WD 2004/ 048106 PCT/ AU2003/ 001512 1 THERMAL | NK JET
PRI NTHEAD W TH LOW HEATER MASS FIELD OF THE

WO DMEBAIIGN 5 The present invention relates to BCT/AB20WBI001512
ink jet printhead, to a printler system incorporating
such a printhead, and to a nethod of ejecting a liquid
drop (such as an ink drop) using such a printhead. 10

BA
i nvol vés the € Won ofw ?WITH por mHnEATER

gas or vapor bubbles in a b form ng |iquid. Th| S
principle is generally described in US Patent No.

%%ﬁgﬁw 5 There are various known types
of thermal 1 nk jet gu bl ejet) printhead devices. Two

5typical devices of this type one made by Hewl et t

Pa%ﬁ; gﬂg av ction
nozz1%e<an ehﬁ&n%é%grt T or IS%%FI Hetrbl headqtoa ‘lul%ertsﬁsem
n omgzdrperatitgosnibh € hamithead, and to ameémécbf byctmga(hquﬂldr@ﬂ(such as an ink
a which.is a separately fabricated item
é%kﬁ &% ughiﬁnn&}éegﬁani cally secured to the walls of
the chanber. In certain prior art devices, the top

PRGN . e

Iaser drilled to formthe nozzles. These devices al so
ude heater. el enents i.n the c ntact_ wth ink
e BSOS A X WL OO 1088 B 1 O Eiin o apor
| nKqulb‘@ EDYutbR fothige ligas. b pHi&spls 13 %iﬁ@aﬂyrﬂéscngﬁﬁm%Patent No.
bub ?enerate pressures in the ink causing ink
dr¥ 7?6 2019 ect ed through the nozzles. It is an
15 obj ect of the present invention to provide a useful
alternative to the known printheads, printer systens,

or Thege HE Erie ke?‘@twwf dhepdl inftich (Rrbbleiel) prmhead deviegse d wo

30 c&ﬁlew\c(é’é’f% %‘SH Y o %né“ Oﬁéé@gt?g?cgﬁﬁ%& ﬁl%%ltl{é? bCRhon, have ink

aspestion sozzien and ehambers é¢r stqmgmlq adjageny awdlééﬂ%n Faglkchamber is
Pr i¥ERE DY a so-called nozzle plate, which is a separately fabricated item and which is

20  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

25  be ejected through the nozzles.

It is an object of the present invention to provide a useful alternative to the known
printheads, printer systems, or methods of ejecting drops of ink and other related liquids,
which have advantages as described herein.

30
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: MITO11 PCT WD 2004/ 048106
PCT/ AU2003/ 001512 2 a plurality of nozzles; and at

WO e@g48ane respective heater el ement, which i neCT/AE2003/001512

10

solid material, corresponding to each nozzle, wherein
each heater elenent is arranged for being in thermal
contact with a 5 bubble formng liquid, and each

heat er aglleaknbf hezzregnhd gured for a mass of |ess than

10 nanograns of the solid material of that heater .
el ement® g5t GR® TrERechys hegtenelement yehich inglades pofidematpréal, corresponding
botolehdhhople, Mhetin t he bubble formng liquid, thereby to

heat at |east part of the bubble formng liquid to a

t enper at ur e aboveeck Bgaipr elymswiis arrRpeprbion beinginftegraalcogtast with a
bubbl e t her gjjgble fABRIEBYuiliCagause the ejection of a

drop of an ejectable’liquid through the nozzle

correspondi ng t o°ackhhgates glgment is eandigened foraguass df lagy than 18
second  aspeginofants A e QYR hi@fial P Blahelir ﬁérﬂé( t%eﬁe fkated 1o a
printer system 15 incorporating a printhead, the
printhead ctsmpeiagire ghova thslbormeippint of thebahibleformiag tiqud, thereby to

| . gl .
oo mat or raf e et el Rl ol ) lBeriE oy said

each heat er beilimgyeaint to Sorara genebblé therevethareby to daherth@djection of a

, contact wt Hro? ol.fétgegﬁ%ﬁ% ]E(p{ug{ .ou élllein g'%led S?r?qggqg@%%ﬁ%ﬂlat heater
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heat er el enmen e
10 nanogr aslemedt. the solid material of that heater
el enent to be heated to a tenperature above the
boi ling point of the bubble formng liquid, thereby to
heftconting te astcopd atpectfof tHeanventidl tert dyprovided d srititdd sfsfend
tenperature above said 25 boiling point to forma gas
bdﬁnlb)qr%or?tﬁlgra&nﬁ, °g4, 2‘}3@6’\? @Qﬁ?é’é‘%ghe ej ection of a
dr op ofa phuralety 6€doallbs ahd qui d t hrough the nozzle
corresponding to that heater el nt .
%t fgast orie respect?ve eater element, wh?crlrlemcludes solid material, corresponding
to each nozzle, wherein
each heater element is arranged for being in thermal contact with a
bubble forming liquid, and
each heater element is configured for a mass of less than 10
nanograms of the solid material of that heater element to be heated to a
temperature above the boiling point of the bubble forming liquid, thereby to
heat at least part of the bubble forming liquid to a temperature above said
boiling point to form a gas bubble therein, thereby to cause the ejection of a
drop of an gjectable liquid through the nozzle corresponding to that heater

element.

According to a third aspect of the invention there is provided a method of ejecting a drop of
an ejectable liquid from a printhead, the printhead comprising a plurality of nozzles and at
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According to a third aspect of the invention there is
provi ded a nmethod of ejecting a drop of 30 an
wep@enaibe |iquid froma printhead, the print hB@dAU2003/001512

conprising a plurality of rbzzles and at MT011 PCT
WD 2004/ 048106 PCT/ AU2003/ 001512 3 | east one

respective heater elenent, which includes solid

legg tﬁgé 're%*»éct&? h&a%grpe?&gérﬂ ﬁlﬁ es e ri;ah %off@stplaﬁ&iing to each

€ steps of. a mass of | ess 't han
n@l&%%ﬁ&c@ﬁpﬁmm@bﬂeﬂsnﬁterl al of at | east one

heater . el ement correspnding to a g ¢ one heat
{ npletog SUEbOUET HEr DOPRIIGE R Hhe St ER) & at Bast one hester
el[er%ﬁ? d&%eéeﬂngie{iéqe gt‘%hfafhdzae't?g J}ﬁ%éf?thré:%b@% Builidy ﬁdiﬁt d¥ta bubble

east on eater e so as to heat at | east
fomihtg lfuid izichubin thereal wbmtgetl withuibe at teast one ipated heates element so as

T S b BT e PT84 LGB PR s
caus %&%réttllﬁg a@a® BulS’Jle &l @6 babhie fdrdbs Hqhid Hyak segt dtheating; and

thro nozzl e corresponding to the at |east one

heat eﬂhsh]gah@drop loé eisntablsyliguid i@ betaiestest theaigh the novglesogggponding
|
g bfeistopi bl hcaten gl R Bl T p Of ek R B BB

liquid as described herein, is caused by the
generation of a vapor bubbl e in a bubbl e ri_1
Alsivgliibg undgrisiond by thoserBlgledrinths art; heelpstianpfa 8@8;9 e ejectable
as.. & t
tighif g SeFhobd inEhiC S AL B bherat LD ARABH A1 g BuBble
foi 11 W8,0elich e edbodinmpts, hythe gimé b@dy@ﬂl&l\uahas thezjetteble liquid.
The ble i s generated by Joul e heatjng of a(ﬂe%tc%# th
Thp apromicnBikilc FiSes A IRGIeASR in PBTPUE £ St P LEHaYidh R hichfgrees the

d@gﬁg{oﬁ%ﬁ Ao R SG @Qﬁle ¢fle Bﬁoﬂl@ & frRal8id by J%uféfhegﬁﬁg%f a heater

typi cal ess m cr oseconds.
e&h&hedhj@has ini thertriad cdmtam ivdth thhénk. bmﬁﬁlg:tm anlde amiredato the heater
few m_croseconds heat er

iy et Cypon, DIaBBPgsSs e Zauassrends Dl BRR i e iouid,the

gb‘l&l efhﬁk %Sf%\ﬁ/ mlitfosBesl f&ahé H&ﬁ@ﬁpu‘lsfé i tR@ed¢£f.28s the vapor
ned dynam c interplay of inertia and

csels flarﬂeommsesoresuitmg frebibbike callapseni @@bhq qollgpgep gma point
h. t f d
Cetingd By emimEfAY AE R BbdSarE Bhoifh, of e 10 i

sbéb\fﬁéhfubﬁ NsueR mgbhﬁ %Sreﬁanféﬂ 46 ad iheyp6ifnt oPasllapse” odsha/mibbleas
’ n

chanber a one or nore heater elenents
correspondl ng to each nozzle. Each portion of 25 the

T&%h}%}ﬂﬁ% ASCo &uall R)r ‘@g ex{lv%nﬁm? E%x‘fseg gﬁ&rﬁhtg é)tf Eﬂgs?’gﬁs{ell asa
chémBer ahdiohe @Ehiore heater elements corresponding to each nozzle. Each portion of
the printhead pertaining to a single nozzle, its chamber and its one or more elements, is

referred to herein as a “unit cell”.

In this specification, where reference is made to parts being in thermal contact with each
other, this means that they are positioned relative to each other such that, when one of the
parts is heated, it is capable of heating the other part, even though the parts, themselves,
might not be in physical contact with each other.
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In this specification, where reference is made to

parts being in thermal contact with each other, this
wore@ns4gibat t hey are positioned relative to eapt/avb®s/ 001512

such that, when one of the 430 parts is heated, it is

capabl e of heating the other part, even though the

parts, thenselves, mght not be in physical contact

it h.. ot : ] L1
b e Ao p s e s
cdniveticthal iaksl cérftaiﬁﬁidg dgldﬂad éybst cExlamplw ?ﬁ nd)mnallolrddrinlss l'ndl?de fixatives,
_contai ning ¢ol ored dyes. . Exanples of .non-.col ored .inks
oo cotoret e, Eamplel Bl poTep oL b
otiikyl]sl%ﬁd\éeﬁ{k%ﬁdzﬁ)dorﬁ eIl R 1oF e e@tﬁﬂl‘%ﬁiq\iﬁﬁals@héﬁd%'t fiddessarily be a strictly

wat er and other ‘solvents, and so on. The ink
a tiquidj acltmigt eonitdin aisdspehsion nfsudidrtidescerdsasolid pt pemgtemperature

sirictly.5 a liquid, and may contain a suspension of
a@o@“@ﬁéﬁ?ﬂ?ﬂé@l@?ﬁmﬁ@ 81id at roomtenperature and
liquid at the ejection tenperature. In this

specification, the term"periodic elenent" refers to .
Tnethisespecifications the terypEperiofliceberaent? refers frapelement of & typg weflected in

f | ) 0 TAI LED DESCRI PTI ON OF THE DRAW NGS
HSner o e AR

fts of the invention will now be
descri bed, by way of exanple only, wth reference to

t he acconpanyi ng representati ons. The draw ngs are
mm@@&&mlﬁ&%ffﬂﬂ BRAWINGS 3 schematic

cross-sectional view through an ink chanber of a unit

cell of a printhead according to an enbodi nent of the
Phoforesit dngiodimbnt8 op thietinvankian will agw befdesqribeds byoway ofgkample only,
Figure 2 is_a schematjc cross-secti naél?vlewthéoul%wd
viithaeferaace s @FCamRABY B TePrssentalionh o f Do dpyies gre described as
f&ﬂ)%\;sati on. Figure 3 is a schenmatic cross-sectional

view t hrough the ink chanber Figure 1, at yet another
stage of operation. 25 Figure 4 is a schematic

cross-sectional view t.hrqugh the ink .cha r Fi.qur )
Fagur?if.s %SC&]F]EIFIF?] Erossspes BH%f&%é?%HM m,ﬂ_lcg%p ergf Igglmg c%ll ofa
pHhAYLPRBE ik fof ASGABREAERGEhin ¥Rl SUGhhriculdtistage®ff bperation.
0

a printhead in 30 accordance with the an
enbodi nent of the invention show ng the collapse of a

F\llgaL{IJ’g b is a schematic cross-sectional view through the ink chamber Figure 1, at another

stage of operation.

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

another stage of operation.

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

further stage of operation.

Figure 5 is a diagrammatic cross-sectional view through a unit cell of a printhead in
accordance with the an embodiment of the invention showing the collapse of a vapor
bubble.
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bubbl e. WD 2004/ 048106 PCT/ AU2003/001512 5 Fi gures 6,

8, 10, 11, 13, 14, 16, 18, 19, 21, 23, 24, 26, 28 and
w@ooane1schemat i ¢ perspective views (Figure 3PChaiUmy3/001512

partly cut away) of a unit Xell of a printhead in

accordance with an enbodi nent of the invention, at

vari ous successive stages in the production process of

.t he iat . B gar 7 17295 : ; i
rige® ¥, PTG 1 16 BURRRT 0302426, 29 Bnd, 20 peeShentic prspective
vieRS Figeyi30 dbing dagtly ¢18 @wiay) gferdnitr cellrg atpiethead duadcouiance with an

stage for the printhead, as re%)r esent ed 'hn tlae " £ih
empbosiiaentiof £hq igmrention: &) (RSP ICAPSTY Sotagat Wdhe RIpIReiyREogss o the
m&ﬁkémfurther schemati c perspective view of the unit

ce of Figure 30 shown with the nozzle plate

omtted. Figure 33 is a schematic perspective view,

partly cut jt.ce of a printh .
Figeieor e 15 103 2 it orP % P hareRol hoPdPBlan e of a mask
sﬂaﬁfé%f@s‘étin ?Erf&%ﬁhg FheSir60®Mbn sthge Firdhe primfedds adrepresented in the
schemati ¢ pfan view of a mask suitable for use in
reppactive mmgdiately precadling figies.st age for the printhead of
Figure 33 for form ng the heater el ement thereof.
Figure 35 is a schematic perspective view, partly cut

F 2 9t farthtisthéi@dtic péf'sgyact[lfei Wit efthe ud@ cetl ob Fifiung3@ shown with
the invention having a further particul ar enmbodi nment
themorelapkate ehiéittdnt . Figure 36 is a schematic plan view

of a mask suitable for use in performng the
production stage for the printhead of Figure 35 for
F{g@fem'm & 4 ihel@tit perspdotive niewt, pertlyaiit a@fy, B guni¢ cdl¥ of spanthead

urther schematic perspective view of the unit cel] of
agoglingtoFhe FHGRHOMN$ NS Wéhfﬁé’ﬁ}c@ﬁﬁ F%‘E’@élbffﬁ“f?gbe.ag Ft? <t
38 is a schematic perspective view, partly cut away,

of a unit cell of a printhead according to the

Figuvesy isarschauatitgplan ¥iemt dfer mpskrsuitehlp for usatiwperfarmingthe production
heater, ele

nt. .. 30 Fgure, 39 i schemat i | ap vi ew
stgge o RSP afFizee o Jerdorming Tns hpli KlyTepE st
production stage for the printhead of Figure 38 for

form ng the heater el enent thereof. WO 2004/048106 .
Fififé 2 RCOShedatidperspective view, partly cut away, of a unit cell of a printhead

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

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

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

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

the nozzle plate omitted.

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

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

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

stage for the printhead of Figure 38 for forming the heater element thereof.
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6 Figure 40 is a further schematic perspective view of

the unit cell of Figure 38 shown with the nozzle
w@b@ume4sand tted. Figure 41 is a schematic sectiPCI/AU2003/001512

through a nozzl e chanber of6 a printhead according to

an 5 enbodi nent of the invention show ng a suspended

beam heater elenent immersed in a bubble formng

1iaui . . . - )
i ods o Py Sciftnal® pSSREIRE vfou? GEE Bl L BPBHER 38 shown with
theabpAdé pRdomiitedhe i nvention showi ng a suspended beam

heat er el enent suspended at the 10 top of a body of a

bubble formng liquid. Figure 43 is a diagrammatic
FilghitY 1\% %g’cl‘fgma‘i’ictégéﬁonctﬁfdugﬁfa BzRE CRiniRR 4 f A pEadhd Sccbfling to an

n - enbodi ment of the iInvention show ng a nozzle. 15

efbelimentef theinzenticaghawing 4 suspéralied beawhedterelgrnentammeysed in a

of upit cells, of a printhead according to an
b@#ﬁb&ﬁﬁﬂﬁﬁﬂ%¥dthe i nvention showing a plurality of

nozzles. Figure 45 is a diagrammuatic section through a

nozzl e chanber not in accordance with the  invention
Fighoe hig schamsdicsectisngheoneh e moede ehamber of 8 prsthead accopding to an
Figure 46.1s.a diagrammat i ctli r

et b iR eP P RVIRY SRS Euh lePl Rt ided ot tne
tdpBFRHdd9Bf & BENHIB GormifeBywd. el ement in the formof a
Suspended beam Figure 47 is a diagranmatic section
through a nozzl e chanber of a prior art printhead 25

show a. : ] ’ j : t :
PR g Algr b PRy BEREREGHLOFY BuhiR debing 10 an
cfbadibnt bMthadsendanst®wing hnerrle.enbodi nent of the

i nventi on showi ng a heater el enment defining a gap

bet ween parts of the elenent. 30 Figure 49 is a
F @E@Mﬁ%ﬁﬁﬁﬁlﬁ Dl RER légggﬁlrilﬁi B 6nif BARRATa paRithead according to

cor dance tht i nventi on, showing a thick nozzle

apeabedinlAfx @Nh4 iD48H06siRFINgLRBOdItp0f sazzles7 Fi gure 50

Is a diagrammati c section through a nozzle chanber in
accordance with an enbodi nent of the invention

FRRRUME & AdibHhaRnlitie 5b&idRl tBfoBgh a nozzle chamber not in accordance with the

invention showing a heater element embedded in a substrate.

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

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

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

showing a heater element embedded in a substrate.

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

element.

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

invention, showing a thick nozzle plate.
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Figure 51 is a diagrammatic section through a nozzle
chanber in accordance with an 5 enbodi nent of the

WO pwentslocn showi ng two heater el enents. Fi gur ePEGRAUS003/001512
di agrammati c section through a nozzle chanber of a
prior art printhead showi ng two heater elements. 10
Fi gure 53 |s a diagrammatic section through a pair of

gﬁﬂo%gqgg d; dgrdfuu hd ScQin rghrhtlﬂ)‘%ﬁ‘g ch&G6&41i] 'a&g)r&zﬁlcé Ryith an

e 1nventio ow ng two different

enisutiihest odfliccihveltiopshowmg athindidzzlerpdate. vol unmes have
been ejected therethrough. Figures 54 and 55 are
diagrannatic sections through a heater elenment of a

X1 1861 ag%aérgﬁﬁﬁd"%&ﬁ@x%hr&%%&z@@ dhmBerdhagsRaERE vdth an

ecti on t a conformally coated heater el enent
eralbmtimeintrod the inventioprshowingsmo hehtet lemientgent i on. 20
Figure 57 is a diagrammatic el evati onal view of a
heat er el ement, connected to el ectrodes, of a
FiR[ite 2N a%fg%ﬁlhﬂw Sbctin #Ro@ROR AR Yhagibeit éte prive @t printhead
gure 58 is a schenmatic exploded perspective view of
stowpng twdkecater ebatgngs. of a print head according to an
enbodi nent of the invention. 25 Figure 59 is a
schemati c perspective view the printhead nodul e of

Figufi s ¥Eis alishawatit| BeXph ageagh d:pzﬂﬂﬁﬁadj&em&uﬂt stk efrapiinthead
side view, shown partly in section, pri nt

ea
acrotb oot el 08 i tign: g oM BERBRROA g drops

w8 o B OB ob R g ST 6 1S o

schematic expl oded perspective view of a printhead

accordi to an enbodi nent of, the inven ur.e
F@If‘rsé“aﬁngéﬁé‘ﬁ%\@lﬁga%n&?ﬁtﬁét% b’@#&ﬂ@ﬁ@? %/E ‘\?"r @3& f’fngp“"f art
pHﬁ ggldwead of Figure 62 shown 5 unexploded. F| gure 64

schematic front view of the printhead of Figure
62 Figure 65 is a schematl c rear view of the

1gru|re? %£ %%ddlggrar@mga%c sec 1on thr%ggh a conformally coated heater element according

to an embodiment of the invention.

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

of a printhead according to an embodiment of the invention.

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

according to an embodiment of the invention.

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

unexploded.

