﬁH&9%§% I%gﬁgg%g?ﬁ%bang

alesiubdlyr atetddamimrgedriellp stnatd cismedtanpy a]ao ¢ weed fin ¢mpbagiiments,

zzl es ch nozzl e having a nozzle aperture opening

Wﬁﬁwfpﬂ “ substrate surface, the areal density of
the nozzles relative to the substrate surface
exceeding 5 10,000 nozzles per square cm of substrate
surface; and at | east one respective heater el enent
corresponding to each nozzle, wherein each heater-.
element is arranged for being in thermal contact with
a bubble formng liquid, each heater elenent is
configured to heat at |east part of the bubble 10
forming liquid to a tenperature above its boiling
point to forma gas bubble therein thereby to cause
the ejection of a drop of an ejectable liquid through
the nozzle corresponding to that heater el enent, and
each heater el enment has two opposite sides and is
configured such that a gas bubble forned by that
heater elenment is fornmed at both of said .15 sides. 2.
The printhead of claim1l being configured to support
the bubble formng liquid in thermal contact with
each said heater elenment, and to support the ejectable
liquid adj acent each nozzle 20
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3. The printhead of claim1l wherein the bubble formng
l'iquid and the ejectable liquid ,are of a common body
of liquid. 4. The printhead & cllaim 1 bei ng
configured to print on a page and to be a page-w dth
25 printhead. 5. The printhead of claim1l wherein each
heater elenent is in the formof a suspended beam
1_con@hgg&gg4§ﬁmnmaaghpgggg§ bubbl e formed by that
heater elenent is fornmed so as to surround that

heatasubgitaserbaning @outGiratpiseripes; nt head of claim | wherein

each heat.er el epent_ i,s_in, the.for
oo P Bl B S eGP Rle PR REIRE orough the
subQfatd Qifa0é, thdgrebiudunkiey dahehogrlds relatite 80the 8gbstratebarfasce exceeding

thermal contact therewith. MITO05 44 0 7. The
106100mopd sepafsaeargicm of swhras sirisefideat er el enent i s

con fait %&%%e%é%lac(‘tﬁn\%q{eﬁﬁp elegl%hycgcg}eggorglg%%%eia?ﬁe gcljz%?eg WA

500 "nanoj oul s requir to’t hat

heat er el enerdacli hedgadenidnnis remied fozlbeimgrin thermal contact with a
sufficiently to forma said bubble in the bubble

f orm ng g’“lbg]&ff”amflﬁé‘ﬁ%@y to cause the ejection of a

said drop. 8. ela?hga&érraéh@éﬁisocfonﬁ'g@emté h&RE 188tk ofthe bubble

receive a supply of the ejectable liquid at an
ambi ent tfermieg dijuidgp awtreperpiureswive s Zvdingglognrtn forinsa gas bubble

configured such that the ener required to.b .

appl 1 od dhePBerety iesapsa e giion of ot ah ggfble liquid through
ej ecti on tR ngrzRAlFredp @RlidgSioltRAhediSr ElBABN Al ener gy

required to heat a volune of said eject able | i quid

equal to the wetluheatesfelanent hasiwp ehopite fidesmand is configured such
t enper at e [ .t ' i,en ' .
ot | g (it s Byl £6tRle SRt SPREREY Wi B0t sid

bubbl e whideh. each heater elenent is configured to
formis collapsible and has a point of collapse, and
wherei n each heater 15 elenent is configured such that

t he 40 | f ' o
2. pacad WS B RTTSells Epdiath ® ST ORLENbabie Jaid n
thatral contact ovithrdash sajd hemer dethent eartdhatsupsorf the redtable liquid adjacent

hem cal vapor deposition (CVD), the nozzles being
ea&?ﬁ‘?ﬁ%’orat ed on the structure. 20 11. The printhead of

claim1l conprising a structure that is less than 10

m crons thick, _ o
3. The printhead of claim 1 wherein the bubble forming liquid and the ejectable liquid

are of a common body of liquid.

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

5. The printhead of claim 1 wherein each heater element is in the form of a suspended
beam configured such that a gas bubble formed by that heater element is formed so as to

surround that heater element.

