10

15

20

25

30

WO 2004/ 048110 PCT/ AU2003/ 001500 1 THERVAL | NK JET

W TH THI N NOZZLE PLATE FIELD OF THE | NVENTION 5 The
wo@e@damilo nvention relates to a thermal ink jepPCT/AU2003/001500

printhead, to a printer system incorporating such a

printhead, and to a nethod of ejecting a liquid drop

(such as an ink drop) using such a printhead.

ol L IMALINIS Y S EH, THIN NO7Z 0K P ATE

gas or vapor bubbles in a bubble formng Iiquid. This
principle is generally described in US Patent No.
FIERD G THOINGENTION 15 There are vari ous known types
of thermal ink jet (bubblejet) printhead devices. Two
typi cal devices of this type, one nmade by Hew ett

R R 18 o RGP Dot MRl 16  pEin e
innox:pzfaﬁsg sichpridtherdeand t© a methed efiejbsting adaruidifitopdsuch as an ink
P zIe gﬁﬁte I’¥$&hisaseparatelyfabricateditem

r&ﬂ aPrINREEHrani cal |y secured to the walls of the
chanber. In certain prior art devices, the top plate

20 is made of Kapton TM which is a Dupont trade nane
BA&KGRﬁﬁWDrWQéH;PEIm]VE%TK}NhaS been laser-drilled to
formthe nozzles. These devices al so include heater

el enents in thernmal contact with ink that is di sposed
Thelpraseninvehtoniazalvesthe kfuctiieat ink @rdpsdyiwiy dfffemsBY gas or vapor

form ng as bubbles in the ink. The gas bubbl es
bypblgsinad u%blé&rml@& ligwidy Fbisiniiecideisissacrpliy deserbedd indJS Batent No.

Ugg%’gqgofgglgﬂg the nozzles. 25 It is an object of the
sent rnvention to provide a useful alternative to

the knovvn print heads, printer systerrs or met hods of

gg‘%’l ES O Dae !@e‘gg SF @F Pﬁn&’ﬁé‘g %WR?WO

tyﬁE:aﬂdé%deb'b’EﬁHé {5k, A6 MMk '39 HeW1ét f’édkﬁfd zﬁﬁlRﬁ&Bth J‘ Ofhon, have ink

Invention theré i's provided an ink jet printhea
ejediopmogilagand/bapber/fongarine RERIACR00BY BxEES0 Each chamber is

covered by a so-called nozzle plate, which is a separately fabricated item and which is

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

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

SUMMARY OF THE INVENTION

According to a first aspect of the invention there is provided an ink jet printhead

comprising:
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2 a structure being less than 10 mcrons thick; a
plurality of nozzles incorporated on the structure;

ware4misiheast one respective heater el enent PCT/AU2003/001500

corresponding to each nozzlz, wherein each elenent is
arranged for being in thermal contact wwth a bubble 5
formng liquid, and each elenment is configured to heat

at |@ﬁ%ﬂcnﬁé'bhngflestslﬂ?anbl‘@t}ﬁicﬁorfs%ek ng liquidto a
tenperature above its boiling poi nt to forma gas

bubbi plurdlidy ef mpzztes moetgomtgd cathestmpraspadt i on of a

to HdresE et Eo foandedlaionl S RO il ol FRAAC fyrtin

the invention éhBeRnicht RI#@Mh ofbéing i BErmSal bt with a bubble
I ncorporating a printhead, the printhead conprising: a

structur efosminggiquis end han 10 i crons thick; a
plurality of n?a%ﬁ'e?e%én[‘fs%o?ﬁ%%%ﬁ e%} Etggasﬁéﬁryfif 8t Bubble forming

and 15 at | east one respec

cor r esponlquid td wteaq&katmeabb@a 1tswttﬁrneg poiraofoeh & gadibubbée therein
arranged for bei ng gmgt hermal contact with lzi\eelbubbl e
form ng | {hsiFeyto %fwae SIFcEPR RER PO ap Riccihicdifiu b hragezle

at | east pafd Q{dlﬁ%@%@%ﬁn@orm ng liquidto a

tenperatureaove Ing point to forma gas
bubbl e therein 20 thereby to cause the ejecti on of a

R e
mwfp@fb&mgra eiABfeRd,ithe Pﬁﬁl&ééﬁe& ¥Bighod of e] ectl ng a

drop of aneectab I|qU|dfroma print head, the
pri nw@mur@bmguksssﬂ@nalognmmsnhlyk,of nozzles and at 25

| eas |ve he orr spondlng to
eac hgl Ro7% %t% 8?1? @ FetROY %‘g‘;{;ﬁ }ﬁen%g t eps of:
pr ovatdedzg oﬁdh%sﬁbt:n% hexbd eldniegit mxtéspbmﬁﬁg foadabin Goxle, wherein

structure which is less than 10 microns thick and
whi ch i ncor por 8¢k slesentisfseangedkior heips snthemaal cppigetayith a bubble

| east oneg, esponding to a said nozzle so as
to heat at %ﬁgqﬁuﬁ%%& 30 of a bubble formng liquid
whi ch is in thechelencanhisaohfigaredtd wat atledsepat obthe bubble forming
heat ed el Iemsnt . s . .
1quid to a temperature above its boiling point to form a gas bubble therein
thereby to cause the ejection of a drop of an ejectable liquid the nozzle

corresponding to that 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
least one respective heater element corresponding to each nozzle, the method comprising
the steps of: 7

providing the printhead, the printhead having a structure which is less than 10
microns thick and which incorporates said nozzles thereon;

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

generating a gas bubble in the bubble forming liquid by said step of heating; and
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to a tenperature above the boiling point of the bubble
formng |iquid;, generating a gas bubble in the bubble

wo oooriongy10 i qui d by said step of heating;, and VETT/AU2003/001500
2004/ 048110 PCT/ AU2003/ 001500 3 causing the drop of
ejectable liquid to be ejected through the nozzle -
corresponding to the at |east one heated el ement by
sai desubRp thd d&? 3¢ Eﬁ&ﬂaﬁ‘l@ lﬁuﬂlaté bRkt tln%ﬁgl’{\’tﬂelnogﬁe corresponding
under st ood hose ski l in the art he ejection

toghe at lgash an)heattftdeel@}lmitbabwé step dfigqueratingss ghsdwbblsed
herein, is caused by the generation of a vapor bubble
in a bubble formng liquid, which, in enbodinents, is

A hell bairddradyd by tHokélskilledin thd@t Qh@@J%@tiUnﬁbf'al dibip O the -E_{b@table

gener at ed, bubbl e causes an increase in pressure in

11@}@ as descebed ]éﬂ!i?la, is wsed by Hrecgenenatien ofig wapor hrkbhlg in 2 bebble
f %W?cgﬁ L wifi Jﬂ@d&#ﬁ@' i§ tﬁej%a%%h%%flgto?ﬁq\tgﬁ éa’raJ Hngél e?ectable liquid.
The.ﬁg&rﬁrated/buﬂbéd d?nﬁses;akl gnc'fé?e &l pebtsureal ej md‘tﬁelllcl@ﬁ@,: wigich fe¥ces the

t is of brie tion i ca ess
OR ShoBSh e rElew el e ft@% o Egraied by fonts eating Qfip feater
elEIIB@nt WiiePisEin %Qp&nfté&[ W?Pfﬂ?é’\{nﬁ] 60 SRS e a?f)h&hﬁ‘) the heater

heater pulse is turn he vapor “cool
isrod bortidmstia, typeslly 1ésmthani? midudseeorcis| Dapﬂ;cestor%klélebmhhﬂhcehqmd the

AL ABRET: b FEP s EAIAE DE Rl 5 36, g e vopo

cdalk, liteSondEmRs, rbdutidtld i@ bubBld@BllZsBOTHE bmﬁ)w sélmbge%qo bQoft
t he ‘point of collapse” of the bubble.

ﬁ

defernineselitha dyenmic et aféndriiy and susfice mpn géﬁleank In this
Sp%kilffcgtlﬁdl} uc%f o%ﬁL ?Sercr:églrstp\égg ::g)%en %%mq Oif gcr)]g o (ﬁggezﬁngob‘fe or

Each portlon of the printhead pertaining to a single
nozzle, its chanber and jts one or nore el errents is

Theignthéad aceoHedp Hiesvantion RpRPEEs|aplurabis af nppales, as well as a
c}}saﬁﬁ)%t] Eﬂc%lfe' R nordMELE: Jlﬁ‘fl&ﬁ? E&?eo#ﬁnedrﬂ?éjt% abh R§IAS @aﬁ%{f}%ﬂlon of

ermal contact wth eac hi's” means
the ipeinthead pgrtsning onesingle natily,dtstohambetandtifs@ne stiglord élafments, is

e e of th fs is heated, it is capable of
“ﬁgﬁgﬂﬂgﬂﬁﬁﬁﬂ ﬁ@ﬂ a@ even though the parts,
t hensel ves, m ght not be in physi cal contact with

each other. 25 Also, the term"ink" is used to signify
Inathy sppaGeasionewhérg mfdt;enmd magle hopartsi beingsd theymal contact w1th each

ention ks cont.ai ni,n olored d
otﬁ OTnS?%szd‘l?t&E%y arg Bp%ﬁ%nefil glgﬁye{/‘(g eagh 1¥1er sucEXhat wheen one of the
parts is heated, it is capable of heating the other part, even though the parts, themselves,

might not be in physical contact with each other.

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

and liquid at the ejection temperature.
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infra-red absorber inks, fanctionalized chem cals,
adhesi ves, biological fluids, water and other
waolnemis) and so on. The ink or ejectable |i geETAER®G/001500
need not necessarily be a strictly 30 a liquid, and
may contain a suspension of solid particles or be
solid at roomtenperature and liquid at the ejection
Int tBI¥RBEGicHRN, HOLFR0PeRIEE LRREF! BEREORINQIIRAR of 4 typR reflected in
this specification, 'the term"periodic element" refers
the peredie fablaoficlements.t ype reflected in the periodic
tabl e of elements. DETAILED DESCRI PTI ON OF THE
DRAWNGS 5 Preferred enbodi nents of the invention
DRETATLED\'DIES CRIPITODEOF THEBRAWINGS Pl e only, with
reference to the acconpanying representations. The
draw ngs are described as follows. 10 Figure 1 is a
PRRBEARHHAR RS ARE kv VIEH BE UGN bl Wiy G RRRDLe onty,
withrbefeienemnto thé adchmpamyiehtcpessentations. [Tae draiihgy ars degeibed as
Oﬁger ation. Figure 2 is a schematic cross-sectional
followS t hr ough the ink chamber Figure 1, at anot her
stage of operation. 15 Figure 3 is a schematic
cross-sectional view through the ink chanber Figure 1,
Figtreyleis a slmadtisrcrassaigetionhl viperthitougiman Fkghambdr ofa wit cell of a

PRSI  5 SEES R B Uy bl B G

Figure 5 is a diagrammtic cross-sectional view
through a unit cell of a printhead in accordance wth
Fighe %8 asabrseptivenessoectional viawdhrobgh thetinkilragnhen Eigure 1, at another
. a vapor bubble. 25 Figures 6, 8, 10, 11,
G R 25 A0S L1 0eT 20 D60 %6 and 30 are
schemati c perspective views (Figure 30 being partly
cut away). of a unit cell_ of a printhead in accordance

Figpter? 18 scheprsigicresasegionahaew tpongh Bis infaehapeher Sigire 1, at yet
arﬁ)ﬂfé@@%gﬁéﬁo&%ﬂ)ﬁ? in the production process of the
t head.

prin

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

further stage of operation.

Figure 5 is a diagrammatic cross-sectional view through a unit cell of a printhead in
accordance with the an embodiment of the invention showing the collapse of a vapor
bubble.

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

printhead.

Figures 7,9, 12, 15, 17, 20, 22, 25, 27, 29 and 31 are each schematic plan views of a mask
suitable for use in performing the production stage for the printhead, as represented in the

respective immediately preceding figures.
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30 Figures 7, 9, 12, 15, 17, 20, 22, 25, 27, 29 and 31

are each schematic plan views of a mask suitable for
wais@4iomsiper f or mi ng the production stage for theCT/AU2003/001500

printhead, as represented im the respective

i medi ately preceding figures. WO 2004/048110

PCT/ AU2003/ 001500 5 Figure 32 is a further schematic

perspective view of the unit cell of Figure 30 shown

with the nozzle plate omtted. 5 Figure 33 is a

Figwh8ads 4 Birther sshempiiv perspastiye pigmt dfjtheunit eslbsf Figire 30shpwn with

thceII oq a Bﬁhﬁthead according to the invention having
SRAARAS SPeh  ar enbodi nent of heater el enent.

Figure 34 is a schematic plan view of a mask suitable
for use in performng the production stage for the

Figire 38 his agclmaticpgespeddyenoew.frarthi o1 awvae df @dinitreell|of gwrinthead

0 Ei. ac . v . .

ool BFEGD g R OH Gy ol AT B SRRERLAG it
according to the invention having a further particul ar
.enbodi_ment of heater elenent. Figure 36 is a . .

Figumdftas # echsmatic plapwigyy oha masl S@@b%afm wserip pegfegnipg the production

S Do B i B0 B L e o

Figure 37 is a further schematic perspective view of

dthe unit cell of Figure 35 shown wth he nozzl .
Figgtg o8 Tofbematic DRI ¥ioks DR FLEHBHAL P B SPLBLE Prhend
ac¥br@ite 1B Md ihVerftioh HaVRY a Mfth& pdRtidula @mbo@imet Bf hdatd?@REhent.

according to the invention having a further particular

enbodi mrent of heater element. Figure 39 is a

sghspatic bl j.ew. of k. suitable f. j .
Fge Pt ferBrlc HBRY of ISR aBble3Pt fiedf peltifnbliegroduction
stdple Goif tBe gﬁnﬂléﬁd & OFigiR G StibEfoRmaiotthe RbAFRIMméN Eiceedf, 25

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

.pl.at,e :om Fiq) .S a: i i .
FBR7 FTRAEE BB BB BSEURLECSEA AR 35 shown wi
thanozzBplewivaditednt of the invention show ng a suspended

beam heater element inmmersed in a bubble form ng

l'i qui d. WD 2004/ 048110 PCT/ AU2003/ 001500

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.

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

the nozzle plate omitted.

Figure 41 is a schematic section through a nozzle chamber of a printhead according to an
embodiment of the invention showing a suspended beam heater element immersed in a

bubble forming liquid.
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6 Figure 42 is schematic section through a nozzle
chanber of a printhead according to an enbodi nent of
WO b@4iomsient i on showi ng a suspended beam heat er PE/ament/001500
suspended at the top of a ®ody of a bubble forning
liquid. 5 Figure 43 is a diagranmatic plan view of a
unit cell of a printhead according to an enbodi nent
{irel 47615 kéneatitic @ébtﬁ;!i’tq}i\ﬂoﬂgh 8 nB@.ﬂe"- l’:lﬁmﬂék gﬂé ﬁnﬂtﬂleéd':‘aééordln to an
iagrammatic plan view of a plurality of "unit cells o
embeshineetrafale myentiat shgwing a suspendsd bipare heater eletent suspended at the
ent i,.on I|ty of nozzles. 10 Figure 45
tops baii%gfaaﬁﬁ\ﬁl?gor@é%f through a nozzl e chanber not

in accordance with the invention shovvi ng a heater

el enent enbedded in a substrate ure 46 is a
F@%%mq%a@@@w ﬁhntvm%a%wa aprvgpg éecqraing to an
t of the i nvention
eﬁﬁ%@m&g a hea %{g) form of a suspended

beam Figure 47 |s a di agrarrrratl c section through a
nozzl chanber of a prior art print

ad shqowi ng_a .

tgé%ﬁ‘}é‘rls érda%e?mé%%aé@e‘r LRI ¢ o3lg of gupheadaccording to

%}r e chanber in
a%‘?;“ég? nce vvlt bg’glgt%ltgﬁgi?y@%ﬂe&?%\%entr on
shovu ng a heater eI enent defining a gap between parts

re. 49 i.s a djagranmmatic sect

Pl tigh a ST PaC DR ittt foec S B aot i Bt with the
inventidBBird b héah W digen@ etbédded iPd Shidtdleat €. Figure 50
is a diagrammatic section through a nozzle chanber in

accordance with an enbodi nent of the i nvent| on

F%ﬁ%\é%égl t Ammn{i‘g géc‘taif)ﬁ hﬁ&? a?’ gozz rau":f‘lb accc?}-dance with an

sectl on YOU a nozzie C

erﬁbﬁﬁméﬁmf&hwntvbnt&m she ik herdr eldimenbin the \f@rﬁi d)iQﬂsuspended beam.
showi ng two heater el ements. WO 2004/ 048110

PCT/ AU2003/ 001500 7 Figure 52 is a diagrammtic

FRR AT S0 e BREEA u GO ct ol e Bkt printhcnd
shibivang ahemtn etersat einbeddddrinaghbsirapeai r of adj acent unit

cells of a printhead 5 according to an enbodi nent of
the invention, showng two different nozzles after

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

element.

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

invention, showing a thick nozzle plate.

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

embodiment of the invention showing a thin nozzle plate.

Figure 51 is a diagrammatic section through a nozzle chamber in accordance with an

embodiment of the invention showing two heater elements.
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having di fferent vol unmes have been ejected
t heret hrough. Figures 54 and 55 are diagranmmtic
W@ e@itiogs1s0 t hr ough a heater el ement of a prior BCT/AU2003/001500
printhead. 10 Figure 56 is & diagrammatic section
through a conformally coated heater el enent according
to an enbodi nent of the invention. Figure 57 is a
Fiblufs Pidaekid gzarfih@ ' ' 88z ey ] i
connect ed t% el et&é‘?%ﬁg@{mﬁiﬁi’%f a print ﬁé%%%g%g#aenﬁéhead
shoyviag tembesdirebaments. t he i nvention. Figure 58 is a
schemati ¢ expl oded perspective view of a printhead
nodul e of a printhead according to an enbodi nent of
Fighees 33¢ ardidaggimmafic kidgioh ﬁqr5v9%l1 Spdr & hi nif0&I18 BEE btiNtBead
view the printhead nodul e of Figure 58 shown
ageREding Wwembmdinent of th igventioandeming tvey diffesentngzziss efter drops

e | ' [ dul e of Figure
L ety PR Ravech o R A Co of ¢ e
printhead nodul e of Figure 58. Figure 62 is a

schemmgt | xpl oded perspective view of a printhead,
FISHES PRiRE 5o 6 i osTamBic ferfions faroyeh § biptareleaent gba prior art

plihtfleHge 63 is a schematic further perspective view of

the printhead of Figure 62 shown unexploded. WO

2004/ 048110 PCT/ AU2003/ 001500 8 Figure 64 is a
schemmtic.front view.of the printhead of Figure 62. )
P e adisdsmalls, SR rp gl sAndattLy charep e mens pocording
toFdnMiR dEdent D f iU &ntBE. | S @ schematic bottom vi ew of

the printhead of Figure 62. Figure 67 is a schematic

pl an view of the printhead of Figure 62. Figure 68 is

R AATE BBl 0 B AL o3 e
o&zif:ﬂilié’gméaidcaclécﬁzlrﬁﬂigttudh eabodigthi OMhe hivesgn.t he pri nt head
of Figure 62.

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.

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

embodiment of the invention.

Figure 63 is a schematic further perspective view of the printhead of Figure 62 shown

unexploded.



Figure 70 is a block diagramof a printer system
according to an enbodi nent of the 15 invention.