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

Figure 58.

Figure 61 is a schematic plan view of the printhead module of Figure 58.
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Figure 66 is a schematic bottom view of the printhead
of Figure 62. Figure 67 is a schematic plan view of

wo ba4psd1imd head of Figure 62. 15 Figure 68 is aPCT/AU2003/001512

schemati c perspective view & the printhead as shown
in Figure 62, but shown unexploded. Figure 69 is a
schemati ¢ | ongi tudi nal section through the printhead
Kbukl &em j [ . i aqr f..a

e 28 B emall KM e oo Rv B S i PREF Reroif o an
qoaRoshimengrof tRETMNtED. DESCRI PTI ON 25 I n the description
than foll ows, corresponding reference nunerals, or
corresponding prefixes of reference nunerals (i.e.
Rip@rel®3ri§ § séHendalie fiirfc ' F}Félxﬁé | ’

p%?ht mar k) whi ch arebﬁggﬁmpﬁ dif-§?§E§ﬁ$§%ﬁ§g§§%§pg§gown
unexplededespondi ng parts. Wiere there are corresponding
prefixes and differing suffixes to the reference
nuneral s, these indicate different specific

Rigire 64 ieatchepfatic GoheEpR WA pRAkdad.of infd/63.Vi ew of the

i nvention and general discussion of operation WD

2004/ 048106 PCT/ AU2003/ 001512 9 Wth reference to

b I : ' l. 0 .printhead
FE%%JS r6 g ?S éscgh%métﬁc Ic‘aél}i’g g%ig‘)rr(gtefﬁfﬁg13 %?th% eoﬁﬁgtgﬁ {&?0 n conprises
a nozzle plate 2 with nozzles 3 therein, the nozzles
1:havi g . hozzle ,rers 4, and_apertures 5 extending
tHE gﬁﬁ? CRguS ekt Yicw ofithe printhgadofFigers 62. i s

pl asma etched froma silicon nitride structure which

i s deposited, by way of chem cal vapor 5 deposition
Figorep7 iowsehemaaplanfvicow af theptiethead oftigate 625
subsequent|ly etched. The printhead al so includes, with
respect to each nozzle 3, side walls 6 on which the
Fi0#e b8 is DéAbRaliSpat Hffad hsSRbY e
wal | s and the nogzlbﬁe&gl{/%tﬁngﬁtg@% ?‘?a-dl ag)‘%gé\krﬂgﬁﬁ %? l;ea({kg but
showmunespladsiet passage 9 extending through the

mul ti-layer substrate to the far side 10 (not shown)

of the substrate. A |ooped, elongate heater elenent 10
Figurs 68 pengthemutid bnpitidigal sedRmiBlough tRDrinkihd BE figure 62.
element is in the formof a suspended beam The
printhead as shown is a mcroelectronmechanical system

F(%\E@@' i ch. i roed by.a . lithographi

Bf 0cess v%l ?@%&ﬁ%gm \(/e\gsycarllt}bdé% S&%errrrloarcgo g{g&?@nsggg%ﬁiefgofthe
inNestion.he printhead is in use, ink 11 froma reservoir
(not shown) enters the chanber 7 via

DETAILED DESCRIPTION

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

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

different specific embodiments of corresponding parts.

Overview of the invention and general discussion of operation
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the inlet passage 9, so that the chanber fills to the
| evel as shown in Figure 1. Thereafter, the heater

webk@daom10d0 i s heated for somewhat | ess than 1r@i/ap®003/001512

second, so that the heating9%9is in the formof a
thermal pulse. It will be appreciated that the heater
element 10 is in thermal contact with the ink 11 in

WhE r6eRABE1 Fige@s i il thDEh Tttcglﬁl g gﬁggnlebds agleg?&n?g %gnherﬁ'bodlment

20 causes the generat i on of vapor
af e inmersondionyiriges & ezzlendate 2 witinsézzdastiehemin, hetyzgles having

R e o Y B O TEblar 96 st plte 2 i
plener atted Trodh a biliRoh NRF IR RHIrS Gwhlcthhgheﬁ(%ltem %)}UT fBemlcal vapor

bubbl e has just nucleated on the heater e

deposilion (%@g PueletsagriBeial materialaghich é dubstquiestlagtpheded i n
the formof a pulse, all the energy necessary to
generate the bubble 12 is to be supplied within 25

Thegiringtvad tlsb iwatudes Uk ith REp&t t@Edck anzlEBQMH@w%ﬂs 6 toﬁ S¥ifich the nozzle
bef shown a mask 13 for formng a heater 14 of

1¢ 1t WeRrtdaA chambrs Jtdsfinpdhby @&é‘?‘ﬁﬂs taad éheomzate ﬁl@:e 2 a multi-layer

ARG B FREN g8 L AP B 255 e e s

(Il@i ShOWIr) d)ﬁthe bstrate. MdlooBél, ehagstb hpsteOdlemaht 1OUS s@sfpehde%l within the

{2 genéeo t he shape of the elenment 10.
Reuhéir 36 e Peteismasmp syithooor i sepaended haagn B gyinthead as shown
1Mhﬁ&o&1@c&(ﬁﬁ%hﬁl¥al\é?§tgﬂl{§4f@ﬂ &Y strfbur Enﬁugﬁﬁtfgh{]ﬁf‘b%g B@graphlc

heater 14 has el ect orrespondi ng to
powssgwibich s descrdeddh mdre detaid beld®. and a heater el ement
10 corresponding to the parts designated 10.34 of the
mask. I n WD 2004/ 048106 PCT/ AU2003/001512 10

VOlRer Bt bARthedPlsiRS, ik ﬂpﬂ)rh%qreﬁ&cﬁﬁgmo% Q‘Fy ng%ﬁ{e&sgﬁ&@ ?ﬁglﬁber 7 via

to cause current to flow through
tha iglet pesgege % 50 dhaé theusbhmbe filketo théemeltdssheis meEiguﬂd)l SDhereafter,

o BBl 1 e B 3ol 55 BT 5B b B eating
1smpeheifou1ﬂ@ftahﬁerhﬁaﬁﬂl§e Iﬂwilﬁbejdp%%&éé@ﬁlawh@ hbder akﬁe&ﬂ% is in

in creating the thermal pulse 5 referred to above.

ARl ORRN TG 1 5 Tisen era%swéetwheeﬂueamm istleeted, this
c%%@ﬂh% g%gergt%ﬂ"@f \%&)?ﬁ&hﬁﬁ% lbqﬂ %{e mg,t IA8 ﬁ r\g:l eﬁ ltl rc]slorslstitutes a

€ appeari n e Cross-se
bblje feming Hguid. oHrgubmbmoevs thefdrimafion oPNBUBE 12 Q%[S}_?_ﬁﬁnately 1
e

the el e t portions,shown in cross section. 1

miETBCRRd Biter sicpratioe e el takis Hbrelduptie s
ﬁkﬂg&&y& a S . .

nt he o ex%%h}é"éfg@ﬂgf‘el@ﬁ@ 15 h@rr?%l 1he 2 ggfe%l}te fg% @13%1 %‘tﬁ% applied in the
farezof apudse, Fihheranargy Imsessa’yd;o generate the bubble 12 is to be supplied within

that short time.

Turning briefly to Figure 34, there is shown a mask 13 for forming a heater 14 of the
printhead (which heater includes the element 10 referred to above), during a lithographic
process, as described in more detail below. As the mask 13 is used to form the heater 14,
the shape of various of its parts correspond to the shape of the element 10. The mask 13
therefore provides a usefu] reference by which to identify various parts of the heater 14.
The heater 14 has electrodes 15 corresponding to the parts designated 15.34 of the mask 13
and a heater element 10 corresponding to the parts designated 10.34 of the mask. In
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in directing the drop 16 as it is ejected, so as to
mnimze the chance of a drop m sdirection. 15 The
w0 e@gossidhat there is only one nozzle 3 and cheeap2003/001512
per inlet passage 9 is so tithat the pressure wave
generated wthin the chanber, on heating of the
el emrent 10 and form ng of a bubble 12, does not
ef fect acent c r [ [
ors B o R SR Sfe PRIE 1S s DRI EROR G Boy throueh he
cl&HeRanCERe ¢la¢theles 1151 are thedhndickebiban éct dlemer?2( 0an yha mqsdof the

mat eri al i s discussed bel ow. Figures &1 show th
el@n’ﬂ‘l@al matarmeaiprpmeé by theedempent; 4y, ng gg of) ¢ power Consumed m

Ise
opDcEJ i n%téhél)gea?ér 1t4|3§ f)?tg{l tbﬁdacﬂe elehn ﬁ Iébn?xgc%?% e ?\l}etrﬁﬁ?%u
lgﬁgﬁuhbamhmadvancenent of ink 11 through t he nozzle 3.
The shape of the bubble 12 as it 25 grows, as shown in
Figure 3, is determned by a conbination of the
Wi E%&éméﬁﬁ@% fiSatéHEh de"saf’oea%&@& ehd BT Rfmb BRn ke length of
. surface tension tends to mnimze the surface
thalekement, this beblia bbpearing, indhe ¢rass-sestionah iew aFigureds eafayr bubble

anmount of u .ated, the bu
P@@Q@%PP%ﬁFfaa}%ﬁhgagﬁgﬂeg O/, °“W6P8§“29?%mpressure

Wi thin the chanber 7 not only pushes ink 11 out

t hrough the nozzle 3, but al so pushes song .ink hac
Thmbldlb@chli [mecé génsratpsh sausge AQINCEIIRPITEsSuFRVithipdfe chamber 7, which

B S LIRSt A 9 0 BERRR, o im  i

1rﬁd1?é26ﬁh§fhe dri6 €6 aé N6y fedted, 30 as isiniiiizl thy bhamel sf ai deop. misdirection.
As a result, the WD 2004/048106 PCT/ AU2003/001512 11
predom nant effect of the pressure rise in the chanber

S50 t the
Thy kpdifinaf e ik iy ik ab 2GS A LR, s el 250289 fs o tha
pﬂa@ﬁﬁra@av& genbrdted withinahe t:lmnEbeg,Lmdleatmg h‘éthp relamdme 4@ and forming of a

hown at a sti] | %ﬂrther S cce ive sta J 1

balap 42 dows noF1LRRT MARSeREChIDeG B L1 PP PR Rozgles.
ejected is shown during its "necking phase" before
the drop breaks off. At this stage, the bubble 12 has
Tab aéwayagee af:me theaterselenventi L9Uhwing siependad reikertthan-beairgyembedded in
to co rds oi nt of collapse 17, as
aP%?QE%F@gnﬁ 1§ %@“ﬁgﬁﬁﬁwyln Figure 5. 10 The
col I apsi ng of the bubble 12 towards the point of

col | apse 17 causes sone ink 11 to be drawn fr
Figurés hanch® shooy theam o@ﬂ Gitrtw; sucspasive latgr éﬁﬁgftswé Oa?réB?n of the

BRSSO E e Y Lo 8588 govs,with

6B ddRaddeinent@rinken 1 threugh temnofzle® The slm;mzifdle:i)ubble 12 as it

form ng an annul ar neck 19 at the hase of the drop
growpas shpwn in Figure 3, is determined by a combination of the inertia dynam1cs and

:—KD

the surface tension of the ink 11. The surface tension tends to minimize the surface area of
the bubble 12 so that, by the time a certain amount of liquid has evaporated, the bubble is
essentially disk-shaped.

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

microns in diameter. Hence there is a substantial viscous drag. As aresult, the
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its breaking off. 15 The drop 16 requires a certain
amount of nonentumto overcone surface tension forces,
WO poo40ssde¢s to break off. As ink 11 is drawn frPOT/AL2003/001512
nozzle 3 by the coll apse oftithe bubble 12, the
di ameter of the neck 19 reduces thereby reducing the
anount of total surface tension holding the drop, so
h ' t the
i hip DB etird AR SIRPaRiyiel 71t bRE LCof il
noefle 3 Mdharjdcted diop p6, kthbr thak dadk mrough\tlnet ialdt passhgr Tes
are caused as reflected by the arrows 20, as the
bubbl e 12 collapses to the point of collapse 17. It
a8 Qi furlier bRseasivestdge@df
rﬂgﬁyﬁqﬁggﬁhhﬁ%p%?&%gdﬁrﬁog’gse 17 on which the &
opemuoham vahicle tire 1in1adr§>pa116 that iebéing ejecteNansioaat dmnggts “necking

K

mgﬂﬁﬁ‘:ﬂ 5982 BasHOM l%%%ﬁ b Bsithpyé tofvar®ftBe poiaeof @llkap@ui7eas reflected
29. Referring to Fi gure 6, there I's shown a

inanarsslemddn Fegure fir ough a silicon substrate portion 21,
being a portion of a Menjet printhead, at an
internedi ate stage in the production process WO
Tl?@&&ﬂ P484 061HRBGHLHKIYA0ASWEAL Bidoidtdichiapmefl 7 cimes sdngjinkel 1 to be

relates o that portion of the i pt head _cor.respon
drawngramm withinsthe nozzle FFomdhe p1id59( WD ti} Q. and some to ge ﬁ1gawn from

hF manuf ac% Ukl %v%{(?sctﬁl% ?){)#9 8k %Jlﬁkg OW (Jf hdBiki1? drfbRid 1% manner

be appreci at ed
stdiieai'n fom tné a6£483 V\ﬁoirrhmlgemappiﬂlaeniedcd 9zt thel liase afihe dfop 16 prior to
adjacent _unit cells of which the whole printhead is
lt%bm]@%foS Figure 6 represents the next successive
step, during the manufacturing process, after the
conpl etion of a standard CMOS fabrication process,
ThdSl diopdicngquites afcelirincaiduohobmo@rIBM t@rdvercopecmEiaes ispgon forces, in

oS S5 o158 550058 5 SHRBL T B3 2

tﬂe 12% tHe Hedka@sﬂeﬁﬁ’ée‘s eeréByrelucids thélafriongt dfGotal surface tension
|cat by the dashed lines 25 electrically

ho]ﬂt@the drege s thahthe momeritem of thexdvap at ey cjetpdgut of the nozzle is
tr not .S and the heater el enent
P@t}?@%@&’ﬁ%‘ 36011*8&’ ?1%\2?% . Quard rings 26 are fornmed
in the netallization of the interconnect |layers 23 to

revent ink
V?hen the drop 16 breaks off, cavitation forces are caused as reflected by the arrows 20, as

the bubble 12 collapses to the point of collapse 17. It will be noted that there are no solid
surfaces in the vicinity of the point of collapse 17 on which the cavitation can have an

effect.

Manufacturing process

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

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

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

being a portion of a Memjet printhead, at an intermediate stage in the production process
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11 fromdiffusing fromthe region, designated 27,
where the nozzle of the unit cell 1 wll be 15
WO eoa®eB10¢ hr ough the substrate portion 21 to tPEI/ABYI06M001512
containing the wiring 25, am2l corroding the CMOS
circuitry disposed in the region designated 22. The
first stage after the conpletion of the CMOS
gt o oReLaREES, 9ol e SRR B RRIAPD o o 1.
Theclesgiption of tHROn&Eiudaoterig mhesss thah ﬁ)lbh&gﬁlldfe ipEegtitet toQMunit cell 1,

t th t chi o the interconnect | ayers 23, to
<o VG B ity CelS ol s wabbs SPRlGH o st ugsof adjacent
uhhe;elwkfwmlcﬁfthec@ﬁﬁegﬁnﬂl@a& ﬁ%&@@%&?f that will be

formed later in the process Figure 10 shows the
stage of production after the etching of a hole 31 in

Fs FBSH8 e B Pl Bl BpRRR SR s, e e
CPRPLeEiDE of a@taﬁ&la[rﬂ levIOB Ghisyi datibg F%E@dn{é}ﬁdﬁrfgethg ?a%?i%guéﬂ SECMOS

32) wll be etched fromthe other sid not shown
dflwe trgpgigprs{net shewn) rthe tegien 2 inthe puhmua potteoniil, ethh,e

h hatrb
bR oy GndF VoS i BRRRAYT oy o5 B PARF AR g 24, Wiing
idicaed bethetdasited $inde2 8 6leotichileintbsineeth thefifnkists @bl dtRer drive
the |l evel of the interconnect |layers 23. If, instead,

cirruitry §plso aot shewa) udl the heaterrlement icorpwongdipg tothemezzle.
i nterconnect layers 23, then to avoid the hole 32
bei ng etched so as to destroy the transistors in the
Gueyl 0mgs2b, are fermied lir tH2n M) 206 4B Berconnect lgyers 23 to prevent ink

03/ 01512 13 uld haye to be etche
15%’ CIGRO %ﬁlﬁtﬁi@ Ty e theqiozale of the unigcell 1 will be

f@nfed ih%ﬂgﬁ th&RIbSirate poRAHnCALS %@%@B%oﬂ{a 191\%1{% )Wlfnqé %i, and

et chi ng i naccuraci es. But the etching o
conreding He CMPSofirculiey disgnsed ax the pepidd desighated@8d t he

resul tant shortened depth of the hole 32, neans that

a lesser margin 34 need be left, and that a
Thelfisdt afagt aftérthdteh Etl@@GNh@ @Jl\@@@ Fhbirication ﬁ[foc&% 26h&sts 688 ching a
t hus be achi eved. ure 11 shows the stage of
Peitionoé thearassivatian layar 3&@ faroy tba pagsivekion sgpesse889.0f a
sacrificial resist has been deposited on the | ayer

24. This layer 35 fills the hole 31 and now forns part
Figurd¢ & ishats the stageodprotib@ioprafiet ihe@ethingher tﬁ@ﬁﬁ&éox{n@at%ye%ézs to
IS then exposed with certain patterns

frmyAneeneningd On heropeping RO dnisvaonstifutsi t@«mﬂi& 111129 pqssage@ the chamber
ma@@ﬁ%s@?or&@ wglﬂtﬁé@%{:g& This provides for the

formation o cont act or the electrodes 15 of the
heater elenment to be forned Iater in the production

F %&g{g@%ow@-r e istﬂgget of3 proé%cuon after t e etchllngto?‘ta hlole 3 lhm the substrate
portion 21 at a position where the nozzle 3 is to be formed. Later in the production process,
a further hole (indicated by the dashed line 32) will be etched from the other side (not
shown) of the substrate portion 21 to join up with the hole 31, to complete the inlet passage
to the chamber. Thus, the hole 32 will not have to be etched all the way from the other side

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

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

avoid the hole 32 being etched so as to destroy the transistors in the region 22, the hole 32



10

15

20

25

30

formation of the nozzle walls 6, that will define part

of the chanber 7. 15 Figure 13 shows the stage of
w@e@dietipon after the deposition, on the | ayerPGBAUR03/001512

0.25 mcron thick |layer 383of heater material, which,

in the present enbodinent, is of titanium nitride.

Figure 14 shows the stage of production after

erni itable

WP Pl e ¥ A i A P ol R, s tfaliOn suted
maipth @hﬁeite@ﬁye&leb&owﬁcg lfmeetdlﬁng hmmslrama sBxaglee @ching of the hole 31

production after another sacrjfici SI st . l.ayer
frglmd ¢ top ofﬁheowbﬁrfttﬁpnglon%sm@etéﬁm&t}@ fiicted gEHE of e hote 32,
WEatla1Essef A {9 ﬁééaddé%ft omdahdt %rsuBstétﬁih‘H? Highay ckﬁ{g density
heater mate been deposited. In a preferred
oﬁmh@ESﬂmnmmsbhadnﬁaﬂer 40, like the first heater | ayer
38, is of 0.25 micron thick titaniumnitride. Figure
19 then shows this second | ayer 40 of heater materi al

F%f%ﬂ?eef 14 V(EQﬁe QE& o Pr6diRHoh BftE Bur BEcrbil ﬂn@l@l‘ayﬁ'm o2 sacrificial

i cated by reference nuneral In this
rdsst husst‘trean dquItcmolsﬂpelwee Phebhis [aged5 ﬁ%‘é@le Aele 31rand pgay forms part

E@g{s‘gﬁct}l@@@%‘{ﬁ?@ %ﬂ%re @glr y& %5% ﬁeﬁ%&?@sep %ﬁtﬁq&rtaln patterns (as

réﬁés%ﬁﬂe@b dRasadkShb®h ih F1gi1ﬁdLB)It61 gorhhlecmes 3 awdceslotd7. This
el ec%]rodes 15 of the heater 14 so f

pr;p'aieatfqndhe formetor abeapjactssior Hieslierirgdesy 1 ‘H@“?/\kﬁatef clement to be
2004/.0481 | he
fc&'meg\k%erglpqg? %Sﬁgﬁ‘e ) 8338’%6%% ;Igé %10'[ :5‘} v@ 1%?5\5&’9 ?‘aﬁgﬁr’ﬁg tlgép%rocess for t
faREbe bf Blfmeeile valle 8sthatodill ddfme Ipaﬂtoé thesdhennbmt'é 10. In
t he dual heater enbodinment illustrated in Figure 38,
the corresponding |ayer 40 does contain a heater 14.
F? é %J l?ovgslthggtgg@?f éfgdt%ﬁﬂ%ﬂelf thBdepet dnOBn ﬁfetlﬁierQS ofa 0.25
a er acrificial resist, has been

nﬁemﬂshlt:le mhyeA%S oftecatep peterid twhicly éh tlwfprantembgd@me% jsfof titanium
constltute the inner surface of the nozzle plate 2 to

d¢-ormed later, and hence the inner extent of the
nozzl e aperture 5, the height of this |ayer 42 rrust
be sufficient to allow for the formati on of a hubb
El@lre 4 shews the glage ofiproilyetionedier pattenming gnd pehiag P’éﬁleélleater layer 38

tpiaabee Peroar s dieS et JURR NEeNERRRS | oo

that is, the layer which wll constltutethe nozzl e
plate2 I nstead of belngforrredfromlo :i 1
HRigire L6 pb¢W$ thiegtage of prodpetonpstes prothersaer ig]desit tisg 3% about

n%clrc;nc as begr?addeHSt 2 mcrons thick.