6. The printhead of claim 1 wherein each heater element is in the form of a suspended
beam, arranged for being suspended over at least a portion of the bubble forming liquid so

as to be in thermal contact therewith.
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the nozzles being incorporated on the structure. 12.
The printhead of claim1l co risupg a plurality of
nozzl e chanbers, each 25 corr%sponding to a respective
nozzle, and a plurality of said heater elenents being
di sposed w thin each chanber, the heater el enents

W t hi n each chanber being fornmed on different
respective |ayers to one another. 13. The printhead of

claim1 wherein each heater elenment is forned of solid
7. mat ht atinthggl efprlaim hahesivsash hapfier elemiyt ig copfigured such that an

rLOPOrti ON,ql it : L o
et o] R e Sl e AeFBE L B R e oter
eledfent (DNRapthitHdarad cafenchdficledtiivtefoahn saridbubbkah elie bubble forming
~element includes solid material and is configured for
liquid ferebyto qansesthe gightiapolmimddfiRs of the solid materi al

of that heater elenent to be heated to a tenperature
above said boiling point thereby to heat said part of
8. t he Thuphihthead of ataingl konfiguted © racd enpangelucihebevieblediqdid at an

oiling point to cause the ejection of a said.,drop. 5
armpignt SPHIPefA T WRSTBINGPIt i S s onTiguen] e haf e enery

rqulkrsmﬁc %@1@&' BREAD D Rl ¥aif PURLE BarR¥ 11 e%%ﬁ%%hid drop its less

rotecti coating, the coating of each heater el enen
thahdlé engriperequiapbloi ledt a volbsiead shidlejegtable liquid squidtp b vohge of the

.heater. el ement si mul t gneousl y.su t hat the coating . is
seid S5y 0 & FEPEELIR AL S LR rTRecy s G £ G pof

printhead, the printhead conprising: a substrate

havi ng a substrate surface; g}ygl urality of nozzles,

9. eacAhaprntheadefiglzign bhwherei thedybbleorhiclopachibsater pleweriHs

the ubhstrate r.fa h r | e
corse £ Thih B YRR rb{ KL AR, ke Bl oot
eleienfl cORPIred @l iShatake peitBsfrotiapefofaibubbleabenairhbmbdeg is spaced

and at | east one respective heater el enent

fropibpdigsisnlennt o each nozzl e, wherein each heater

element is arranged for being in thermal contact with

a bubble formng liquid, each heater elenent is
10.confrhgprirtiedadoi@daitn Atohpasihg patroctofe thitds risied y cBémical vapor

de;{pg{t}rgéll}%ﬁ)g | %gtz%ggb%ﬁ%n&%rggoﬁtgd (%3 &%estgugt%rebm ling

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

the nozzles being incorporated on the structure.

12.  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 on different

respective layers to one another.

13.  The printhead of claim 1 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.
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therein thereby to cause the ejection of a drop of an
ejectable liquid through the noq;le corresponding to
that heater element, and eacHoheater el ement has two
opposite sides and is configured such that a gas
bubbl e formed by that heater elenent is fornmed at both
of said 25 sides. 17. The system of claim 16 being

14confring F&ﬁﬁﬂ’leﬁ@oﬁélﬁ’iﬁpl twhhesh Bathestef emcOntliudes sdtid ﬁhaterlal and is
thermal contact with each said heater el ement, and

corsfigmsest for elvease p‘ébsaﬂnlae 10 nguogramsl phikeselid @&tﬁﬁah@fzt‘z”lﬁfeheat% element

y st er.el. I
to %ef %%I%le tg ﬁl&elpﬁ%ragﬁr%gkeovslsg ‘ﬁt}x 0112(#@&0 }b fg}q%ggsaﬁci) Mbp[ gﬁthe bubble
forﬁfm% lignit do a W&Q&u&@boi@saﬂ B@ﬂﬁag pbRItOfaust erdjekliohef ﬁlym drop.
configured to print on a page and to be a page-w dth

pri nt head 20. The system of claim 16 wherein each

hea »
1o BE LRI Sl R OLTBhcP SRR Ao et o
coﬂﬁbﬁhﬁrpr@ﬂeatmm‘o aﬁﬁg,fﬂw dflﬁdng of eshtheates eiemenmidwtﬂﬁie_en applied

heat er el epent yst em of cl a| 16 erein . .
RSSO Grh el TR SO BSY s f foeting i
arranged for belng suspended over at |east a

Seportion of the bubble formng liquid so 10 as to be
in thermal contact therewith. 22. The systemof claim