WORALHED DESCRI PTI ON I n the description than PGI/AU®3/001500
correspondi ng reference nurerals, or correspondi ng 20
prefixes of reference nunerals (i.e. the parts of the
reference nuneral s appearing before a point nark)

Fidhietdd i8h/chmeslic o 'vfefw%ﬁﬂé }gﬁﬁtﬁéﬂd%?f Figl8ke to
correspondi ng parts. Wiere there are corresponding
preflxes and differing suffixes to the reference

t hese i ndi.cat di.f ferent _.specific
negdiaﬁgﬁ%% lcgs?rrvé%“f)fiﬁ@]eﬁﬂng’g?fghﬁﬁgm ervi ew of the
i nvention and general discussion of operation Wth
reference to Figures 1 to 4, the unit cell 1 of a
Figprerfiorie agchampasiciotigmyvew of hesiathead of Fighre 6% i nventi on
conprises a nozzle plate 2 with nozzles 3 therein, the
nozzl es having nozzle rins 4, and apertures 5
FigutestVdis agclioniaticgpari viewnd il ingeatl ©f Fidunee 6mzzl e pl ate 2
is 30 plasma etched froma silicon nitride structure
which is deposited by vvay of chem cal vapor

e e S IR b ek

ﬂ@“mhﬂmppbdmhead al so |ncludes, Wi th respect to each
nozzle 3, side walls 6 on which the nozzle plate is
supported, a chanmber 7 defined by the walls and the
FiB@%Zd%is Rlsahnatic 1&1%11&1111@11 SRS thrSudhSthe ﬁﬁ&hga@m:@ﬁe 62.
I'nl et passage 9 extending through the nulti-I|ayer
substrate to the far side (not shown) of the

A R SRR S S Bk

invéntion. t he form of a suspended beam The printhead as
shown s a mcroel ectronmechani cal system ( VEVS)
structure, mhich is formed by a lithographic process
NN more detail below. Wen the
DEEAEI?‘I? 'S |n use ink 11 froma reservoir (not
shovvn) enters t he chanber 7 vi a 10 the inlet passage

t.hat the chanber fill o the | evel .as shown in
Inﬁh@ E?S@“EUO P oV, corrgspen: é?reléieé’h‘glﬁa $ 0T FYTeSRRERS

plfeﬁf(es?ﬁfr'@fé‘ﬂﬁke hﬁﬁéralsr(iig the ?ﬂrglsr& tﬁ&%@%?%ce%ﬁnfepa% ;\%J‘%ﬁngobefore a

heating is in the formo t her pul se
papimeatk) shed arbusedtin differert diguess eclatatto t@résponding paresr Mthere there

tact with t ' Al.in t N
orf A panhe recivis At o A g g, eGP indicate
diffRRAL speeititl sbolizmeénis bh@rieBfondipai@dl ngly, the ink 11
constitutes a 15 bubble formng liquid. Figure 1 shows

the formation of a bubble 12 approximtely 1

Overview of the invention and general discussion of operation

With reference to Figures 1 to 4, the unit cell 1 of a printhead according to an embodiment
of the invention comprises a nozzle plate 2 with nozzles 3 therein, the nozzles having
nozzle rims 4, and apertures 5 extending through the nozzle plate. The nozzle plate 2 is
plasma etched from a silicon nitride structure which is deposited, by way of chemical vapor

deposition (CVD), over a sacrificial material which is subsequently etched.
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m crosecond after generation of the thermal pul se,

that is, when the bubble has just nucleated on the
wheaiousied enents 10. It will be appreciated t he€T/AES003/001500

the heat is applied in the 9formof a pulse, all the

energy necessary to generate the bubble 12 is to be

supplied within that short tinme. 20 Turning briefly

ThSpriHtBHIS1S4nc LB, %ith%es%g&%‘ eathTRSKle 535illOWallO6 Bh Rhiéh the nozzle
heater 14 of the "printhead (which heater includes the

pleteasraupponted, mathemben’ defingd by de wallsrandghendzztemape 2phimpilti-layer

s 56 830 88 8 bes2 § exfepsiBe S top st fefer SihsfiiS gp the fr side
(néBstoMny 0O fhelsibstRdd. t & 1&53@&,%‘5@@&{& He@tel BIRmSHEIEis Qfispel®ed within the
el ement 10. The mask 13 25 therefore provides a useful

chagber drrodhaiyhewlemintisin the farns 9f asuspended peane.sThé printhead as shown

. t er - r r . . .
s A3 Bl e R Rh B MEPSR UG §58 e pyg ot
proBsk which iadésciibbé & Bbrecleiiltirlowl0 corresponding to the

parts designated 10.34 of the mask. In operation,
voltage is applied across the el ectrodes 15 to cause

Wi)lléﬁ 'El’f"éHri efgeaﬁlg;?ﬂ{ Js@,riﬂﬂ gl F&?ﬁirﬁéﬁﬁgzﬁotjsﬂow jjé:hters the chamber 7 via

el ectro are much er t the el’ement 10 so
tht dtt passtge Of sd thet tRO ckdnststr fills & thedeved bsashoevni ia Figuoy i d@Hereafier,

by the el enent... Thu near | |1 of the power_ consu .
e e ERRIFUERTIY 1 HEHLGE Srnasia: oo e AEabse i dhel e heating

is§h B¥E0im 4 tﬂeﬁnﬁl}ﬂﬁ'ﬁfei. NSyifl B8 abMREIRY (R4 iiiEheated bRIHRH10 R in
above. WD 2004/ 048110 PCT/ AUZ003/ 001500 10 When t he

thetnagheantagtovitls thedelt tinsthe dasmaher Fesd thad owben thenadehenshis keateal, this
for al ong. the | engt h, .of .,the el.ement,..this,bu e .

oyt B S nar R Bete 1 b e e VRl e Ot opgtitutes o

buftbly fob gl 1Ruid) OFigin@NSsho® B ehef fofm&ambafbubbr 1@l a@gmﬁmately 1
portions shown in cross section. 5 The bubble 12, once

migsepseendeafter ganmationf thehemeal pulsp, thetdssrhea the behble kaggust
| | et | .
GBI e oMbl 175 TN BB Tl e n

foamsif atpsilse] 41l thiereaerioly Rgcebdaey i geperhfe ths bulible $2 & te besdpplied within
as to mnimze the chance of a drop mi sdirection. The
thatshed{hat there is only one nozzle 3 and chamber 7
per inlet passage 9 is so that the 10 pressure wave
generated within the chanber, on heating of the
TednerganteflyGo Highré 34, thergisshown abmdsk| 18 fo2formoms mater 14 of the

effect adjacent.c rs.and eir correspandi n . .
oo e Bl o e o L0 et oabaatortth afithpggophic
prob&R AR e motd\@RaiPBd oY, AFRRINAR 18Ms uAdo $td Me heater 14,

material, is discussed bel ow.
the shape of various of its parts correspond to the shape of the element 10. The mask 13
therefore provides a useful reference by which to identify various parts of the heater 14.
The heater 14 has electrodes 15 corresponding to the parts designated 15.34 of the mask 13
and a heater element 10 corresponding to the parts designated 10.34 of the mask. In
operation, voltage is applied across the electrodes 15 to cause current to flow through the
element 10. The electrodes 15 are much thicker than the element 10 so that most of the
electrical resistance is provided by the element. Thus, nearly all of the power consumed in

operating the heater 14 is dissipated via the element 10, in creating the thermal pulse

referred to above.
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15 Figures 2 and 3 show the unit cell 1 at two
successive | ater stages of operation of the

w@eooabksaaed. |1t can be seen that the bubble 12 penaU2t08901500

further, and hence grows, Wth the resultant
advancenent of ink 11 through the nozzle 3. The shape
of the bubble 12 as it grows, as shown in Figure 3,
When 8R!l f&mdiad 1§’Hea?ed98 RiRiiBkd B0 tlfe'?)%bbl@qwfbﬁﬂls along the length of
dynanmi cs and 20 the surface tension of the ink .
the glefneot this hubtde apreadsg, tiw thei anpssiszetianabviswrof 5@@1@&@ folﬂr bubble

bubb t of
oot RS i DBben Bt SR U LS Sy ©
di sk-shaped. The increase in pressure within the

chanber 7 not only pushes ink 11 out throug@uthe
bbﬂ B, opeq geapmged pwn@ssanslam@asenn prRsgye tHithiLGR chamber 7, which

o T30y LR Ty BESRANE . i i

le‘ildeW@@E rdmmm #liyis ijfecteﬂ] I B miﬁirﬁiltzaﬂ@tdhancelﬁrmﬁop misdirection.
there is a substantial viscous drag. As a result, the
predom nant effect of the pressure rise in the chanber
THe fefsonGh St DfeoHigly &% th
eej gcso'gg %?%ég@ id Oty réJrz le 3 d b%l?]%beﬂpgéj ﬁle’?’ﬂ a%}@ is so that the
prpmmgeveggen%teﬂumﬂum thevbumber, b heatinghf thdﬂementri()rmd dorming of a

a,still f her su ssive stage of
buise T MR ot Reigitiatecnt @flffrﬂlkefa s heig cpRresponding apzes.
ejected is shown during its "necking phase" before
the drop breaks off. At this stage, the bubble 12 has
Thﬂ ade'a@tyﬂgersaféhﬁe@atqr slemenp bhging ispended Tathertbasbeng sobedded in
nd s then begun to col |l apse towards
of égpﬁfﬂbeq%' as reflected in nore detail
in Flgure 5. The coIIapS|ng of the bubble 12 towards

the point of coll a{)se 17 causes sone ink 11 to be 5

Figyrgsd apd 8 showv ths wnit ool I 2wp suepepsivyelater lages ofoperpgon pf the
pod P UL Gl 0 BB FLEL o,y
resxﬂtanﬂédxdneamemt of inkild threngethe noszld Ba\ﬂ?rhefshapn dftiee tubbid K2 as it

an. annul.ar neck 19 at the base of the
grws pa\S. g]?“%ep Figiee i STAYNGS Y 2 qqumbrAahion Qiithe igert @hgym@gcs and
the serdde dbrdi ABYRYL inRT1 1 "PRER-EAER EcsiBH %ﬂﬁ? E@nﬁﬁlﬁﬁ%ﬁ% sxilrgace area of

tension forces, 1n order to break of
thelbubirle fl2 sarthahdyribe tine a3etigin mhwuoodf lguekhasfevaparated)thé bubble is
ter of the neck 19 reduces thereby

12.. ~the, dia
esp%ﬁgyﬁbskfshgpe hount of total surface tension

anty Hgmat

The increase in pressure within the chamber 7 not only pushes ink 11 out through the
nozzle 3, but also pushes some ink back through the inlet passage 9. However, the inlet
passage 9 is approximately 200 to 300 microns in length, and is only approximately 16
microns in diameter. Hence there is a substantial viscous drag. As a result, the
predominant effect of the pressure rise in the chamber 7 is to force ink out through the

nozzle 3 as an ejected drop 16, rather than back through the inlet passage 9.

Turning now to Figure 4, the printhead is shown at a still further successive stage of
operation, in which the ink drop 16 that is being ejected is shown during its “necking

phase” before the drop breaks off. At this stage, the bubble 12 has already reached its
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hol di ng the drop, so that the nonentum of the drop as
it is ejected out of the nozzle is sufficient to

wa@bdoamugie drop to break off. 15 When the dr opPABAU2003/001500

breaks off, cavitation fordés 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
mBRinfHh side al%yﬁefsﬂﬁéﬁbégﬁn ttché’ollébEé Rinta¥dsthe f)('ﬁﬁt moﬂﬁpé%fﬂ as reflected

col | apse 17 on ich the cavitation can have an
lnéﬂ@@@QWﬂZUFnﬁwﬁﬁacturlng process Rel evant parts of the

manuf acturing process of a printhead according to

enbodi ments of the invention are now described with

Tllifeé(ﬂrapﬁﬁg of e Ff)'uﬂlblé 23 téwirfls 82 poah oRebIRIpsE I chiRedddid Bk 11 to be
, there is shown a cross-section through a silicon

d1‘§YYB dtamithipghe poarled (froméhanydes ISorfithedrop), aad mys ¢ be drawn from

t .|
@ B FRGte o2lon s it BORPEH BN, AP 0P s 1t £ BB i Gffs manmer
is dﬁawmﬁfomrthﬁ howerbe3, orntiag po aniinlg: eok a9 unthe bagd df the dropn@ prior to
escrl t#on of the manufacturing process that foll ows
fn relation to a unit cell 1, 30 although it
mnll be appreciated that the process will be applied
to a multitude of adjacent wunit cells of which the
Thxhdiop 1préqutites adettan emopuosEonont@dad b0e8dhe surface tension forces, in

PCT/AU2 001 0 1 re 6 re n e
org o BTG AR bl gD G R AP o 0P b RBRL e bubble 12,
thamametém thesRER 1 9tréRRePheRrbS }éﬂﬁéﬁ‘@%%ﬂt %Pfdtél%hﬁ@& tension
process, including the fabrication of drive

hqldlaﬁéh%drep,sﬁo(th@tthgmgmmunhoﬁ the droggis s zg:cted ouhef the nozzle is
%’f tg%ﬁo‘g% (Jirg 1808 the conpletion of standard

erconnec ay &t €23 and passi vation | ayer 24.
VVrlng 5 indicated by t he dashed |ines 25

ect r cal | \é i nterconnects the transi stors and ot her
ep 1 & Breaks off qaxisating forges af)catsed as meflastedtbanthe arrows 20, as

z
O i R e ) S g
surfagesria tR3vitinitp oéthepoirit K collabsé i Dom eihidhithe bgyifationtirigave an
f@& ion, designated 27, where the nozzle of the unit
1 wll be 10 formed, through the substrate

portion 21 to the region containing the wiring 25, and
corroding the CMOS circuitry disposed in the region
Mduaufagturirgipragess

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
thereof. This figure relates to that portion of the printhead corresponding to a unit cell 1.
The description of the manufacturing process that follows will be in relation to a unit cell 1,
although it will be appreciated that the process will be applied to a multitude of adjacent

unit cells of which the whole printhead is composed.



10

15

20

25

30

The first stage after the conpletion of the CMOS
fabrication process consists of etching a portion of

W bh@4foaH3$0 vati on | ayer 24 to formthe passi vat PONAU2003/001500
recesses 29. 15 Figure 8 shdws the stage of production
after the etching of the interconnect |ayers 23, to
forman opening 30. The opening 30 is to constitute

Fi%'gx‘r% 4 Iréhre'séﬂtﬁhe 91%)?155%9&5&1% ‘éﬂ%ﬁ gtfﬁﬁamaﬁﬁfﬁétuﬁhé bro@@ss after the

later in the process. re 10 shows t
C%lmlgteormf artaodact CM@&fabscatmrecteeh umgud:mg ﬁlelfdbrecaamn PAiCMOS

b t 21
R G Bl it ftaidiof 22 B BRRU DB RAR Tl o e
ccﬂﬂi 8i@si5of stahdbidrC eSS iRfk@nabdidayesd wm{mpahﬁeatw@qw 24 lwmng

will be etched fromthe other side (not shown)
lntiweteé by g dashedolinesi2yreleztriqally jimsprgonmecis the trensistors laad gdler drive

cif it AR TP iy o e 832 Bent QulcBSor B ncTbE

fromthe other side 25 of the substrate portlon 21 to
t he Ievel of the jnterconnect aﬁiers 23. i nst ead,

Gpayd rings 6 gee fagped indheymetalliatign of etlﬁfércwagec{ kyee3 to prevent ink
]bﬁBﬁrd}ﬁjnﬁﬁ%goﬁlad{@fe%l&l?’ edified 27 wAMR e hgf"zl@@i} the ﬁ it cell 1 will be
ern SO as to roy the transistors in e
formed, dhlroagh thersebstmlteepcﬁﬁon Wbtd tlhe hegien tcmthmngtt%wd‘mg 25, and
reate ' nce fr at re SO to | eave
ol ofie tap 0T Q8 Shen By eppivcib srushy denendet 22, 59 ' For
etching inaccuracies. But the etchlng of the hole 31
fromthe top of the substrate portion 21, and the

ThesHust stage afteh et compdetivamf th)@MOEefabub@m@z)rocmmwtsrﬁ‘tetchmg a

r
pRiREDERE oA Bl Pl BT 898 2% s can
t hus be achl eved WD 2004/ 048110 PCT/ AU2003/ 001500 13
Figure 11 shows the stage of production after a four

wr@r%ﬁhows itqcstageyadpratuction afterdhe ptehiag of therinteroopneps dayers 23, to

e
S cBANEL0Z IO Bt I coind el hR R piRab I e charmber

thatweilldye mhhehliter]'mmelpesdess | ayer 35 is then exposed

with certain patterns (as 5 represented by the mask

shown in Figure 12) to formrecesses 36 and a slot 37.
Ff}g—ﬂﬂeslo SRb@Y 'tlfé%‘?aée‘lff ﬁhﬂﬁcﬁ&{ Apedr 'tl?é‘eterﬁmg Qf‘%ﬁ&l'é% 1fiR Eh(j:[ diBstrate

el ectrodes 15 0O e heater el enent forne
pdrtioe?] ke pdsisiqurwlkre thegwzpledde sxbe Hinmed | [ater3iT thei prbductlon process,

a s (nbleien bY e i aifrisRBag fi0hr B piier Sde aor

smmmﬁmezubslﬁtecpo@u&@z Il&) Jshpm@wtm eheHoA@$1,9b c&hﬁlétbf?t’hb et passage
after the deposition, | ayer 35, of a

torthe phspmtien S/ thy bele 38 il méb@\@rto faetohpdall ﬂwrwéshﬂomrthe other side
of'th€ sibsfra %tortﬁ)rﬂ%dt 'H?J]ltevd' of ﬂ?ef 1n{ér$oq)ﬂle& Ipiyers 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
would have to be etched a greater distance away from that region so as to leave a suitable
margin (indicated by the arrow 34) for etching inaccuracies. But the etching of the hole 31
from the top of the substrate portion 21, and the resultant shortened depth of the hole 32,
means that a lesser margin 34 need be left, and that a substantially higher packing density

of nozzles can thus be achieved.
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nitride. Figure 14 shows the stage of production after
patterning and etching of the heater layer 38 15 to
wo oroaiosd1eo heat er 14, including the heater el ene@I/AL003/001500
and el ectrodes 15. Figure 16 shows the stage of
production after another sacrificial resist |ayer 39,
about 1 mcron thick, has been added. 20 Figure 18
shows the stage of production after a second | ayer 40
of heater material has been deposited. In a preferred
Figurbddishews thetstiigs of pyodnctia after k dourimaictanrthick haygr 85 of ay@nﬁmal

re e B grbnte i Bt i 0 S sTGRP Shapd e orms par

ofdhd &fuctire BRthe PEiAthedd CNRAedist 14yRK BF iskthed B?)oﬁét‘t Weh f&eﬁeﬁn patterns (as
shown, indicated by reference nuneral In th

repriepepiadbit the mask BhoypiaFigwieda) to faymreqesss 3hend p ot 37 This
prﬁx‘ﬁa%:sefor #ﬁf‘él hatlo a r&nt]clg% fgﬂge El%gt%&ie? I1 g%g ﬁl%gggﬁe %%@Fnt to be

formaéElatedlin tﬂl@@ﬁocﬁ@ﬁbn‘; prolcessr Ehhlﬂbm Wﬁbprbeﬁlbﬁlh&ﬁ tethe @focess, for the
t he_ el ectrode of the heater 14 so that, in
fogpationqfdhe n‘?zéies wallsdh fipt wdll defing pastriie eabesiect r odes
whi ch all ows greater energy consunption by, and
therefore greater effectiveness 30 of, the heater
Figtrert8shewd the stage o proaﬂualﬁomaﬁﬁr d¢he chpbsitibmrmntthé lalyersis, af @6.25

i Thaune, 38, bhe, corresponding | ayer 40 does contaln .

nifii@ur e 21 shows the st age of production after a third
| ayer 42, of sacrificial resist, has been deposited.
As t he upper nost IeveI of this Iayer will constitute

be d
Flggte e14 sﬂgwa ﬁﬁ’ égaégg Oif Hmduﬁtrl%lr q;g %tg? %taﬁ% St h.lo ¥4 éheoﬁe%r layer 38
to Py thetRater 14, hgcludifg Hithealer tlehienl By&1d electivdes 13)6

sufficient to allowfor the fornmation of a bubble 12
in the 5 region designated 43 during operation of the

r |
B VERS P RIS a5y NI, ou
michmma;kehaS\Mmmhddﬂdl | constitute the nozzle plate 2.
Instead of being formed from 100 m cron thick
polyinmde film the nozzle plate 2 is formed of

Fighte! 1%‘%?10‘50& e sie of pRiduétict HEL 'a%eéd?l'dquer 10 oFh&#&rSnAbrial has been

ows the stage of "production after tthe chem cal vapor
depegitedi Ini aprefe@vdembbdingint.ithie dayer #0,ildke theoﬁrst hepterHeyek 3y.a5 of 0.25
een partly etched at the position designated

mwgdn@xbc?(tggm}ugrp 5 t he out si de part of the nozzie rim
4, this outside part being designated 4.1

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
electrodes which allows greater energy consumption by, and therefore greater effectiveness
of, the heater elements 10. In the dual heater embodiment illustrated in Figure 38, the

corresponding layer 40 does contain a heater 14.
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15 Figure 26 shows the stage of production after the
CVD of silicon nitride has been etched all the way
wao booaloggii@at 46, to conplete the fornmation of tPET/AT2Z00B001500
rim4 and to formthe nozzli¢ aperture 5, and after
the CV/D silicon nitride has been renoved at the
position designated 47 where it is not required. 20

Fighf 16shé®s %E’é’éﬁget rSdiRE6n Qﬁer%rtﬁﬁl&' ﬁybpm %fffsﬁiqfﬁlal re?smt has been

pr ot ect ive a er of resist has béen app I ed
derieisideds ﬁaq@ unmanesu estet af @Sd@yqr volh codstitge ﬂteanngrsuxfm@ of the
[ Si tor
QR 4O BT et ioe eSO R L R Beoae apstive S the

h&Ok oFitleis msvsr ADPmu R 2Oht 1 sﬁdw for tRdYdrinBEsh ofSbubble 12 in the
f oreshadowed above, to etch the hole 32. The hole 32

regipn designeted ¢ durieppavatinncaf therprintheadneet s t he hol e 31.
25 Then, the sacrificial resist of each of the resist
| ayers 35, 39, 42 and 48, is renoved using oxygen

Fighfes2Bashotve thasiaget dferaduction bit@ thdv@on ldyer 44 stResBepositéd) that is,
wal | s c%nd nozzl e plate 2 which together define the

th@ﬂ%}f%& vifonstgptethenqgzlq Hlatg3d Ipgigas of bemgtiarnaed figm 100 micron
I
Ryl SRR norple 2 P Rt B R 1 91 Borons ek

that 30 this hole, together with the hole 32 (not

sho ure 30) ef.i ne, a sage .exten
e Todrs ool Elipt £ B BRTr Toa depodien (VD) of
mﬁ@c?nzﬂnﬁhdé fofnhling {IRARSAIE, BAIHEA 9arﬂ§ etdﬁed af tBK pbsﬂh@ﬂ designated 45, so
passage, generally designated 9, "to the chamb

a0 Famn A& LLGidTRrNbo 8ot B0, thisowmside patt heing ldQSlgnated 4.1
production process is used to produce the enbodi nent
of the printhead shown in Figure 30, further

Figuie e shoohs eisxshiensapisductiay hfid thé EVEY eMiiliddaatitide has been etched all
structures, are owmn in Figure 33, Figures 35 and

thg wayghigquelh gifte to Gunplfls thofor el e neAzla Tl 4fanggo form the nozzle
Igelg]%fé 51,%% Bﬁéretﬁé gﬁlﬁ%%plggnh @%‘{%‘% gegﬂ &H{ %e&g Q’c thé Eﬁsdf&{ 36%51gnated 47
whéretithie notadetjsiréd. and nozzl e plate 2 cut- avvay, V\,hl ch

reveals the interior of the chanber 7. The heater 14

is not shown cut away, so that both halves of the

i

PSS Ao o] 5390 RE 0 B
anpl)leﬂl Alftet thés stadeathisenbstrateT; 1bm‘t10m21/tsl therggroisd &pmi itseuther side (not

ross t.he odes 15 tabl

SRR BT retiice e SRt mut om SR it Tufigtessot dbyut 899 microns to
aﬁaﬁamo fik@oi, 8fBilen, 143, foRShAABHEd la&%, AMEth Mole 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
this hole, together with the hole 32 (not shown in figure 30), define a passage extending
from the lower side of the substrate portion 21 to the nozzle 3, this passage serving as the

ink inlet passage, generally designated 9, to the chamber 7.
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15 relation to Figure 1, to forma vapor bubble in the
ink within the chanber 7. The various possible

watomoisines for the heater 14, sone of which aPeT/Abz0ABR/001500

in Figures 33, 35 and 37, 1and 38, can result in there
bei ng many variations in the ratio of length to width
of the heater elenents 10. Such variations (even

WHIRUBNaBIVE psdtulAGE pRLER 19{1seH 'ﬁ@p@dﬁé@t‘ﬂé %mjegdl%%nf@ﬁ’thg Printhead

t he sanme) may have significant effects on
s}mvxétmrﬁlgtap 39e@ﬁbﬂammh®ﬂ enfhedistente haing dﬁfmem heaterf struetures, are

ce bet lta urrent to
@c%ﬁlllg\% a gg’r g I ang?ﬁ%lr%esgsﬂgﬁt‘fb Modem dri ve
el ectronic conponents tend to require | ower drive
vol t ages than earlier 25 versions, with | ower
Coutplafink deopajectionve transistors in their "on" state.
Thus, in such drive transistors, for a given
transi stor area, there is a tendency to higher current
Re&priitg' dn'cb ylga'n do Figove30, vied urdigelltiladhevangsemeéntiondd Bbove, is shown with
5{1 t|o gﬁre 36, referred to above,

S 83 ozl pigiehoufaAYs Which rereale thegipterigr af thg chamber 7.