Figure 18 shows the stage of production after a second layer 40 of heater material has been
deposited. In a preferred embodiment, this layer 40, like the first heater layer 38, is 0£ 0.25

micron thick titanium nitride.

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

of the electrodes 15 of the heater 14 so that, in operation, less energy is consumed by the
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15 Figure 24 shows the stage of production after the
chem cal vapor deposition (CVD) of silicon nitride

w0 oooai0ss106 he | ayer 44, has been partly et ched BCT/AL2003/001512
position designated 45, so 1&s to formthe outside
part of the nozzle rim4, this outside part being
designated 4.1 Figure 26 shows the stage of production

. ¢ ekl ST I .
e e AR g Vo 8, AP Rty ffecivenes
ofrthe heater|ebeénts 40.alnghe dudl heatet ¢rmbodimentelluspesd iuFegve 38, the
cand afé.er 1t he (g,\g{D Si I%‘con nitride has been renoved at
PHESPIBLRE 14T GLL0% PR abeateiidre it is not required.

Fi gure 28 shows the stage of production after a

Fprotective | ayer 48 of resist has been 25 appli ed.

gl shives the aigee of predectiostafiar & thiwk layerd224f sasrifitielresist, has been

[ t ..shown), t d th
B RPE AL pbuRBlehte G b3 wif R Be ey Sipsa ot the
n824e placy Dsbd formedRtdr, sHdtheRt&E1he Mner 8tent dT8He ndFle apse;rzture 5, the

f’_g_lesh dowed above, to _etch the hole 32. The hole
hight et thisdayer 42 anugble snificient toraliowifor the dernative ofiebeblgie 12 in the

T qﬂgé'f' ' i.st. of each of the resist
ﬁ%%%é@%ﬂg@%ﬁgg’ Egh%ﬁﬁé?gf%6§é 8§ usi ng oxygen
plasma, to formthe structure shown in Figure 30, with
m'%&% and, nozzl e_plate 2 which together define the _
Fegignbd ihopvs thastesoef rrrdudhion adienthe rorfiaes 4p hag beepaienesited, that is,

QY vl whYEdhstituld th¥hnbbz10 ﬁ]falfkio% ?ﬁlafe?&ﬁéf I%J(i}ixéfogl&éé) grom 100 micron

serves to renove the resi st

thiglapolysride itk the b0sz1Palate/ R FoRM Q0 STlRon hRritl)ijsst2ahRrons thick.
together with the hole 32 (not shown in figure 30),

define a passage extending fromthe |ower side of the

Feghbs24 dHofvsRRE §th 8o ZkodiRotioN B ABOAE cRerdicall \ng?xl‘ gﬁ;éi)%ﬁﬁgﬁ (CVD) of

serving as the “ink inlet passage, gener
sifiean pitedeciproingthe tayer 4h havlegen partly apfliedat thegoaition designated 45, so

| O rocess.hs used .t o, pr.oduce, t he enbodi jrent
oo AT S8 Al AR e b3 ot toape cootgnated 4.1
print head enbodi nents, having different heater
structures, are shown in Figure 33, Figures 35 and

Frgpre 2fnehomisdle etagne nipdnction atterthe 61VIdF sihkordwitifsle has been etched all

' ' ' inest0 _Fiqur.e 30 h
AR hitfen 1PAE S0 E0hbRE BORGRANG B8 okAREE) 2nd g rm the nozate
apeature Hifantifagtenthle| (VD siticdn AdAAE Basedh erdovedtat BOGWsitiRIdefgnated 47
eveal s the jnterior of the chanber 7. The heater 14
Woerebis DOREARITE:t away, so that both hal ves of the
heater element 10 can be seen.

Figure 28 shows the stage of production after a protective layer 48 of resist has been
applied. After this stage, the substrate portion 21 is then ground from its other side (not
shown) to reduce the substrate portion from its nominal thickness of about 800 microns to
about 200 microns, and then, as foreshadowed above, to etch the hole 32. The hole 32 is
etched to a depth such that it meets the hole 31.

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

away). It will be noted that this also serves to remove the resist filling the hole 31 so that
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15 In operation, ink 11 passes through the ink inlet

passage 9 (see Figure 28) to fill the chanber 7. Then
w@200els80e i s applied across the el ectrodes 15P€DAU2003/001512

establish a flow of electridS current through the

heater el ement 10. This heats the el enent 10, as

descri bed above in relation to Figure 1, to forma

: [ ' I bl .. 20 The .

Bl B (DRI T G S b P 0% Qe Syl Sppencing

fogki the lawer Sidooiithe sulfstrgierpesticd 1 to3be AcKE3Y, thia pessage sefwfg as the

.resylt in there li)eir;? rraeay variations in the ratio of

IIPJ%’r?&tIQafsag%ga?‘ﬂal Yfesignatedatathe & t/s 10. Such

vari ations (even though the surface area of the

elements 10 may be the sanme) may have significant

Vehilethe gbeve nrhduation prodessis usabliogradiwe tiaf erhbrlimkbstnehsprinthead

t her re on.the balance between jhe vaoltage
B el Bl Pt BuRir gt et terecheate Sructurs, are

skbemBFiguldsbe Flgfds\35 k8ot Migu&swaﬂ&%ﬁ tend to
require lower drive voltages than earlier versions,

with | ower resistances of drive transistors in their

~on e . in such drive 30 transistors, for a
%?’\E/]rg%ﬁj{"’?’g{ﬁlgfs O?Ma"r ea, there is a tendency to higher

current capability and | ower voltage tol erance in each
Ror ocess generation. WO 2004/ 048106 PCT/ AU2003/ 001512

TG ORCE again tp EHgrs 36 thounibesib! skavowes mestiekedbove,ris shown with

[ ] e £..Stru r

P i dho RS BIat 2 ol S A B 5 i Shamber 7.
The beateli Tgis yot stwwnFdutyawey, 36 thiat pohsiaies of e hrpeletfont T®can be
heater el enment 10 of that enbodinment, it is now

%%ferred to in discussing that heater elenent. During
operation, current flows vertically into 5 the

el ectrodes 15 (represented by the parts designated
I epeg@ion, ink ktlrpassesttierough thennk e wasmea9 (b Figige 28) to fill the

TR 72155 B R 5 el S o o et

cliiyert @itba@sihe hbhier @bmemn0, Yis KARBS SRERE: 1) a% hgslé{‘iﬁe(is?oove in
0 is long and thin, wt

by the part designated 10. 36, ,
relgtiondp digvred, torferne peapertbubbletin the inkivodimthetchirebery. 1
mcron and the thickness being 0.25 mcrons. 10 It
will be noted that the heater 14 shown in Figure 33

Thesartousipgssible saradthies $oretht Béat@! 1@Edthe dOwhichafe bfn in Figures 33,

| epent g{% shown in Figure 35, and has just a single
3? Glacg? ’g@_n 8 cHIPHIY 19 there Being many variations in the ratio of length to width
of the heater elements 10. Such variations (even though the surface area of the elements 10
may be the same) may have significant effects on the electrical resistance of the elements,
and therefore on the balance between the voltage and current to achieve a certain power of

the element.

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

lower voltage tolerance in each process generation.
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el ement 10 of Figure 33 will have a nuch | ower

el ectrical resistance, and will permt a higher
w@eoonesi1o6 | ow, than the el ement 10 of Fi gure 3BCT/AU2003/001512

therefore requires a | ower 16rive 15 voltage to deliver

a given energy to the heater 14 in a given tine. In

Figure 38, on the other hand, the enbodi nent shown

i nc r AR,
Figglhg 4y Rg R B, HbnR A Bhpl 98 pLERALOY o A NoF iy
hebteEStfuchire Eﬁﬂie&ambbﬂlrﬁent of theiprinthicaé showit tn Bigutel®S. dicherdingly, as

e o s A AR U L

11
A g o i
2

thé electratet 16 (ehmstred Gy theyatth dedignatad 1. %6)13 o cumgent flow area

|
T A DT R
reﬁ?t'éﬁc%u i3 édﬁgfa&f th'é téfen%én% €0,3bprésdntdd B Hiphteso Bylthe pagrizsignated

e Size of drop ejected due to the bubbles. 25
10545 imfiong atndhthin, tvhéi ’éln@rlg’gh of st ¢lementgn thie eimprdigient b@ng I micron

pper, . el enment it will be appreciated that
Mﬁﬁﬁe&W@Pﬁ%ﬁﬁﬁﬁﬁ?%énBVDP%e | ower el ement 10.2 is about
2X and t he energy appl ied by the two el enents

&et her is about 3X cour se, g} ener g Hg
Itwh he notetl thas thedeates d ¢ shQW@B}eElgpqeoﬁ as a;signyiican! Wﬁ er element 10

R

el BadtA02T 3480 35 311 hive £muth laovedmiﬁetﬁaabtesisanoé apdevifpermita

o i B
AR L il o Sige s ro

noted that the upper elenment 10.1 is rotated through

180 about vertlca Xi S ve t.0

I g A8, aithe ohgyinand 4R erbedieRt AR ndRelho o RER 14 having two

hPlr Mt fj(?{"émd 1@b!ceMtdaniing eparEamnt uaRRBE AL IGHR dfthese elements
separate drive circuits. Features and advant ages_of

1@3 fig ivucrb the veidthogitheother elameni 19cy st enarespendingiy farger surface

t dj
oGRbH yrebepeibf of AT Gielefh O PREGHS i P Afthose of the
uﬁﬁb%%rede%alwn Qfo 1 &€l @awwtssrmmd énebgy applisd tieinkdn the chamber 7

relation to all of the drawi ngs pertaining to bq
b thedewer ¢lemenit [0chisiwicsdhatepplicddnt ths pper element 10.1 at a given drive

voltage and pulse duration. This permits a regulating of the size of vapor bubbles and

hence of the size of ink drop ejected due to the bubbles.

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

printed with the one nozzle 3.
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specifically excludes certain drawings, and relates to
t hose drawi ngs specifically referred 15 to. Suspended

whemnksaes er Wth reference to Figure 1, and aBCT/AU2003/001512

menti oned above, the heater12lenment 10 is in the form

of 20 a suspended beam and this is suspended over at

| east a portion (designat ed 11.1) of the ink 11

ADHERbS/ef REDESH chir@yh edome «

1S Y G evvay rsat ee rrg%J gt?ﬁ) %ng evg:((l-) Fiarcéﬂ?%géfagffge gome fine

tembgtefdbe exact azmrgb)eﬂthealanaﬁs i8. ltahé 10a$ar ofthediisé volgages that are
n systens na by various manufacturers such

ghfigtrew%&l? %%}Reaﬁﬁa 1Wﬁnon and Lexmark. This
constitutes a significant difference between

enbodi nents of the present invention and the prior ink
I will algisbe eﬁbdrﬁlab@lreelsperﬁi@nnmlﬁ laid vetated gleroogh l$ﬂ°$bout a vertical axis

WS Rl e LRy AR i L Bin,

aHﬁWﬁfgi 1ﬁdiepbﬁ@ént Sorideatitiit dep@rakaRtveicigligrents 10 (for
exarrpl e the solid material form ng the chanber walls

and surroundi ng the inlet passage 30 9) which takes

heati ng of such
f)&gs}”[‘ %@%g?tfggggf nof’glec ??‘rﬁ to the formation
of vapor bubbl es 12, so that the heati ng of such

nmat er i [ | ves the wastage of energy. The only
%%FW%% RodeAppraptiatesheadingn wressesiain sneaific feaswrss ofmnbodiments
o?ﬁ%‘iﬁ%@%@ g‘an?gﬁelé @%ﬁ&gés\aﬂﬂtﬁ%& a?ngrgg Frﬁé% 96&%11?%§2{r?% ?ncf‘o(glmdered in

relitéor toculli of thehdratvinigs pettaining th élat wesennhiveltidn wHlésd thécontext
as

n on referred nbodi ment

spoeily ¥ Qo pofrip driines. ond sy &1 hesefranines opecstically reforred
tguspended 5 within the ink 11 (bubble form ng
liquid), so that this liquid surrounds the el enent.
This is further illustrated in Figure 41. In another
Sﬁgsﬁé<i E@o?rnent as illustrated in Figure 42, the

£10 beamis suspended at the surface of
the ink (bubble formng liquid) 11, so that this
Irqurd is only below the el enent rather than

re&rmﬁeﬁg Frgure hrrndian apaatipredsgbove,ghe héngen ghraent d Ddeincthe form of

o A e, AR o e REen Bt o of the i

1 h(‘rbubbtecﬁonﬂuﬁghﬁluﬁi).e Mho elehfent N0 sk@dnfipurel & RIORGY f@ﬁgr than forming
%ei:rrgedrn tion to Figure 42 where the bubb
PHF PY: opRfPe Fab 1B Fubatrate asisithe capp i existing mkmdrwﬁcms made

bPlarddd lfﬁzﬁluf‘a'ctdrérs shgngSVHE‘Qleer‘ﬁXl#ﬂ& &Mraﬁd ife;(h%%(e "his constitutes a

operati1 on. seen I n
s1gmﬁ'm1m¢hﬁeremeﬁoeg\w®sensﬁ>danehts af the Ipeeshﬁaheernneheﬁ& e pkidr ink jet

technologies.

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

involves the wastage of energy. The only energy which contributes in any significant sense
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15 beamis supported only on one side and is free at
its opposite side, so that it constitutes a
w@amwtioksaver . Ef ficiency of the printhead 20 TheCT/au2098/001512
presently under consideratil®dn is that the heater
el ement 10 is configured such that an energy of |ess
t han 500 nanojoules (nJ) is required to be applied to
the el t [
to fge geﬁlefﬁﬂioﬁ tﬁélbi},%%g 1% gs tﬁlg{ \gev}ng:%:lt‘?g‘%ﬂp‘ﬁeﬁ ﬁlfﬁ:&fﬂhﬁ) tﬁé‘ H@nﬁ which is
totherteu@l, which tigaidds 8pidaily theeinprléf er r ed enbodl rrent t he
required energy is less that 300 nJ, while in a
further enbodi nent, the energy is less than 120 nJ. 25
Inl ({‘{naﬁﬂreijerrp(?erﬁ[?&fﬂé‘x%h@%@ﬂlu@ﬁfat%@ aeRightel 1, igthdater Eféﬁleﬁf t0 is suspended

prior art evices generall Yy YEC]UI re over
withioring i Ks(oLobl GammingBaiimre il i s ewepyads éhe clement, This is

nerate a,y to e
R o bt Nl 08By e .
th@ rh%at%f‘el@ﬁl@ﬁr l(ﬁ‘cfeaﬁﬁg Rhidpefided dt Wurifabélﬁf thb &tk @ublie Q‘mzﬁnng liquid)
her nal k jet systems. This |ower energy consunpt

1 ]al so dlna t]&@ hmmle;a omlyéqem the el;qggqngratlgqm]parnequrrﬁmpg it, ancf tgere is air

l: |
o, ﬁferﬂmg%%d %IhP ﬁ]&meg bl;ﬁmea%ﬁﬁ r%f?c %%rﬁ%h é% re?%tmri]i gg fg?ﬁﬁ‘e 41 is
praferfddths RIS Bibbfe DI will foRG =l arbthrghlﬁé eleneadl (Dmmldmn tM@mbodiment

2004/ 048106 PCT/ AU2003/ 001512 Th
dcsm;bpd maelation f/Bigiiet? where 8?6@@%% W) e%*ﬁb FAcKs R Geglemment. Thos
thf6e q%&ﬁ%f \ggﬁﬁ‘ 241 {sriﬁ(ew p\f L AH@h nfthé Gﬁi%fént BerftidPs

onstit e maj or cool I ng nmechani sm
of the prl nt head, as descrl bed further below. 5

Sel f | ft h d Thi f
ASBHE SR 1y B0 PEPIE A (oG CBap §i2Empl 5 1o e Heaigt gpment 10
b&ar q@%pé{?e | (%}(l{/ ?ﬁ Bhe Sid¥ 8RP1s iR ite oﬁ posHe silS, docth&y ie€dnshtutes a

rop 1 1s renoved fromthe prlnt’head by a
cagtifbvenat i on of the heat renpved by the ejected drop
itself, and the ink that is taken into the 10
printhead fromthe ink reservoi r (not shown). The
Bh égﬁ%zﬁ‘fthé&ﬁhéaﬁthat the net "novenent" of heat

e outwards fromthe printhead, to provide for
automatl c cooling. Under these circunstances, the

t head d &
e SRR PR A PR £ bt
tEHtAWRnbrdY Of f8ethan 500 h@@tﬁoﬁl@s (rrﬂpisaéqamteﬁeo bd 5pp§;ed¢d) e element to
drop are constituted 1yet t he sane type

heat it suffigiently ta foymigdubb 1Randhgaek 11; so as to CJI ectqallJ hrop 13 o‘% ink through

anozzle 3. In one preferred embodiment, the required energy is less that 300 nJ, while in a

further embodiment, the energy is less than 120 nJ.