16 rein each heater. el ene ed such that
1600 AT PRGN gy ne PECE et an R hAE AT EE o)

IS GegtathadvihddfadBiRhtt 86fAR; t hat heater eI ement to

heat that heater elenment sufficiently to forma said

bubbIpkoralitytof eaomm pachfneznlie ﬂil@VlIlB a|riogeif @aperhiee epsnipgthrough the
subg?rgferﬁuifgce \‘fj\l% aF%al e{lsﬁ{g oef tl% zzfi a?&atlve?’to thyﬁlbﬁ%éﬁg ":S‘{ﬁ]fa?cfe exceeding

10,066 QbXAesAed @@Iﬁh‘élcrﬁfofsﬁmmj s&ﬁfaaéglaﬁdl i qui d at an
anbi ent tenperature, and wherein each heat(gbmel enment

i s atlsattiogerepediveheatnelenpr ONERARIME]0 crdnqzglopwherein
appl i ed ther e%ﬁ’chtl‘% %?@fenﬁ:ﬁfﬁ a%ﬁ% dBrb Hé?n {4 Qontact with a
ej ection of a sai rop 1s less fan t e ener gy

requi r edbtisblaéatiag ligkidyre of said ejectable liquid

D mtur o ot hetse slerpat oafigurel to AP B ast part of the bubble

forming liquid to a temperature above its boiling point to form a gas bubble

therein thereby to cause the ¢jection of a drop of an ejectable liquid through
the nozzle corresponding to that heater element, and

each heater element has two opposite sides and is configured such
that a gas bubble formed by that heater element is formed at both of said

sides.

17.  The system of claim 16 being configured to support the bubble forming liquid in
thermal contact with each said heater element, and to support the ejectable liquid adjacent

each nozzle.

18.  The system of claim 16 wherein the bubble forming liquid and the ejectable liquid

are of a common body of liquid.
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tenperature to said boiling point. 24. The system of
claim 16 wherein the bubbl e which each heater el enent
is 25 configured to formis ééllap5|ble and has a
poi nt of collapse, and wherein each heater elenent is
configured such that the point of collapse of a bubble
formed thereby is spaced fromthat heater element.

1925. ﬂie Systor beBLRA 16 Ibain@céﬁiﬁgge@f iMOna pals bad Wie 4 ~width
is formed by chem cal vapor p05|t|on (CVD),

prindigad-es bei ng i ncorporated on the structure. 26. The
systemof claim 16 conprising a structure that is |ess
than 10 mcrons thick, the nozzles being incorporated

200N (The ssstdrhl 6F tlakn 16/MHRHN daththedidr clthensiy $it tiAfoim of @buBpended
16 comprising a plurality of nozzle chanbers, each

beagp epriegativuch thas agas balhde farped by shat beatgr-rlemens iy foamied yo as to
Su@1nﬁqhglﬁgﬁ}aé #enents bei ng di sposed wi thin each
chanber, e

er elenments within each chanber being
formed on different 5 respective |layers to one

another. 28. The systemof claim1l where
210 atT8F Systamahela L Jphaeinsacl by et jsin th Pe A gghspended

bea%Q %’rﬁ&xg&@foﬁ? Bein Xu%gﬂ&@dcov@f s 'ag)\i}ﬂldnsofqmﬂbi%%zﬂﬁmqmd 50

t one péri el enent having an atom c nunb
ashmhamwﬂﬁﬁnmﬂ@nm@iﬂﬁh@mﬂysten1of claim 16 wherein each
heater el ement includes solid material and is
configured for a mass of |ess than 10 nanograns of the

2250| iTHe BRk@h batlat 16 RabrdieaicBmetlef BeMent it @om%ﬁ‘&ﬁiﬂi‘:ﬁ tha? an

a tenperature above said boiling point the to heat
actyatich gpargy adfless HenPoianoj Oﬂi@s fithn g5 neqwmcbtc’tb@ agplied to that heater

eleg}egp .hgﬁtl'%?t hgegf%\gglg nfj suk%ﬁ Ilgﬂ%@pfg SE% wBhiRS E%eoéllb'rnr%e forming

ystemo

liqdi@ thdrets fﬂo&aﬁs’b&he Bjeaﬂi&roiei Qieddop] S subst antially
covered by a conformal protective coating, the

coating of each heater el enent having been applied

23.S.Ub? Qggs'te%llt) cthitn lw}?]e'é%ﬁ?lh 5nﬁtﬁ§adh§@61ﬁf ?é@tgqgéewe az%upply of

si mu neous y suc e coating is B ean
the&;ectahlamqlhd dt af mﬁljuemttemgeratudes capd ofhesin ejobdicatiot elefneqws d

oma pyinthead, the print
con 1gured sugll:l that the energy I'quP red to e apphed thereto to heat said part to cause the

gjection of a said drop is less than the energy required to heat a volume of said ejectable
liquid equal to the volume of the said drop, from a temperature equal to said ambient

temperature to said boiling point.