I

T%%‘?%a%eﬁgg”??t?&ﬁ%ﬁﬁﬁ%vg%ﬁa@%e* B SRS T odly difent 10 can e
S®8. represents the shape of the heater eI enment 10 of
that enbodinent, it is now referred to in discussing
that heater elenent. During operation, current flows

Invéetdtion) ik 11 Passes tHr6ud 186 hﬂaaﬁﬁ?és%age@@é@ﬁr%ﬁieezk) Ry fif1 e

parts_designated 15.36), so that the current flOw area
hAbE0 P4 Tbars YoltreeTy mubiod srosBo electmie@fl St establisbtarficref electric

CLLeI F] gllr(%%h\‘cﬁé ¥ At&r e“ge%e bCIT“hJs Iga’cts € el Loiltq: ?‘f’ cL l{eﬁ @gove in

ow e ectri ca resi S ance.

rebitiomem Fights 1,1te forase nipad bubblé irpthe ank&@ltm thdehapdbict 7.
designated 10.36, is long and thin, with the w dth of
the el ement in this enbodiment being 1 micron and the

T{léﬁ%ﬂﬁ)ﬁ??éssﬁﬁé Etglhovvn for I‘Rag&r lg ’;J hlevgflvéfhlaF gﬁcaniﬁgures 33,

| gure as a signi
35aml 3% endB&rantresiil in tlieambdnhgamehﬁvmmtloﬂ@lnsthe vatiol of length to width

jgure 3 and j ust a n | oop 36. . Accordi ngl
o G T i 5 B B S B9 s 1
m8y BE ﬂfe'sﬁﬁb) M8 hﬁ@d‘%ﬂﬁcaﬁi@ errddtd J)n e re[@cﬁnc%l regﬂsﬁlﬂgé of the elements,

current flow, he el ement 10 of Figure 3
aftdl‘tb¢réf0®¢ gn t@dmanes betwieomithe V@l'tagﬂeanﬂ@umon’lttagehlbm ajeetrtauepower of
&% Lven energy to the heater 14 in a given tinme. In

|gure 3 8, on the other hand, the enbodi nent shown

i ncludes a heater 14 having two heater elenents 10.1

and 10.2 corresponding to the sane unit cell 1. One of
Mofegra&lrive glestipric components tend to require lower drive voltages than earlier

versions, with lower resistances of drive transistors in their “on” state. Thus, in such drive
transistors, for a given transistor area, there is a tendency to higher current capability and

lower voltage tolerance in each process generation.

Figure 36, referred to above, shows the shape, in plan view, of a mask for forming the
heater structure of the embodiment of the printhead shown in Figure 35. Accordingly, as
Figure 36 represents the shape of the heater element 10 of that embodiment, it is now
referred to in discussing that heater element. During operation, current flows vertically into

the electrodes 15 (represented by the parts designated 15.36), so that the current flow area
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10.2 is twice the width as the other el enment 10.1,
with a correspondingly | arger surface 15 area. The
wo aou1pat hs of the | ower el enent 10.2 are 2P@i/ap2003/001500
in width, while those of the wupper elenment 10.1 are 1
mcron in wdth. Thus the energy applied to ink in the
chanber 7 by the lower elenment 10.2 is tw ce that
ofaRPbleBifbdRY id ﬂéfatﬁ@l@%ﬁrg@ |\ eHTEH i &n Ledits3n gieY@Eblg%il Y& electrical
vol tage and pul se ation.” This permts a regul ating
regiftanéee By cantrast, ﬂawinmdmm b represemted ihdiguee 3 byt 1ﬁne pait zdes1gniated

1% 100 g5 B b o e ol Hip PO iR | micron

anllQhéthlcﬂq%ssBeﬁng/\d)hfnﬁ&onﬁppr eciated that the energy
applied by the |lower elenment 10.2 is about 2X, and the

energy applied by the two el enents together is about
It %1 bgl ?Slﬂﬁag ‘ta‘l‘ieer%e Fea Eﬂagﬁ&)’% i%?g r%%'?husa s1gﬁ1er4é t§é§ma1{%1ement 10

thbm t}ﬁ: eﬂxfmermﬂo rsh@»t/m arFigare 3seantbhag juddhethgld lobp B6E ARBS&dingly, the
the above factors of ener gy out put

elPFBFntk}Q OJ @P%% é%l wdlk fayq 3 mpeh Wﬁlee@calsréﬁﬁtan@p Ad wﬂ{perrmt a
Ol IEBenBF) (B A, o SRRk e arive

vctltagvrto dtﬂnwe]baa given emargylto tBé)hdaatenMAH ih agdiwem thee. not ed t hat
the upper elenent 10.1 is rotated through 180 about a
vertical axis relative to the |ower elenent 10.2.

In Fiifre 38, &Pth%%ﬂier hhg, kheBnddiRER Shdwn McBude®h heater 14 having two

cornci dent, allow ng i ndependent connection to
heggep g}egtegtscﬂ;q Vandi(d.2 mmespon,%lgmhqb eatda uiiit cell 1. One of these elements

B A I T —

aréIThe mm@ahe&mmweaaem@ﬁﬁ 1022 BreDPBfckdrisGn fedth WwBSe Bbse of the
enbodi mrents 5 of the invention, and the advantages of

uppREglemertahOu exs. 1 miseory inaidthe Shug the p@erge appieditel itkeigt therchamber 7

b}" fib Aoh @Y dfer? llb 29§ tvslfh,ee adf 1@@% P ICPélQI%E]%tOI ot h?t a given drive
resent 1 nvention unless tex Specl

voéﬁagé augteysul seeduiration. drlaw\pdsrgﬁts aaaghlaitﬁigadfelse $ige bhaper bubbles and

dra s S le caIIy referr tQ. 10 Suspended beam

hqli‘@%lgt p P]éﬁk?@teééuﬁ%fg? bubblesand as nenti oned
above, the heater element 10 is in the formof a
suspended beam and this is suspended over at |east a

Aponingtha the shepgpapnlied 1o e iok by Hee uppkr 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.

As the above factors of energy output may not be achieved exactly in practice, some “fine
tuning” of the exact sizing of the elements 10.1 and 10.2, or of the drive voltages that are

applied to them, may be required.

It will also be noted that the upper element 10.1 is rotated through 180° about a vertical axis
relative to the lower element 10.2. This is so that their electrodes 15 are not coincident,

allowing independent connection to separéte drive circuits.
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11 (bubble formng Iiquid). The element 10 is
configured in this way rather than formng 15 part of,

wW@rooBmis1g0 enbedded in, a substrate as i s the cCBGEAUZ03/001500

exi sting printhead systens1fiade by various

manuf acturers such as Hew ett Packard, Canon and

Lexmark. This constitutes a significant difference

bet ween enbodi ments of the present invention and the

prior ink technol ogi es. 20 The mai n advant age of
F‘tqw@wedﬂd]wmt«@eswﬁgartwu irgndodagdritei ency can be

achi eved by avoiding the unnecessary heating of the

solid material that surrounds the heater elements 10

D{s&!ﬂs@ed ‘@éléwpduﬁ‘ief Bsprogtidtcihemdings) @b cérefinbpgifidfeatores B embodiments
. and_surroundi ng the jnlet passa e 9) which

oftthwéfelm% and Rerreantiges pf tiese igatiresedhe pateitp je ggnsidered in
t
w50 78 LR A0 e SRAL gt Syt con
spstifibaliyadxeiudad c&ﬁun mmlmsartdhelam% dose dfa\nem@r@ymﬁ&'zﬁbl referred
only energy which contributes in any significant sense
ot o the generation of the bubbles 12 is that which is
applied directly into the liquid which is to be
heated mhlch liquidis typically the ink 11. In one
» eain dnghifg as illustrated in Figure 1, the
heater elenent 10 is suspended 30 within the ink 11
(bubble formng liquid), so that this |Iiquid surrounds

With@eRROB Y Figltl 1S ahd as mbfitidhed abdve fetRbRE clemeft TLik € the form of
41. | n anot her Egs& bl e enbodi ment as illustrated in

a guspended hgam, anddhig dnsuspended prertat hasvoeemﬁlprs (degigpetadidl 1 xef the ink

yr [

11 S5t o 28 o LA B 3B co Rl W o
pasiofl mﬁ&ﬂmg@nbédde@hd atshwtﬁtd & igthie M AQRHHAE Bilidthead systems made

PCT/ AU2003/ 001500 .18 on_.the upper. side of the
byeyasivEhmantRetugss sRehme htewdes Backarly Cenon andakgxgiprk o This constitutes a
Sl@‘gﬁ?{ﬁ‘% dﬂ'ﬁeéérgse gﬁ%ﬁeﬁ @%ﬂ%@fe gstlﬁn efuﬁ}% n%%’gml(lﬂ{ addh&bAb ink jet
teclembogidsed in relation to Figure 42 where the bubble

will only form bel ow the el enent. Thus the enbodi nent

of Figure 41 is likely to provide a nore efficient

TIRBhBlAdP4htage dFThiS bt iSMGT hiBher! dPici® e alhib¥td by avoidi
refer e?nce ?gc? Fi gures 3(1) and é%]?ert heCIhﬂé'g{Hg}rl glaer%ent faVOl e

thb samecessaglipeting efithe splyd wateoinkthst syeroands the heatereelqnents 80 (for

xRS S s b o RS Wl BEuf BBt pasage

9)wm1dfelﬁ takes"lﬁdlhé@i‘nﬁhd: Piiorl it dd%ties t MBe h@ainglof elhdhrmn& niafaeriass does not
configured suc
con’cnbutegJ to the formation of vapor bubbles 12, so that the heating of such material

involves the wastage of energy. The only energy which contributes in any significant sense
to the generation of the bubbles 12 is that which is applied directly into the liquid which is
to be heated, which liquid is typically the ink 11.

In one preferred embodiment, as illustrated in Figure 1, the heater element 10 is suspended
within the ink 11 (bubble forming liquid), so that this liquid surrounds the element. This is
further illustrated in Figure 41. In another possible embodiment, as illustrated in Figure 42,
the heater element 10 beam is suspended at the surface of the ink (bubble forming liquid)

11, so that this liquid is only below the element rather than surrounding it, and there is air
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that an energy of |ess than 500 nanojoules (nJ) is
required to be applied to the elenent to heat it

wa@ adoitiogsiemt |y to forma bubble 12 in the ink 1BCT/AU2@3/001500
to eject a drop 16 of ink tthrough 15 a nozzle 3. In
one preferred enbodi ment, the required energy is |ess
that 300 nJ, while in a further enbodi nent, the

ox?t'li@ fagyer s‘fdé &&ﬁe tieABnt] AfeRebolimadt hbscﬁse@m&ﬁbﬁwﬁlg% 41 is
t hose skil in the art that prior art devices

prg&rr@d ab the hvéhlm Revidhferm aB arguad dheoelementt1d unbike in ﬂné embodiment

eéf%cet 13 ﬁa%{ﬁg{ t%'fgm | )éatvx%ggee@ﬁ Egﬁbel? HVél\f ﬁ]g/rfa IBQI efe?nent. Thus

the eabbdiennbsFighret 4165 OkE§ %lprolvi’déai’khbﬁl’bfﬁdh@ntaﬁbeﬂthdﬁr of
magni t ude | ower than that of known thermal ink jet

syst ens. Th| s | ower energy consunption allows | ower

.
A 89135, Son Y BRUGE MDD S8, 4208 coment 10
b@hi ﬂ\wpﬂ‘dr@kl @hl}dcﬁﬂ@iet&ﬁandfls freg ail iesSoppositaidg) 86 that & constitutes a
intl ng at higher resolutions. 25 These advantages

Caé”h %Ae present invention are especially significant in

enbodi nents where the individual ejected ink drops

16, thenselves, constitute the major cooling nmechani sm
Efffcienchef theipnintiwadl, as descri bed further bel ow. 30

Sel f-cooling of the printhead This feature of the

i nvention provides that the energy applied to a heater

TR RABAS prb&entl9 uh@ErBondd At isikd Bh&Ehehter SRt | @is&oBiburdd such
drop 16 of ink 11 is renoved fromthe printhead by a

thepmaergyodass thancH0 aaraiosles O meqlzugedctg pisiappliedda tle element to
heapﬁ Fﬁ‘ﬁien@l?i?i‘ Gfrg‘l ablgubnoPe z’ﬁinetﬁ g(g %4 gér%i %1 ﬁg)%:jlni%nk through

A Pubpt | prln

a AesERY 3/ Olnror(eljﬁéfeﬁ'&bmbodlﬁbﬁt tResudtiredfentigly s iess thaed0ddIewhile in a
net "novenent" of heat will be outwards fromthe

ﬁlﬁhﬁ’?ﬁ‘ﬁ@ﬂ@ne‘@t@ﬂﬁ?r@é@ﬁ%& legsrthan ik i ¢ cool i ng. Under

these circunstances, the printhead does not require
any other cooling systens. 5 As the ink drop 16
It &jiHa bt appracidtet] fog tiaove killed in the lart *atgrianart deticestdeaerally require over

tinth ad to | ace the. .ej.ected dro are _constitut ed
crpoples éfﬁ% ybfgelsmem Saﬁic Jtlx Q) BeRergte Eéfg@ﬁhuﬁﬁemg efpet an ink
dﬂbB q6S gMEs, tﬁ@éﬁrgy ﬂe HifenS IRV S the Bfesérf% iVEREES fretal Drd&lof magnitude
movenent of ener gy as, on the one hand, the energy

lomdéxanblgatpﬁ éncmaatherrgaloﬂk jeheystdremdhis 100 er ensozyoronsimaption allows

of 10 h . .
tofetBpora ik cpsloc Rl RBTEREPPHR LT o CRFSE Famapesimplifis
praffthéddeobBig, AN6WE Righer densities of nozzles 3, and permits printing at higher

resolutions.

These advantages of the present invention are especially significant in embodiments where
the individual ejected ink drops 16, themselves, constitute the major cooling mechanism of

the printhead, as described further below.

Self-cooling of the printhead

This feature of the invention provides that the energy applied to a heater element 10 to form

a vapor bubble 12 so as to eject a drop 16 of ink 11 is removed from the printhead by a
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quantity of ink 11. Assum ng that the repl acenent

gquantity of ink 11 is at anbient tenperature, the
wWGeb@agesiin energy due to net novenent of the ePEABR03/001500

and repl acenent quantitied9of ink can conveniently be

expressed as the heat that would be required to raise

the tenperature of the ejected drop 16, if it were at

codih &t dﬁlﬁ’l@éa@lféﬂcﬁ/ed'b tﬁé"«ﬂeé%@d &3 1t%aftaﬁameéﬁkteﬁa% iPfaken into the
the drop as it is eJec It wil preci ated t hat

prantheaddrqm the ink nesglfvowr(ewsélpwh eﬁbﬁn@s@t eﬁ Sels that theaeh¥movement”
o PP R R BRI, 50 LA P hPLBERO Spger e

mﬂﬁlnismc@d’r’ﬂieq{tmtﬁe@ﬂ’[d%ﬂdﬂ & ahf OtHee amﬂfngtszgtan@.t whi ch

ink 11 enters the printhead from 20 the ink storage
reservoir (not shown) which is connected, in fluid

A% g HW%%écf’%d th ambilt dedhiet &%@ﬁgﬁpgpﬁtp{:&gm replace the
ejedied dmpmre eomstitdd Hyethp eanad type of ijdlnnd&mﬂl&lssﬂnhylly be of the same

rou 20 degrees C (Cel sius) glever t he arrbl ent
mags é? ntYF’é‘eﬂ'% CRRrepLige nef mOYeélFenéR % as, p thegmhand, the

e Wa@& Bg the }ﬁaatn?éoftﬁ@’@femeﬁf 10 a b tﬂer&hérlhaﬁ&lttgé h&%emoval of
r|nt ead is Tef rlgerate I n one pre erre
h@hmmigyrém resulbsefrqom iejectiamtdheiisk dh@m 1greed theointakh ioéthe replacement

conpl et. | f.- coal i where th
QiR i3 &5Ran B oot Auandfettioh Thge anbient
tefripBlaBG e he bhangbl ﬁ{léﬂet%ﬁﬁle% neftkovendnd oﬁﬂié ectéa énﬁ@eﬁ]ﬁ‘&'inent

ener gy added by the heater el ement 10) I;ﬂv\/ay of
quertitied of ink saueAnvenienthitbe ﬁ@wsmd asthe beatt ﬂ@t weblsl ke required to raise

{ n

o Sfielftutd S the PG bp ), Bl SR 3E bt Bt 8l f g actua
teﬁiperaan‘bbﬁﬂie dréeagiefsagjected. | S 40 degrees C, then there

is a maxi nrum of 60 degrees C fromthe anmbient WO

2004/ 048110 PCT/ AU2003/ 001500 20 tenper ature to the

r

R R e A T M A
what cdestitutebthe ambiant céngpenatutendn ithdq;rbmpmsa,tthe empardtinethat is taken

RN O TG XTI .
the 'ilﬂc dt6agd deservbir (AR shWn)ldhiched &nRbctsd S ABidt WP @613&%ﬁat1on to

then tenperature variations between parts of the
the inleft fhaeseges £ ofithd priatherd. Typisalyshe egbonsichperagiratwoll be the room

R e TR

Accordingly, a preferred enbodi mrent of the invention
is configured such that complete self-cooling, as
Hewevyer the gmbissl emperaturg gnay be less, if for example, the room temperature is

lower, or if the ink 11 entering the printhead is refrigerated.

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

quantities of ink 11 is equal to the heat energy added by the heater element 10).

By way of example, assuming that the ink 11 is the bubble forming liquid and is water
based, thus having a boiling point of approximately 100 degrees C, and if the ambient

temperature is 40 degrees C, then there is a maximum of 60 degrees C from the ambient
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10 achi eved when the maxi num tenperature of the ink 11
(bubble formng liquid) in a particular nozzle
web@nioes11yY i s 10 degrees C below its boiling pPCTAU8101500
the heating elenment 10 is2mot active. The nain
advant age of the feature presently under discussion,
and its various enbodinments, 15 is that it allows for
teﬁlp@f&.lﬂ"e ROBElifk BGNRE Ee)fnﬁ?ﬁuxfe%d ehdtiHhe %ﬁ%ﬁgurﬁftemperanue rise that
pri nt head operatlon Wi t hout requiring el aborate
the pointhegd eeuld vtdert@r preventing undesired boiling in
nozzles 3 adjacent to nozzles fromwhich ink drops 16
are being ejected. This can allow as nmuch as a

It iaxsdireble ko hebid REFiRRER tbﬁﬁé@ﬁﬁésamlﬂﬁﬁ l&id’}ﬁ*nﬂl@é@t&'(b%eﬂ fAaMat time of
woul d be the case If such a feature, and t

inkeliom | & eigetion) hicky ara verrelase e the bading neat of (d@es}@h tL1. Pghe ink 11
weleSd tslééglea{‘r%hlﬁ)ﬁ aﬂ%e ”cﬁéf e%%gﬂé%é VEI%R}O;&E ?ﬁt@&feeﬁ Q%té &Vtgé‘ éﬁﬁ{ﬂead

rela "es

cdui@resplt imnédneeuegi ok bblng efx&\fe&fdﬁlmg Iﬁbnlfu, gith ehelunihieadedo azd Merefore
e_ 2 has an p per surface 50, and the 25 present
weERIe dPREn T GH POHPlER t BT el BEESKTAPraRaNSTer of the

1n9'£ntﬂ?121§ &6 y&ﬁ%u'i:t #iat %b‘ﬁl{ﬂ% "0 Bﬁn% REakdd ?@(!l Ll%ggt &8 be

areal densi e noz at surtface
adhieved 1thel Gig: mmmhe’&ngnerahﬂq Loﬁthe inknl bfbubbldS faoeing rquald) fimna

DRSO R el ot Lo T Rbieet oy L neifag pork S0 A hestine

clbhehi€l 0 i8 nahdier preferred enbodi nent, the area
density exceeds 40,000 nozzles 3 per square cm In a

preferred enbodi nent, the areal density is 48 828

TR 8B B0 e GRbsnBpR R S8 opd g vagus embodiments

isdeatst dllowseBENhigh hivkAe densttytandk €5t o Hgh Sfeked dﬁFﬁiﬁtﬁead operation
drive-circuitry corresponding to the nozz whi ch

witBetirequiring slaberafle|cpoling mathads {ps provanisngsunslesired bpling in nozzles 3
ac{ég&hﬂoq{o’zzl(s?ﬁoﬁﬂ%lcﬁl 8pé5‘ﬂ§jar%el ng ipe?r'?ﬁﬁtclfu? Hllow as much as a

Ircurtr I'S cIrcurtry not
hurdieed-fold adyeasdintiozble patling dasity chahi vgpuld bd thei casenifiswdh feature,
mﬁhﬁgle unit cell. 1 is, shown, the di nensions of the
E Rratire TSR fenong Vﬁ‘g"’é?“ﬁﬁ%ﬁ%ns in width by 64
mcrons in length. The nozzle 3 of the next
successive row of nozzles (not shown) inmmediately
n nozzl e, so that,

This feature of the invention relates to the density, by area, of the nozzles 3 on the
printhead. With reference to Figure 1, the nozzle plate 2 has an upper surface 50, and the
present aspect of the invention relates to the packing density of nozzles 3 on that surface.
More specifically, the areal density of the nozzles 3 on that surface 50 is over 10,000

nozzles per square cm of surface area.