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

resolutions.
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mass, it is convenient to express the net novenent of
energy as, on the one hand, the energy added by the
woeatiomgoof the el ement 10, and on the ot her heeAU2(08/001512
net renoval of heat energy9that results fromejecting
the ink drop 16 and the intake of the replacenent
quantity of ink 11. Assum ng that the repl acenent
uan
TG R as 2L oS et S BB BcSbeckily' SR ELE M Gnbddiftents where
thé Etﬂh‘hﬁ@zﬂ&%ﬁ:f@ﬁhk deppan s themseluds, corstittmthe omjentioehing ;nebl@msm of
expressed as the heat tgat mould be required to raise
the peinthepdh @f deseribed urthgebdPBet ed drop 16, if it were at
anbi ent tenperature, to the actual tenperature of the
drop as it is ejected. 25 It will be appreciated that
Sélf-dedlpproflad primthekd whet her the above criteria are net
depends on what constitutes the anbient tenperature.
In the present case, the tenperature that is taken to
Tﬁ@ fééfr%e%‘m{eqﬁ{/erfti%ﬂ’%%ﬁ&éértﬁat'tﬁe édeeyf SypHEd &F Alheatcrtelomting O to form
enters the printhead from the i nk storage,
a mpm ibubble 12motas shejeate dupp t6of inkddrinesnaed fiom thegrigthead by a

f 3 gq%gggﬁﬁq- %{t E%ﬁ?‘g?d%éﬁ%ﬁﬁ‘%tgfk grolp 1%%1% a%ﬁt}rlg 111\%f %tqgtaken into the
ﬁﬁ‘tﬁez{d)ﬁ’&u tﬁ@mﬁ'}@de@ﬂﬁr (B3R UTRe rderﬁlllt GﬂtMSSls ot shhd et “movement”

roughl y 20 degrees (Cel si us% However, the, arrgﬂﬁent
of esapwiilabe petwaeds ﬁmnrtlzesmmﬂileradf rorevider automatic cgeting. Under these

{ I th
cisfheeay Tepiupres et 850 st HethRa the
PCT/ AU2003/ 001512 20 In one preferred enbodi ment, the
printhead is designed to achr Iete el f. g
ACSES, L2 e ST L2, 2 P PR EL, B Rg oo e
A@I L8 &o Ofre ChGstiBk (ﬁ)(bﬁleggﬂ ﬁéliind RuPEkEdtiaB§ belof the same
e%ec ? B equa]l ? f at ener added by the Zeater

nﬁlsf 8 codvBhienbtoBx prasy tlmfnetamnphent cﬁ@laergy ag) ontthe onetand, the

ink 11 is t e, bubbl e fo nd.is

epgrgraddadihyd ﬁg?ﬁtlﬁé gth&ﬁliq:qlwg bU e 861&: ]6'3\11\8%"@}6 aet removal of
é&%ng@grﬂgﬁ ?esGIts %ﬁll éctﬁt@@h@ﬁ@'d%ﬁ 16 &RNAC irdhky &F théreﬁ&cement

egr 1S a maxi nrum of 60 degrees C
qhamtity bﬁeﬂcammmammgeth@téhampla@emon&qmnwwf bk 1] iggt ambient

RTBEREL M0, oL TR SRS gemcn

hfntfIR 108 ikedsh REn T dhkent! ?%B%k EHel s Wletﬁbaﬂthhﬁthﬂd |betrdstpméd to raise
q( ther than at tine o drop 16 ejecti on)

the emperajure lob the ejestadisop 6. if Hyvese aframlaﬁntttﬁeprrﬁ‘rérel 10 tthactual
in t t th
t?BBﬁ@?%ﬁ%é%e g?fﬁﬁ“%%ﬁﬁgg?meggpggftgrgf th:nprlnthead

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

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

lower, or if the ink 11 entering the printhead is refrigerated.
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15 could result in sone regions being above boiling
point, with the unintended, and therefore

wanaesisiabl e, formation of vapor bubbles 12. PCT/AU2003/001512

Accordingly, a preferred enBodi nrent of the invention

is configured such that conplete self-cooling, as

descri bed above, can be achieved when the maxi num
tenperature of the ink 11 (bubble forming liquid) in a
particul ar nozzle chanber 7 is 10 degrees C below its

Iboné preferpedientbodinesnt {the pristhtadig d26l gaddeiRibhietdcedriplBRself-cooling
active. .The nmai advant%gf of the feature presently

(i vdtereithe onteomg fieatsngr g dueya fhesies eHingi odi frreinoted andgeplacement
btties b #d 0 i degs) Lar
qhighlspeed o?§6&%gpﬁg§§g%ﬁ%§§§%@% ?%gﬁ?£ggaﬁgﬁﬁ9&

el aborate cooling nethods for preventing undesired

Qi li in nozzles 3. 25 adjacent to nozzles fromwhich
]%t)yn‘féaya‘%r}%éémf > B$SBMNG thet the mls Wgs the b bles prainediguiskanhis water
bagedathul HAEALE bbDing pbfit be ki i L L ¥bi

t han \I/\lou.l d %e theggase [ ?ﬁgﬂ%ﬁlaa gg(?g%géﬁ @é%gg?ﬂgé bubbient
tqrapesetpeeris AQ degrieeset ) themthate is naxhximvemenfréOtdeprees Erffom the ambient

nsg ty, of ..nozzles 30 This .feature of the .

R0 U PR e faryb W i e pisimiy opperature ise that
thmﬂiﬂmd%o@lﬂmhergopri nthead. Wth reference to Figure

1, the nozzle plate 2 has an upper surface 50, and the
present aspect of the invention relates to the packing

i I 2 t h rface, WO 2004/ 048106 .
R0 RO S BaBpRA S i YR AR GREZIR e o
irkedrep 11§ eppbtidt)aviic adeasrySclodt th fiat bcﬁliﬁ% B6ifit $Qhé MLOMEIIS the ink 11

10,000 . nozzl es per square cm of surface area. In one
WETA SHFILY s ethen tanmeratie yariationsibelvesn persiof the poiathead
. . . . . e | le
o840 2088 AL Ole v UL PO GR l bh ron
uedesizehls, faONODA of vapari terbbles P21 Asqerdirglys MprdfSrrél embodiment of the

. preferred enbodi t, the are density is_48 828

i StrLis Son RS wi B complofaent-oaties a5 igsrived boves e be

adlfRRH twhen TREMaKIBAR) Rodelatule AR 1P 1} iquid) i
drive-circuitry 10_cg%Fespon indhgoht éﬂ%%%E eglﬁﬁﬁ?ﬁna

pataepsrazzlechainbed T is, 10afegeees £ hebow itabsiliag @bint svheh tetheating
red S an. enabl e gate and cl ock regeneration

elgﬁ%{éﬁllt(flrs;m %(ijilivg’ circuitry not being specifically
identified). Wth reference to Figure 43 in which a

ﬁingle unit cell 1 is shown, the di nensions of the
The main advantage of the feature presentfy under discussion, and its various embodiments,

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

and the temperature criteria mentioned, were not present.

Areal density of nozzles

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

present aspect of the invention relates to the packing density of nozzles 3 on that surface.
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15 unit cell are shown as being 32 mcrons in width by

64 mcrons in length. The nozzle 3 of the next
w@mgesaive row of nozzles (not shown) i medi aP@&l/xU2003/001512

j uxt aposes this nozzle, so Rhat, as a result of the

di mrensi on of the outer periphery of the printhead

chip, there are 48,828 nozzles 3 per square cm This

el TRS) WO QOFS BEY o0l s 1000

noznes persquaro ool &f sarfeed ardensi ty of a piezoelectric 20

pri nthead. The nai n advantage of a high areal density

is |l ow manufacturing cost, as the devices are batch

Th@RE bR®Rd @ibodithéROe WRLE ' 536,

The gnre nozzles 3 t hat gaaﬁﬁg§g%%%%%%%@#&%ﬁg%sé%mr&imnamnof
syfacer W area, othilsuh snotherprefeired embedintent, thegreslalendisy exceeds 40,000
fahricated in a single.batch ich typically consists

rgP g Bl i choCiuErend Sttt dhd Besl Seesiiod g 438 nozzles 3
p¥EMuaveder of the type used in the printhead of the

present invention is, to a sonme extent, independent of

the nature of patterns that are forned on it.

.e | f tterns .are atiyvely.s I . L.
WHRLERRfe 19 b} AP B il L 8 kSt e Bive-circuiny
corredpodéidg td thesoakle OwbichRbING i 8ly3o 8@V &sistor, a shift register

rintheads to be manufactured for “the same cost than ’
(§haple gate andplerk rqgsaeraion ¢ieaitradhia cirovitty nat leeing specifically
igleRgichy. The cost is directly proportional to the
area t'aken by the nozzles 3. WO 2004/048106
PCT/ AU2003/ 001512 22 Bubbl e formati on on opposite

VL FrBheq 1d s P ¥ich St Pbealll b e: Dhadenensions of the
ubiREI BrekBodiA gaE'Eeing B2 &{}gﬁohg kn Widit JB? @? krgmfoﬁg 1'319%%1@ The Pozzie 3of

liquid), it forms on sides 0O heater
t}m;exsswp@efsmea:bw,f nbulésn(mn’sslmwnal'ﬂnmediatﬂy juvitapode’ &his nozzle, so that,

t t 10 th | IS, the f f
oS B350 of e Bbndith $HE° Pulehermabimion the Bupbead S herberads, S28
n8:A&S3 §dr shife BRATEYs RlaBHRYS thlestfic ABRIS ﬁ‘éalt&%nﬁﬂﬁg%]aﬁty%igal

side only, can be understood with reference to
thesmalgk i printheadanfl irpughlnd 0 tireesthe @ozilgarcekdentitgof a piezoelectric
pgﬁﬁggf el ement 10 is adapted for the bubble 12 to be

ornmed only on one side as, while in the second of

these figures, the elenent is adapted for the bubble

éZ to be formed on both sides, as shown. In a
The maiyaivantage okyhigh gzeal densityis Iowgnamfaguringeost, assndevices are

] - .one 15 side of the

b%tglg?ag Eilagtleg #g Eitl{%i% %fag&%gg%g S el&ph%s%?' ement i s enbedded

in a substrate 51, so that

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

directly proportional to the area taken by the nozzles 3.
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t he bubbl e cannot be forned on the particul ar side

corresponding to the substrate. By contrast, the
wheibles10®? can formon both sides in the confiPCr/AU2®B/001512

of Figure 46 as the heater2elenent 10 here is

suspended. 20 O course where the heater elenent 10 is

in the formof a suspended beam as descri bed above in

rel ati on.to Fi gur . ubhil is allowed to form
%@h@%ﬁl}%@ﬁaﬁ%ﬁgé@fﬁg ugggle%éam el ement. The

advant age of the bubble 12 form ng on both sides is
the higher efficiency that is 25 aghieyable, This.i 1 R
Achoeding toathe eersentifepiurenthedgater Frhts cohigpred 8¢ithah whgn g bRgble 12 forms
Ceol i . Co L i 10,
infe o TR Sl o, K Bl e/ el deg oDl e
Préferablfiiisforins sé hd tosurratuedithie hefegelementsl0 wiare thetdlement is in the
arrgws 52 indicate the novenents of heat into the
fogp|of g sutpsadsdea™s 1. The ampunt of heat lost to the
substrate 51 depends on the thermal conductivity of
the solid materials of the substrate relative to that
Tied foretiomdf altiybbithi Zon bath sBes béthedester demert. 10ms appesed to on one

At hermal condyctiviity of water Ls relatiwvely. |l ow
sig R P nderpiogd i Fofesihep to Eis¢Rang 67, 40 HSAr Nl hese
ﬁgﬁf& e 1R4ARS bl Pdisf AAbprea férthebibblé D2 td Bikfolrthed YAy on one side as,
004/ 048106 PCT/ AU2003/ 001512 23 Prevention of

whieint the senondof thesefigwes thipdomentds adapted fon s tubble 13:4g be formed
bgetp1 fgpr ned,in a printhead according to an enbodi nent
o POty A SROV D hyention, the bubble col | apses towar ds

a point of collapse 17. 5 According to the feature

presently being addressed, the heater e ege t.s é(% are
Incpernfigurasign seckf Brthati A & 1eue hd-dhe reasapthatihe Plﬂl?—:leﬁ ifpfs on only one
.Qf |l ' | ,

<G o P SHEP ko Bt 60 Aol hieRaol) e 51, s
tRMebbleabhnot bt Hernpdi ont the patticslacsidé caesponding to thasubstretee By

is no solid material at_ suych poinpts of col.la 17..1n
corast, fhaPHEhlA Lo BB PR SR srcoRPEintss b igPe 0 & the
h%%retlgggmbhie%riahr chlfyi ces, is largely elimnated. 10

erring to 48, in a preferred enbodi nent, the
heater elenments 10 are configured to have parts 53

ich defin aps (represent t arro .
s BB L5585 S35F il e A5t By Pl
abdvelif rdiistotFSurB UbBledubEIR 18P sifovaécEtol fosa ke as Risusioand the
gaps. The advantage of this feature is that it

seposdeiteaml dlgmentoi ds cavitati on damage to the heater
15 el enments 10 and other solid naterial.

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

the heat can be expected to be absorbed by the substrate 51 rather than by the ink 11.
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In a standard prior art systemas shown schematically

in Figure 47, the heater elenent 10 is enbedded in a
wGawgnesdde 55, with an insulating |ayer 56 ovePCT/AB2003/001512

el enent, and a protective 28ayer 57 over the

insul ating |layer. Wien a bubble 12 is forned by the

element 10, it is 20 fornmed on top of the el enent.

PV\heQ th butg le 12 col | apses, as shown by the arrows

—%@—M A1OK, OF € energy of the bubble collapse is
focussed onto a very small point of collapse 17. |If
the protective |ayer 57 were absent, then_th

AsndashabadoRove, gitges befhle i%h@%féeeeémeétipaﬁ“ﬁﬁé?ﬁg aggsfige to an
en%l}%%grlg%rftfo?ﬁ{yptf ’ of 1919?13&%12 fheHubbIdi B1IERRE By a@s éﬂﬁnp@ﬂ ddllapse 17.

apse cou I'p away or erode the heater
A&JoediBgto the featinwpwsentlyt teisg adirgsed; ¢l Isxte glenteats 10 are configured
protective |a

er 57. 25 TypiLcagl ly,.such r.ot ect,i
B s 3% 4 el S 17 HS0e P8) BRLD e ot
arE Q{O%?itlo%¥ @éac@{l fofha hemePaBhets dprefdal0the pAhtheauBitoRfigured so
n materials can fully resist the effects of . )
thatathiéredd nosolidi thatetial at swchepaimts pé pelirpsel b7 . singhisgvayecavitation, being a

chi pp away.due to the. cayitati.on th i.dation
mgjof ngg“éﬁ‘}?%&‘trﬁftt ?mﬁtﬂ mﬁg‘iﬁvﬂﬁ?ﬁﬁé Tg{r%?h’ §Fﬁ?ﬁﬁrtr%€al , SO

as to 30 effectively repair the tantal um pentoxi de

| ayer. Although the tantal um pentoxide functions

Refitrartg to Sligurevd$, injarprefhired embedioents thafisaier elements 10 qup gonfigured to

|et s e | t. has_cert aj [
b g 51 e fang Gipuieltelp 3 Y BOEATE an g the bubbles 12
s@ﬂ%@?%%m%@amamma bubles/daltapsd dry ldcatedwheich gaps. The
(fr otective layer 57 (hayi n%, a thickness . ngi cat ed E%/

advastage pthisceiuraiig that i subgyntiallyaveids cadtatign dAMagG(o th peater

t ransf.er ' .anergy into the ink 11, to heat
elf"?w%ts lgsan{lgﬁ}egrgoﬁnwa&gﬁga'e 12. This layer 57 has a high
thermal nmass due to the very high atomc weight of

SRR ER U HEC R
e@g&i&éﬁ ggé al.tﬂ:%gr%te%i, Githiad ih&WHnea5eab6 bh& the¥Rnent, and a protective

esi gn to raise the tenperature at the |evel .
layes Tonad: ek i68ulstirfef lapere Whan 2 oubibéat2 isHerneskbyithe elsment 10, it is

al sq resul [n a st ant.i thermal | oss
wgradonios bhbealeb HREh AR B b Bl b amows
all BEER eﬂbl%g%‘fﬁfétlﬁﬁﬁlev&ﬂhﬁseﬂ@focb@seﬂ loafeWery kmah otieaf esllapse 17.
el enent was nerely supﬁorted on a surface antg was .
Tfthe prodective dayly 5T Werebsendcthey theiragebanisal forpgs detorthe fgyitation that

to. fhe ature.presently. ' [ :
ok 5] b GRORIEM B RS KSR e 170 i vy
oR¥RE Bk Hevtes eRBIcaAE 1 N AHbRevd Uhilie piRersted by dte protective layer 57.
coll apses, as illustrated in

Typically, such a protective layer 57 is of tantalum, which oxidizes to form a very hard
layer of tantalum pentoxide (Ta;0s). Although no known materials can fully resist the
effects of cavitation, if the tantalum pentoxide should be chipped away due to the
cavitation, then oxidation will again occur at the underlying tantalum metal, so as to

effectively repair the tantalum pentoxide layer.

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

ink jet systems, it has certain disadvantages. One significant disadvantage is that, in effect,
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Figure 48, towards a point of collapse 17 at which

there is no solid material, and nore particularly
wob@reddibere is the gap 54 between parts 53 of P€TI&U2003/001512

heater element 10. As theré4is 15 nerely the ink 11

itself in this location (prior to bubble generation),

there is no material that can be eroded here by the

ef f f ' iQn. . . : '
5o A Tl TRyl B et

nuinfer &Y Afist B4 Rshtddyin ohder b asTaTheraglired areogyint s énic EL, to heat
This wll break down the ink conponents_at that

) 3] point. ..
it sepasctpdptm & lhebblo d P bisdpyes St hama hishrernat paes die tpitie very high

Qi nt . 7. i4Si.: ) oy .
BRI BN ARG o T B L kRS b oty
doek @ilk friceeasd the Thmugeotticat whithaf reghizedatiihé kevdl2lesignathd £9 to raise

s v e sl e B A Tk g ao st
in es%ﬁuﬁt%ntﬂl ﬁ{@@%ﬂgg’sotoocﬁé hﬁ%&ﬁqh@@irécﬁohé‘ﬁ‘iﬁicafe@ D IBSRESHs 61.
by The part .34 e mask

of t shown in Figure 34. The
Tiedse disadvanespe eseid sot Hegpra®nisiy thredteater alemeahtD Wasmgrehosupported on

represented by the reference.nuper 63 at its center.
a%‘ﬁg’ﬁe apg, wag pgl ?refl%yﬁlgea?rgge,dlﬁggﬁr?ﬁj;bl e forns around
the elenment (as indicated by the dashed line 64) and

then grows so that, instead of being of annular |
Atchrdigignothe festarsepresenily podar discuesian, therneed foysrmatertivrdayer 57, as

64 . 65) .it th | i [ . .
AR AT -
F Anlphl@ds 4 g@inbﬁb&ill@pgezl’ﬁ & vithelstherelis hasbliddnlaterial, and more

I sc-shaped. 30 Wen it coll apses, th@hcgl | apse is .
patticdetiewhers therednthaieap & betvosa patts § hekthe palpigriement 10. As there s

surr Qungd . . Thi j . .
ST 0 et DR IBL ok o R Pt bR b il
citebdlrbi@rhdiy by te effeommif cavitatiah. The tampecdtwreds thEtoit of pollapse 17

P TRETRE DES o ASPEE g i STHENFBRUG (67 PRRRBPRof
s&s%hﬁéinte%gﬁc& ePhis wifl fbrefa@%o%achg [nkedoﬁ{ﬂ%ﬁéntg-tgb ti%ﬁﬁﬁﬁ tHR¥eRer, the

I'd material. The heater elenen i
voRpreasentrete ympdnsurzant thelghittlofobllapse 1iasso sralihag the destruction of

_Figure 31 is_ 5 cqnfigured.to.achieve a simlar result,
iRk QWRQ’?@H%%BF%V@BWS?%W%%@%@C&P di cated by the dashed
line 66, and the point of collapse to which the bubble

col | apses being in the hole 67 at the center of the
Tk ermarstionTofahtbulibde 12 |seithattt codlapsep taskasdy @ oGO godlapsgr 7 where

10. 36 of ..t.h k i nFi i .
o P B S G S bR 30 coiponcing o
1§r83FRRH blAnSPart $0.94 BENSIRRREhSNE I Figate 34t MEherebdneer Bepirssented is

smal I, manufacturing inaccuracies of the hﬁa&er,
sphareirral, #ag hag 4 bele repyeseatedbyithe reference numeral 63 at its center. When

the element is heated, the bubble forms around the element (as indicated by the dashed line

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

permitted by the dynamics that are involved. This, in turn, results in the point of collapse
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to which a bubble can be fornmed such that its point of

collapse is in the region defined by the hole. For
wex@apssaps t he hole may be as little as a few nmPCT/ANs003/001512

across. Were high levels 28f accuracy in the el ement

10. 36 cannot be achieved, this may result in bubbles

represented 15 as 12. 36 that are sonmewhat Iopsided SO

bc%ygg? %na ge g}\ﬁ?r? s legﬁg q%ﬂte%:g r ?at%nag%% 1% Where there isno

soMdthategglard to the heater eIenent repr esent ed |n
Figure 36, the central |oop 49 of the el enent can

sinply be omtted, theteby i ncreasing the size of the
egion in [ qi :

Iy T
cérfigiredxd zkleied @Elﬁﬁlaﬂ' Fsunorith thedmbblicgererbting aseladlhavad] by the dashed

cell 1 extends through the n e t he o
lipg 6¢.eand g ROTBIGH SO I &htfhéﬁ? ﬁehehtgeﬁhﬁtewe}re indh e 67 at the
cWerS e g_ n%epor deposition (CVD). In various

Sferte

pre odi nents, the CVDis of silicon nitride,
silicon d| oxi de or oxi-nitride. 25 The advantage of

Ti%g n oz L@tégpréﬁ e?l%gig ﬁ%ﬁ(b% ?fe%g ma%lf %ho%st/n It Figdre 36 is also
ﬂorbg bea @i‘ﬁﬁ?alr Geshlt a%efe‘%h@ blRBlen CUTPOREINSnsSeiel such that
as s 6 of the unit cell 1. This is an

thertpde 6&rstsnaxlilv smhufgetutiog inaseuradies efébeh@ﬁtgr ebermqm @aﬁ@ffgptethe extent

l.d_ot.h b .
G BB S R R G G S0 S8 P pgon dotned
1B, Pbr b)@aﬁﬂ;{ﬁ% - thSHEIR nhaBeas 1itieadbdifewt Ihﬁ:rmtaefdsb alWhere high levels
m smat ch of thermal expansion between the nozzle

opesueacy imthe cleneens dPB§ cpanakhp ashipyedwiiy Maytesals sbbuhblas, r“3Pff>seﬁted
ff Lcult

o P s e BSEE 33 KRR DI BOTRPERS o ot o

c80¢ QAR EhAUZO83H OTHiLR a cate, mmtt regard iy the heatagelement

t he curlng process of the adheglve whi ch bondf t he hereb

repsesented in Higare34,éhe sratrablopr A9 g theslement canyiphppe omitted, thercby
toef t r 1.