24.  The system of claim 16 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.

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

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

26.  The system of claim 16 comprising a structure that is less than 10 microns thick,

the nozzles being incorporated on the structure.
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conprising a plurality of nozzles and at |east one
respective heater el ement corresponding to each
nozzl e wherein each heater efément has two opposite
sides, the nethod conprising the steps of: 25
providing the printhead to include a substrate on
whi ch said nozzles are disposed, the substrate having
a substrate surface, and the areal density of the
nozzles relative to the substrate surface exceeding
2710, Obe syssem loé slaperl 6 sepapresingn pliralifhef nozele dhambeigecac

heat i t | east. gne Rheater el epent. cqanr ndi .
conePoriied) i SPEERPE ety HHEERERERY e bisposed
with@d Bach@hhiBet theWhehelemehtd withed s@ch chembadcing fohméden different

| east one heated 30 heater elenment to a tenperature
resppgivg leees osineiangthgoi nt of the bubble forning |iquid;

generating a gas bubble in the bubble formng liquid

by said step of heating, the bubble being generated
28at bk kyaém odckin ildeshatintdaeh beat@atdmdnt &t anbdaf @iid material

el enment; and . MITOO5 48 O causi.ng the drop qf L
maoge é@pa‘?Qi’/fe0$ WG PR BoBiE REpRATIEY it ﬁ?lﬁ&&ﬁe@f %ﬁeast one periodic

1 f éqﬁg | A% ah yd step of generating a gas
“u bﬁe. %% The met 559%?§§?ain131 conprising, before

said step of heating, the steps of: 5 disposing the

bubhl e form liquid in thermal contact wiih th . .
29 e At b SEraiehtiam dHcvhePie ek Aot ciies spifmpigrial and is
coRhARERIN a iiRs BPREd @n 183ancthinmd'BE Medoldf maledialb@hat heater element

wherei n the bubble fornyng@_[qU|d and the ejectable
to be beated toartempérature drave said deylingfpointdhsreby tpdhregysaidrpast of the bubble

net hpd .of claim 31 erein h h r elepent |.S i .
e R B ER B B RN B B PRGleclibu by g o
a gas bubbl e conprising generating the gas bubble so
surrounds the heated heater element. 15

that it 35.
30.The Thesyem of claiml i whergenel heaber e ietubgpatipiycovered by a

D

: co%fgrr}'hpﬁﬁ)rétg&me%fo?%r}g% ;t‘l’geo(?lﬁgﬁg {er %a%g'fﬂe%t%pacﬁ@ﬁm%xf Yekh gﬁr;‘pelied

ri|sing, pr eati ng at ast
subivemtielly toedlesidastaf théleeasdr efenodit sinspiaséauglytdoeh thabthleeoating is
fQormng liquid such that the heater elenents are
Saﬁﬁ%?ﬁioned above, and in thermal contact with, at
| east a portion of the bubble formng Iiquid. 20

31. A method of ejecting a drop of an ejectable liquid from a printhead, the printhead
comprising a plurality of nozzles and at least one respective heater element corresponding
to each nozzle wherein each heater element has two opposite sides, the method comprising
the steps of:

providing the printhead to include a substrate on 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;

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, the

bubble being generated at both of said sides of the or each heated heater element; and
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36. The nethod of claim31 wherein said step of
‘heating at |east one heater eI ement is effected by
appl yi ng an actuation energy 4%f 1 es than 500nJ to
each such heater elenent. 37. The nmethod of claim 31,
conprising, prior to the step of heating at |east one
heater 25 elenent, the step of receiving a supply of
t he caisagt @b lfp dﬂk&’éc@hbleal‘i 30 tebdéjedtkd HRGRA idoRrespdhding nozzle
the printhead, wherein the step of heating is effecte

beg'ldétﬁpI@gn@ermaE%éW@?eto each such heater elenent,
wherein said applied heat energy is |less than the
energy required to heat a volune of said ejectable