In one preferred embodiment, the areal density exceeds 20,000 nozzles 3 per square cm of
surface 50 area, while in another preferred embodiment, the areal density exceeds 40,000
nozzles 3 per square cm. In a preferred embodiment, the areal density is 48 828 nozzles 3

per square cm.
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as a result of the dinmension of the outer periphery of
the printhead chip, there are 48,828 10 nozzles 3 per
wa@owangsiem This is about 85 tines the nozzl e B€BAU2003/001500
density of a typical ther#&l ink jet printhead, and
roughly 400 tines the nozzle areal density of a
pi ezoel ectric printhead. The nmai n advantage of a high
WHEEREGERER. 0¥ phch) WP OIS RRAS) inctic e divo-sipnity
coaregmtlinglid dre mizzle, widch comsiss, ipedlysof3 divat traymistdoea shift register,
accommodat ed iﬂ a square cm.of ubstn?te, the nor
an £95ble gatean clpgk regsperatipn Bireu, (R s PU Ty JPEReng pRecHically
idétRegp! |y consists of one wafer. The cost of
manufacturing a CMOS plus MEMS wafer of the type used
in the printhead of the 20 present invention is, to a
ne. ext ent... i ndependent of .the. n re,of patterns.
W TRk R 4555 wRich ariasle A5y 88 § < spRnl s ERigm of the
unitedeBitary ownSd¥®elng 32 hRketsiiy ¥idth lbetica enibromd &1 leRbthn d%hé hegzle 3 of
3 can be included. This allows nore nozzles and
therpexd spedeptivradsofingziles (roh share) imarediabaly juxtaposesithis@gazle, so that,

t i . .a.4] . |
e Tk o R
noarea 3 pakuakzycni. N€his ézatloa s 8 BtimadthBwobtle afeal dakity of Dtypical

opposi.te sides of heater elenment According to th

thgzniad e ot RrathRed, anchiev sl A0 times ths nogAle ks densi of paiesoelectric
prﬁﬁ%ﬁda bubble 12 forms in the ink 11 (bubble form ng
I'iquird), it forms on both sides of the heater el enent
10. 30 Preferably, it forms so as to surround the
heat.er .el enment. 10 .where the .elenment is i.n th form of
T B4 SRR A e o148 LT TR A D8 PG efipeviiss are
baldhefabRéARE 0l fn WafbidRRlaPadkup st h sides of the

heater el ement 10 as opposed to on one side only, can
be understood with reference to Figures 45 and 46. In

the first, of .thes figure the heater e t, 10 1S
T ipleulstier S ik S the s b ORarel 45 B Alm B ST ftbg e ore
noZz@E c@fbe fabhicdt@l inf ditte BacRehicH typltaBe christity Eonetwifer. The cost
el ement is adapted for the bubble 12 to be fornmed 5 qn

ofgeamfaciuring 2 GMOhwlun MEMS svadeifithivae pisd 18 thaprintheef of the
p il U2 jo b 20 Pl Ul SR 4 o
oreit.eThertforsifeindyendidad arsredatsalyshrallf @ rdidtiveboatgeaimbehef nozzles 3

cag&g?@bﬁg Inl‘g)tés aﬁ]gm{sgxré&g %Bgza?stﬁ gndD %%Eei p%%lﬂ?eradg ’iodbee manufactured for

the same cost than in a cases where the nozzles had a lower areal density. The cost is

directly proportional to the area taken by the nozzles 3.

Bubble formation on opposite sides of heater element

According to the present feature, the heater 14 is configured so that when a bubble 12 forms
in the ink 11 (bubble forming liquid), it forms on both sides of the heater element 10.
Preferably, it forms so as to surround the heater element 10 where the element is in the

form of a suspended beam.
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10 contrast, the bubble 12 can formon both sides in
the configuration of Figure 46 as the heater el enent
waoohers10 s suspended. OF course where the heaP@r/AU2003/001500
elenment 10 is in the form@t a suspended beam as
descri bed above in relation to Figure 1, the bubble
12 is allowed to formso as to surround the 15
TR ERRREGHLLABLR! LB both HiRs 8L MEAGLeIBhedtN® aQ%?EJ)&d_Jf@on one
form ng on both sides Is the higher efficiency at is
side pilyy e/ be. unterstooil svithueferenca to Bigurss 46 and #6 h &athetfinsttofitgese

wast i n. heatin olid erj LN icinity of .
e s ie? SRbisaRt O SeodonifR s RS 1 e e g off one side s,
whilé iFBthe 8¢toall o2 tHRsRb@es Zhe dbhént3d9adaptdd! thrihtbabsld 12 o be formed

Figure 45, where the arrows 52 indicate the novenents
opbothsidesiajsBowhe solid substrate 51. The anpunt of

heat |ost to the substrate 51 depends on the thernal

conductivity of the solid materials of the substrate
In et @tfiguertibn stidhads thdt of Fesuird 45, 1e readinathatithy butite Y@ fRs on only one

,Basg%l.e As tqe thernmal conductjvity of water is
sifg phihehieater ¢lement 191 beqause the prement is embeddaghin agrbsirate 51, so that
. N I,

T R o et b B Rl AN S A o) Wfrace. By
catsist; tHeddbblled 2ean &frtreon bothshiles & th2 chafigubam dfdtigered 46 as the

a printh accordin o an enbodi ment of the present
h?aﬁ%éﬁn?%lﬁ?g{lﬁg%ﬂﬁgﬁgieém | apses towards a point of

col lapse 17. 30 According to the feature presently

bei ng addressed, the heater elenents 10 are confi gured

Of goyrex whzrh éhddmaﬁr elormept lsQ)TStih the bilma opaiswpsndsd teain| asgsecribed
7t ' :
ol YR i | e BRI K2R R e o ST parapm e

suspénded ibeidrheRghent configured so WO 2004/ 048110

PCT/ AU2003/ 001500 23 that there is no solid materi al

at such points of collapse 17. In this way cavitation,
ThENGnBee 0P bublP 12 30kl Bh b ofich 1 EHDAer LBSich that i
achBevable. dhizriefles toerredudiioai imbedt thdt hewhsed frheatiggsoiidsmderials in the
are canfigured to 5 hay arts 53 which define _gaps .
VICrty o0& digrieaisr slym@ﬁf_elﬂawm} yjot caREbYs tp GIrFRALing ofBkbtds 12. This
isiRust@Rdlil ek d 85 R feQbro®Rlsh %&ﬁ@at%%eﬁﬁo%e&& Jthat into the
bubbl es coI%uapse are |l ocated at such gaps. The
salidhaabsteageS bf Thadngound af beat 1ass ta tha subistrasufil stepentdsain! the thermal

odhe et Y g P BT A e bt SRS e TG I, which may
bSWaleEBAsRE. ABAthsEE 0BAd ALY of Watkl 18 Y18 Ty 1dW) @nd?6 #aBhalf of

element 10 is
the heat can be expected to be absorbed by the substrate 51 rather than by the ink 11.

Prevention of cavitation

As described above, after a bubble 12 has been formed in a printhead according to an
embodiment of the present invention, the bubble collapses towards a point of collapse 17.
According to the feature presently being addressed, the heater elements 10 are configured
to form the bubbles 12 so that the points of collapse 17 towards which the bubbles collapse,

are at positions spaced from the heater elements. Preferably, the printhead is configured so
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enbedded in a substrate 55, with an insulating |ayer
56 over the elenent, and a protective |ayer 57 over

wo b@siomawd at i ng | ayer. When a bubble 12 is forP€rAD$003/001500

the elenment 10, it is fordgd on top of the el enent.
When the bubble 12 coll apses, as shown by the arrows
58, all of the energy of the bubble collapse is

tHaOhidfesis do i Pmateyiarl M sﬁéﬁiﬂ)dmﬂg Qif Bb114pke ¢! hﬁ'ﬂﬁ?s%@ﬁcavﬂtéudnf being a
t he protectlve | ayer 57 were absent, the

mgice REGDLRrA N oIt themeal tnn;k jehdevieeyi is darpelp ehmmatedmo ul d
result fromthe focussing of this energy to the point
of collapse 17, could chip away or erode the heater

Refegrivento Figure Hbvm\aqfrefefrbd Smbé&difiety e 1edicb¥lehdtfts 10 are configured to
protective | a 57. Typically, such a protective

hgvg\napts 37 whic eﬁlﬁﬁ e (Gegresgaied Y dhe &rove 84t end tor form theshupbles 12
sd"ntgl'éﬁtrl]%@m n@’(ﬁf coﬁ &qattgwqﬁﬁﬁgbgﬁﬂlgsecogléggeoé% ocA{e& hp #i\%ﬁ gaps. The

materl als can resi st
adautagadf tis feathire io ¢hat armad;taxmany atvoids devitation dainbes to the heater

Chl to the cavitation, then oxidation
fftpjgé‘fl&aﬁ’&%ﬂlddpat?ﬂ%l under | yi ng tantal um netal, so
as to effectively repair the tantal um pentoxi de

| ayer. 25 Although the tantal um pentoxide functions
Ly ep$tandaydpryonget dystiem dsrshewn egtm@tlpailskmcﬁag.lm K@ thra heatemdtement 10 is

llgﬁgqf ¥ }%%glﬁjs’g?tgggv\gﬁ %‘é%lu tipg Zagfgy ?«ﬁog&&é%?lement and a protective

layer 37UBlel shetifgalathigl1 @r WiRG i biBbleaYds fthel W‘ﬂl@ﬁeﬁeﬂt 10, it is
t hi ckness i ndi cate W%’/l the reference nuneral 59) st
12

fosmedh en tenpfithe elempsnt.  When ﬁlﬁé?ﬂbbletlﬂ@oﬂmgﬁ% raedhcezvrebagsbe arrows 58,

i ' . bubb
o) BF e KRGy B P butbR B i oled b S BRI efgtapse 17
If\tleaf yroteic’gi?e Bgerefi7ontre abaing iiencthe trfR€hdnidal ﬁiruém duenél tHettasitation that

1éohe ef‘jél ci ency of the heat transfer. Not only
IR therfegessneind thingnssey ©rtheaaint gfsaliapses! 7, could chip away

e
o G4 e leditr difent TP BG IS BbriPoled th e rordshifp Laver 57.
heat the ink 11, but it also results in a substantlal
therjmal loss to.take place e rectlons di cat ed
Tw@?wﬁ&xgt%ﬁveal r%@oﬁ?ﬁmﬁ@ waw PEEBS) om0 e vemghard
1@&1&%%@&1%%{&&&%% dA'ftﬁBué?ﬁld’lErﬁﬁﬁ%aﬂeﬁalE Rgn 1&dist the

| ement 10 was nerel supporte a surface and was

efﬁms deauitaipnpif thenientalum perttoxide slayabd b@alnppudmvamdug td the

A T LRI TN

eﬂ&}bﬁgﬂp@é}ﬁiﬂth@tahfaﬁuﬁlpbﬂbﬁldéfa}@ﬂ that it collapses, as
illustrated in Figure 48, towards a point of collapse

17 at which there is no solid material, and nore

AR IS YRI5 MDA B P s

inkjé¢ systerns,Sehds dertamhil&di/am:{ges 00n¢ pfghﬂ'fcaﬁtlhkﬂdbhﬁt@ge is that, in effect,
h ,

wgtuzgl?y t% ie prE)tegtrl\?e ayernSc} (Ha? 7 r(:i‘é !cl %wkness indicated by the reference

numeral 59) must be heated in order to transfer the required energy into the ink 11, to heat

it so as to form a bubble 12. This layer 57 has a high thermal mass due to the very high

atomic weight of the tantalum, and this reduces the efficiency of the heat transfer. Not only
does this increase the amount of heat which is required at the level designated 59 to raise
the temperature at the level designated 60 sufficiently to heat the ink 11, but it also results

in a substantial thermal loss to take place in the directions indicated by the arrows 61.
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can be eroded here by the effects of cavitation. The

tenperature at the point of collapse 17 10 may reach
woraeng/osgiousands of degrees C, as i s denonstr at BAT/AY2G08/601500

phenonmenon of sonol um neséhce. This will break down

t he i nk conponents at that point. However, the volune

of extrene tenperature at the point of collapse 17 is
TiRRe 8138dVantaBa woliEn A% Eéé@ﬁt'lpﬁ'le ‘?1featef él%m@ﬁ’t'w&rﬁlérelf‘supported on

this volune is not si ficant. he generation o

asm@c@embms net osmerbdlhythetprct@tﬂlmdsm’ 5f70vvar ds a point of

collapse 17 where there is no solid nmaterial can be

achi eved using heater elenents 10 corresponding to

Atddading tCRE gia@lﬁi’jle_ %@es@ﬂtl;l WRlcPaiséusdOnthe Bbed foe a@?&&t%%ﬁr 57, as

in Figure el enent represented is symetrical

degeribed above, ot X@Id@my@eﬂﬁb@g thy bubele rlafse rﬂ@eﬁ @tewﬂiapﬁ@s,aas iestrated in

S
rilre T oBRRGT ol S 1728 TR e 6 0 e B e
pdriididarBOwB} tlesnelistthe Qa;QSADPMWScﬁl parats3 dfftiisd lesackr @fenttt DU As there is
of _annul ar (doughnut) sha&e as il lustrated b

mergly{ae ki HeidseAn shig lasgtion (prigp iaubblteecarwtien) ﬁwﬁ%xsmm@tenal that

cay}% g?&ie her ba{tﬁg effﬁc!t?gf %EP Hﬁ'}.l_nﬁle tg%h%rﬁ%{%ﬁ ffle i){)}ﬁt of collapse 17

mswtmtlamanyatﬂoysaﬂds of éémmdl as Wdemanktrated ba ﬂﬁaqﬁ],endnhmon of

apse is asto mnimze the surfac
Soeleflﬂgr FRCRGr r HﬁL v s hle campPOnERiSt sl BY b sHipwever, the
vdhbbeedhanrete Hl?&l‘aﬁﬂe hOonebeint 8r MBS LAk 55 BARE 138 tﬂeﬂfestructlon of
as is 25 permtted by the dynami cs that are involved
infrigpryponentst inrthis volsend is gof ignifieanpoi nt of col | apse  bei ng
in the region of the hole 63 at the center of the
heater el enment 10, where there is no solid material.

Theeenb@abe bf Sk dubble 12050 AR iEEARPSS thivaldsa peait bf d8l1apde of where
t he mask shown in Figure 31 is 30 configured to

thegetis ee/2olid watgriplgan beschievediising honter plentshis 19searsnondipg to that
€ 4 t
RS RL e Sl 5 SRR bl HRuce 9t MEBR g bscnc

syhmhetri&al, @H/Hahe hoIB&Epleﬁenﬁefd lﬁhﬁe ﬁéf&ﬁﬁ(ﬁl &nuﬂi&hlm/it@é&it&ﬂ When
PCT/ AU2003/ 0 00 . .25 The heater e emen
the glsmeatis g‘éﬁe‘gég? Prebe,forms groygd e ¢ Iperdayingisatsd by fhe dashed line
i
64) a8 fifen 00 PR insAA ok B EOE il G Shnily Shilo oBustrated by
the daghed tihes Gﬂodtmi @9 it spasnthk elemeannthdingrthebole 63 cihe haki then being

st R B e PElE” FREhubE 1258 B0 ol saped.
Wiheén itollfiRes, ¥ ENaf&S ik ABEtBY sPdas B nifthBe tHeurB&AERLiEn surrounding
hole may be as |ittle as a few m crons across.

t he
thV\h@bhie PqZ gﬁhlsen‘éﬂ%es the buhbdashapy mowingttewatds gspherical g@pe as far as is
pe%ﬂ{éﬁtbgﬁﬁ %%ﬁchys tﬂat ar@ {olVRY. l:I‘ﬁfc’s ln turnn resuRsb {net%e point of collapse

repres
being in the region of the hole 63 at the center of the heater element 10, where there is no

solid material.

The heater element 10 represented by the part 10.31 of the mask shown in Figure 31 is
configured to achieve a similar result, with the bubble generating as indicated by the dashed
line 66, and the point of collapse to which the bubble collapses being in the hole 67 at the

center of the element.
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as 12.36 that are sonmewhat | opsided, so that they

cannot be directed towards a point of collapse within
W@ e@h/og1simal | region. In such a case, wth rege€™dAU003/001500

the heater elenment represéfted in Figure 36, the

central |loop 49 of the el'enment can sinply be omtted,

thereby 10 increasing the size of the region in which

| .

R U 10 Yo 1 e B 1P @ thE bl i in i 36 i alo
cqifiguesd t& Iaehlnwzz $1m1kapmsulltl rWhéredlie damhntum% is dirhen]sloned such that

ext t hr nozzl e plate t he n zzle pla
oo sl HruhTurs Ge oot e haiter Slepismivaay gycet the extent
toGHIEEh & BLbIS R béifo@ﬁa%a fsﬁ&m&t%%mtldir collasb AUA ﬂ@é ﬁ%ﬁﬁrd%ﬁned by
enbodi nents, the CVD is of ["icon nitride

thgihele: Her @iﬂntv}(f? ﬂitﬁ hal¢ ey be T bttbdw arfewgeicons iamassn O¥here high levels

N Y AN T R—

ammzzd mapdrats@lné‘@h&tl&ﬂdeaofmt@ﬁﬁﬁbﬁ cE6ibedirdch 8@ alpdint of
6 of the unit cell 1. This is an inportant advantagé

cllspsg withinsachha sealbrsgion Insachosaseewithregeed tp thmbaatmlﬂr@nt
reggeﬁél{t% %xlelf/lgﬁ‘r r3%qH1 glgtreﬁ %’L,gb;@ (?f tflé el%ll:ﬁe}lt éa% 1?]l§i%t € o ged, thereby

otentl ex- rssues e Sue
increasing thet s qfcbh@fegioal in mlﬁcﬂﬁhe boiat of bdlap®d of txPebid BMo fall.
bet ween the nozzle plate 2 and the parts to which it
woul d be assenbled, the difficulty of successfully
ChEBRENGEP ABARERY Soid &a&daﬁ&hﬁﬁ%z&tﬂi&es keeping them
planar, 25 and SO on, during the curing process of
t he adhesi ve mhlch bonds the nozzle plate 2 to the

DR ook T et priFot eéﬁ R RSl TAtE 3 oozl pate
thﬁ$ Z(ﬁlstlﬂ{hnﬁ ﬁl%tm@thfe Whieh 1§i@ﬁn&?bﬁ&%{1 ﬁ&‘ﬁepﬂih@n {GVD). In

because the difference in the coefficient o
various peeferesdpaphoidinenie theeND i of siicampitade, silispe Riskide or oxi-nitride.
nozzl e plate and a substrate to which the nozzle
plate is connected, where this substrate is of
Tisd aldvaﬂlﬂge ofthedbiAe plla’&SZ et frmed 59'015»63 Usetﬁﬁﬂ i¥is fOrMRed iBplace
a di stance as that occupi ed by, 1000
Wﬁ&?& thesrequigament fof gsseanblingdheraozzisaplaisde ethet eRIEpaseBigsych as the

B 08 1 TS B B B AR e

plate riﬂ_hatanﬂé otherwise be teaguirgd taripadifiauiteao effactiané dad @volve
ALY ERBex g SRR RPN it odk e DPIRARE AP of Gsmel
eﬁpﬁﬁ‘ﬁéﬂ‘be‘c&@éﬁthe%%lg Pﬁ?e 2 hﬁf‘ﬂhfe baAOtd Whidf ‘itrvlrcgﬁ@ Bﬁhssfaﬁﬁled the

such devi ces. her probl ém addressed
diffecatyi o€ SUQS)?fv‘SSﬁﬂb’ kenplelg pompozpnn@saémnboy tagagk |oth¢r,sk¢a}ang dwm planar,

an%ts 8g@l§l'tlnétﬂe glrl:rltla Od}'érgg?nsg?)gglh ﬁ?s% \3@1 {JE cg the ngzz e plate 2 to the

Vi€ NoZ
other parts.