1&4??48[%{&1@ ﬁﬁ? B?thtg rlleétnﬁne ﬂls\?hlgﬂ 'tI{e' Iorf Igajﬁé g of Elgtﬂﬁgglﬁ 1;*6 & fa

manuf actured. This is because the difference in the

coeff|C|ent of ,t(fwer Bl e i.on between, for

el HPORICHE g2 A SIAAGZLC B8t rate to
mhlch the nozzle plate is connected where this

substrate is of silicon, is quite substantla
Thensezjaepérture S@cf eachamitseetl| 1| exdendis shranghethg sozalaplate 2, the nozzle plate

oBrRaord hat e e B e Ml (Bl L.

VA biPprafate8 Sniboaimdns thelC Dk eNdilib@Mpaid] silieord dloidde or oxi-nitride.
curing tenperature required for bonding the parts
t oget her, can

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

than a whol e nozzle length. This would be
waegnaioisieant | y detrinental for such devices. APCI/ABL003/001512

probl em addressed by the fe@éures of the invention

presently under discussion, at 15 least in

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

83615, Bl bl B LS RSB SRS HEA b2 o

athergiatts.ons of relatively high stress. This can result

i n breakages or undesirabl e defornmations of the

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

THE 19552 Q¢ HBRA L BexPhndidifisRs s

20 ‘A further advant age o ant {;ajggoquﬁ{h%g)rlt%ur e&@ﬂilﬁléts the size

qfinleiets that canbe nemsfactuned rfﬂusilsrimnmse thehdiffe@hee inshé b@dfﬁcwnt of
tibi vvlth XIStI ond ctor

EF Lo heticst o SE elimoleaithel Rivrlepts ana sbstree to which the

oy z1eYRteds onBedidte wherkeZhR sBbfak & ‘Bf Qﬁcbr{' G h‘lﬂ?edsubg’taﬁtﬂﬁ
C?gngm head at the scale of nornal i don wa
t &

erventlpovenas sneplly @@T@BW Mmmhplgd bbs (saiy,flOﬁO ﬁemleSthe relative
factur t.hermal .ink jet or
OB TS BRGSO L o Db Bl om e
agtibiér Gerhfesatufetb bhec @i esmpdrordRasited o b&ﬁlﬁ@ﬂé%ﬁs together, can
at nospheres. If the nozzle plates 2 in such device

Ciiee Gimsnsiey mpymateipof significandly\gireatertthanda whole npzzisisam»g&l This
ﬂB?S i kn ss of 30 CVD nozzl e
ungtglgé %gﬁ]?gm% r equ?&e‘dﬁk &CQ ®be under st ood by
those skllled in the art, such t hi cknesses of
| at.es mould ive rise certain

depo
@m‘? Ffﬁ)? rgislgg 5% the teatprss of (o ipveydiop psesemly under dlscuss1on at
léDGTtT
T Mt 05 SR B s
agﬂe@‘@éqsﬂrage gcneml}ydamumtddmmmmmmalﬂdﬂ&}ml@e pﬁlﬁheadlﬁlder conditions of

ference t.o Figure 49, which shows a
<G i lres3, s i bizeBien an BadarIe d@rpRtione of the
devives tTHRNepaditin b t68
it owill bgpappr%gqatggﬂﬁ%gﬁﬁgﬁ@%éa t émﬂﬁéééégggﬁhgpéﬁmﬂ
ipventien ayqidspthisbl ens rel ating to 5 drop ejection. In

this case, due to the thickness of nozzle plate 2, the
fluidic drag exerted by the nozzle 3 as the ink 11 is

Acfuethtiealivaiiapeb the yaiert €edthres of the Shvdtibh, G/ Mgt ;
t he eff| ci gnc ? t?-]e devi Cg Znot helr prgggstlg%ﬁﬁédllrﬁbnts

thegeef s dyeinorintibiidy wilbexisting sasbioanduisiar imang fazhusingipadcesses.
DRpodifh @l RSz ALpIS by CVD allows the nozzle plate to be included in the printhead

at the scale of normal silicon wafer production, using processes normally used for semi-

conductor manufacture.

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

below.
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10 actual etching process. This is assum ng that the
nozzle 3 is etched, as shown, perpendicular to the

wadoen4800f the substrate portion, for exanpl ePCEANZ08/001512
standard plasma etching. TB7s would typically require
nore than 10 mcrons of resist 69 to be applied. To
expose that thickness of resist 69, the required

| evel of .resol uti . .di.ffi ' .
ro S L ki S RREIRSI I thnd 2 BB B n
th% h@zzu@aiagltbef ? iR 1R sayel Y nberahd. Wikh teferande totFigifie wuvlch shows a

o :
uriotelq. e st inaspOSEIT tibe SRR POy e iy i such  thick
no%rz%ﬁoﬁ%g 2 i’%‘v&flﬂ ég Eﬁé{‘ﬁ@ﬁ%ﬁ et dal thY%las@ X ir&shlth bR Yelating to

_ hozz IN a case ere a 10 m Ccron
drbpleflstiora e thiotass) dueite ehevthickn@VDf dezbsplated?, thre finidicldragexerted by

substrate wafer, .is that, 20 b of . t djff

B R R et

et’fiﬁf%ﬁ%j@&t’tﬁed@\ﬁce wel | as the inherent stress of within
I'C e

posited |ayer, the wafer could be caused to
Ib_owh to such a degree that further steps in the
I thogr aphi ¢ process. wouyl d becaone.i npractica
Agothag o Begy e sl b 5T Rien Biek HoeiB ity tgihtes to the
a<§§ﬁ’eﬂ lodifhdl oddi® THER ABdunlinY At tHeMmbrzle B beh@l) s siivvan, peipendicular
I sadvant'ageous. 25 Wth reference to Figure 50, in _a

toMberjrafer Brod tiasubistndte eprion; fon exwnple asine astaniarg nlesmaptching. This
empadi.ment of. t he es N ' - OF tF '

RS e Bl S O e ME 8 B QYL o

thg&&téﬁfcﬁ'lfr@si?t@, fhle wedhited qiai’v@l]oit ﬂgﬁc_slu@dsnhbéce?re diffieulBtoi &hiewe, as the

articularly signiticant and is therefore, not ' .

fasal daptiogt tho Sieppesahati 1546 LnBFROSe fisacurtahraatively sl Lhiough it
resd,st.th [ ' ] s

wREBL R a0 SRR By 1 p! Bl G rPRES) S K fuld be o

réfatively dostipproeessexcessi ve. WO 2004/ 048106

PCT/ AU2003/ 001512 28 The rel atively thin nozzle plate
2 in this invention is enabled as the pressure

AJEREEAE e i B REEOGID Suckts RIORGAPTRNS I & bdkelwhere a 10
ntlexsh dleisk layer ofiitridevemle GGV depositerhan @siticen srbsiyatp aafey is that,

b\éwqqalygggﬁtgg Htjgﬁgé{cg ﬁ]% ’816{21‘3 lﬂ?{i)%gﬁc{nloﬁ:e n‘tée&r tﬁ% %{Ps Pa%gr' fI{hr(]i tP% Isusbstrate, as
waYiSk §48 infieRE teBChtifiBhin Hhicle B8 dsitéd Bgerdthechaddiuld’be caused to bow

to such a degree that further steps in the lithographic process would become impractical.

Thus, a layer for the nozzle plate 2 as thick as 10 microns (unlike in the present invention),

while possible, is disadvantageous.

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

and is therefore not a major cause of loss.

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

nozzle plate 2, and the stress on the substrate wafer 8, will not be excessive.
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2. accurate fabrication of nozzle 3 and chanber 7; 3.
stability of drop ejection at |low drop velocities; 10

W@ 2004048106 ow fl ui di c and thernmal crosstal k bet MBEAU2003/001512
nozzles 3; 5. optinmum noz28e size to bubble area; 6.
low fluidic drag through thin (2 mcron) nozzle 3; 7.
| ow pressure | oss due to ink ejection through the

inlet. 9. .8 selfrcooling operati - _
Thes plivel tifngPfls Rt P B REH Gh O Phapied £ I TRk R erated in
thE bl 78s bly Ipprokiigatel§ticdtinogphefe drideno? 100 atnoosphérechs in prior art

nozzle plate |ayer 2 involves two relevant stages. One
deytf@hasme@@@n‘?@ﬁb@wes the etching of the region

designated 45 in Figures 24 and 50, to forma recess

outside of what will becone the nozzle rim4. The _
Tiedrd e rSagfacidbagehitinvalitiese & thestgnéficast whyctRh inpreskage transient

regi on designated 46 in Figyres. 26 and 50, which
realélfecdaqolegﬁoiﬂmlgﬁb Sier. oHese XIS and i ni shes t he

1.7 e <iANQEZh Sntirat € thi cknesses 25 As addressed above
inrelation to thé formation of the nozzle plate 2 by

2.CdBsurata dabsichtiornt ditnozalh\Zeandanpembeiedcri bed i n t hat

regar.d, e nozzle plates in the present invention are
34 ﬁ?agﬂg}“’w‘i‘?ﬁﬁlqcﬂo’?ﬁ OWr‘ﬁ'BP Vanl.ueffvb_re particularly, the
4.NQZA) 1BwH Bl 5nd tiiRal @6StdIBEwWEE AbAABs thick. In
one ‘preferred enbodi nent, the nozzle plate 2 of each

5.umiptimuel hozzle Bzd tedbybbleareas nmicrons thick, while in
anot her ..pr.eferre nbodi menty, i ti0ss I ess than 2.5

6'mq‘8‘?'gﬁ1§d1€ma§§. opglagjé%?ijglcr nr?rzélfegl’red t hi ckness for

71 h&w Pedkdhre 168s Aue tinkSjettioh eirongh thbiindkt 9;Heat er el enent s

formed in different |ayers WO 2004/ 048106

8 PERIfARIERYIADE? 29 According to the present

feature, there are a plurality of heater elenents 10

di sposed within the chanber 7 of each unit cell 1.

A heenebsateitiose idrelatioh the proeesk desveiledin tehes of Figogs 3013 t, the
rocess as described apove in r I.atilon to Figure

6 t
etglli,ng @!f ther2ypisran thick %%Z& lftt}e;éa}{e‘ra dnwolvas tYVH rﬁlp z]méﬁtlagg;. Bne such
st%%%@%%?ﬁ%et&?ngim% 5é%bn':cae%fﬁ£§t%d 38in # $4%hd 500 form a recess

er elements "10.1 in the chanber 7, are
oatsidaiof fxdnewill bicoes theherzlemmtdo Broithastsher stagd ioyolyes a further etch,

1I¥jm'@|§ leg?g?gq 8%%1‘%-%‘3«?4:@91 |F:{ngt{gsg$§%ﬁrigf %v%iéhoac%u%ﬁy%gr?ﬁ/sethe nozzle aperture 5

and finishes the rim 4.

Nozzle plate thicknesses

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

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

Heater elements formed in different layers
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process, each heater element 10.1, 10.2 is fornmed by
at | east one step of that process, the 10
wo paohogriaphi ¢ steps relating to each one of theCT/AU2003/001512
elements 10.1 being distinc9fromthose relating to
the other element 10.2. The elenents 10.1, 10.2 are
preferably sized relative to each other, as reflected
SRRSO el LAY s g i 1 Ao vt
thtetchamber, 7 gbeach ahit tcblday Thn eeaients 100kwhibhaps fokthel dyitiglithographic

di fferent,. bina ht ed vol unes to be ejected )
PROGPS A ﬁ‘eiﬁ?@e‘i g%%én selgfjon Wé"y 8% Ojte Gil o fprted da respective layers.
The achieverment of the binary weighting of the

vol unes of the ink drops 16 is determ ned by the

Iy priceried smbiodiseentsp fis Shmeind’rrgurBsS&@lO]anddd the h2atet elements 10.1 and

tt t I t 10.2
FRMEG Phptf oL bk S0 Lo o,
heater elenment 10.1. 20 One known prlor art devi ce,

Aeqem ed by Canon, and illustrated schematically in
ocpsvelihe apprerigtediveich Tefieremesde dre allomerdescsiption of thnditti@raphic

t I d
PR CAER BAEE By, 1505 5 e St Bl
llﬂmgtaﬁh&)stepi'maﬁlgeﬂoeﬂﬂnbﬁe dfGhd elembftsA OAr Weih OBt O nBthose
%ﬁn gle |layer, adjacent to each other in the nozzle

wgise thepothqrelempent 18@- 25 appreci ated that the bubbl e
12.1 formed by the small elenent 10.1, only, is
relatively small, while that 12.2 formed by the | arge

Th¢ elements 10.12 10.8rkyprefesable stabd seddtiveltaegd. otidreadratfibdted

ene he co ned ects f the two el enents,
A n e A Biire 5 ot oy ot pebchecHigssghted ink
drbg 3l r I r
4 b T ) 08 40y v
valpmes tol Qeﬁq!djthl@gh th&fodzie 3/\Df 'dhe lpeftmp}ar enit a¢lbdl. ‘t[‘hahchlevement of
t hense are

thtﬁ%%a?%%g g?léaé 0 tgt}e 5’8 nt 3 %h mpé 1%dgtgl{§%1§e«% e relative sizes

ofthe eleheAtsalf0, 104 zlefmnEm% 10ihk 288t ih ShAfotn Rbatd Jk@em nt 10.2 in
ej ection of useful nations of drops. |ndeed %

csitach jthiilae tltlilrig twigg thes f topdieatse elemponickeht ed WO
2004/ 048106 PCT/ AU2003/ 001512 30 precisely by the
area of the elenments 10.1, 10.2 thenselves. In sizing

Oh&kneliepeat At ddride, ?até@ce& by Caféd) 288 ShitBRA Y@ AthBFin Figure 52,
p volunes, the fluidic characteristics surroun I ng

dr
alpy s t&’@ﬁ@ﬁf&’f ¢lamepe 10,1062 for cpshenazelspantyihaseiase also sized on a

bi t

R T M 1 S———
1&2 dredbrrﬂﬁl ineassnhgle keyer, afifacernsleah other in the nozzle chamber 7. Tt will be
appreciated that the bubble 12.1 formed by the small element 10.1, only, is relatively small,

while that 12.2 formed by the large element 10.2, only, is relatively large. The bubble

generated by the combined effects of the two elements, when they are actuated
simultaneously, is designated 12.3. Three differently sized ink drops 16 will be caused to
be ejected by the three respective bubbles 12.1, 12.2 and 12.3.

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

of useful combinations of drops. Indeed, the binary weighting may well not be represented
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5 forth, nust be considered. Accordingly, the actua

ratio of the surface areas of the elenents 10.1,
wao2/o48106 t he perfornmance of the two heaters, PEBRAB20106/001512

be adjusted in practice to3achieve the desired binary

wei ghted drop vol unes. Were the size of the heater

el emrents 10.1, 10.2 is fixed and where the ratio of

t hei.r .surface f
prre&sglélibé/gﬁes?r%% gf ti]? e?en% hrllg)gi;& Iglrsav‘f: glﬁg\‘ﬁ glegxents 10.1,
18djt6 aéHigg bihdre m&:@ﬂé@/dmp WboR@Ees, the ﬂtuhhc thmaceérmmem ‘sm’roundmg the
This can al so be achi eved by adjusting the durati

cTveatippaRHPLIAS bSRgropoyRHBILs PR P, the asapty of augd that s
d%a)%féég&gl info t gﬁgﬁ’?’ner 7%@@}1‘%&02&1@% a1k %er(‘ﬁﬁ s H‘r@lEEi‘lQ;ff and so

certaln anount me, because once a bub
fokrth, hast lbmcdneﬁlb&d Ancdrhmglew tHeaacmabfatia rof e‘rteemaﬁace dréasiof the elements

(89,3, S Sl UL My A3, B DR o st

opgRged By RS TREVTRAE |oaten Lo reach. very

qui ckly, the tenperature at which bubbl es 12 are

d and whi ch, dr d j |
R B E SO L LS TSR g B i stce
aftas is2felRERO i Red) Wisd RBHiVE Bized Uipéj &éd &roﬁ@ 166k abiulted by adjusting
m cr oseconds, the m ni mum pul se width is I|mted only

tltwsmphy aWtagdsabitie tworelementsir Tkmé camalse he aghipved by aééwgng the
dﬁﬁ% bo%g}% ]\lﬁﬁ rp%ﬁgﬁtgté? 8feg1%nge]%t letrl \(/)\2' ﬁge pfeﬁ 5p]aq)se:'vmdths
H%Jv@ew@mﬁe Pullselwidlid. Andtexcaudnaritaih dntounvof tiesfechiss@nce a bubble

25 drive circuits 70. Al t hough t hese CII‘CUIt 70 )
1Bches tnaeleatedhon th Sefags ofimetomant vy FG7 they jﬂ%‘? 1 Qlpylse widh

a%grt% {t?rﬁ%%lggom]te%frngg?ﬁ& circuits, for exanple by

ransi st or (not shomn) connected to
the Iomer el ement 10.2, which is the high current

AN I G RN SY——

W 'chtﬁggﬁ Je flﬂﬁ; 483, gﬁ&{ehif)%ra%% ERhRhHibbles 19 ar Bftfed #hd at which

rive 30 transistor of the circuit
di‘épsclcﬁrme efeetddt Whikeahe mmermlah effectivermilse width id linyifsidcly thy onset of

tw ce the rive tr al s
wRblrelpah ity p frorpd Do sietotl R bl BAIsd Sidenis
1RhRESMy 80 h-avRROOH & 8406 adGhe SLiZEA AeRO/TR2 cad be kdlerated by
the prior” art described in relation to Figure 52, the
thehtater ebdnaenintG1,10.2.. 10.2, which are in the sane
| ayer, are produced sinultaneously in the sane step of
the lithographic manufacturing process. In the
&é’@ﬁ@n‘lﬁ%g@é 51 hBe BrE&B&Mérs elkuentsi 1001, i1D12ust cainedted o two respective

Fi gure 51,
dnvge circuits 70. Although these circuits 70 may be identical to each other, a further

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

element 10.1.
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the two heaters elenents 10.1, 10.2, as nentioned

above, are forned one after the other. 5 Indeed, as
waele®enidied in the process illustrated with ref BCEAT2008/001512

Figures 6 to 31, the materiddl to formthe el enent

10.2 is deposited and is then etched in the

I'ithographic process, whereafter a sacrificial |ayer

9 is deposit.ed.on.t.op of..th e .
b AR R0 b A 4R 198, 108 wich
in tRBdanidBy&age pfdduicad siaeneduslyhe thusemetstep of tiee lithagrephic
el emrent layers. The | ayer of the second el e

2 nt 10,1 _.
manyifactetirgiprogess. Bdeoermbodimgpiridhapiesent 1@@%%911”@%}8“%%“1 Figure 51,
sacrifici I [ , j '
5 o Pl BP0 of RN PELC S MBI, 981 e
Indébd2as dscrivedinithepdeess dinestrateldiveitthaéerérive talligardsagto 3l hte material

it enables the elenents_ to. pbe sized so _as.fo chi eve
torfoe g1 demet S QERCHE B SR A SS e B SRR BEFFS:
wheredfter alsalh %alqueﬁBMse@ép%i?éél Jnhl%g of WMREEIRMEM hhdhen eHeDRaterial
Vol unes “can be &c I eved, and especially if "they are
fob theautherwbingditt ¢6,1 is Heposiibbsaatibhisacridicédl laygr isdatvirgn the two heater
obt ai ned whil. e usj f ener ri d S,...and at .
cl BRI e S L P SFEOT G RO Tofghe malePie Roggphic
st LB ABGAGIL 1) HI0is RARRAADI I Nt ng can be achi eved.
at 1s, 1nstead of just ejecting one drop 14 and

then waiting for the nozzle 3 to refill, the
equival ent .0

.0f _one,...t wo, .or I ee . gt

R gl io S it s of e aR SREel10g 88 03 o
mieAGoned @BEVE tias has thehdvantdg@ithdt iigenhblet the, eldnidntLjochetsiaed,so as to

and hence printing, up to three tines faster, may be
achidvieawatiple) hlnptfyawgléteg dropviliEnes ferB OReR9FZC Fef i 11 ti ne

will typically be alimting 25 factor. In this case,

the nozzle 3 will take slightly longer to refill when
TtavillbeRppre¢iatedriBatpivherd muyitiple diorevaltineecandoet debienedyiandigspecially if