321 i qUihg neshidl ofteriinlBe coadpidmgpbefBal RiditgPof Hdating,ahe steps of
tenperature equal to said anbient tenperature to said

boi Kispgsipgthetbubble famning Hguidan theamak castast with thepgsfesielpments; and
in , the generated
bubgﬁg‘)ﬁﬁg@g%ﬁeacgagﬁl@ﬁan gga%%g?g% of col |l apse, and

is generated such that the point of coI I apse S

spaced fromthe at_ | east on t ter el
3330 7065 Mo 3T HECRAE PPV RPRRE DR

are olrhdPhd fq gRy of providing the prl nt head,
including fo a structure by chem cal vapor

deposition (CVD) t he structure incorporati ng the

‘g0 ﬁ’éth h‘t?%'tq%é: Paélpgja 4‘%[}&%}?1 %@? ??én‘%‘:t ?S:f}{'ln ﬁg%@fﬁ% rOtfrE]i suspended
bem R R o) FpcRErafth D836 Ml@c&ﬁﬂﬁéﬁﬁyg@eﬁﬁhg Ihel Eas/b@BBIe so that it

m crons t and which incorporates said
mnﬁum@sQ@Imw@dé@ﬁﬁr@gnmﬁ. The method of claim 31 wherein
the printhead has a plurality of nozzle chanbers,
each chanber corresponding to a respective nozzle, the
35.et M@ théthddef clgianpr wWhereth daok hedteele@bnts Hithe ifdieh dhesuspended
printhead including formng a plurality_ of said heater
bezgn.dhemethop fuighs FomPHARBRTIOr 4 B¢ StaP! Nepiéngatdeast one heater

t f

TR S 0t RREE BRI ol TR Gy A Bl i gpens

pom‘iormldabnves 2nd i thivewal competivaitln gt tehs agioefdorobt the bubhie fgrming
Ee printhead, wherein each heater elenent is forned

liq¥f- 5ol id material nore than 90% of which, by

n{
e gjectable liquid

36.  The method of claim 31 wherein said step of heating at least one heater element is

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

37. The method of claim 31, comprising, prior to the step of heating at least one heater
element, the step of receiving a supply of the ejectable liquid, at an ambient temperature, to
the printhead, wherein the step of heating is effected by applying heat energy to each such
heater element, wherein said applied heat energy is less than the energy required to heat a
volume of said ejectable 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 generating a gas bubble, the
generated bubble is collapsible and has a point of collapse, and is generated such that the

point of collapse is spaced from the at least one heated heater element.
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atom c proportion, is constituted by at |east one

periodi c el enent having an ataom c nuaber bel ow 50. 20

43. The method of claim 31 wH&rein each heater el enent

includes solid material, and wherein the step of

heating at | east one heater el enent conprises heating

a mass of |less than 10 nanograns of the solid

mat eri al of each such heater elenment to a tenperature

above said boiling point. 25 44. The nethod of claim
3931 flinemieshodcafimbaiimsd ln@mﬂahlecmmlrtﬁ thp step o preyidingthe printhead,

ead i.ncludin in 0 e e t
indghe iR o ARV D 0P B VA BT TR S gLIEe,
incoArinBthe RE2A&GhENEn.COAt i Nng such that the coating is

seanl ess. MJTOO05
40. The method of claim 31 further comprising the step of providing the printhead,

wherein the printhead has a structure which is less than 10 microns thick and which

incorporates said nozzles thereon.

41.  Themethod of claim 31 wherein the printhead has a plurality of nozzle chambers,
each chamber corresponding to a respective nozzle, the method further comprising the step
of providing the printhead including forming a plurality of said heater elements in each
chamber, such that the heater elements in each chamber are formed on different respective

layers to one another.

42, The method of claim 31 further comprising the step of providing the printhead,
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.

43, The method of claim 31 wherein each heater element includes solid material, and
wherein the step of heating at least one heater element comprises heating a mass of less
than 10 nanograms of the solid material of each such heater element to a temperature above

said boiling point.

44.  The method of claim 31 further comprising the step of providing the printhead,
including applying to each heater element, substantially to all sides thereof simultaneously,

a conformal protective coating such that the coating is seamless.
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