The issue of thermal expansion is a significant factor in the prior art, which limits the size
of ink jets that can be manufactured. This is because the difference in the coefficient of
thermal expansion between, for example, a nickel nozzle plate and a substrate to which the
nozzle plate is connected, where this substrate is of silicon, is quite substantial.
Consequently, over as small a distance as that occupied by, say, 1000 nozzles, the relative

thermal expansion that occurs between the respective parts, in being heated from the
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assenbl ed are generally |l am nated onto the remai nder

of the printhead under conditions of relatively high
W@ R008588110Thi s can result in breakages or undesPCEHAU2003/001500

deformations of the devicés. The depositing of the

nozzle plate 2 by CVD in enbodi ments of the present 10

i nvention avoids this. A further advantage of the

e Lon: I [

o P o Bk o Qe PRt kfhrc o g bk pats together, can
camixe sﬂlrmaglsmmxsnﬂthhaif@rgmfannnﬂpgﬁemuef thgn pvdobssezsle length. This

s iting a,nozz] e CVvD al |l ows the nozzle
Wgelﬁ & St ‘é‘nﬂﬁé?tﬁ‘m%l rtsﬂéh g‘%/“‘iﬂshead 15 at the scale
of normal silicon wafer production, using processes
normal |y used for sem - conductor manufacture.
Apothert prablethasidnesked bkthe dtatwes dilthe inveptidn wrgsndgmnder discussion, at

e R TR TN Y N

aR@BBle8 aR @ineflly 14niinGled Bnbalé FdSaindd? oMBlePriafiRhd 884 ¥onditions of
CVD, then to wthstand such pressure transients, a

relaiiyskydvgh stress.nTi ﬁ@% resulf H(hr@ilmzwreuqdﬁstaélwdfﬁd)rmabens of the
R TR ORISR i BEPRTE o Ben

inwentiosh gyoid thisse certal n problens as di scussed bel ow.
25 For exanple, the thickness of nitride sufficient to
mﬁthstand a 100 at nosphere pressure in the nozzle
i th
AZRRAR Sy ugalor ¥o o feflel® GRS Tl pl AP PR Godifhonts
thaeof risithereomipatibilihyewibh esistiig semieutductor manafavdiing pfoassses.

such.a thic nozzl e be appr.eciate i
DRSS bl R Ao s ooty bt by EHBCEde B hgprinthead
atltRe scllcT RHASH iljddn vlfe{fert ﬂib&lc‘ﬁ@ﬁ eusu%ﬁ?ro&éésés'h%rﬂhﬁﬂ%& ??:’r semi-

of nozzle plate 2, the fluidic drag exerted
conduetpemgniafecturee i nk 11 |s ej ect ed therethrough results

in significant |losses in the efficiency of the device.

WD 2004/ 048110 PCT/ AU2003/ 001500 27 Anot her problem
Eiibiadg thetthal i€Kjes br bubbldet $8&thskp&ithlde prebdtiré k@i, Guring the

plate 2, relates to the ‘actual etching process. Thi s
bqbbleag,@emﬁﬁg phasgs of ypeto 199 Afraospherss.e H dhaanzzlesplataohin such devices
I r
wg%r ?ﬁf; gr@bé )t(l'g:?rlgf) gﬁ%\é\@ﬁg 5%{:% Sq%ss%@%r&ﬁbﬁ?fztéwagéu%fztaﬁhal thickness of
CVDi m)zzlmflhtd wopid sadelyirede disiwanldrbe enddm@bcﬂl@ ﬂliibﬁérs]?dilﬁedcifl the art,
si.st 69 t be applied. To expose that 5 thickness of
such Shigknegags of gafﬁm@ PR FOBK Fusita erian Waklghs s discussed
babkficult to achl eve, as the focal depth of the
stepper that is used to expose the resist is
relatively small. Although it

For example, the thickness of nitride sufficient to withstand a 100 atmosphere pressure in
the nozzle chamber 7 may be, say, 10 microns. With reference to Figure 49, which shows a
unit cell 1 that is not in accordance with the present invention, and which has such a thick
nozzle plate 2, it will be appreciated that such a thickness can result in problems relating to
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 ejected therethrough results in significant losses in the

efficiency of the device.
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woul d be possible to expose this relevant depth of
resist 69 using x-rays, this would be a relatively

W@ omiloys1pr ocess. 10 A further problemthat wouPdI/axe@s/001500

with such a thick nozzle plkate 2 in a case where a 10
mcron thick layer of nitride were CVD deposited on a
silicon substrate wafer, is that, because of the

MdiotHep Eﬁﬂ)‘k‘fn kHat (RGBTSR st ﬁf(tﬂ’l@ @%&H’ sﬁ crf( ﬂ(ﬁt@l &yr &2x Faftes to the

and the substrate, as eren
aOﬁuﬁlfﬁt‘PhlIiglPl@keS@e'ﬂms lstessilﬂnag (Eha,t ﬂ‘td’t&)ZEhBﬁS etched, ds bigown, perpend1cular

e o B e, s oy I TP, T
whlalibtypiall@pRliiré ford ﬂﬁﬁn PO ZALBnPbAleSisPo AR t&bﬁﬁ daSTol&pose that
ny, COWA |

m.crons_(unlike in present i1nventio
@%ﬁf‘o‘l’féeswts@dﬂ@a@mmw deysbobreslirtion b@:bmese drfﬁcult_)tol-'acblswe, as the

0 gl B TSIk B 20, 908 RSO N g

mutdb skibleztb @xpdsatiiels bt deptls oPfbi¥t @ Whhgi 648 NHis would bea
t1 qu ereforp(;dthe f1uidi cpél?ag t hrough %e ygozz I e
r‘?%twr?gfc Y PI¥E¥Sar |y significant and is therefore not

a maj or cause of loss. Furthernore, the etch tine, and
the resist thickness required to etch nozzles 3 in

Aslygthersproblomzhat vohud exi®, wishnshchhethiRk hesde pﬁtdz i15ﬁ1_|_ahcase where a 10
subs e

mpP 1 Ob RySafr il pf . KB owost el pmoopsybEoNafes is that
bealy SheSifRAD ARSI BERSIARAyd thd BFDIBANRRN tfe dubstrate, as

only approxi mately 1 atnosphere an
wgkl ﬁ@ﬂ}@hgh@’gntégessmf wvithar thagkt depdmwddmr, ths watentowld ®d caused to bow

tors, which contribute to
RSB BB B S R et B P Al b el
Thlm;{ ailayeflfor theeele plitORas dfick &% fd‘xhﬁ:r&}égﬁﬁme ﬁgl?ﬁesﬁresent invention),
clude; 1. small size of chanb accur ate

®Possile, shdisadvapiagqoss.3 and chanber 7: WO 2004/ 048110

PCT/ AU2003/ 001500 28 3. stability of drop ejection at
| ow drop velocities; 4. very low fluidic and thernmal

W:’thasﬁt&aick t(bEigmﬂaeﬂ) hDéZMeﬁﬁetahemﬁl ik d BB A IBEEE h&oﬁh?to an
ubbl rea;, 6, low fluidic drag through thin (
‘Eﬁ égﬂ’r«@se@t myention, fig GYBuitide npzale pldtedayes 2iinknly 2
mﬁir&i?stthf?:ﬁ. tTRERHAE tHe iR dBg trough 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.

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

devices, as mentioned above.

There are many factors which contribute to the significant reduction in pressure transient
required to eject drops 16 in this system. These include:
1. small size of chamber 7;

2. accurate fabrication of nozzle 3 and chamber 7;
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8. self-cooling operation. As nentioned above in
relation the process described in terns of Figures 6
wo 0030481the et ching of the 2-mcron thick nozeCBApR@BE01500
| ayer 2 involves two rel evatt stages. One such 10
stage involves the etching of the region designated 45
in Figures 24 and 50, to forma recess outside of
4. The other such
3'&2‘%@1 nvo]{ag%gézﬁ I%gt(relf) I%eselé&% ’n the region
4 desrygowt fhddidGnd theﬁh@lww@tallﬁbaw@erﬁﬂozzm&:h actual ly
forrrB the npzzle aperture 5 and finishes the rim4.
15’1’?{61212‘}%025]()&5&7@"9@@@%%@@% As addressed above in

6.1 Shya e bt BSnLipfiR Zﬁﬂzrgg bhfleBozz! e plate 2 by

CVvD, and W Eh the advant a sctibed in that
7. r é@upcﬂssurh@sadmtoanbleﬁtEm thnoughehpindstdnt i nvention are
in the prior art. Mre particularly, the

%]%1 thant
n(§ 'Icgolbqgacfp@ga’f are | ess than 10 nicrons thick. 20 In

one preferred enbodi nent, the nozzle plate 2 of each
unit cell 1 is less than 5 mcrons thick, while in
Aaﬁ@nh@medmb@ff@mrr@bn@mﬂmﬁms desicnbe'pckmnm affagures Gto 31, the

i hi r ed. thjc ss_f
et%ﬁ]gfzié ?gﬁlpe)ltza fcr%n tlhéiil I&p&)arlig { wvo%ylg%k\% e efvgﬁtesg%%es 8ne such
stigerineslvésthdefchidg@fithd @ nﬂ%méﬁ‘eﬁ&f 48 ’Fik@res DL afdd 86,80 %orm a recess
ture, there are a plurality of heater el ements 10

fe
Olaﬁlg‘f) eEwhatiyiflibesome the I@ﬁé‘ﬁﬁ’é‘? 4.7 The othge snchstage dmsiollves a further etch,
1n-lEﬁ§r62{S it atb@46 E@E&D%@Q% ah@ 5050y a&ﬁ? (}l #9}1199 Hle z%lge aperture 5

pr oc escCr | ove In relation gure
ar@ifjinislres tHeadmed i n respective layers. 30 In preferred

enbodi nents, as shown in Figures 38, 40 and 51, the

heater elenments 10.1 and 10.2 in the chanber 7, are

Ngjzlélltf,' hic8hRRhessdszes relative to each other. WO
/ AU2003/ 001500 29 Also as will be
appreciated with reference to the above description of
th I|t raphi ¢ .. proces each ater_ele 1, . .
A Bfastiold B BB S P D o B G R s with the
advBgtagdsi deb&ﬂi’ed RbhinGt fe@ASthe@loaile Bﬂités(in ﬁﬁcﬂ}eééﬁﬁm%nﬂdheare thinner

el ements 10.1 being distinct fromthose relating
themn the peer at. eM@rﬁ pamc@arlss therrozelegiaien 2 aredess thamol Omer@as thick.

T R T .
thickewhitain mﬂleepﬂ:fén Gd&ihYOddﬁh@ﬂtled; lbiﬁhhan 2.5 microns thick. Indeed, a

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

Heater elements formed in different layers

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

process as described above in relation to Figure 6 to 31, are formed in respective layers.

In preferred embodiments, as shown in Figures 38, 40 and 51, the heater elements 10.1 and

10.2 in the chamber 7, are of different sizes relative to each other.
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drop volunes, that is, so that they can cause ink

drops 16 having different, binary weighted volunes to
wheoogjogsated t hrough the nozzle 3 of the parti cBCEHAUZNBN01500

cell 1. The achi evenent of 220 the bi nary wei ghting of

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

relative sizes of the elenents 10.1 and 10.2. In

r I . e 10, .

ARG LB P opb iR AP et 8 W WU DE R Rp R PSTRAL 1 phic
ptwﬁsecach heaterdlerhént1.0.1016.2K s fosme bly @t leastiond etep ©F that process, the

BP0 b s TFIEAL b s

K%gm%tsgkcﬁﬁng%&%Ehgz and these are also sized on a
bi nary basis (i.e. to produce drops 16 wth binary

wei ght ed vol umes) These elenents 10.1, 10.2 are

adj .t th [
TheERyileT, Roasisorstehty apfd RV 0 acB & it TEMeRed ne
sdhemlatiealldn thef (ﬁ£ A¥ 1%11’1‘@5 5L tHat 8P Bin 5@11&/16 weiggﬁted ink
e that 12.2 fornmed ar ge

relativel id{af
@Péfﬁhmesatéatzls S@rfh?t thesscaneiamq iple dyopis d 6 deving f@alhtbbma@@veighted

L R -

thedidry be@ﬁngl of the Ivehﬁﬂlé,é of tieadk dfdps d6Psetdibniéd by B relative sizes
ofct used to  be %1 ected by the three respective bubbl es

e glementsyl Oglgpdy 0.3 In|l$1g\me|5|1 the argeof Ehd batiom hotar elanent 10.2 in
cSHtAR with J.B@g%(elltlggrgxgﬁ:g iray oiltoaglgat%pelgmt Lhepe! ves are not

require I nary 0 cause the
ej ection of drops 16 havi ng dlfferent sizes or the
ction. seful tlons dro ndeed, the
Off R iorcit S5 nigr ookt b hghomh ang Bleie B ematically i Figure 52,
alB B4Y 150! éatey cleRentd163 Ad lt()rEefo? E@dﬁq{btzﬂe 1Qld]’chesls%r@also sized on a
t hensel ves. In sizing the el enments .

bigaryibesie (id. taprpdugs d;{hp%tﬁ With pinaoy anhtedtVbhmﬁdsmnalese elements 10.1,

t th f, bubbl e
SRR Bl b SRR SRR B bR RliRg o wi
apprépikitet] thaethe babEO 19N avirie %amk sindll @lenitat 13(')1 Wﬁﬁy id réle{tﬁﬂay small,

the nozzle 3 once a drop has broken off nd s

whidg that 15,2 dermed by dheloczerdementd ds elsigis yelativedy lmm The bubble

I
24t B b BB BEEORRS 1) lchizns, RHBT by artichipted
sibmltalﬁjouﬁy,gd dbsjgmiltai:lﬁ Z&eT]‘n@g ggfirgugf wf()eﬂ&nld &ﬁipﬁ ed vhil fﬁa rcétfused to
wei e rop vol unes 4/ 04811
b?ﬁ‘#%ﬁhﬁ@@ﬂ@%ﬂ%ﬁ“@@ bwyﬁ%l%ﬁel%? ad 3t he heat er
elenents 10.1, 10.2 is fixed and where the rati o of

their surface areas is therefore fixed, the relative
It ikt be apyfreeipted thadi thbr&b;rsaflﬁe clameite 16.djandt10@ thyms&ljvessaré: ngt required

totbg%gi#f gx{%g&&@i}t a%Te S c? ﬂac {()tqé)\?gir%elﬁn XWchir‘ %r%rétcs?zes or %he ejection
o?ﬁ??b%rﬁ?hg?ﬂﬁvrﬁ?? If}lﬁfpst 8ed, BERHay $Righting Shag well ndt be represented
precisely by the area of the elements 10.1, 10.2 themselves. In sizing the elements 10.1,
10.2 to achieve binary weighted drop volumes, the fluidic characteristics surrounding the
generation of bubbles 12, the drop dynamics characteristics, the quantity of liquid that is
drawing back into the chamber 7 from the nozzle 3 once a drop 16 has broken off, and so
forth, must be considered. Accordingly, the actual ratio of the surface areas of the elements

10.1, 10.2, or the performance of the two heaters, needs to be adjusted in practice to achieve

the desired binary weighted drop volumes.
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However, the pul se wi dths cannot exceed a certain
anount of time, because once a bubble 12 has

womhesied on the surface of an el enent 10. 1, ROT/ApP2003/001500

then any duration of pulse3nMdth after that time wll

be of little or no effect. 10 On the other hand, the

| ow thermal nass of the heater elenents 10.1, 10.2

allows themto be heated to reach, very quickly, the

tenperature at which bubbles 12 are forned and at
Wikierecthe side oﬁﬁlelﬁataf clepieptstiod, 10Miis fixédandrmhererth@ratio of their surface

ef fect |v eWIdlhIS|I ted, by the onset_of
argRp it re f‘tﬂﬁ AZgs)| elegtegrd{)qm& 6gnay be adjusted by adjusting
th] GERIES ¢ tth BT TohBH t

Sﬁ%ﬂz a@%g:é aobl e current md%i&gndgtﬂﬁedc%gﬁ er?;%gug Xhe

durhmn efithe bperatidnepuises f the eldbertth £0.hekL 2 f i.eltheiepuilse Wﬁltlis

10. 2. As. sho in ure,51, the two ate
HEPg sy hg PHis® M chng} it Eeramipititas S hapsasoe a bubble
18 hdsvRicleated b tthe ﬁﬂfac@\bf &Pél%eﬁthl@sﬁ 1012 fiéh tafly d0rafBY op}gulse width

e

identical to each other, a furtheér adjustnent can
afierfileas tige Wil heenf lisdle eteoseffast.r cuit's, for exanpl e by

sizing the drive 20 transistor (not shown) connected

to the lower elenent 10.2, which is the high current

Ot ltlend@hér, hahd,the [ovi hemmilhadss o9 tirdrbREeleMmehtd @ OUPPOL allows them to be
el enent 10 1. for exanple, the relative currents

hegtedhtp dgaghs ¥ty ﬂeclidéfs%\é ¢emRRsatEretavhich ubbles 12 @rofosmed imd at which
dbP€16 Bl ePecfedl thd b u&req‘féz?fi%é Igflse% dtgbg 1frhit u})it e onset of

connected to the I ower ement ypi ca
butbi ecucl dasion ypitdllyah archmdd)rS mécrdseaosdssthe mifah®n pae w1dth is
.sho the circuit 70 connected to the o her 5
gy Oy shevariaplg flrgtde apd theeugpRlsasinGt hiigiaa s gpierated by
th QedtbiOdléBe$10.1 Ry heat er el enents 10.1, 10.2, which

are in the sane |ayer, are produced simultaneously in

t he sanme step of the lithographic manufacturing

ocess enbho nt . of ent i nventi o ;
APPRGET PRt P e B BoAE iefhenlsd RIB30H: eptbegienihearespective
drf Alscuitd7@, Aaﬁo@ms@r«tﬁdmmﬁa Bé Rlch@dalBsled @tttk tefurther
the other. |ndeed, as descrlbed in the process

adjystmentrcan be elipeted beway ehthese eirauits foeexamplobpsizingties drive

R ] SRR LTSI A 0o RO
element] fargeir EHanIth?@t ebnikBtddgo depgpiei element MO0 IH fortdkample, the relative

el ement %f ghen t he terlal WD 2004/ 048110
custeHS AP 9dheErsPechiye £ fnepﬁel Ogk: A 812 ¢ ghthﬁfatlpo’- }, thedrive

traqﬁgaﬁlotf% &&u& b@tcoﬁﬁb%teﬁ% ke 1b%a+1eﬂneﬂtefo J % gg@gﬂgfﬂ%%wlce the

heat er el enent ayers ayer of
weiltleqﬁme dtige transistest (else solshowmsetha cirdultt ‘mocgmamécbto the¢ ether

elgrﬁgnttllael sacrificial layer 39 is renoved.

In the prior art described in relation to Figure 52, the heater elements 10.1, 10.2, which are
in the same layer, are produced simultaneously in the same step of the lithographic
manufacturing process. In the embodiment of the present invention illustrated in Figure 51,
the two heaters elements 10.1, 10.2, as mentioned above, are formed one after the other.
Indeed, as described in the process illustrated with reference to Figures 6 to 31, the material
to form the element 10.2 is deposited and is then etched in the lithographic process,

whereafter a sacrificial layer 39 is deposited on top of that element, and then the material
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5 Referring once again to the different sizes of the
heater el ements 10.1 and 10.2, as nmentioned above,

W0 kiog/ols$0 t he advantage that it enabl es the el BOBAUS008/001500

be sized so as to achieve3tultiple, binary weighted
drop volunmes fromone nozzle 3. It wll be appreciated
that, where nultiple drop voI umes can be achi eved, and

; t
f%%gfg%?‘aég%&?%ﬁtégiiqis%i ngcg(ﬁ g?.é% %ﬁaﬁgr is ﬂgﬁ%e the e two heater
e]pment laykersidihe, lajwm of tite sacdndw&mqmt 10l is esloddiist amacond 11thographlc
t g nor e er the sane circunstances, higher
Sg%eaél %ﬂ) ?aﬁ?ﬁﬂﬁ 4T S 5OMVeded. That is, instead of
just ejecting one drop 14 and then waiting for the
nozzlie 3 to refill, the equivalent 15 of one, two, or
Referring ence sgainiteythe differepiovzes of thadwater clgmletmatl Otlhed 10.2, as

rq%l}{féér{elﬁ%g)g‘g é?p és tﬁg ﬁg zingachtt}bqi it nglée%%lﬁ é:Le shtp%ﬁglzeg] 50 as to

adhieviehndeiple Hiriﬁsryfv@&glﬁéd drofFB hies i eﬁéeﬂoz_zlem.pr acti ce,
however, the nozzle refill time wll typically be a
limting factor. In this case, the nozzle 3 will take

Iti&lllg)iétagﬁ(rfl:ﬁf%g?ﬁe{/ o {1&8%\111 1@"890 \?%lﬁérﬁésg ca.g VO| Hiﬁ\éégdo Blédeﬁpemally if

they extbénhry weightdie thenrplhyto@raphm quidlity2@n be lobtﬁﬁledfvﬂﬁlehﬁﬁlg fewer
beead%%ect ed. However, in practice it will not take as

PORIE a5 & 1qWeragint Eesoluliyy to refill. This is due to
the inertial dynam cs and the surface tension of the
ink 11. Referring to Figure 53, there is shown,
Feréheamare;, uader yhe manncumﬁtamhsduglnﬁr speEidtpringing saﬂbéa@ﬁtﬁlfed That is,

g 11535 B R R WAL S
oftgrecived or thinék drb%i t b8 gjetted. WKss&m?ng b RE a@alﬁf)fégef?l{l] speed of the

smal | er vol une een ejected. In the case of
nqzgleghis ngt  Hmiténg Eaﬁf@r,auk msctmne aust hange printingy ubltd thrdeltimes faster,

P50 B 2 B A TR B AL

fabias. ﬁﬁhm&ﬁs@fﬁe&fozzlb@&vﬁlﬁaké SHgh¥ 9 laHiger @Irefll hasn Bee }Iﬂe volume of
{338 fromthe nozzle 3.2 of the other unit cel
drep 36 (egfntiyg do thegpisrmim sizdien) has beeneiested tharbwhen quly aminimum

vdlie lde a‘§ Bkdn é)l(/ﬁl My Lver! il p 09&? eﬁ In?}ﬁt:{a%ggse@}lgl}nas[ three times

t ensi o orce tends to draw

asrlefig tolreplsBag s diettotimridertinlhdynamiczland the stipficé rRbsioh BLthe ink 11.
chanber 7.1, as indicated by the arrow 73. This gives
rise to a shorter refilling tine. As the chanber 7.1

RéfBiringlts Figuke 5616
condigt [ ohguies WO 20%4%82%?%6 PCT/ A%n%%ag?%%élh%%ﬁﬁé% Jeﬁ?l 1 and

1.3 the pell on tetefhl . 1irapresenting fheowatle Grifter & birgervolumd of drbyp $6 has

w8 LRSS SRR igheCh oo B s g, 1

thé bacef dfeaafgeﬂdmpdé ihbicarvagselbt the bt bubble 71 ehdt hhs fPSEA inside the
S| down even though, at this stage, when this
pagg)aﬂl(y. eniptied ngzzle 3 dHe }Prgfﬁ than in the case of air bubble 72 that has formed after

the smaller volume drop has been ejected from the nozzle 3.2 of the other unit cell 1.2.