AR R I R S E
pﬁ%%e?ﬂpﬁfﬁf%%ilgéﬁ}ﬁﬁégsm&ghge tinmes as long to

e Inertial dynam cs and the
surface tension of the ink 11. 30 Referring to Figure

Fﬁ%ﬁqrﬁngg, Elgliqs_r Q s%p@é cigslc%gr}esgq%hi%s? g:leéh%f %)%ef ﬁllérﬁtrn%rf ciaral%i.e%gl%g\t/ed. That is,
ir%?e%g %? gﬁﬁ gg&iﬁbgt}ﬁler&i’éﬁ h£ar] Beh Yaitthg BF B Mo¥£k BN réHll, the equivalent

een ejected, and that on the ri%ﬂljt 1,2,
ofibte twa, ahtimee dfops miEhtdre ejestedrd spumingdlat thy availetde refill speed of the

n‘é;hzﬁe gg%gqt%fliptiirt]i?lﬁ lggctt(%géak?eg%ﬁ&g{éﬁa}nggh:ggcéec ré%ﬁtoqgreteqﬁnes faster,
190 RARIAD RGTAAR I R6 BlehozIR refl timelwill tgpipdliyeet a limiting

nozzle 3.1 is larger than in_the case of aﬂr bubbl? 72l
fadtert Imihs easerthg nezaled will take slightly longer to refill when a triple volume of

drop 16 (relative to the minimum size drop) has been ejected than when only a minimum

volume drop has been ejected. However, in practice it will not take as much as three times

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

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

the case of the larger drop 16, the curvature of the air bubble 71 that has formed inside the
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the smaller volunme drop has been ejected fromthe

nozzle 3.2 of the other unit cell 1.2. The higher
weooasine of the air bubble 71 in the unit cePdT/AU2003/001512

results in a greater surfaé2 5 tension force which

tends to draw the ink 11, fromthe refill passage 9

towards the nozzle 3 and into the chanber 7.1, as

i ndi cat ed by th I Low 7 Thi LVes. ki
et e o R R R e KRB BBy 72 ot s formed afer
thk kmhB@GRREm & dfhpaAs bedtesit@abfrefl thdnozdesd.2 of the otiserdiniticelh 1.2.

is simlar to that in the adjacent unit cell 1.2. In

this condition, the chanber 7.1 of the unit cell 1.1

I S, -part | refl ) t: : i
TSR s O S AU 8901 RS0 ety st
tefgior threé ahlchgeritibwn demethetitlo Ly Hronathetrbfild padsagped tomtaeds the nozzle 3

argthlgt?g t@? gﬁérél:)ﬁ%% . }I ,%§ én%?c%ge%g}yéﬁﬁ é}%rgv?ft@u :hthqgcl]\%slsrisle't% a shorter refilling
til?é.sﬁgt tcgl g&&?g%éfm?i fsf?édch&efﬁagﬁf‘ habddagdaed, whBR the condition is

overa I's that, although if takes i
sitmilag e thitointenudjadtest ynit ¢4l 1.2.tIhéhis hemditon, Thel chamben .2 2if éhe unit cell

Tt SR el b i DEEPL By AR s
thﬁ%ﬁ‘l‘i‘?pée@ sﬁﬁviﬁg fibwh @ﬁeﬂ tﬁoﬁ%{, a€thid B2, WhéEDs contlitiba is reached in

oes not take as much as three times |onger to refill
thahenit belivbéra flow offiduiddatel the chamber Fidawidh ite pwsasipted momentum, has

for for terial s. const.t d |
e s A A o SR
fifl iR Bk et 6. 1080 2518 Beflomfa-thed WHernhic@iritabbbledt] ik prsént than from

90% of 20 which, by weight, is constituted hy one or )
wiren theponiliion J4as piesent.cevRR i the velrmerte be eefflledat fhreafimes Jarger, it

50. [ I ] i t ] i '
A0 B 2R Rt e RBBEINER o k) AL RMipdeY 3 dhd ndeate 3.1

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

nunber is that the atons_ of that t?ri al have a | ower

eater. elements formadi o material tated by elements with o\yv,taumm-numbers
rai se the tenperature of the heater elements 10. This

is because, as will be understood by those skilled in
Thivefeatute, intdleed theheatat alereerd$ 1@ being farnedefiselikmgtenial, at legst 90% of

related tq the state of novenent of.the nucl.ei.of the.
W GmRY wojghtds BoTRRYed Py of o arpdc SIS Hay g ap gtornic number
bERWS. LS JrefReH 8hY¥b&imeathe ahhie bo;e%%ﬁ 50w BOhwhile in another

W

nucl eus novenent, in a materi al atonms havi ng

ehbadinent theat@hictweightiimbelowsBer i al having 30 at oms

with lighter nuclei. Materials currently used for the

heater elenments of thermal ink jet systens include
The R MmidBe oFlaUbivattiie nufbef #Thiat Ehepatpme ofihatimberibietwlve tatlower mass,
Packar d), and hafni um bori de gf or exanpl e &

apd Gergamilow dmerey AL egonediyreise thedgmperatirg gf thg hepisr elements 10.

’l%gsg% glgéja:@eg :&g vﬁﬂfbg luHﬁ%rQ@Xc? b?ﬁﬁ)@é Sl hahs a&,%h@ %&p?e?ature of an

article is essentially related to the state of movement of the nuclei of the atoms.

Accordingly, it will require more energy to raise the temperature, and thereby induce such a
nucleus movement, in a material with atoms having heavier nuclei that in a material having

atoms with lighter nuclei.

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

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



while the material used in the Menjet heater el enents
10 of the present invention is titaniumnitride.

waeaoanisine has an atom c nunber of 22 and nitr oRENAT293/001512
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an atom c nunber of 7, thes&@ materials therefore

being significantly lighter than those of the rel evant
prior art 5 device materials. Boron and al um num
wasedlvyfGanon)pBantahwh atdbiiafitiumbber dtoleic anohbera 8 ahdid, respectively,

Luni : Y . Cativel
L SR e WA A 2
Niitahiudeniirigle 16tadiugd I Bn atohid mmitieadf 23 antlinfteugienuhasrah tatod@number

(Whipch includes titanium.in.plac f 10 tantalu is .

& 05 SGpet iterieh TureriyB st ueriaRll R o 8 RS Bhevatt prior an
dgevtd Matedial@ppr oxi mately three tines that of the
titaniumnitride, titaniumnitride wll require
approximately three tine |less energy to heat than

t 3k Al alintisingl GvhidhSforh bart Hhatinge botidhd Ryntaurh Qlusiiium,
skilled in_ the art, the difference in ener in.a
ESBeGiESLy. Jike piFesen. Aredplantlylighiyastanaly ddoweyey Higdeeily o gntalum
bY¥itridd\€ 16 81/ REiILHMIET iRRumBtiEs (WXl Ritanindh BY face of

AT represents the tenperature difference, Cp is the.

s frsalymdis A3t/ @np éféu@,eca‘miam@umﬁ!éndws Grfiensity ofapproxdmately

t i ho. ord ak, . ot . ok
B S T e ey el
altizs less Erangst to dpatdifantsndalip pittidee Asowd bgnipderstperbbyepssomypkilled in
i . i 2 3 - t

et SR ShtereloP bl HERE B Plicf %) RIoAMGe AR Ru) s esented by
f detfollevingegratio:scussi on. Low heater mass 25 This

feature involves the heater elenents 10 being

configured such that the nmass of solid material of

each heater el ement thdk =i h€at ¥@PLahpve the boiling

poi nt of the bubble formng liquid (i.e. the ink 11

in this enbodinent) to heat the ink so as to generate
buwiieteaST fePrestértcthe tempemturadisiereace, Cpis toly sppcifiGhdabcdpecity, VOL is the
ejected, Jis. l.ess than,10 nanogr.ans., 30.ln..0 .

Ry i iR 1 s o oyt B8 apRuf Rt determined onty
N &R AgY BTBic nmbers ad 0 &ralserifoutition of the Metice vamstantssthe darsity is strongly

50 O A5 0| Be Yok ANSKMER: SHERU IRV Moo

the feature under discussion.

Low heater mass

This feature involves the heater elements 10 being configured such that the mass of solid
material of each heater element that is heated above the boiling point of the bubble forming
liquid (i.e. the ink 11 in this embodiment) to heat the ink so as to generate bubbles 12

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

In one preferred embodiment, the mass is less that 2 nanograms, in another embodiment the
mass is less than 500 picograms, and in yet another embodiment the mass is less than 250

picograms.

MJTO11 PCT
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WO 2004/ 048106 PCT/ AU2003/001512 34 The above feature
constitutes a significant advantage over prior art
WO piopes818/st ens, as it results in an increasepCT/AU2003/001512
efficiency as a result of 8he reduction in energy | ost
in heating the solid materials of the heater elenents
10. This feature is enabled due to the use of heater 5
el enent materials having | ow densities, due to the
relatively small size of the elenents 10, and due to
Tﬁefh%o{?@%aﬁrre BorMRMESa 8hifGarit AdVdieadewrvet pﬁoﬁmsmm gydtems, as it
beans which are not enbedded in other naten

resulis i e snceepsed efficisrengs aresplhofthg geduction jn it gt in %Swsng the
BRSPS 161 TR TRl TRt s o

clghémttohaathls iotv fngities, i3 to Araolatlivelylsinall aizefif gheradements 10,
34 repr esents e shape of the heater_ elenment .1Q of
anclive 16 Hisrise Alements hobin i P of sepeBIsPaTSaEg) g ot

erhBi@itied € (?H’l%r IBQE 5&? 11 sk dC R %f(atﬁ%l%”ﬁ"ftl g@e 1

represen ‘ef ence nufrer 34°iR Figure 34
has just a srngle | oop 49 which is 2 microns w de and

F@nésﬁ%%g Srestvapss i plan iyt Bt BBl e ipture of the
et rﬁ?i:n‘é ﬂﬂ%ﬁgad%o%rlﬁ ?g%ﬁ%‘% Uﬁgccﬁfcﬁ‘ﬁ@?tas ¥gute 34 represents the

y re resented by r rence nunmeral 10.39 in
shapejuf the B8atehelsmantriddsef thdt eaodBnentibipmansredmeeditn dn disoussing that

Lok R MRS B i
ha]sgastra §ﬁ>@bel@ Wil isMUh & Fortwidd An@ 0@ 53Bicrdne Ith16Kamh|a£a 6 micron

e use 20 practice, the total mass of materi al
out&r ledmh asdu eH rerceqmlnner\mri@ﬁ The tptal henssrimass éofa picpepn Th

1
AL N By 56 e
h&fa b dmab ieNBcdpeins araf that o nepresenmd by tefershdeghinieyal 10.36 in

hi gher than these masses as the elenents wll be
Figyen ¥uhasiaaspf @PeSIGAA™MY i nsul ating, chenically
inert, thermally conductive material. This coating
increases, to sone extent, the total nass of 25 )
Wiahehé alemenis SGQI 02repiesertedineRigtrespérit andss, Gurekampls) arg used in

coat ed heater e ment, This feajure involyes.eac
E"!C'@?F‘e the totsl Bshef TaigHzlR SBSh e Sleshi %ﬁéi‘b@lﬁ’ff@*’é contact with
h 'Pgl?elﬁ%fh% buﬁgle%’ﬁﬁlhg Gqhvh Bdls %ﬁﬂdlﬁ%{ytﬁﬁ i$ AiRbho a

e el enent srnultaneousmi so that the
tem;mramg: abeve thanof the boiliigeotnd af thegnk,ovillhestightiphigher than these

| [
s e Aegier sy Rl DL SOy o §EHEARE Bishup Bty Ry fner,
ﬂ%ilc% i H%Iggfté%éixga&ﬁél ITHs Ecatiah iddreti¥ed) tosoM2 2064/ M 8dtalGmass of

material raised to the higher temperature.

Conformally coated heater element

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

has a high thermal conductivity. In one preferred embodiment, the coating is of aluminum
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35 nitride, in another enbodinent it is of
di anond-1i ke carbon (DLC), and in yet another

weredistent it is of boron nitride. Referring POI/AU2003/001512

Fi gures 54 and 55, there aré shown schematic
representations of a prior art 5 heater elenent 10
that is not conformally coated as di scussed above, but

r%ﬁ%fd?%g@?é%ﬁgle&ﬁbodiﬁ@&sﬂt d?e{ﬁﬁ&ds @gSt ’ at ¥ é&ﬁgndw yetC et]nother

entdedersit is oEbarodaitvide.h a CVD naterlal desi gnated 76.
In contrast, the coating referred to above in the
present instance, as reflected schematically in Figure

lﬁ@errﬁlg kS Ff‘gﬁ?és'Sﬂrgme %'S dzﬁec' Elﬂﬁf}f &ﬂex%%il‘lo fe@ée%l%gt?ons of a prior art

conf of mal coating t on a
@atﬁuﬁlﬁmnefolibﬂhyt is ©ot ¢dxmﬁﬁn&1ﬂy cbiited acdivusseibdboeediut Which has been

o of R R B BB S it ot 5 S Cnormaty
c04t8€ bn Shé Hide WilSa € VD Batelill, H&?%rfa%dméo fIP %o%tﬁ{é? f&%ﬂ{gg referred to

beamy so that there is access
apeee ia) therprepent instange,tag rtt&ectndcsehqnmwlly ireFiguteet®, this coating being

BRI ] LB BB v
Hiivm’VEfJ thig Smﬁbﬂﬂzﬂ%ath@m otill SilesPéaR dnBf E@Q:hié?/e& Iﬁech% element 10,

“gﬁ %t rodes 15 as indicated diagrammt’ cal l
1 beigseranteduds a strugrgtisqlateddant other stwomtqsr-nwl inythe form of a

SFREM R F SRR o Bl FTH0H o FEREEDR of

coating along the Iength of the elenment. 20 The

| an e of c nformal |y coating the heater
é‘ﬁ%{{n@éﬂtﬁ%{/‘gg %‘ﬁ is ppdqtorcoptoramabin coasingghe element 10 on
r en_the
aﬁgﬂeé‘ thi %Xﬁh@éé thS emts ot @lge ég‘mflﬁs( d&ﬁ%&éﬁgﬁ%ﬁ?whwﬁ azgyjojied to the

confornal  coati ng /6 is app
elﬁhﬁrQCIcStlﬁets hmhd;aéerd (hhgaEMatﬁ:ﬁll}V\msF igep 63 naghdriwdds, what is meant by

t th { f t
ety St resfment S suielisien s, cxemdpnin Yesisprantis flly
sGeainded by fHeoH RRRAI édaﬂﬁ%gfonyﬂfe l@ﬂ@fl%‘f ARl ek ng 76 on

t he heater 25 el enment in turn, Supported
on the substrate 78, results in a seam 79 bei ng

va}gé QJ(}' d(?aﬁtag%(gtm otnﬁ St | E‘F eatg@!%@qkﬁtg 8:1#%@ understood

whthrrefereaice, Whes Bz :aFi simzﬁ% QECAh belsBEL G
case of the heat er %i}@é nt 10 of Fi gureess 54 gﬂ %’Bﬁ)ﬂnal

coRtiagdods apnlisg, the sestrateciBean whick dereates elemnhle(hWes deposited (i.e.
AT itkeet 909 cpiste B Wl oL AT ch8ert bR B S ordosise s

cafemeilyeppliebaating.gThs degakitin @ff ik d@hfdﬁ?{j@@éﬁ?g 176133 theeater
coul d no

1result v n thou h such materials
el 10y Bief e I dppRRtedranhe B1bsizple 78 oReevlisgn paea 79 bbing
foried S’E[Tﬁﬁtséﬁﬁ @9 fShy BERAARY VQéLa%JpQ) tpﬁéﬁgg%g’ L9 ddA undesirable

products might form, or where delamination may occur. Indeed, in the case of the heater

O_

element 10 of Figures 54 and 55, where etching is conducted to separate the heater element
and its coating 76 from the substrate 78 below, so as to render the element in the form of a
suspended beam, ingress of liquid or hydroxyl ions may result, even though such materials

could not penetrate the actual material of the coating 76, or of the substrate 78.



36 The materials nentioned above (i.e. alum num
nitride or dianond-like carbon (DLC)) are suitable
WO 20040048306 N t he conformal coating 77 of the prBGEAU2003/001512
invention as illustrated i3 Figure 56 due to their
desirably high thermal conductivities, their high
| evel of chem cal inertness, and the fact that they
TRE %a&k‘lﬁﬁ%#ﬂ?ﬁh%(%a%% élcé) %ﬂfﬁﬁhﬁ%qntrﬁ@ of Hiectlfnoﬁﬂ'lfl@ gLu%on (DLC)) are
eria or ese urposes, 1s boron nitride, also
stiabRrr foedsetin titdoanéormal tdmag I‘77tolﬁ&1<aqhesen€1n&éntrmntas filhastrated in Figure

used for, .the caqating 77 is_inportant., jn.relatjqn to..
5@@%@ @\ihﬁ@ desablydigh @%%wpa@wﬁﬁg@séﬂm bighdsyel pf ghemical inertness,
i t a It}ﬁt E’fep%{:e &8l JORALdRREAnothitaRat1B ﬁiété?ﬁl’ For these

acteristics, e used | nstead.
Ezpasqu 8 bpronnh‘erdej alsovreifartedtth abqwa Milbeagh the dioid 0fh‘ater1a1 used for

s .described.gbove f.arm par i nt hea
SRR D meRt it fotapn t accune Badedro sl damptenstcs,
mz%aﬁrdtﬁ@rhﬁﬁﬁhés%%ﬁ%io‘ﬁed I15$d fhey haed éﬂﬁitﬁﬁle%hﬁ'd&@ﬁétlcﬁfmay be used
pri nt head nodul es These aspects are descri bed
instgadw. 15 Referrlng brlefly to Figure 44, the array of
nozzl es 3 shown is disposed on the printhead chip
(not shown), with drive transistors, drive shift
ExcBialph fHirer AWhish (R priAMbadiianey , 1 ncl uded on the
sanme chip, which reduces the nunmber of connections
required on the chip. 20 Wth reference to Figures 58
'I%Q g?ggc)rg&l&e({egcﬁbsedsdg onln%aﬂ%f ﬁgﬂkﬁ%ﬁg a%s'eﬁwl}la\wﬁ cR, il Yk, is used
VI €W, Trespec ead nodul e

1rﬁ§pﬂﬂ€@f yystiah. V(Iheqmntmmadm‘tﬁy MsAIE ingludestademabet bf printhead modules

assenbly 81 (also re erred to below as a chip). On a
893/311%55@52‘?%5&15@%5@%? belaW. such as that shown, there

are 7680 nozzles, which are spaced so as to be capabl e

of printing with a resolution of 1600 dots per inch.
RefeerinhbiiefBAtoi gt 44, the afrasgoﬁtmlees 3shewn idisfgBed on the printhead

i ff t I t 1.. Afle
osHoun. ift s arr oy rise SHg T, fikpo g (ot shown)

1&@&5&@%&1@% §nd fp, Gitith &liucefs%e nSHBR| oY tHihcBeb (Y rB@WRA on the chip.
data to the chip. The chip 81 is bonded onto a

stalnless steel upper l|layer sheet 83, so as to

Vbt R & b sl oo o 1A gy Fe
eXPlog& View, fe@ﬂfecﬁbélg rwbﬁntﬁéuatmgdww@semmyt goewhioh irRfades a MEMS

| ayer of si 11 con t hese channel s being aligned

printhend thip agembly$ bGdse roteared to beigy As2603) o@pelltzplcebcvﬁlp assembly

81 such as that shown, there are 7680 nozzles, which are spaced so as to be capable of

printing with a resolution of 1600 dots per inch. The chip 81 is also configured to eject 6
different colors or types of ink 11.