The higher curvature of the air bubble 71 in the unit cell 1.1 results in a greater surface
tension force which tends to draw the ink 11, from the refill passage 9 towards the nozzle 3
and into the chamber 7.1, as indicated by the arrow 73. This gives rise to a shorter refilling

time. As the chamber 7.1 refills, it reaches a stage, designated 74, where the condition is



10

15

20

25

30

that unit cell 1.1, a flowof liquid into the chanber
7.1, with its associ ated nmonentum has 5 been

w@sgdoabsished. The overall effect of this is thBET/AU2003/001500

al though it takes |onger t@2conpletely fill the
chanber 7.1 and nozzle 3.1 froma tine when the air
bubble 71 is present than from when the condition 74

sinfilR te&aN th@M(ﬁch'nf ukibEelV LD, LIH%JE eo&ﬁn&ﬁftﬁé dfathbles7 ﬁ I?)'fﬁfe unit cell
tines Iarger 't does not take as nuc as three tine

1ilos Q@?tlaﬂﬁ refidlerlland tessuchemtesion fotoerd tlmlrzibteere@udbd This results in

}-ﬁle rs;geed vﬁhg gfw(‘)/rgggedﬁ r%ﬁ“ﬁt&xgrslt%f whe t ! uEhtlon 1sy reached in

thian it vels1.1 h@ﬂb@&if@iﬁuﬁ' iRIGRAS Ehahtbeb @ Im@uﬁ ﬁ§ 5@9015&%(1 #Rhlcftum, has
material, at |east 90% of which, by ight, 1s

beerisiablishedd The osprelleffemfélnp @rth@daldmsgle ifgeites 1onger tmg:oalpletely
t r erred.e L ment

fi ﬂttgén?}gan\{}\%}j? g andl?l%%ﬁ P V\ﬁ'ﬁf\&ﬁén t'hg ﬁgtbﬁgﬁ %% 18 present ﬁxan from

wéhat i dﬂiﬁﬁﬁtloh e iapesine, emem ﬁhhe vslubek®ve filled ethree times larger it
advant age of ﬁ\ | ow atom ¢ nunber_jis that the atons of

dgsapot ﬁ%@éﬁ e g theectimesdenserie eefill the ghamplesr of. beed nesgle 3.1.
energy is required to raise the tenperature of the
heater el enents 10. This is because, as will be

Hentdeelsimentd firmedfome nmkdrial seadnstitutietl ®y @lementsheith low atomic-numbers
tenperature of an 20 article is essentially rel ated
to the state of novenment of the nuclei of the atons.

TAR GOtk ol vesi the Wedtdr l@EEitd B) B@ﬁ§foﬁﬁ@& gy sotlig rﬁ@cbﬁaﬁ dt&st 90% of
tenperature, and thereby induce such nucl eu

witilebreweight, is epnghtutad; byl ongior moage mmdﬁraelem@th hamngan atomic number

| h h
o581 14330 AU e PPl R ot
eﬁb@dfﬁ!ehﬁtheﬁtotﬂiemfght is¥elgven3.syst ens include tantal um

alum num al l oy (for exanple used by Hew ett Packard),
and hafni um boride (for exanpl e used by Canon).

L 73 .
L L
afktherefore leasremdrgy kQeqfired h@ rgidehe ttimpemt@r@tolfﬂ{b liegter elements 10.
T]talﬁ i um mt”glge Tltanl has n atoni c nunber of 22

 BreBt g kS understopity leddn thye art, theriggperature of an
artieleQs esil;eﬁlatllli}qrélﬁfeﬁrt@ tlﬁes'td?goisrhg%rﬁé g@f*fﬂe%ukfeggf b Iat?olﬂﬁn

t hose of th rel evant prior art evice nmaterl a
Apggdinglysit 12@11 PEIRUREe 3h6Q% EOQise 3k ﬁmpemtlaa,chndlﬂnmbwnduce such a

which formpart of h u ri de .and. tan
Ao 3 mirtorpEpifh Ay e et RIS o rpiaeipl having
atbmgh‘tlthrmg}mrllﬁu%l Hovvever the density of tantal um
nitride 1s 16.3 g/cn8B, while that of titaniumnitride
(which includes titaniumin place of tantalum is

N%te?&ls%uﬁeﬁﬂy 1 Sor BE ?x@eﬂgr elénqehttsaetutﬁ]e 1r|1de%t systsems include tantalum

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

used by Canon). Tantalum and hafnium have atomic numbers 73 and 72, respectively,
while the material used in the Memjet heater elements 10 of the present invention is
titanium nitride. Titanium has an atomic number of 22 and nitrogen has an atomic number
of 7, these materials therefore being significantly lighter than those of the relevant prior art

device materials.



5 three tines that of the titaniumnitride, titanium
nitride will require approximately three tinme |ess

wep@gysit® heat than tantalumnitride. As w | | POEAU2003/001500
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understood by a person skiBBed in the art, the
difference in energy in a material at two different
tenperatures is represented by the follow ng

e Boatn 200 alutinis AbidBsvChacpof hafiden BorkE ané mehen bigmidie,

t enper.ature difference, . 1S the. ific heat .

o SRR, e g, g el et o, Fowen: B Aty olgpmtatum
t hfleridegs 6.8 gfom’ Avhitvahig b tilasiuseitsiie wﬁchl if¢hided ?taﬁmm: iﬁ@mcefe of
on 1 atonmi ¢ nupbers as_ it | s so a function o

© etahis S22 BIRE: TS Poraing e pldcieg § dgsy of spppminsately

| iHréd e aliht b the HfinRbOiTride MtdReA fitdde Wil et %?ﬂr@iiﬁmtely three

i nvol ved, and hence is_a key aspect of the feature

uHERE oSy PREERY S et thap gaptafsa pigiide ds avil fe ynresstqad y grnerson skilled in
| meakiyme dIﬂéﬁenB@ﬁteﬁérF?hmérﬁl HQwB Qi fRerft RRApAIMT&Ts Rpfbented by
that the mass of solid material of each heater
ethedfelwingequatian: neat ed above the boiling point of the
bubble formng liquid (i.e. the ink 11 in this

enbodi nent) to heat the ink so as to generate bubbles

12 therein to cause arfETARxdiapV@Exio be ejected, is

| ess than 10 nanogranms. 25 In one preferred

enbodi ment, the nass is |l ess that 2 nanograns, in

ambeaeYl reprsesaisiiatemperaturediierences, Cxds thetsperrfic30@ capacity, VOL is the
p . . r | . .
SQRERER p SER0 duiey St ARG, ARRORH WDt 1Endt RSB only
c bnihejatomiesurabers agii is alsa A fungidinaofitizegettion@mstpnts, dire dengity is strongly
[ i@fun LS ] n_increase

e |§I¥cg(?1tc{€ﬁlgsq& Yres ulfefs ng?hetrrﬁ%&#%ss ucto har}dnrheré%eelsr %geﬂ agRget of

i thetignatre ngder discussioh.i d material s of the heater el enents

10. This feature is enabled due to the use of heater

el enent materials having | ow densities, due to the

r bwtheateimgassmal | si ze of the el enents 10, WO

2004/ 048110 PCT/ AU2003/001500 34 and due to the

heater el enments being in the form of suspended beans

WiEhis featureinnolives thatinattel elemeris D0 beig doafigiréddush thasthe mass of solid

il lustrated, for . .exanple,.in Figur ....Figure 34 _shaq .
t et B et oG usSs ngafha bl e Byt g hubole Torming
héqiié (i:esthlez lteld Illriﬁggs‘ emthﬁiméiday:)ealhm thvemnt Fs_ons td ﬁ’égzﬁfei vabhieath
shown in Figur .. Accor di ngl. a i gure

" et e i irk dZep o g etertibleraher CHBNERTD of t hat
enbodinent, it is nowreferred to in discussing that

heater el enent. The heater. el enent as represented by .
r Sxqued g’rq%o&mefb_ Anqswsiqs 2 gaglogramrs), mn another emb())/dlment the

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

picograms.

The above feature constitutes a significant advantage over prior art inkjet systems, as it
results in an increased efficiency as a result of the reduction in energy lost in heating the
solid materials of the heater elements 10. This feature is enabled due to the use of heater

element materials having low densities, due to the relatively small size of the elements 10,
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has just a single |loop 49 which is 2 mcrons w de and

0.25 mcrons thick. It has a 6 mcron outer radius
w@r@4@48110m cron i nner radi us. The total heat er POEAH2(G03/001500

82 picograns. The 10 correspondi ng el erent 10.2

simlarly represented by reference nuneral 10.39 in

Figure 39 has a nass of 229.6 plcograns and that 10

SRS S L TR AR e 0 o
erhb&lded pn etheninetdrinls, 43 ijusteted3 for eR9mpledinFagurkdr exanpl e,

are used in 15 practice, the total mass of materi al
of each such elenent which is in thermal contact with

Figdfe 3¢ho¥vh thd@iape, ih Fanbh'@pl(ﬁ’ af R4S B0kl (He héhtér@trﬁﬁcure of the
enbodlnennb that is ralse to a tenperature above
¢n

egbodimentef antheadghowh in Feguire k3. Avicbidigdy,sisiFigwre §4 represents the

slb 8P Efre oA RESR A TRRE R it PG bt P gscussing tha

héat@dlemerit NEheBEdtot Lepisht 6d topeesbb@bY pdfererddy rﬁmfeeatllom in Figure 34
i ncreases, to sone extent, the total nmss of

hasgiiea single hméla Wléch e micgonsrwide ﬁp«é@éﬁ mlerons:ﬁml@ rlirhas 4/6 micron

enment n cover e con orna
ccmmpdmdyng elbinSnt ]2752 siolailp geﬂi]a%nﬂ&g bb@e@reaa@hurﬁd'alt 0.3 in Figure 39
si des of Zége el enent sj H&I t aneousl y so that

t he
hasqmpss P20 - Ogucngrangandt l@dfsmeﬁrgltezédoy TsFesense aBmpral 1¢.36 in
F%h?&jdhégqﬂrhyss%%ﬁg?% de, is chenically inert and

has a high thermal conductivity. In one preferred
enbodi ment, the coating |s of alum num nitride, in

her enho i i ano bon 0, )
W s o RERS A T relubassind i At 1L 38 3 S ittt ahe used in
prafridiettRitbaNghaésofithAbtif S 84thaneh emeh\Whieh &8 B contact with
schematic r epresentations of a prior art heater

the iderbh (beir thp hubhle fqmng:l@qmd) s e;mlmdanem) thet idirsisedkstoad

teﬁ’&g?/a\?\% gﬁ&ve"ﬁr}lh&# fﬂ yo&ﬁg oin eﬂgé él?ﬁ?]gl@glgzlhgrh ?hese

masseé ay it leleyn i RIS dd4&d thélédﬂaw@/ iRIARE, chdmically inert,
coated on one side with a CVD material, designated ;

thepmalbrondugtivempteriaa f s goptirsingrsases go a6 atenh therfetal mass of
mBfeESERlsell RS HR RS eﬁ%ﬁ}ﬁeﬁ{t&(}%m ed schematically in Figure
el ng e

56, this coati signated 77, involves
conformal |y coating the elenent on all sides

Csi Itl neousl.y. wever, this conformal coating 77 on
AEGHIS = chieved i f the el ement 10, 5
when being so coated, is a structure isolated from

other structures - i.e. inthe form of a
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
nitride, in another embodiment it is of diamond-like carbon (DLC), and in yet another

embodiment it is of boron nitride.

Referring to Figures 54 and 55, there are shown schematic representations of a prior art
heater element 10 that is not conformally coated as discussed above, but which has been

deposited on a substrate 78 and which, in the typical manner, has then been conformally
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suspended beam so that there is access to all of the
sides of the elenent. It is to be understood that when

WO edoafesice i s made to conformally coating the PCEABRI03/001500
10 on all sides, this excBfides the ends of the
el enment (suspended beam) which are joined to the 10
el ectrodes 15 as indicated diagrammatically in Figure

coafed dlorft MBS wi’ﬁﬁ’ h @S/D Wfdrial %effﬁxgiﬁ%de 25 | R Wﬁé l:(?/a[tlng referred to

coating the el enent on al s, essent
ahdvatin theeresenhipsiandes as‘ neﬂbgted sahematicedlydn lﬁ;guteh% ctlmn toutmlbemg

t | t h t h of t | ement e
Al gemsPRes frspmiiyotond O slermat mhdl slcuPonlichygy.
Hﬂﬁ'}é@& Mﬁrﬁﬁﬂcoaﬁﬁg%bﬁ al1R{RE BAFEnly BB Q@m@\%'lf‘thete%ment 10,
Flgures 54 and 55. can be seen, en the conformal

whermbeing sy epatesd, aimttm@ture tshiatedufin ottee strgtures k. dinthetferm of a

ﬂ%ﬁ%&%ﬁPgéﬁgﬁﬂéﬂéﬁmﬁﬁf%%efﬁ% @8ggﬁﬁﬁﬁ?8fﬁFﬁ£%g%@nent on

the side opposite the conformally applied coating.

The depositing of the conformal coating 76 on the
It h?ef&tb@run etlsa‘?é%hat e pefereneesis madette eonforpgilynopténg tha etement 10 on

alﬁ_ﬁﬁec'st frd Qxc;wgdes ﬁ?eséﬁdg ﬁ)t" fhtre1 efenr?‘e‘i“ﬂ'?1 g\% a}i)enﬁgd Qﬁ%nﬁa%lﬁa{ %jolaed to the

I'sS’seam cons ere” o
elactchbdes e ns uﬂdm&ldrcmgranmpﬁmmﬂlyﬁﬁ ) 1g‘ﬁr@5TI I othkt words\WiRdtés meant by

o d, h f ot
oy Sor el Segrest onil Sactin dneaiaty. Tidheclopeniingilly
surfouR@aHMETHE @oﬁ@nﬁﬁ%ﬁﬂgealeﬁ%atge;é{gg{ ?ﬁhé Bfefifent. @nd 1 1s

coating 76 fromthe substr oW, so as to
render the elenent in the formof a suspended beam

I Ngress f Ii uid or hydroxyl i.ons result, even
ThR R Bl S Sl W Bl B Bnderstons
wilh Eéiaﬂen{‘@bﬁéé @i to Fidfre§ 331h85.7 As o be°§eeh hgh&iBs toAbAnal

78. The materi al s menti oned above (i.e. alum num

cogting 7@ és anpligd.dhosibsiratk 48 eartueh @@Lh@}t)%r dereentéﬁlwmﬂeeosﬂed (ie.

foi‘r%d Lﬁﬁcﬁ\?elg Q&rrsfﬁﬂ%s‘%?@%ﬁ%% %(It)_x Flgmeg{sorb{l}g 8{218 OPR%ﬁ“F the

ccﬁhﬁ&nraﬂblapplﬁedg.h)aﬁﬁl@ rTied deposidug bf mlefcbﬁﬁ)rmﬁlhﬁhﬂinﬂ @®bn the heater
| evel of chemical inertness, 30 and the fact that they

elgmentd|Oarhich isaln firm, s¥RROBHRE 9B theaibstrgie 7 hapsullgiin apgam 79 being
foﬂﬁ%@ Rk sedn? W%Mﬁg%gﬁtﬁlﬁo d gﬁeﬁﬁ If}])oin? RGO By ?ést ir{ddo%her%ﬁgsuable

referred to a e cholce o
prodeds iight foring oc edierentglafvination mpwodcantindeedyialtid ¢aza of the heater

hi e Sif erfornance c cteristicgs,
61%%6@%93%1 %»tg‘f 9{@2@8@&6@ %OWEH j ig Sepagate the }teﬁté?ﬁ element

arld1BSRafiBNY6 8080he WIRHS7RDEIIAYS a§ feﬁ@ér@he element in the form of a
characteristics, may be used ‘instead. Exanple printer

suspengggl bham,hggrlgsﬂ oftligaiddor hydrpsetions may result even though such materials
could not penetrate the actual material of the coating 76, or of the substrate 78.’

The materials mentioned above (i.e. aluminum nitride or diamond-like carbon (DLC)) are
suitable for use in the conformal coating 77 of the present invention as illustrated in Figure
56 due to their desirably high thermal conductivities, their high level of chemical inertness,
and the fact that they are electrically non-conductive. Another suitable material, for these
purposes, is boron nitride, also referred to above. Although the choice of material used for

the coating 77 is important in relation to achieving the desired performance characteristics,
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The conponents descri bed above formpart of a

pri nthead assenbly which, in turn, is used in a
w@eooanes116yst em The printhead assenbly, itselPCT/AU2003/001500

i ncl udes a nunber of printBead nodules 80. These

aspects are described below 10 Referring briefly to

Figure 44, the array of nozzles 3 shown is disposed on
mhREiaRotHH: 'F%C{hos%l?h&tﬁéﬁéﬁ WALy hiWelsQitdié Yracteristics, may be used

transistors, drive s regi sters, and so on {1ot
ingtgatwn) , included on the sane chip, which reduces the

nunber of connections required on the chip. Wth

reference to Figures 58 and 59, there is shown, in an
EQXRpRIRGtH RWIRER IR praindel iS¥pboded Vi ew,

respectively, a printhead nodul e assenbly 80 which

i ncl udes a MENS prlnthead chip assenbly 81 (al so

Tﬁeeéo%n%(i%gn{sglf?cg‘?g%’a@ovet QT pQ\% 8mpn€tﬁg¥é’ Isgeﬁlllébl%g& h, in turn, is used

1nrm§1iita€s.ysteﬁm ClhepiidtiRpReREmMBY, aself, thdhrles apamber &fprinthead modules
(EI‘I nting wwth a resol uti on of 1600 dots per inch. The

hTIEPSSESHeﬁtSé‘F%@ﬁSE%bﬂdﬂ{?lﬂV\éd to eject 6 different
colors or types of ink 11. 20 A flexible printed
circuit board (PCB) 82 is electrically connected to
Reﬂaairrg”brtmﬂ&lo Figore 44; tipepdryeyrod nbmlbs Pshwevn s dibpdsdantthe pigthead
[ The Chl 81 is honde 0. a stainless-steel
Sﬁ# shelydy wih e ansIders Ve Breioteas 4R 50 p{ngsshown),

1nBIi’1|d§(¥ o® thebfidfip, Whidni r§d1§:@§ fle-nufdber moﬂn&honé 13 Glrbd | i)rf’ the chip.

a multi-layer stack of silicon which has Ink anne
(not shown) in the bottom 25 | ayer of silicon 85

e chann Js beiLn i.gned th the ho T
“}lﬂl SRR Eighied 30 Al Sy PR Mokt AR ed 11 e non-
waeva' [ respebtBRBy, B prisitheE hRdileiSsnihty B@th/éﬂh%élu&fs aAMEMS
|e d of the stepper that is used to fabricate the

righepdgehip aﬁﬁ@nblgﬁé é@lscs@f%%i totbglovetss dép) & g typinabclap assembly
ST O A O 37 e

pritttimgobignmedsslufion ef(IGI](l)Cﬂo@peilmﬁanTE@chlp Batis 415etonfROLE to eject 6
%%é% \?trlholes %i in a md-layer 88. Different ones
differeheolerontaes oBekdili gn  with different ones of the
hol es 87. The holes 87, in turn, align with channels

89 in a lower layer 90. Each channel 89 carries a
Adleikitde primted exprtthoank(PEB)R2 ioklectmicalleoomapdted trthe bisipl8asfor

SHgEL A RO ST et T chin i epinel i SO0 o g -tec

upgi@ﬂlalyér shletdy3esh W tb Bvéﬂh@tah%ay BPhﬁ%s SPeteRedtih %kumsﬁ’ee't aﬂh%rchlp 81
in turn are aligned with further holes In

ltﬁtelfés a ﬁp?é‘ii layjepgtack @ﬁﬁdaona@whrh@sek plnaels 6t shew) 1nglm@bbttom
laﬁf‘ért(ﬂf sflﬁgn %g,qﬁgse%ﬁ&in%lsgo%ngg alfc’gng& 1tg%h o1& $£P

The chip 81 is approximately 1 mm in width and 21 mm in length. This length is
determined by the width of the field of the stepper that is used to fabricate the chip 81. The
sheet 83 has channels 86 (only some of which are shown as hidden detail) which are etched
on the underside of the sheet as shown in Figure 58. The channels 86 extend as shown so
that their ends align with holes 87 in a mid-layer 88. Different ones of the channels 86 align
with different ones of the holes 87. The holes 87, in turn, align with channels 89 in a lower

layer 90. Each channel 89 carries a different respective color of ink, except for the last
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channel layer 96, so that these inner parts are

aligned with, and therefore in fluid-flow 5
w@ormesic@t i on with, the air channel 91, as i nPCT/AU23/001500

by the dashed line 97. The3fower |ayer 90 has holes 98

opening into the channels 89 and channel 91.

Conpressed filtered air froman air source (not

cl%ﬁémales%)ta%ﬁ@lt h@usclgﬁrbﬁ%nei) d1 ishd'n ahf\g ah€ kse&{%%d gﬁh%ﬂher

hen passes through the holes 92 and
h@llefb%lnefhe mlﬁ-li‘/hewnvdnt}ayﬁnmwsﬁ aligred stithefurther Iﬁﬂeswﬁdintt]n@upper

6 nd
IR EHA" G s P a5t Be s P 455eks SR H eop
channélSaye? 96 88 thatitheslinnkd Bartd J.}E @Hgﬁd@wﬂp aBd ﬁleﬁéf@ireqn H-flow
whi ch covers the nozzles, to keep the nozzles clear

cespmpisationgwidh, thepit thanaek 91y ag mdmatsd bytkesdasheq g 97.
shown) pass through the holes 98 of the | ower |ayer
90, into the channels 89, and then through respective

Theloegr Bfer 903 hdle398 dpesipg Gitb Ve dhaiess alﬁﬁchaﬁnél@ﬁl Compressed
rside of the upper 15 | ayer sheet 83, throu

ﬁ%@ e dioppagr %@11"834 ngt showay) edfgesdhe clglﬁgelt%ethrqugh levant hole
9@ hgid St rxﬁss%? thr&?%l ho ﬁol;ég bg a§<%91? %’gﬁs :9%?@#@9 ﬁg(?vlea&gaé& the sheet

t’here are just seven
83 anyethe 96 c}(amnd ldyer 9@ aespectivedy, and id thén blodndnte theside be of the chip

oSG Lo PR Wire TSP i 0 bieeBba e end G which covers
thRQHZ218S tPRechTRe fdbizRs cildr 6F }]Qigéxedlﬁg Difﬂaré’ﬁﬂy%lcﬁ'e@ I8 11 énot

vi ew of the pri nt head nod assenb Fi gur es
sherien) sgss tlnz@uglm ﬁ@rmms&éldfyheslhwnlaw@%mm ﬂ@foéam@ls 8% and then

ke NS 7o Rlorb GeSdhg BRBRF Yoyl bpice ofthe upper

laglér sheet@B[ theduigh Yedpectilie NG of Th sha andYigh thﬂilgh AR slots 95, to
chi p assenbl i ch constitutes the nozzle guard

the ¢hip Hs If wel %’q mt@c} that tsrepreskepvan pf the hples g8 metheé@lwgrdayer 90
I
e R S R
pgsagaet thiuidtip 8T ke indvieing diyceted 10 thel %80 Mmosiles @pihe @hi. has
i nk channels etched in it. These ink channels are
aligned with the holes 84 in the stainless steel upper

Fig@¥edo, 8'@Rich 83ide Midv §Eﬁ1%tpnﬁaleﬁfﬁl%ﬁﬁl%§8sehﬁﬁy 30 de F]l§urdas 58 and 59

conpréssed air from-t IFfower T ayer as descri
1sab]@¢mtlcalﬂudsh0Mnlsd10Mewfmddhe Th& c8fierdayar 402 of thetchip askengbly is the

I AR PR OB )rHE RS s e Bov Grutirs Aapgsid] b top layer

of88e amg abRpDIy, hANE! co%gtlﬁlﬁbstﬂli@n&zﬁle%uﬁﬁisﬁjmkﬁab% thd fltered
because it would otherw se ractical to align

campressgd gis thbeissctqdrese o lseepvtbq: po arGhboles B4 Gvhiolh arg

regbSenil SBmrFT PR BT AR 0BT e e 1 ox poB

82 is connected to the shift registers and ot her

Cui (nat | ocat ed
The ower }ayer 105 1s ofq mﬁcon and has ink channels etched in it. These ink channels are

aligned with the holes 84 in the stainless steel upper layer sheet 83. The sheet 83 receives
ink and compressed air from the lower layer 90 as described above, and then directs the ink
and air to the chip 81. The need to funnel the ink and air from where it is received by the
lower layer 90, via the mid-layer 88 and upper layer 83 to the chip assembly 81, is because
it would otherwise be impractical to align the large number (7680) of very small nozzles 3

with the larger, less accurate holes 98 in the lower layer 90.
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on the layer 102 of chip assenbly 81. The chip

assenbly 81 is bonded by wires 106 onto the PCB flex
wa@pa4nksase Wi res are then encapsul ated in an epOrRRULD3/001500

To effect this 5 encapsul aBBng, a dam 108 i s provided.

This allows the epoxy 107 to be applied to fill the

space between the dam 108 and the chip assenbly 81 so

that the wires 106 are enbedded in the epoxy. Once

the epoxy 107 has hardened, it protects the wire
Thofiet P@BS&Zrim conmeeted totine shib’tmegilsierﬁaalidm’ﬂhdy)cirpaipm(nwwown) located

o5 2 4 5D RS BB b5 B e 105

the PRI A&Hand tB¥se \ﬁr@,ra!r@ﬁl@ﬁ %ﬁ'cap@tﬁ%m ¥ dfdxyW7 C o effect this
i ncl udes, anong&ot er conponents, rlnthead nodul e

engepwiinges dag 188 is me@dcql saﬂ@wstheﬁn@xw%homa?@phed to fill the

Sp%%? ?&E)Féén@a 'a% 41Q)§nafn|6%h f %rmfny BBQ 0% ptg%tqflei}g? 2663 are embedded in

the lep it 3 et cabs €50y Y 01 Dad hatietdsit pratattnthe fvitd Wondingniuieree from
nmodul es assenblles 80, which are glued onto a

CopRInRRTEb Y PRAR &I dosh s CoRemedieRicak coatasbnt et al

plate. A series of groups of seven hol es each,

desi gnated by the reference nunerals 111, are provided
Rbferrmgp:p [Fygurér 62 Gherdii shomarschanataally,ah an kaladleﬂ tibw, a printhead

aspf:rg 6@8%8.1{?@115%@%5;22501{2& ?r?ngl%gg!f%se S q’f\gqq%)ﬁgagge% lies 80 as
d&BARGRRIbo¥+d. OThd fritthddd R&enity €9 id é&ﬁﬁﬁl‘%@ fi gedRidthlygrinter,

i ncludes holes 113 therein. These holes 11 are no
sytabledont Adoeb/Stlkféeriypeepapé2 is first connected to the

channel 110, but are formed thereafter by way of

melting, by forcing a hot wre structure (not shown)

ThdpniBéndtReenttb €9 inkhides Wl &hofat BEinthBANMSQli¥Easd8mblies 80, which
guides to fix the positions at which the holes 113

arg glier@ntocassubyite Rnasl h103n thiformiafe bent metakplgte. A series of groups
oARSEMRIIYs 'd%s@ﬁi’c@ﬂ@#r gg:'ri%g&(cmﬂu{m Hhid lfe l, %‘g p£%v1%1%deto supply the 6

conmunit Ca

dlgﬁefmpsd&flsbf fink doldethe b@ﬁmbse& hfto thwd dhﬁp ad3emblidses . 9&1 imruded
t he | ower IaXer 90, of each tgrlnthead nmodul e asse

ﬂ%blewl@hwséé ﬁéuﬁf%ﬂ’%@cep@r f FRannglnidndi @ﬂllheanm @ﬁ the hose
fn@fﬂlgest IQEGSI BRGhéef éﬁﬂ%@e ﬁlﬁgﬁ 13re REEH 8l whdiPihe th'B?e 112 is first

ose iI's connected to 1 nk contalners (not s
ccamdctadl tot ﬁle clgmpeksi 0 betrete fiihed ti3fedfteeby wag o meitinggbly forcing a hot

i SRS B 67 B e B Bl o
thegl;élﬁbm&%@&ﬂé@@olegﬁ13‘\aféaﬁatedt AhehURBAN S, \%éﬁttﬁe fifthead

supports and | ocates the channel 110 and hose 112, and
assetnblyd 948 assephler, P it Buidoftow hersmunithdors vaaldes NIHQ(which make up

thlg %%o%p% ]I:Itl 1rl fhe CHEdhel Ffiﬁ FEitR BRI O8N 1 1ower layer 90 of each

printhead module assembly 80.

The hose 112 defines parallel channels 115 which extend the length of the hose. At one end
116, the hose 112 is connected to ink containers (not shown), and at the opposite end 117,

there is provided a channel extrusion cap 118, which serves to plug, and thereby close, that
end of the hose.



10

15

20

25

30

an assenbly 120 which includes flex printed circuits.

The plate 119 has tabs 121 which extend through
woodgle1d22 in the downwardl y extendi ng wal | B@BATR003/001500

t he channel 110, to 5 |ocat® the channel and plate

with respect to each other. An extrusion 124 is

provided to | ocate copper bus bars 125. Although the

I t

ATRI, SERVIRLS 119 SARSESHRI Dbt Mot AT ORI ke 12, and
serveans talba¢k plhteknothrsd. HBrendhhnnieh k19 end kmsedtl 2rig tunhexest prassure onto

abysp By 130 e Bde BoRRRE Sttt oons phuss ol il which

exéndBrotR fotcha 120718 thd Ik GAdrtidy efx%ﬂﬂﬁlg' wall Y1 §@the channel 110, to
printheads. As the nozzles 3 in the present invention

logaty theechauied pad ploteawitlt respect tmeachiothey. on a conti nuous
basi s during operation, the total power consunption
will be an order of magnitude higher than that in such
Al reisi@t 1218 @ﬁcﬁi&dedatﬁ docat\epptif B Mars X5 AleHBRBh Shenktgy required
accor di ngl be hi gh, even though the power
tomﬁéamwlaiﬁea&ea@cq@mgdz Fheprgsant inyentign is eg ©Fdes of magnitude lower
TR b (e A el Bkl R S e D 028 3 fn he
prirethesdragrag)end, thia msjapjmmamamlge 160 m&sth& 2Gmbsod fierzelds that are

i T TR A
opeefi¥Aal @F. Ihka‘ﬁﬁfe?\ﬁﬁ% daﬁﬁﬁlﬁ)ugi)ast@@uﬁﬂgedbep%ﬁ @1% t@calél r

pri nt head nodul assenbl ies 80. The exte
ccfnlsmnphchewdhbq)am@demﬁ thegnit@d¢ highenthah thla151ncshalm kedwil ﬂzﬂntheads and

he SUPpPOr.t te,,119 th XGr. sion 24 a d busba
o 3 BB B el Py, 9 S5 e oRiRr BirBumption per
NGNS th2Bd T n%ﬁ{t&deﬂlﬂ%r ah et 1@!31@ k'nGwﬁ fneehds. The busbars
with, the strips 127. 25 Each PCB 82 is doubl e-si ded
125rate puitabldior prayisine fmaueh povmequitsmentspand havdipeweeigads 126
tiGgl |y by dashed lines), which are |ocated on
SO?%P&{(;%ter surface of the PCB 82 abut wth contact
spots 130 (only sorre of V\,hl ch are shown schematical ly)
on a flex PCB 131 in turn, includes a data hus

Compressible cendteéive siips i%% amr%wd%f} © bt it caitagis 128 gn the
uiiod Aot by bl of B84 IR P bR e
assemblieat80i The POBe8Aextend fiont the chipassemiblitd 8], areumdkthe phannel 110,
o8t 5,5 ERRERR e 0Bt B0 kb e 7

sd tWatSthe beisctd BB wh b@&itlsﬁédsmow hin@we Borth@twaithl AR dt
plate 133 when the assenbly 19 is put WO 2004/ 0 110

PCT/ AU2003/ 001500 40
Each PCB 82 is double-sided and plated-through. Data connections 129 (indicated

schematically by dashed lines), which are located on the outer surface of the PCB 82 abut
with contact spots 130 (only some of which are shown schematically) on a flex PCB 131
which, in turn, includes a data bus and edge connectors 132 which are formed as part of the
flex itself. Data is fed to the PCBs 131 via the edge connectors 132.

A metal plate 133 is provided so that it, together with the channel 110, can keep all of the
components of the printhead assembly 19 together. In this regard, the channel 110 includes
twist tabs 134 which extend through slots 135 in the plate 133 when the assembly 19 is put
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together, and are then tw sted through approxi mately
45 degrees to prevent themfrom being w thdrawn
wWao booalogila he sl ots. By way of summary, wth reP@r/anem3/001500
to Figure 68, the printheaddassenbly 19 is shown in an
5 assenbl ed state. Ink and conpressed air are supplied
via the hose 112 at 136, power is supplied via the
tdgBReS add bre tBAhvilRb@ HrSudl HptABHateR 49\ gRk 1 Qﬁé&n HnP from
assenblies 81 via the ‘edge connecCtors 132. e
being withéwwndhiopgh dsesittsi es 81 are | ocated on the el even
pri nthead nodul e assenblies 80, which include the
PCBs 82. 10 Mounting holes 137 are provided for
B tof B@minagy, Ritheheade asBeiR! 68, iR grintiad @8sehdblR19 is shown in
g??gterﬁé?ot shown) . The_é%?gitfyeliength of tﬁ% -
assenhled state. ddcandsompressed aip pissuppliad Wy therthose Hl Batd36epower is

LS k . . t.hat |s.. .
e\ 0 RhaPYRC sl A1 A0RARE: S hgkPues 1 vio e
edge@onnectarh €3@t Thapdintheadl dhippssersbiodsi Sl raré cetdbn tiheeld@n printhead

assenbl reng%_pr'gt head, 1?. Fromthis, the position of a
mofple @85 lﬁ%g FEHER Hgludeds BCBE82nbly 81 can clearly
be seen, as can a | ongitudinal section through the ink

and air supply hose 112. Also clear to see is the
Mawotimghalef 37 dre poongrdeos mblugtingg the prifthédadvnisethblyelRds place in a

e @k o NS helietebirg fenehod M orifhiad drirpy Lonrabroteniod by the
disfahée BB3S BTRLNOveLthe WiBthioMag ta 4 sHas (ﬁ%éﬁsyﬁqoﬁhs.g %ﬁ&l@ééén

through the slots 135 in the netal 20 plate 133
al so be seen, including their tw sted configuration,

s .dashed .lin 9. Printer st 25
REERLENGIAM BY. 8 0 RN onehtifedByn cfdha Sichn i Gh e
assérhbisd peihihegd 89.[Fromithieatle pysitiedHAdlicAraakdoRBing@ Alp assembly

enbodi nent of the invention. Shown in the bl ock

Slurag eprvite seee 2pPaha agtudind sediseihusneh fherink aad aiosypply hose
4y A e SRR AL B9 27 Pippona

abpve mtithehelbasbaist126] et tselow kyithahe lodker pattofa flek FCB®XéxAending from
n the for for. exanpl e, .of paper 146. 2004/ 048110

o e AR B0 L S0Be R gt S wRRRGpsd tirghgiihs Sipierl 5178 the metal
1Bfc0%5 8l aksd S BRIudird ¥heiP A i '

PS5 oot ane pRrr 6 PAPSE RSk oL B ued

ling 139dr aw a sheet of paper 146 froma nedia tray 149.

5 The power supply 142 is for providing DC voltage
which is a standard type of supply in

Printer system

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

according to an embodiment of the invention.

Shown in the block diagram is the printhead (represented by the arrow) 141, a power
supply 142 to the printhead, an ink supply 143, and print data 144 which is fed to the

printhead as it ejects ink, at 145, onto print media in the form, for example, of paper 146.
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printer devices. The ink supply 143 is fromink
cartridges (not shown) and, typically various types of
w0 ndoatossto on will be provided, at 150, about tPeT/Ank003/001500
supply, such as the anount 4df ink 10 remaining. This
information is provided via a systemcontroller 151
which is connected to a user interface 152. The
I .
Meg{a?{)aﬁgﬁﬁtn%?l%rs M agfﬁﬂosgﬁig@ Eb;ﬂé‘é{gﬁo%frﬂlleﬁptaﬂ&gmut t%agf the printhead 141
Aaakdinpiek up machamsmms 0s eomfiglifed te withdramcositeeodfl paper 146 from a
qﬁs%ﬁégﬂgrols a notor 153 that is provided for driving
mEHE ; pick up mechanism 148 and a notor 154 for
driving the nmedia transport rollers 147. 15 It is
necessary for the systemcontroller 151 to identify
Thepawea sgmlml 43 1s foapravidiasDCsvoltege whichpas standaed type of supply in
|gHe ad 141, so that printing can be effected at the
ple?rec ime. This time can be related to a specific
time that has el apsed after the nedia pick up
mechani sm 148 has picked u the sheet of paper. 146.

Thrs sk supply ¢ 43 ot drk catridgesimotdhesey apddyrisHbiiriopstypes of
1n?cg'81\é'tlg§ q/’llét\@@ Rﬁcﬂ/lde% &tol%ﬁeﬁ}oﬁg%l-fé i Q&pﬂy g'%cgms‘%ﬂ élﬁglglt BF ink

en t he sheet reac
reairtiag, T saformationdk atavided tvin 4 t}etem corttiodlan ] 5]14\31h10h iseconnected to

o DR B S e 52 St Diaapats B e offghons (ot
shWWn§ RouBl QV4 d§ient? B@ttono Fhdde aqgérﬁe’iﬂlfttc;noaﬁ 8ol THE Q@éﬂl controller

It wll therefore be appreciated that the System
15i(ﬁ1$0’ aintiols Amotomis3 that sprovidedt for drivingtihe medippickt updaedhanism

kbR SRR e R i R sl 8 T 156, anu

maybe transmtted via any of a nunber of dlfferent
connecti on neans, such as a USB connecti on,

It STMEFISETY fon thesytbm rontzolle el ngeetbfﬁm@@puacﬁhe@m eﬁmrééti is moving
p%ﬁ%ﬂﬁﬁlﬁ: <§ '1(5?‘% iy tlpﬁﬁtfgg]@a%rb%l éf lcteﬁ% g Céfargga{ tg@. ?@n?htéle can be

Hicatl ons "o rovi des t
repitédo adpbeifit eihmethhtdias Hi@seﬁrmepﬂﬁ\tnéﬂ%pleb i} Imslchamsm 148 has

i nformati on the systemc ntroIIer 151.
pigkRiIng thest P%T‘?P,&Ué 31gtsiabiin howsvey ¢ RERFy ﬁer%sme(not shown) is
proVMEA WiREh isSed gﬁé&éd f38te ?}Q&\‘rﬁdﬁt{?hef £4186 B %(51{318 the sﬁeet of paper

specific enbodi nents, it erstoo
1&kiehdhesl aicartaih @osmbn rdiattvetttrthei pmmalrdad ddAl nhy syéene ndmdﬂlerjcan effect

ngﬁﬁ)&% il%?ﬁtflg ?si @‘feé’?ed{:% tyi Egerrwg)ét%g aflta Magtlég E%Sf]gfﬁlcﬁ tI%ro\@?des 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
to the print data formatter 155 and provides control information to the system controller
151.



electrically actuated, non-electrically actuated
el ements may al so be used in enbodi nents, 5 where
wapmiogsiiat e. WO 2004/ 048110 PCT/ AU2003/ 001500PCBAU2003/001500
CLAIM5 1. An ink jet printhead conprising: a
structure being less than 5 mcrons thick; 5 a
plurality of nozzles incorporated on the structure;
AdROugt the @RBhtiNR deE3HPRE hbKR \ﬂﬁ?fe@éreﬁéqu%lﬁ embodlments it will
corresponding to each nozzle, wherei ﬁ
%W@ﬁﬁj@@ﬁ bﬁoﬂlowhm@edl in thevot that the dmteation miay be ambudhbﬂ fn many other

P bl BBl EBETEoplsrer P Henfe denopts being

eléGribaAllpanaited; oRbRY@ichlPadd@itéd &lempak ﬁiayta%ofb‘éru%@m%%odlments
bubbl e therein thereby to cause the ejection of

W@@@@P@WPPW@ bubble form ng |iquid through the nozzle
corresponding to that elenment. 2. The printhead of
claim1 being configured to support the bubble formng
liquid in 15 thermal contact with each said el enent,
3. The printhead of claiml1 being configured to print
on a page and to be a page-width printhead. 20 4. The
printhead of claim 1l wherein the structure is |ess
than 2.5 mcrons thick. 5. The printhead of claim1l
wherei n each heater elenment is in the formof a
suspended beam having a pair of planar surfaces on
opposite sides of the el enent, the el enent being
suspended such that each of the planar surfaces is in
thermal contact with the bubble 25 formng liquid such
that the bubble is forned at both of the el ement
surfaces. 6. The printhead of claim1l wherein each
el ement is configured such that an actuation energy
of less than 500 nanojoules (nJ) is required to be
applied to that elenment to heat that el enment
sufficiently to formsaid bubble in the bubble formng
liquid thereby to cause the 30 ejection of a said
drop. 7. The printhead of claiml1 configured to
receive a supply of the bubble formng liquid at an
anbi ent tenperature, wherein each heater elenent is
configured such that the energy
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WO 2004/ 048110 PCT/ AU2003/ 001500 44 required to be
applied thereto to heat said part to cause the

wep@aisim of said drop is | ess than the ener ggCT/AU2003/001500

required to heat a volune @8 said bubble formng
liquid equal to the volume of the said drop, froma
tenperature equal to said anbient tenperature to said
AAMEY point. 5 8. The printhead of claiml
conprising a substrate having a substrate surface,
wherein each nozzle has a nozzle aperture opening
throygh the supstrate surface, and wherein the areal
ldensmnlf)ﬁ%f)ﬁgg‘ﬁ%‘iﬁqwsﬁrﬁative to the substrate

sur f agrudeardss 186 10805 teEshLhidker square cm of
substrate surface. 10 9. The printhead of claiml

wher @phiralits obnpirles ingrirperaied on the srushesiandconfi gured to
form, ' oint of collapse,, and .
uner 508 e REResByE e Ao obPbbufing ¥ parBd g Werein

poi ntachfel@ndnt dpseangtd for bedplie tHeahaRdntewahY bubble Baedg liquid,
fromthat elenment. 10. The printhead of claim45

erein the structure and the walls are integrally

f . ' AR Lo 1
pr1 el ettt if el o ARRG: KERTHERR butBprihy iR 0o
teniperdtere sbewcits baibng psipttodomg a igas bubbdstherdin therdbg 2@ tause the

and a plurali 0 i d heater, el enments being di sposed
ciSFHOR of 2ligh of ﬁ%m&bfé??%n% Igid{isugh theme7es chrresatag to that
elegieng fornmed in different 20 respective |ayers. 12.

The printhead of claim 1l wherein each heater el enent
is formed of solid material nore than 90% of which,

221 SRS REEF AT o ST o Bt o3 B SR i

thefrhaltcoamet with ehadi saldlelwh@itei n each heater el enent
i ncludes solid material and has a mass of |ess than

10 nanogranms of the solid material of that elenent to

3D "B 5Pt SRPESNLL RO b B bRT, BB vian

ptifitheddubbl e form ng liquid to a tenperature above said
boiling point to cause the ejection of 30 a said
drop. WO 2004/ 048110 PCT/ AU2003/ 001500 45 14. The

4pri nm@?ﬁlntp{aac%faélaﬂhlll WE@I‘EI%' tHe SRR i €15 thah 8.5 microns thick.
substantially covered by a

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

beam having a pair of planar surfaces on opposite sides of the element, the element being

suspended such that each of the planar surfaces is in thermal contact with the bubble

forming liquid such that the bubble is formed at both of the element surfaces.