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

layer of silicon 85, these channels being aligned with the holes 84.
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The chip 81 is approximately 1 mmin width and 21 mm
in length. This length is determ ned by the width of

W b@40isabed of the stepper that is used to fabrPCEHAB2008/001512
chip 81. The sheet 83 has3thannels 86 (only sone of
whi ch are shown as hidden detail) which are etched on
the under si de of the sheet as shown in Figure 58 The

AP RbRabbE iR fiha? AP e 1§} i OB R Rphyip

d&&ﬁﬁﬂ@i 15y 186 wadith @i theNidld oflihbistsppart thatriessedfto tfdbelchmlthxschlp 81. The
87. The holes 87, in turn, align with chg

shiegh iy has | chgrmelsdi (o@é{csﬁn@waf ¥Hash 99 BT ALBAGET T DrdHigh ate etched
ot %%%‘ﬁﬁé ts?ﬂg g@e%#ﬁ& ast fg{:ﬁgﬁg;@o FThe RRardRRis6 éibfgi‘lﬂ"b‘é‘ Ishown SO

desi 91 1s an air channel
thantﬂieir 3nd?d dlignevthhdles 8 Lintaaid-laen &8s Ddfferemt dnleg oftihe chanpels 86 align

i N N TS
lag%] S0, e? lf%ﬂaﬁnél@@ dafHR s REEERt r3éheRliveSédbrSof Ik, leRcept FstRhe last

ayer 96, so that these inner parts are
clmhnglnée:klgnateki 91aAdhis lastrobhmreb 01 i 4nl aif @hahndwnd is aligned with further

t h |
he§e VAR GacrtaeT R vwhet iut Staneredpitt s8telAhEL B ygupper
1 &eéi‘l'e&g%' NiRsd MSeCIPRB @lisnddS it theGRas Pakts 941of slots 95 in a top

npressed 15 filtered air froman air source (not
clsimmh)ty@ 96 svosthatrthesennen pprtoarenaligerdgnith. mad thareforain fhid-ow

and..t he Sses th nd
ngc gon Wﬁh p[ﬁ% alﬁ]c]aaqngy er q% w%altﬂe% b?ﬁthg? S%gg hﬁ% g?t he
top channel |ayer 96, respectively, and is then bl own
into the side 99 of the chijp assenbly 81, from
The laveer dayes 8Qihas olesA8 memgtlwpé% Phaanﬂé§% pad glaﬁéliﬂalvgjlo Compressed
hol
A B SRR P ORE o S chllper B S vt
98 meBerﬂm&sttﬂﬁboglgtheﬂubEs [9alaed 99 &nd)ﬁlotsf‘% lirDthe mitl dayer 88, the sheet
into the channel s 89,

S edop caves 14150 05, TeasHE i ah R Al ag e 90'6F the chip
a&%% 4 d ?roﬁ‘LwP 1tUiQ @&?ed hﬁi’&rloéhﬁ%ugﬁ% notzﬂé%\al% 101 which covers

respec t|ve sheet, and then through
thehmzslestts ke the 0ozztl¢se:1cdn iopp&fer dhist. Wifferehidy ealorsd inksaltl (not

th h
S o Bl AT B B i v
RESRAvELSIks ¥7 Qhémall@ﬁ“g febgoctin clmeelaiss it ﬂwlﬁd@i@ﬁi&@ﬁ the upper
he chip 81, the ink being directed to the 768

lay@z seet8T throhgh rehpestivehejes 84 efthat sheolh prdhthgn thaeugh thvvslms 95, to
BB T AR T Bl MBS O P er o

(b RF eddZolfr of ik Aidiode ASStEbbpicssetfagy) Viaa)ylﬁl‘:h tueenle altchar is
7680 nozzles and their associated drive circujtry |s

passep insthg chipHl , thegnk hgiag dirggied o the d63Gnerzies o

whi ch constitutes the nozzle guard 101, enabl es the
filtered conpressed air to be directed so as to keep

Figige 6028 Ivﬂn@uamde hieivest thOdrifthbddohodule assemplystdeofikigures 58 and 59

1sS gcr}]lgrrrrl?a‘}ul:a?ly s own is gg\%?&f%rreé o, > ecclzeg’?e; la%)/fer P(?ZD c?fr théj &%{) assembly is the
layer where the 7680 nozzles and their associated drive circuitry is disposed. The top layer
of the chip assembly, which constitutes the nozzle guard 101, enables the filtered
compressed air to be directed so as to keep the nozzle guard holes 104 (which are

represented schematically by dashed lines) clear of paper dust.



10

15

20

25

30

WO 2004/ 048106 PCT/ AU2003/001512 38 The | ower | ayer

105 is of silicon and has ink channels etched init.
w(ah@sme4sink channels are aligned with the hol eBCBAU2003/001512

the stainless steel upper B&yer sheet 83. The sheet 83

receives 1ink and conpressed air fromthe | ower |ayer

90 as described above, and then directs the ink and

air t T [ [

TR etk 5o P eon SRk dfandEPShed st "Mook e ar
aligded WitH thelydies SBinanel stk stleélﬁ@ipeﬁﬁyér&htd‘té% Aihp sheet 83 recelves

assenbly 81, is because jt would ot e%m%se be

ink npd aonpreatediay fsam gie lower lexprqll anslesraioed #aaYs) ap thyp dipects the ink
tlo tﬁ%éﬁ* 2%, I %éﬂoéﬁﬁxﬁ%ﬂ{&ﬁ and 53 FroRCHHER S s RRERRd by the

ower a er ex PCB 82 is connected
lof)v@r Ialye: ) ivid the ﬁﬂd—dsét}ef 88 amblumteh bayec8? uthe clyip @sssmbdndiang because

5 ks b by BT Pl
wﬁh?ﬁ%%‘ééf] ect t t%%%le@@gﬂﬁfeﬁoﬁ&cl@?e?%at ed in an epoxy

encapsul ating, a dam 108 is
provi ded. This al I ovvs the epoxy 107 to be applied to

T élglghﬁeg 8gi1g ggnen(eﬁtggivc\?ﬁ@ s%ﬁ%}gglas%los %ﬁgrrf%r%ggc gt'ngt show'%% located
ox?ﬁl@ﬁ(yer Pos et Eﬁiﬁ aSRANMYy 80 7T chip ads8@BRMB1 ik boideditBokiges 106 onto

W re bondihg structure from 15 contam nation by
thed6B flendndihsse wamarf: thomeneansulateddn ag 6pevack07. Aer efect thip

t F I
cASB A, S kg SRS i) 0 e o e
spads 'oé't%én tHRAY1 68 difirthe oliip aseaibdy 8Psé ﬂliahtha avireed 0b are embedded in
assenblies 80 as described apove. The

thesperh| Ynacthp speronkd7diss dardenyd, & nraiges mw e e E qi%?“’“% e from
C(gg glr¥b+18n &gﬁaﬁ% d dt? dndiddh gi&ﬂﬁn&?g&{ta tIhe printhead

I‘nc des ‘el'even e printhead nodul es
assenblles 80, which are glued onto a substrate

U A s
%sgﬁjﬁéﬁf;@ 2 %%n% %&1’61‘ BrEp el Hetthé4d AORDE ¥sstMBlies 80 as

erent co ors ink and t he conpressed_air
dESErlbdealﬁd’VIep Ths peintheadasseiblyA? iexonfigheel for eppgt-widthprinter,

n | ace in the channel 110. It

%i %E%h é%ﬁﬁﬁﬁfﬁPﬁBa 65e 112 incl udes holes 113
thereln These hol es 113 are not present when the hose

112 is first connected to the channel 110, but are

The prithead assemblyekd ingludesyelewenrafithe pripthesd megkulesigseantliss 80, which

a{%élﬁ ﬁtﬁt{}g égsu{)sﬁ]@]g n@mgqﬂ )m {hle 58 ?f 5 P?f%q%ﬁh%‘éliﬁ series of groups
o? 9&chhBIS eddh, Wbdishutdd s, fhe lrﬁBreihdeSm&n@:aKHIltl ,a,de piﬂwadekidb enpply the 6

113, when the print head assenbl IS as are
dififerentigolprs pHink ead e Goamressed aig .0 @saSiem

1Rible ink hose 112 is glued into place in the channel 110. It will be noted that the hose

112 includes holes 113 therein. These holes 113 are not present when the hose 112 is first
connected to the channel 110, but are formed thereafter by way of melting, by forcing a hot
wire structure (not shown) through the holes 111, which holes then serve as guides to fix
the positions at which the holes 113 are melted. The holes 113, when the printhead
assembly 19 is assembled, are in fluid-flow communication, via holes 114 (which make up
the groups 111 in the channel 110), with the holes 98 in the lower layer 90 of each
printhead module assembly 80.
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the groups 111 in the channel 110), with the hol es 98
in the |lower |ayer 90 of each printhead nodul e
w@s®enidiye 80. WD 2004/ 048106 PCT/ AU2003/ 001512pCBAUTI98/001512
hose 112 defines parallel éhannels 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 channe
extrusion cap 118, which serves to plug, and thereby
Thé B, 110 [afinespaeditd] oianhble 106 swhichrexndidathe lemgt}mfnh@hdise At one end
ﬂéate 119 supports and ] ocates thiéﬁganne
dhe hosp 11 %m%con&@qt%@ lalg centgigers (potshawny ranfl °P1?<P§éte end 117,

O30 STl LV £ BRESR ) s, o

erkhef the hose. 119 has tabs 121 which 10 extend through
not ches 122 in the dowwardly extending wall 123 of
the channel 110, to Iocate the channel and plate with

rxﬁétﬁ%f) so%a&?ﬁgteqtlb%ﬁppd?& aad tlédéﬁa‘s Ql‘ib dréfiné1S] 10728 hel @l 120 and

ocate c bus bars 125. Alth oug the energy
sergepAsraduhck pbtt@ﬁ»e these FTheelianneldd @ and bosadl 17y it wrn, igaert pressure onto

ent d f
oA Bl 205 S B B bl A 7 11 S UL 1ot
eﬂeﬁ@ﬂﬁéugafno@&feym@& ©0Qowawatdesedending Well 128 oftHeehannel 110, to

arra and this is approximately 160 tinmes the nunber
lashtertbe chasselrandplate withirospeetdplegetietherd i n t ypi cal
printheads. As the nozzles 3 in the present invention
may be operational (i.e. may fire) on a continuous

Abasinsisiot 206 moeidad iolcatt bepiepbad baroles. Atthosghnghe 'Bmeﬁrgy required
will be an order of magnitude higher than that_ in sug
tpRSHRIC BiPPAIIFa% ASCording {obe prsciaRY&atipn iefupriehRfpagnitude lower

W that o?gtﬁ&’i/ﬁi kRGhYE inP Eﬁt@hﬂﬂ:ﬁ ﬁ%e@ alter%tocH Dof cftH%uP 98\’@00 n dzzles 3 in the

consunption per noz an or er of magni t
phinthesd drreyn andéhiis iis rappﬂ@mrkatgiw”l 6 ttiinress tiseamisn b et o€ nbzrdésahat are

ERGR O Pl BB e et 3 et BERGE tnventign may be
Br it rg%’g e%fégrfﬁé)sarpé sorﬁmu&&g%sfé%uﬁhg loaéraﬁ&? {RS tal power

but” wth contacts 128 on the ‘"upperside,
cassugiption wild foe tah @rdepwé magaituds hogher Hanfthaiin s:@slq@wnanntheads and

the Rl FHBCRS O o SRgr e 0 a1 R RIS (LREO A gRgmPtion per

nd3Ae will BE a® BRRPOE mBEEhRe 1dWer théiEthedih thekeswrl gdnthedds. The busbars
busbars 126, to a position below the strips 127

SO
19 are Soitebls donievidinzAor sich power B HeECHE 5 haysEowe leads 126
sSRAMAGS gwith, the strips 127. 30

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

Each PCB 82 is double-sided and plated-through. Data connections 129 (indicated
schematically by dashed lines), which are located on the outer surface of the PCB 82 abut
with contact spots 130 (only some of which are shown schematically) on a flex PCB 131
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Each PCB 82 is doubl e-sided and pl at ed-t hrough. Data
connections 129 (indicated schematically by dashed

wo pove®)81060vhi ch are | ocated on the outer surfackCDAURIN8/001512
PCB 82 abut wth contact spots 130 (only sone of
whi ch are shown schematically) on a flex PCB 131 WD
2004/ 048106 PCT/ AU2003/ 001512 40 V\,hi ch, in turn,

e connec
VAR, P B0 0 EOONEE L e D oo e
fREREeIF3 Dava ia fede tRelBEBs ABN & 86 SddeddnnéetdBUIBh, Pl at e
133 is provided so that it, together with the channel

110, can keep all of the 5 conponents of the printhead

1 hj e c el 110
?ﬁ%ﬁl}%(&% e 185 fs?ﬂ@\;ﬂﬁf tgﬁt i %%ehﬁeg)gz\?{é% e gﬁﬂp a3 keep all of the
@B@om:nm hﬁthp IpeitthedB3ssadnbly tohegethare mkbis ﬂ&afds i dhannel 110 includes

a5 Tas s Hih G iote dofs f%ﬂ%hlééﬁ%h {3 Cripmdbimassembly 19 s put
tbé&l%ﬂ%&dﬁ@t&h%fsted]tﬁroﬁéh‘é@r Rima ﬂgﬂgr Segé orbreﬁeélt them from

reference to Figure 68

t@ﬁwwwﬂkhmﬁmﬂﬁawﬁéhbﬁbﬁsstate I nk and conpressed air
are supplied via the hose 112 at 136, power is
supplied via the | eads 126, and data is provided to

Byheaypsf sihtiead, with Rfasa&iBIHigse 88 b gnhﬁﬁg glf 19 i shown in an

connectors 132. The printhead chip sse |es
psERiEstyn Inkand P@véwsmilamﬂnead)phnd)dm the hewelrifl at é36 &Qwer is

R OB Rl I BB i e v

eﬂgeacmmecﬁtoﬁ 13pr iThie @FinthRed clﬁg QuInbliEN81 ﬁtfefls&itéd/&l hﬁ%@évgn printhead
oﬂgq |nthead assenbl represented by t
111838 0; whi cl}éliché@%thetpﬁ?@smdth of an Ad page
(t hat |s about 8.5 inches). 20 Referring to Figure
69, there is shown, schematically, a cross-section
Mmm@ug holkeh é37 a&qmﬂaﬂexﬁfqﬁ motintieg thelfinthdad Asdefibly 19 l}ﬁ‘place ina

B3 o Shedumy e el enith oidhe B! bl | Swprdesed by the
distes 88, ihRist SVer ﬁ{édwﬁ'tﬂ ofSHPRA }Sa%@ﬁ é% gﬂ%?ut’%l 531%01%5 ar

to see i's the abut nent o e Stri
whi ch makes cont act above mnth t he busbars 125 and

REFSILE 1 By 0, 1R B §hontionlfi arpsrseriputieh the
asBinbledxineirdd i br @eghthid) ﬁlesﬂogﬁz%n %@5 silitoh Qﬁcl??%ﬁilng P Lﬁb Gssembly

133 can_ al so be seen, including their tw
8L 6% Flgarhng ssan, asepr e dengitudinglsectien thasiphdhe irikremd B&Gsupply hose

18, 'Al&%leéryt% 5EMs the abutment of the compressible strip 127 which makes contact
above with the busbars 125, and below with the lower part of a flex PCB 82 extending from
a the chip assembly 81. The twist tabs 134 which extend through the slots 135 in the metal
plate 133 can also be seen, including their twisted configuration, represented by the dashed
line 139.

Printer system

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

according to an embodiment of the invention.
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30 Referring to Figure 70, there is shown a bl ock
diagramillustrating a printhead system 140 according

wa oo0a4sandodi ment of the invention. WO 2004/ 048A0DAU2003/001512
PCT/ AU2003/ 001512 41 Showdlin the bl ock diagramis
the printhead (represented by the arrow) 141, a power
supply 142 to the printhead, an ink supply 143, and

rint ' t
S ?\g% N ﬁjllgtbg)c%h? %‘b%‘t&lﬁ gfnﬁ‘%aa ?rehlggentég Brft{hﬁ %ﬂgw?§41 (}mwer
sEppiTPAEt0 thé pihedd, d4 ok @pygdm amnmpmlata 1r4é|vlrlac1$1slféd7to the
are provided tqQ transport the paper. 146 st th
ppibAid @dteisas Ik, AL HEPRIOTik M B e orsnfor ssamBle, of paper 146.
configured to withdraw a sheet of paper 146 from a
medi a tray 149. The power supply 142 is for providing
M¥dia/ipdrtspore rolters 7 &re arestideidatainspopethe parsu g go y)ast he gdrinthead 141.

et PiskaD meeniso v S st BodocuiidRy 2hon ot s 446 from o

nkﬁf tjoon wi Il be provided, at 150, about the ink

supp such as the anmount of ink remaining. This

i nf or mati on i S provi ded via a systemcontroller 151
ichisc dto.15 i nt.erface 152. . The .
RpBP et baa 20 e vigmep € FBag BT R SBEof supply in

pgﬁgeggagce(snot shovvn) such as a "print" button, "page
advance" button, an so on. The systemcontroller 151
al so controls a notor 153 that is provided for driving

T o TP BB 0 TREARRNAT o P F o, BBy Fatalstpes of

1ﬁf6ﬁﬁﬁ§3@fW1llfHUprbﬁde(§)a$ﬂﬁ(ﬁnabatﬁttth@irﬂ{%ﬁpﬁl5,]stich ab thenimdunt of ink
when a sheet of paper 146 is noving

rmipnge ddispaformaton BROVEPhYRAGYRIEN ogatrelflffreléff Sthigh isicpgnected to
@%ﬁ@#ﬁé L?;zs }Pe'lﬁterrf %Rguyze ?s&se&kglgm%e? BEBhitdrS (not

apse dra pi C
shaeiiasichras Ja4‘§5r1hﬁ’§3ut1pn,c‘f$mge axbfahbﬂé’ sitterf anofo qma[iﬁle sy#6m controller

151 5P dEBISRATEROT B bR B BriaiRaor faviog Beair b iek gPmagehanism
1115%&9Iﬁcﬂ@ltImpdﬁﬁﬁ%%@ﬁédlgftrawﬁrmﬁ&s14’?’ reaches a

certain position relative to the printhead 141, the
system controll er can effect prlntlng Prlntlng 'S

iGimerers iRt P el b 198y bRERE shitaf Rebgy 146 s moving

phéthe plinthedd l4lh§’6 #hopenth ARDEEeab@ sk the @I)rrédﬁ @infey SIHMime can be
controller 151 nust also interact with the print data

rélateddo aepecr@atlms thathas ¢epsed afien the mediagrielnap eechaniym AhS has
p1c§< d ru}q ?‘he SRS paper( fll%t P?Qf%%iy, 88\9&%@ egap%} sehRSr (ngtns%own) is

provided, which is connected to the system controller 151so that when the sheet of paper
146 reaches a certain position relative to the printhead 141, the system controller can effect
printing. Printing is effected by triggering a print data formatter 155 which provides the
print data 144 to the printhead 141. It will therefore be appreciated that the system

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

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

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



maybe transmtted via any of a nunber of different
connecti on neans, such as a USB connection, an
WETHERMETS connecti on, a | EEE1394 connecti on ot PET/AUS®3/001512
known as firewire, or a pdtallel connection. A data
communi cati ons nodul e 157 provides this data WO
2004/ 048106 PCT/ AU2003/ 001512 42 to the print data
f.or [ I [
tou% PRI il gl B 38 RO R 0b Bt ARl B0 offork Bl
18fescri bed above mnth reference to specific
enbodi nents, it will 5 be understood by those skilled
in the art that the invention may be enbodi ed in many
r
AROGE 16 BBt BiacRUREE oB A RRABERCNS PR G embodiments, it will
belmddrstoabby thosetkiilitdeid, thenamﬂmt thetinvendibh maazdielmtb@dled in many other

DSBS e, S5 SoR e P PRATERS Bt MBS Egomes i

Q%tﬁchB achuatéd]) nbﬁﬂéldcﬁfcaﬂ& h&hi‘c@@@leﬁféﬁ@ hayl dMb be wed in embodiments,
pl ural

ty of 'nozzles; and 5 at |east one respective
whext appropirigteent | whi ch i ncl udes solid mat eri al ,
corresponding to each nozzle, wherein each heater
element is in thermal contact with a bubble formng
liquid, and each heater el enent has a mass of |ess
than 10 nanograns of the 10 solid material and is
heated to a tenperature above the boiling point of the
bubbl e formng Iiquid, thereby to heat at |east part
of the bubble formng liquid to a tenperature above
said boiling point to forma gas bubble therein,
thereby to cause the ejection of a drop of said bubble
formng liquid through the nozzle corresponding to
that heater elenent. 15 2. The printhead of claiml
bei ng configured to support the bubble formng liquid
in thermal contact with each said heater el enment, and
to support the bubble formng |iquid
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adj acent each nozzle. 20 3. The printhead of claim1l
being configured to print on a page and to be a

w@ageAwdiok h printhead. 4. The printhead of clBCTMAL2003/001512

wherein said mass is | ess #han 2 nanogranms. 25 5. The
printhead of claim 1l wherein said mass is |ess than
500 picograns. 6. The printhead of claim1l wherein
Cﬁﬁh@ mass is | ess than 250 picograns. 7. The printhead
ﬁaiml wherei n each heater element is in the form
of a suspended 30 beam that is suspended over at
| east a portlon of the bubble formng liquid so as to
Lbe iAn inkist prmthessrogrisinger ewi t h. WO 2004/ 048106
PCT/ 8. The printhead of claiml
mherebggﬁﬁgﬁpégéﬁéfﬁélenent is configured such that an
act ugtledsposenesEtiod héateldnlean, voilith inehalen solglsmétedyl, earesponding
uired tqo be applied to that heater elenment to heat
totfﬁg]?nﬂ@é‘i Stheginent sufficiently to forma said bubble
in the bubble e formin
i cct on of sararaa: g i REEILAANGTMPEbUNTS forming
confi gur elquid, andcei ve a supply of the eJ ectable liquid
at an anbi ent tg[ﬂgerature wher ei n

el enent is confAYdeEEr @8%“&4‘7‘5?“9*}?@{ @ﬁ“?béla%?gfr%’as of the

to be appbaﬁﬁmadaﬁal%a i Healﬂﬂ% aSteiferBfid aldVe BRSAlASoint of the
ejection of a said op | ess han the energ

required bebtile ﬁlrmalgllmmh@fbb)s@l heakgtdenstpartof the éulable forming
equal to ﬁlgl%g\ég a errrﬁ\%e?e]; } h%g}/ﬁ)? l:)g]thgg_g)&nt Eor A3  gas bul(ajble therein,

t enperatu erature to

boi i ng peiertby td Qaus e qédtivhvgadirey ofSaii tubblecforminigdiquil through
a substrate having a substrate surface, wherein each

nozzl e hathenorge gpaespending tethabbsatsiglamanbugh t he

substrate surface and wherein the areal density of

the nozzles relative to the substrate surface exceeds

210, 00Ge paathkeabofdaimlbbangy amﬁigmecblb sapist thabeblslaféradeg liquid in

11. The printhead of claim1 wherein eac e r T

theraplesontashwith achoygisbiagates e agg ip ?@PO’&E‘Fﬁhﬁ"g’ﬁ}&e@H&%ﬂlqﬂl‘i
bubbl e formed by that heater elenent is

a@;%?é%%@d&qmc%%it%h of said sides of that heater el enent.

20 12. The printhead of claim1 wherein the bubble

3V\'hI ¢ r'}‘hg %%gthggc? ote rl.aul,rerl Fgeelgtg C(I)gﬁgured to print on a page and to be a page-width

printhead.

4, The printhead of claim 1 wherein said mass is less than 2 nanograms.

5. The printhead of claim 1 wherein said mass is less than 500 picograms.

6. The printhead of claim 1 wherein said mass is less than 250 picograms.

7. The printhead of claim 1 wherein each heater element is in the form of a suspended

beam, that is suspended over at least a portion of the bubble forming liquid so as to be in

thermal contact therewith.
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configured to formis collapsible and has a point of

col | apse, and wherein each heater elenent is
we@omvioggined such that the point of collapse ofpP@r/hubiobeo1si2

formed thereby is spaced #tomthat heater elenent. 25

13. The printhead of claim1 conprising a structure

that is formed by chem cal vapor deposition (CVD),

sal d..pnozzl b t
e T R R R T T
adtSatl A eleh i 169 tHih GO0 Agnd; 5111165 @J ) &Qe@ﬁtﬁ tO0E ablﬁﬁedbe Itm heater
i ncorporated in the structure. The print head

clofnart b heddhaeaien gomept b ety 1 omba s¥18 bLREGofhs pubble forming
hgllugrlf]%ﬁr&p/r t%ec:?lgs%gﬂ%g Ecﬁ & 35(?15 %t ive nozzle, and a

Ter %8l ts being di sposed WO
2004/ 048106 PCT/ AU2003/001512 45 within each chanber,

the heater elenents within each chanber for
9on dilhe ariathead (Pfé'é%@c]t PRRIgUERFP Secels 2 SpRBLY ﬁ%%lquld at an
L
aﬁbfég{ﬁ emp &) \?%é?t@iﬁ a'gg% r eﬁ%ﬁﬁg& cogﬁg&%&@ﬁ‘& tﬁgt tBOkhdey

rquirpd td beoapplied theess td heaat szdd byt &t cdusaﬁte epavtiopef & eald drop is less
el e nt havin bel

g anens aunter ek e T e v
said laﬁ}pa Btoh‘?#eﬁléﬁpa\ﬁ?r% %&uaﬁ Yo 8aid GRBIAF RlpPA®E RS §did Boiling point.

coat I'ng, ati ng of each heater el enent having
been applied 10 substantially to all sides of the

1fcanfibe Srinthsad of it BRERYSpdn HilaledRlin yBgRt A, wherein
efhi (VIR o bBEAS BpettuReasbna Rfdugh g substrfik biirﬂicb tayd @herein the

nozzl es; and 15 at | east one respective heate

arsibdensity ofdhie ohzalercelatiae tosdicisubsiat T faFe excsed Se%?ﬂ%%les per
to _each ein each heater element is in '
s B o ol L oo e Tor o ng liquid and

each heater el enment has a mass of |ess than 10

nanograns of the 20 solid material and is heated t
11 erp e pineabk aitthb wheTeh 56 IAE clgmeRHEs o BRIt sides and i

cérg%%qréew?dgp%ﬂéﬁ galdtéa§5%e FRmlE BY i hlaﬁ@xséletﬁé}[ttls RIrmbD&t both of said

sides of that heater element.

12.  The printhead of claim 1 wherein the bubble which each heater element is
configured to form is collapsible and has a point of collapse, and wherein each heater
element is configured such that the point of collapse of a bubble formed thereby is spaced

from that heater element.

13.  The printhead of claim 1 comprising a structure that is formed by chemical vapor
deposition (CVD), said nozzles being incorporated on the structure.

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

said nozzles being incorporated in the structure.

15.  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
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liquid to a tenperature above said boiling point to

forma gas bubble therein, thereby to cause the
wep@anisame of a drop of said bubble formng |i gei™AU2003/001512

through the nozzle correspdhding to that heater

element. 25 19. The system of claim 18 being

configured to support the bubble formng liquid in

] | k. e I nt, .and.to ..

L B e I b SRl R SR TR 00 o8 difFerent

mspeetie 1a@ds.20. The system of claim 18 wherein the

bubble formng liquid and the ejectable liquid are of

a comon body of liquid. WD 2004/ 048106

1BCT/ AYRORBAAd B 2lairft @ whikreid @Echsﬁ’egfe‘? @eg{enﬁs%x%e]d%tgsﬁﬁl fhaterial

configured to print on a page and to be a page-w

otk thanedo oPrhiclihey stymicpropértioh il wodditwbd be klessdode periodic

s.is.less than 2 nanograps. 5 23. The system of
ecli:%éa?n i‘@“%\ﬁ‘éF@PHCE‘é‘?‘Eefﬁ’&g&V g@ | ess than 500 pi cogr arns.
24. The systemof claim 18 wherein said mass is |ess

t han 250 pi cograms. 10 25. The system of claim 18
Idher dibs psiadicad eheleim &vdwrain cich Heater Rlenfeot imsobstantially covered by a

, : am._..th is,.suspended over at |east a )
B PR S e ibbrthe v R REERATorl S 1ot appled
stibstantially €oall sides éftthe Badtérivlerddht sii\Btad¥GisBRueh tith Bl Bodfing is
wherei n each heater elenment is configured such that an

sgasnlgss yat i on energy of |ess than 500 nanojoul es (nd)

is required to be applied to that heater elenent to

heat that heater elenent sufficiently to forma said
1BubblAepimtet systehvinbémpofatinga pgintHehd|thélptinBeRD0onRisgayS e

t he ejHiCt j.on of ﬁai.d rop. 27. The system of claim18,
wher &gty of is configured to receive a

suppl =Y i gui e - ' . .
Conpey S ue Rt RHE R A Re MUl TR hERbal, corresponding
teeashingezledvierein t hat the energy required to be applied
thereto to heat i d t to cayse the ejection of a
said drop is | gg@xaQeﬁgﬁaeﬂvgngﬁép é?@@cﬁﬂ“?@lﬂwﬁé afpulble forming
vol une of 1i§aﬂ'dgalg1' ectable Iliquid equal to the volune

of the said drop, froma tenperature equal to said

ambi ent  t enperashireater elegwntihdsei hassef pesk than 10 nanograms of the

solid material and is heated to a temperature above the boiling point of the

bubble forming liquid, thereby to heat at least part of the bubble forming
liquid to a temperature above said Boiling point to form a gas bubble therein,
thereby to cause the ejection of a drop of said bubble forming liquid through

the nozzle corresponding to that heater element.

19.  The system of claim 18 being configured to support the bubble forming liquid in
thermal contact with each said heater element, and to support the bubble forming liquid

adjacent each nozzle.

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

are of a common body of liquid.
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25 28. The system of claim 18 conprising a substrate

havi ng a substrate surface, wherein each nozzle has a
wmomaleiapert ure openi ng through the substrat ePGAT2®8/001512

and wherein the areal dendgbty of the nozzles relative

to the substrate surface exceeds 10,000 nozzl es per

square cm of substrate surface. 30 29. The system of

2] GeThe R EOE gt o5 S en e s P 0P OBRR o e i
pfigths®Rd by that heater element is forned at both of

said sides of that heater el enent. WO 2004/ 048106
PCT/ AU2003/ 001512 47 30. The system of claim 18

erein | hGh. eae ;
2hont fourin PLORSE S LERF AL oS0 e B R R Bms,
col | apse, and wherein each heater elenent is
configured such that the point of, collapse of a bubble
23.or nﬁge syt By clain 49 yiherein satimassis (f@s ﬁ@&t@p RAQSFRIRY- .
31. The systemof claim 18 conprising a structure that
is formed by chem cal vapor deposition (CVD), said
2402z z Ths sypednn gf claimo i P evhatedalsdidh makseis d¢ss tlean 256, pidapraas.
The system of claim 18 conprising a structure which is
| ess than 10 mcrons thick, said nozzles being

25NCOTRELALEH of Blairl 88 Stk 4B heddr elERARNSY $4 #1¥fBFm 6f @kBpended
18 conprising a plurality of nozzle chanbers, each )
beam,rthatie suspengded@var atdegsta pomion b fiel tabblerfdrming|liguéd sorap to be in
of aﬁi d hf ter .el ements being disposed 15 within each
thepmplsontact NS or el enents within each chanber bei ng
formed on different respective layers. 34. The system

of claim 18 wherein each heater element is formed of
260! i dherayssemn of claim 8 whetain swinhspteppliement is popfigrp¢ such that an

roportion, d St . ] {06l
SHRRRRR 15 TS0 O (T 1) RS P PBRLE fhat hoater
chRyherd eht thhehdate 8lentent aifficieattytonfonh arsail bt initlse bubble forming
substantially covered by a, conformal protective
lignigdithergby tarraussikecisgtion ObwidhdiBat er el ement havi ng
been applied substantially to all sides of the heater
el ement sinmul taneously such that the coating is 25
29eanThs System of claim 18, wherein the printhead is configured to receive a supply of

the ejectable liquid at an ambient temperature, and wherein each heater element is
configured such that the energy required to be applied thereto to heat said part to cause the
ejection 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.

28.  The system of claim 18 comprising a substrate having a substrate surface, wherein
each nozzle has a nozzle aperture opening through the substrate surface and wherein the
areal density of the nozzles relative to the substrate surface exceeds 10,000 nozzles per

square cm of substrate surface.

29.  The system of claim 18 wherein each heater element has two opposite sides and is
configured such that said gas bubble formed by that heater element is formed at both of said

sides of that heater element.
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36. A nethod of ejecting a drop of an ejectable liquid
froma printhead, the printhead conprising a

w@bkwnaksivey of nozzles and at | east one respectP@EAU2003/001512
heat er el ement, which inclddes solid material,
corresponding to each nozzle, the nethod conprising
the steps of. 30 heating at | east one heater el enent,
having a nass of |ess than 10 nanograns,
corresponding to one of said plurality of nozzles to a

3. eNMPElAdyHeth R/ 1HRhEeId the Bulilé Whichfeacla héatdrtdlement is configured
formng liquid which is in thermal contact with the at
to| forns is ephlepsielatand hpvapeint yivotlepse; aubwherein each heater element is

SRS P 88 TP SR80ty bl o

hakeeknsaat.d boiling point; generating a gas bubble in
the bubble formng Iiquid by said step of heating; and
causing the drop of bubble formng liquid to be

Jegg?ﬁéj r?;s &ﬁpbj@%‘h{;eat erﬁllé nére “3“’5213‘? gé %?%IE&)B% Oferfibal vapor

depesition ( CVD) psafibsozzles helng. 1n<3ﬂ‘por11@d iméterstmictofe. cl ai m 36
conprising, before said step of heating, the step of:
di sposing the bubble formng liquid in thermal contact

3%'? \?E%?S}Ir ﬁ?&laﬁ{ ?@E&h ising 8 stPGoturtReni Rished thdn 10 AidRdns thick,

e step of eat| ng a mMass conpri ses
sdﬁdaabizh@lmln&aearpmgtedlmmlmﬁtrm‘aw ng a mass of |ess than
2 nanograns of the solid material. 39. The nethod of
claim 36 wherein the step of heating a nmass conpri ses

@eat TTRY syktend 6f 87 19908 ﬁﬁﬁ@b phﬂMit?@fﬁoiﬂé&laﬁfbeks?S&h
than 500 picograns of the solid material. 40. The

coreeshoutling toce eespacgiBe wheziwiand e pluralityof s3id hewier erl@msntﬁh%@g disposed
FBTRA SRR P s B0 B CORR AR B8 it

rebpectivelidyess. of cl ai m 36 wherein each heater elenent is

in the formof a suspended beam the nethod further
conprising, prior to the step of heating a heating

3§l € n%ﬂ% V) B8clafin ?ﬁ%&b%% }a egﬂ%f‘ae&ﬁgnﬂﬁl ‘F&ﬂ{eﬂ'@'solﬁct‘ﬁlatenal

step 0 I 'SPOSI ng orm ng liquid such t
nidietHag 80 ofolisok Hyatanie mopnrtwmnecbmhbﬁei bsazrtdeashone perlodlc

thermal contact wth t a portion of the
clotnsnt kaving 34 ﬁ@m‘?wl&er%f@“ﬂ%? The met hod of claim 36

wherein the step of heating said mass of |ess than 10

35.  The system of claim 18 wherein each heater element is substantially covered by a
conformal protective coating, the coating of each heater element having been applied
substantially to all sides of the heater element simultaneously such that the coating is

seamless.

36. 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, which includes
solid material, corresponding to each nozzle, the method comprising the steps of:

.heatin‘g at least one heater element, having a mass of less than 10 nanograms,
corresponding to one of said plurality of nozzles to a temperature above the boiling point of

a bubble forming liquid which is in thermal contact with the at least one heated heater
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nanograns is effected by applying an actuati on energy
of I ess than 500nJ to each such heater elenent. 30
W@ 2004/0ks306ret hod of cl ai m 36, conprising, priorPCDAUR®3/001512
step of heating, the step 98 receiving a supply of
the ejectable liquid, at an anbient tenperature, to
the printhead, wherein the step of heating is

B R Ul R0 Bl BBt O R0 B SOpBBER ove seid
uﬁhﬁg?@@fgy required to heat a volunme of said WO

2004/ 048106 PCT/ AU2003/ 001512 = 49 ei,ec,t abl e | i qui 3‘6 .
equagencetinga gpp bublle 57 the pubblg ferping Hewd bysaidséapffeating; and

equal . . Y e hdal
poi meb iR oB B bR e SrRRERIERE Bbll bl hedorc
ccﬁfestSﬁHﬁilgit'dtge ahleagd bhahématheavdn etemiant bynenid Stepof gérveanhg a gas
includes a substrate on which said nozzles are
behtdosed, the substrate having a substrate surface,
and the areal density of the nozzles relative to the
substrate surface exceeding 10,000 nozzles per square
37.m ofhs mettodatfelamricaveprisbg, Géferersatdrteh efhesting, thesgep of:

wher ej n each heater. el.enent, has t opposi t ides and

10 whSPRFHE the PupHie farmiBe HAvigdR PRl PRLa 1 4R hiis Fisments.
the bubble is generated at both of said sides of each
heat ed heater element. 46. The nethod of clai m 36

38her Fhamethoddfelamds whereiathe sten ahestinga geass purpprises heating a
th t ed bubbl e | i bl e '
highing ATk Bving A s 6 % o ABRatotn B the i3 RSl

of collapse is spaced fromthe at | east one heated

heater elenent. 47. The nmethod of _claim 36 conprising .
39he Themediodmnislaias 9gvheeinghe siemefkpating 8 Mags Agmprises heating a

f or mi - ' J ol i

R R 5 Y SR 52 B BBkl
therein. 20 48. The nethod of claim 36 conprising the
step of providing the printhead, erein the . .
48r i niThe attintkol 8y v brein i s pLR9aiSs 2 piash camprises heating a
B e e L SRR
printhead has a plurality of nozzle chanbers, each

Aoy noe il R ehiTgh e Bt IGRetd it fjfiqfa suspended
bgfﬂé,nﬁlg aathddGtHEl BRI Plordo Pheitd) i Deafhg & BbAlindeidn®nt having

ments 1 n each o
a mass of less than 10 nanograms, the step of disposing the bubble forming liquid such that

the heater elements are positioned above, and in thermal contact with, at least a portion of

the bubble forming liquid.

42.  The method of claim 36 wherein the step of heating said mass of less than 10
nanograms is effected by applying an actuation energy of less than 500nJ to each such

heater element.

43. The method of claim 36, comprising, prior to the step of heating, 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
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chanber, such that the heater elenments in each chanber
are fornmed on different respective |layers to one

wa@potler106 30 50. The net hod of cl ai m 36 conpriBCTaULI08/001512

step of providing the printHead, wherein each heater
element is formed of solid material nore than 90% of
whi ch, by atom c WO 2004/ 048106 PCT/ AU2003/001512 50

EC%PJ ltl(il.ﬁ equlef tS RIS hls ef%u@dé?p, q%zg\% erppeta eqﬁaglleto said ambient

ement n an atomc
terapdraitret saidajon’lm%@mﬂ'prl sing the step of provi di ng
the printhead, including 5 applying to each heater
el enent, substantially to all sides thereof

44i mu |’[th@@1?&hb°d Jf clém 5P nﬁgfrfgﬂg 5 Ap ok bl‘@%ﬁi&@%&%ﬂﬁl , wherein the

that the coating Is sea
printhead includes 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.

45.  The method of claim 36 wherein each heater element has two opposite sides and
wherein, in the step of generating said gas bubble, the bubble is generated at both of said

sides of each heated heater element.

46.  The method of claim 36 wherein, in the step of generating said 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.

47.  The method of claim 36 comprising the step of providing the printhead, including
forming a structure by chemical vapor deposition (CVD), the structure incorporating the

nozzles therein.

48.  The method of claim 36 comprising the step of providing the printhead, wherein the
printhead has a structure which is less that 10 microns thick and which incorporates said

nozzles therein.

49. The method of claim 36 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.

50. The method of claim 36 comprising the step of providing the printhead, wherein

each heater element is formed of solid material more than 90% of which, by atomic
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proportion, is constituted by at least one periodic element having an atomic number below
50.

51. The method of claim 36 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.