6. The printhead of claim 1 wherein each element is configured such that an actuation
energy of less than 500 nanojoules (nJ) is required to be applied to that element to heat that
element sufficiently to form said bubble in the bubble forming liquid thereby to cause the

ejection of a said drop.

7. The printhead of claim 1 configured to receive a supply of the bubble forming liquid

at an ambient temperature, wherein each heater element is configured such that the energy
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conformal protective coating, the coating of each
el ement having been applied substantially to all
W@ 2@es451iio t he el enent sinul taneously such thatP¢hau2003/001500
coating is seam ess. 5 15. 4A printer system
i ncorporating a printhead, the printhead conpri sing:
a structure being less than 5 mcrons thick; a
. 9 e . .
o ol SAEAITR ML ARERIEL RO BRobT SSEH frop is Less than
the snergy peudtied ¢o heat e yolimear shid, bubherfoiming dighidedqanten tthd wolume of
arranged for being in thermal,,contact with a bubhl e_. .
PGP 1 AP 40 RO BTMAR ISP G rotigs point.
heat at |east part of the bubble formng liquid to a
tenperature above its boiling point to forma gas
8.bubbl ke piitheddrofictramelbsonuising ssabsinge heyieg tisastrafe sarface, wherein

e _bubble formng ljiquid.thro t he nozzl .

oo B BT RO R SRef et e e TN Aodhed BRf yferein the
aredlalemsifbofiRt NEzARHELGW ©Ghé SubSHRR SlitfadchRc&4dB b O00 nozzles per

formng liquid in thermal contact with each said
squpgsrRiy P subptrategerfaggst em of cl ai m 15 bei ng confi gur ed

to print on a page and to be a page-width 20

printhead. 18. The system of claim 15 wherein the
9.st r UCheprinthead efstaimtawhdein the bulbiewhith@kch dl8mertie configured to

stem of _ cl ai each heater elenent is in

s 15 wher ei [ s
fophds polaRribie anddiss 6@(%%8? 93@%%1 WagieHyeash glemenpis configured such
o) 808 T MAGHS, 1L ARRRS ety ol P AR ol
surfaces is in thermal contact with the bubble

or mqng L i gqui.d ch that t.he bubble is forned at. bot
1" T hRPapfito 2R 4o oerdg oot it b vele afntpgrally formed
byNIREfREd vEFsTHeBbSIHRN{C V). confi gured such that an

actuation 30 energy of |less than 500 nanoj oul es (nJ)
is required to be applied to that elenment to heat that

el e IiCicent to formsaid.bubble in t bubbl e
Hror mrﬁﬁégp‘?#f&%ﬁdo"ft%%té‘l%‘ébcfg}pS‘%B’%s@“’iaﬂg' Oqg}oé%lF BT £3y
codfesondiiR 18644 ZRCT oI RPN BPIEAN heher emehfi®being disposed

system of claim 15, wherein the printhead is
w %‘Hﬁ?@h?}@éﬂh‘% theelemerts yvithipenach chrmberrheing formned inghiferant
reﬁ;egﬁ{/éjla {,rsan anbi ent tenperature, and wherein each

eat er 2 ement is

12.  The printhead of claim 1 wherein each heater element is formed of solid material
more than 90% of which, by atomic proportion, is constituted by at least one element

having an atomic number below 50.

13.  The printhead of claim 1 wherein each heater element includes solid material and
has a mass of less than 10 nanograms of the solid material of that element to be heated to a
temperature above the boiling point of the bubble forming liquid thereby to heat said part of
the bubble forming liquid to a temperature above said boiling point to cause the ejection of

a said drop.
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configured such that the energy required to be applied
thereto to heat said part to cause the ejection of

wa@2od/ogiiop i s | ess than the energy required toPCEAU2@3/001500

vol une of said bubble 5 forxing Iiquid equal to the

vol une of the said drop, froma tenperature equal to

said anbient tenperature to said boiling point. 22.

14he syepamnmedd & Mif Lwh&eHabe L ; Ao |

substrate syrfacef wher ei n aéacﬁﬁﬁggéﬁg§%asagyﬁ%%%%%?fa
ciermpal peoteqsivaicagtingy thewghtinghef eaolb elemantchayingftewer applied substantially

r.ei n e, 10 areal densit f the ngzzles relative
o ERE ey ke e e o 8 s Smasper
square cm of substrate surface. 23. The system of
claim15 wherein the bubble which each elenent is
13 onf Agurieer sygemfingarpirating priptbeas, theamintliead compuising: of

col | . j I nt is configured such

15 tﬁg?&?ﬁémggﬁﬂ§£§%§%§$$%%§%%%¥=a bubbl e forned

t her eblurility spacettsfin@mdrined of ke e@iktured4nd The system of

claim46 wherein the structure and the walls are )

i nt edfrlsdst 9ns sepRStiveheaterielament rorespendiag toosich nerrly, @l®yein

20 2 Esn L risi L bty. .. .

of ngazc%1 le c aﬁstb%%lgéeda@kgé@g %?glg%gﬁ& f)ﬁ%&?‘g&aﬁ’g@bgeeg“%ﬁ@%g liquid,
ambzzle, and a plurality of said heater el enents being

di sposed. within each. chanber, the el nfs within,

eac heﬂéﬁﬁ?&é ¢ beongeyisd frobeat at lgast pat @ﬁ&‘g%P@%l_ﬁ damipgliquid to a
tehRInsre aBEVEAR: bo?ﬁlit@gT lﬁﬂﬁﬂtg "1‘261?3 a gli\sﬂ&dﬁbﬂeﬁhxﬁaﬁ{tﬁél%bf&c‘%ﬁ%enthe

heater elenent is forme solid material nore
ejogimnctt adpr bf the publle frmipg bgod throwgh ths nozais tartaspemdlityyto that
el%e gast _one el enent having an atomi c number bel ow
. 27. The system of claim 15 wherein each heater
el ement includes solid material and has 30 a mass of
| ess_than 10 panograns of the solid material of that

16| eEhs systonped dhaiay Exbains eonfiguredde senpoet tho bubble freming liquid in
i dhi j < . le formng liquid thereby to
th%glléétl ngﬁagq*ﬁlar?é%gfsalﬁt%}]e g’bbl e formng liquid to a
t enperature above said boiling point to cause the

j ectjon of i.d drop. WD 2004/048110 )
1hr) Rngosmehidin Siiameonfigared,a pen o o prasiond isbe a page-width
prifig&i n each elenent is substantially covered by a

conformal protective coating, the coating of each

el enent havi ng been applied substantially to all

18! d eggyisttéfprg%fgl elglgt Wﬁel:rgilflll tflg sqngu%gflusrl-: s lgéjsqtﬂar} Egtmi%rlg?ls thick.

Coat

19.  The system of claim 15 wherein each heater element is in the form of a suspended
beam having a pair of planar surfaces on opposite sides of the element, the element being
suspended such that each of the planar surfaces is in thermal contact with the bubble

forming liquid such that the bubble is formed at both of the element surfaces.

20.  The system of claim 15 wherein each element is configured such that an actuation
energy of less than 500 nanojoules (nJ) is required to be applied to that element to heat that
element sufficiently to form said bubble in the bubble forming liquid thereby to cause the

ejection of said drop.
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5 29. A nethod of ejecting a drop of a bubble form ng
l[iquid froma printhead, the printhead conprising a

w@baalksity of nozzles and at | east one respect PUEAU2003/001500

heater el enment correspondid4fig to each nozzle, the

met hod conprising the steps of: providing the

pri nthead, the printhead having a structure which is

21 esSThO&Rtem o rﬂﬂgel

sai d no%%les.%ﬁéggg%QHﬁg%?P% at aggggmg. gﬁgﬁkékgimqmbmﬁ
t}mdmbbbﬁmming tquid ahais ambienbemiperatiae, mdtvﬂei’mmbacﬁtheh’eﬁslbment is

Bffrceogh M PGSy e Tt s o Bk i i s the
ej@@tmﬁmrcﬁo@gq&% thdHEhB Qhdrby séqaﬁmo }%fat i vau&}g b %ﬁg bpbble

formng |iquid; generating a gas bubble int
forming lmgnd ﬁ@}uﬂ th thy velaimt ofttlepsadd diopafromg; tempetatuidequal to said

s ubbl.e formng liquid to be
m@%‘% tg% &5%&1%@%01‘3’8%9‘?@ corresponding to the at
Ieast one heated el enent by said step of generating a
as bubble. 30. The nethod of claim29 conprising,

ef of be Sten of Aot eraaprisieg a ubstrate bpwing h sublitrejsowiiage, wherein
PR S B s

aﬂehll&le&h@poﬁiﬁe nozzies delagyvd toehpsibsirite 3akfadeRRceedt 10000 HEzAlE per
| ess th rons thick. 32. The nethod of claim

SWWF’@?WS@?}EH“ ter element is in the formof a
suspended 25 beam having a pair of planar surfaces on
opposite sides of the elenent, the nethod further

2T onplhssystgm pff dlaim Ii)wh«treinsihebubh‘le bihieach eembwtds tordipared to

el bubbl e, f
fofngt pa Dbl TRIES 8 B8 bf G o P At i Bt B anfigured such
that BERBint oRElapasdfla BUBBR fofined MBFBREs s%@&td%m ma& @}enféht
| east a portion of the bubble formng liquid

The nethod of claim 29 wherein the step of heatlng at

eas fie an .
Pl A VB RS ractln A8 i sl A ptperally formad by
clesnd o Mapor\§ep &id @33)L0 PCT/ AU2003/ 001500 48 34. The

met hod of claim?29, conprising, prior to the step of

heating at |east one heater element, the step of

ece . . an
2 i S B Lon LB O Dl cich b o2
ccs'tespormiﬁng‘meaatresmcﬂl\& mizblecireih ﬁi}drﬂi@pd)ﬁ/siaﬂﬂldafbablen&ﬁ%ﬂ@mg disposed

n_sai d applied heat

t&ﬁ’é‘r"&@’hF ?ﬁtﬁlgﬁr’?eﬁlﬁ g" o ? Clelf[lrreli)er being formed in different

respective layers.

26.  The system of claim 15 wherein each heater element is formed of solid material
more than 90% of which, by atomic proportion, is constituted by at least one element

having an atomic number below 50.

27.  The system of claim 15 wherein each heater element includes solid material and has
a mass of less than 10 nanograms of the solid material of that element to be heated to a
temperature above the boiling point of the bubble forming liquid thereby to heat said part of
the bubble forming liquid to a temperature above said boiling point to cause the ejection of

said drop.
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5 required to heat a volune of said bubble formng
liquid equal to the volune of said drop, froma
w0 esrppsgiur e equal to said anbi ent tenperat ur eP€DAB2104/001500
boiling point. 35. The netHdd of claim 29 wherein, in
the step of providing the printhead, the printhead
i ncl udes a substrate having a substrate surface, and
each nozzle has a nozzle 10 aperture opening through
the substrate surface wherein the areal density of the
2& 0z ZThessystematficladmt 16 wieeein ebeit aslementsiau sifbataatigdkcendsed by a

noz | es guare c ubst at.e urf ac
oA ORGP R P D8 OLFEREITRCH oY e DETTbgpRGpd substantially

to gtﬁ'%fde@bf ﬂﬁ e?en%ﬁ% s1PfoPt*ﬁh€ousfy|"S%ch Qﬁf‘ﬁl@ abaithdiyblnfledss
[ apsi bl e and has a point of collapse, and is

generat ed such that the 15 point of collapse is spaced

ZJ roms heﬁp ?ffjv%eeaf'gg% T (%a ttg%bgeffgg&%lh&ggigﬁérrﬁ & pnnttheag the
prﬁfthéltﬁ Reagribing lp‘li&§11tyldifh6ﬂzﬂ@d dnd at R g oG rédpectﬁreméﬁfeﬂ él@ment
and the walls by chem cal vapor deposition (CVD).

copgspopding e eadnagelec thgimstbal comenrising the stepy ¢t head h as a
plu r}ﬁé}o{/ﬁi}ﬁ& e K‘tﬁL‘a“%l ﬁ{é flead hat ﬁg? S&H&H%%V&%ch is less t an 5
i 'ng an

correspon O a respective noz erei

. mBk&s thilck pndawhwhrigcdrbmmep sdid hbeAdek therebmides form ng a

plurality of sai d heater elenments in each chanber,
5 uc HiceHg ot 695k ong RBARICOMRSRORGIEIN A AHEMORHIE 59 8 ot # least part

ofdhd E@Jﬁ@%&m&‘?%qfﬂ%d ich@y £ ednfil 8HRad %M‘t‘ﬁ at Reast %ge hddt&d

ereln in the step o provi di ng
elelhmtpo B ioyEeaatyreczhoe ﬁeémdmg el of tie b@bfecfpnnnhgdi‘qusbl id

t | th 9.00/ ich, .
e EBREHTE b EP RIS b aut iRl B i GP SRR and
at o0ndaGsing H&IroP 8 BKbR fortthe 1T BRI Gstt thfdu%h Aheifbzzle

wher ei n each heat er el ement includes solid materi al
cateespandirg@oo iieesas lesfst oresheatetl steniant hyprid stemef generaiingracgag bubble.
the step of heating at |east one elenent includes
heating the solid nmaterial of each such elenent to a
30. eNPEicxhethed abeliien IRtEnpridihg, Defor®sHid btep YEhEHRiDS/ B4 Stkpdof:
PCT/ AU2003/ 001500 49 41. The net hod o? claim?29
wher &pppsingdhe behbloforping liquidin theraab eonfactavith the elamsats.
applying to each elenent, substantially to all sides
t hereof simultaneously, a conformal protective
3 oat Tigmsthod of tlaim 2H evheredd, iim thei stepf pnd vediag tite grhthebldethe
tgl)glnthelad of c%a|n19 rein each nozzle defines an
fuge 1slpss thag2p gigraps, i sposed about the axis, the
axis extending into the chanber, wherein the point of
coll apse is disposed on the axis and wherein the
3% enEimt method ofiélagu 2 wherein éash hedter elememris in the fpravelh suspended

beam having a pair of planar surfaces on opposite sides of the element, the method further
comprising, prior to the step of heating at least one element, the step of disposing the
bubble forming liquid such that each of the planar surfaces of the elements are positioned in

thermal contact with, at least a portion of the bubble forming liquid.

33.  The method of claim 29 wherein the step of heating at least one element is effected

by applying an actuation energy of less than 500nJ to each such element.
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fromthe axis. 10 43. The system of claim 23 wherein
each nozzle defines an axis, the nozzle being

wale@posHado about the axis, the axis extendi ng i PCDAUR®3/001500

chanber, wherein the point 48f collapse is disposed on
the axis and wherein the elenent is configured so that
the el enent is spaced fromthe axis. 15 44. The
h . e
S o 7ok et B g A0 B2 6ar GRS ol READERe Mleps one hater
elamiest, thetstepdif mgpemﬁgua tulq@lychﬁhb bublﬂa tortrineg hdltad;eaﬂan lambiegt

d f , wh h bbl
teGREIIFdh LRI bers BHETR A Of hEnedpsotied Y ARBDGRE et
eftfiot t‘@%aéﬁ(é&h héRteftelembit Wﬂgreh?stalcpegﬂgﬁg@? 8%2% RidWWan fhe energy

structure being | ess than
rqqumdailm hegt a)volnmz oif szid brblle fomanghquad eqlhm tcs theumlmn@of said drop,

east one, wal rre 0 _each nozzl.e, the at
spEanbrReuB o T RRP ey PSS bt e befy
extending from the structure and formng a
circunferential perineter that 25 together with the

3%t r uEhemethgd pf plagm 29 athendierin ithe temefimpadingdhe piintheady the

pxltuftﬁga%g}ﬂ:ﬁﬁe %tgag% I-lgvuﬁ%g glgbs }érg g,?sluta‘%gql;: 2%4 ggeh 1o A mﬂs %ﬁs anozzle

a;ﬁb@ﬁhfeﬁ@ﬁﬁﬁ@l tl‘m@ugh) tRanbstad alrfice Wihereiti the afsat Berlte BB tHe noSzles
rranged for being in thermal contact with the bubble
e?%wm%éle spbsiistersuriaqel expgedsalh0®) noales PeIssauwisioy Rl wistiate surface.
heat at |east part of the bubble formng liquid to a :
tenperature above its boiling point to forma gas
3@ubbTke kthod ofi ciatne 28 bghet&in an ttlsaestdsmﬁ geagratihg o gaso‘rﬁulﬁle the

sisEebhliin GO sl TS Aot Of GRlaBE0 G Apmepraed such that the
&@éﬁ%@ﬁ&&%&@%@&ﬁﬁo&%@@t leaﬁxt Biid RSB ARG

i ncorporating a printhead, the printhead conprising:
a structure being | ess than 10 mcrons thick; a

I t f t
o8| The bRl of R 33 i I VPRt b Fnctuges
mh@,aaty foftgin ?/a&é stRRtRg ahdihe gfaemls by chéichPehpdt 8positiadl (CVD).
extending from the structure and formng a

circunferential perinmeter that
38.  The method of claim 29 wherein the printhead has a plurality of nozzle chambers,

each chamber corresponding to a respective nozzle, and wherein the step of providing the
printhead includes forming a plurality of said heater elements in each chamber, such that

the elements in each chamber are formed in different respective layers to one another.

39.  The method of claim 29 wherein, in the step of providing the printhead, each heater
element is formed of solid material more than 90% of which, by atomic proportion, is

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

40.  The method of claim 29 wherein each heater element includes solid material has a
mass of less than 10 nanograms and wherein the step of heating at least one element
includes heating the solid material of each such element to a temperature above said boiling

point.
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together with the structure defines a chanber in
comruni cation with the respective nozzle for

WO e@eioviing a bubble formng Iiquid; and at | eaRCT/anm2003/001500

respecti ve heater el enment d@#rresponding to each _
nozzl e, wherein 10 each elenent is arranged for being
in thermal contact with the bubble formng |I|iquid,

481 POl oA PR e

applging st ¢ach glepwing tsubstaritiallpni@ald) sidedibbisb £sittupesonstyhe catfyrmal
t ause .t he _.ejection of .a dr of the bubble formng
PloReF T e P BB PHELRASY e i SRS Fondi ng to that 15
el enment. 47. A nmethod of ejecting a drop of a bubble

formng liquid froma printhead, the printhead .
4Z.onmpi heprigtheadsafralaim ft whereinregch aezzle defines an axisstbesozzle being

lek: u [ of _nozzles.incorporated on the .
alspheil oty B o O Bt PECLRBRE, e Bohe Boigsgpeonapse
isniispokel od the agds ah@ &Hered thewdnhend & ddAfibiidee 86 Bak Yhef MEBM is spaced
with, and extending from the structure and formng a

fremythe #¥igr ent i al perimeter that together with the
structure defines a chanber in conmunication with the
respective nozzle for receiving the bubble formng

43.i quThk syateth of clhian33 whaein @sh aoctily defiieatir bxig) theBOzle being

correspondi ng.to each nozzle, the thod _copprisin

R DA iy SrePR RS e (B cHEHGE VR ot of collapse
A\ BEELCOBLEL STRN OISR SRR bty M ALSIBRAR sncd
fromitbhraxis in thernal contact with the at |east one

heated element to a tenperature above the boiling
poi nt of the bubble formng liquid; generating a gas

44 ubbTlge methbb @ f BlabR 136 wiRkdh Bath! Hodile dehiesSAl AisS HRMoREle being
heati ng; and 30 causing the drop of bubble formn

dispaged abaus theeaxds, dea ads eriensingintcibe ghanbes and dha depen gvieimg spaced
bR tﬁ@ﬁiigtanh %%I‘eiﬁ’,gﬁ% gefszr%u%gleelg ggﬁz“e%tm;) yucﬁ%g e f&ntoc];f collapse is

generati’ng a gas
disposed on the axis.

45.  Anink jet printhead comprising:

a structure being less than 10 microns thick;

a plurality of nozzles incorporated on the structure;

at least one wall corresponding to each nozzle, the at least one wall being integrally
formed with, and extending from, the structure and forming a circumferential perimeter that
together with the structure defines a chamber in communication with the respective nozzle
for receiving a bubble forming liquid; and

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

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

each element is configured to heat at least part of the bubble forming liquid to a
temperature above its boiling point to form a gas bubble therein thereby to cause the
ejection of a drop of the bubble forming liquid through the nozzle corresponding to that

element.
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46. A printer system incorporating a printhead, the printhead comprising:

a structure being less than 10 microns thick;

a plurality of nozzles incorporated on the structure

at least one wall corresponding to each nozzle, the at least one wall being integrally
formed with, and extending from, the structure and forming a circumferential perimeter that
together with the structure defines a chamber in communication with the respective nozzle .
for receiving a bubble forming liquid; and

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

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

each element is configured to heat at least part of the bubble forming liquid to a
temperature above its boiling point to form a gas bubble therein thereby to cause the
ejection of a drop of the bubble forming liquid through the nozzle corresponding to that

element.

47. A method of ejecting a drop of a bubble forming liquid from a printhead, the
printhead comprising a structure being less than 10 microns thick;

a plurality of nozzles incorporated on the structure; at least one wall corresponding
to each nozzle, the at least one wall being integrally formed with, and extending from, the
structure and forming a circumferential perimeter that together with the structure defines a
chamber in communication with the respective nozzle for receiving the bubble forming
liquid; and at least one respective heater element corresponding to each nozzle, the method
comprising the steps of:

providing the printhead;

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

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

causing the drop of bubble forming liquid to be ejected through the nozzle

corresponding to the at least one heated element by said step of generating a gas bubble.



