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WD 2004/ 048103 PCT/ AU2003/ 001507 1 THERMAL | NK JET

PRI NTHEAD W TH H GH NOZZLE AREAL DENSITY FI ELD OF THE
wo DMEBHIION 5 The present invention rel ates toP@I/AU2003/001507

thermal ink jet printhead, to a printer system

i ncorporating such a printhead, and to a nethod of

ejecting a liquid drop (such as an ink drop) using

S I ng T\ T
THERRALRK S PRI AD r i G Nozz1e
by way of form ng gas, or_vapar busigl‘:I in a bubble
formng liquid. This AREAﬁIOBEH &?al |y descri bed
in US Patent No. US3, 747,120 (Stemme). 15 There are
vari ous known types of thermal ink jet (bubblejet)

i {t ﬁ\ﬁﬂ%@ﬁ; typi cal devices of this type,
F%%ﬁr@gg‘i%‘g He eItdmgckard and the other by Canon,
have ink ejection nozzles and chanbers for storing
'gnk adj acent the nozzles. ﬁ%ﬁh chanber is covered by
The proscuih mventionieiates 1pphcamalifi det prigtheaddp 2ipgipier jystem
Btk SacH 4 St | 613 théthePofBERRARIAQ ds an ink
oL B RS, AL b o AR e an
debpyisiegssuchheringeagl ate is made of Kapton TM which is
a Dupont trade nanme for a polyimde film which has
been laser-drilled to formthe nozzles. These devices
BAICRGROUNBErO S INVENEION i n thermal  contact with

ink that is disposed adjacent the nozzles, for heating
the ink thereby formng gas.bubbles in the ink. The

L T TN S L

€ €] ec rou Y4

belljl&dh a®ubbledorpiing Hahid] MHBHrincipld 1@ gpriaylyidesaribeslah WIS Patent No.
alternative to the known printheads, printer systens,

Us, 74 RO tRrtemedj ecti ng drops of ink and other rel ated
liquids, which have advantages as descri bed herein.
30 WD 2004/ 048103 PCT/ AU2003/ 001507 2

There are various known types of thermal ink jet (bubblejet) printhead devices. Two

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

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

which have advantages as described herein.
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SUMVARY OF THE | NVENTI ON According to a first aspect
of the invention there is provided an ink jet
w@eooawisaaxl conprising: a substrate having a SPOFAU08/001507
surface; 5 a plurality of rmbzzles, each nozzl e having
a nozzl e aperture opening through the substrate
surface, the areal density of the nozzles relative to

Sﬁﬂﬁ\’[w ﬁﬁﬁ%‘f\{ﬁﬁ?l&ﬁceed' ng 10,000 nozzl es per

square cm o e surface; and at |east one

Acesdagto ¥ Grdagicer ofthehwaitiohahére soprodided ai inkgaicftinthead
nozzl e, wherein each heater elenent is arranged for
CHATHYE n thermal contact with a 10 bubble formng

"quéglbsﬁ&gh%ﬁgatéﬁgsftﬂéteb fgEEnt is configured to heat

at |least part o forming liquid to a
te rrpaaplara]ntyeofmmxzkes i dash hmzizla hagmgm nuZztecapEJ:Innmopelgag through the

"’gﬁtﬂi eélfrfaté’ge o bgﬁth? 887? ‘%nt e ogrpfg sug"ace exceeding

16,000 £2RRE %bxnélluh% &J‘é‘ff suB&?étﬂurﬁa'c@%ﬁt 15 According to
a second aspect of the invention there is provided a

pri naté¢asf59mr@$pect1m;hﬁam ekptiencarespinditgstacbach hegzle, wherein

D Panead ComPEh e fefi 3 £BhSRlRY ARy 5r BRRY Bl wicn

nozzl e aplﬁfljbw‘ﬁnﬁﬁlgﬂiqﬁgi tid ough the 20 substrate
surface, the areal density of the nozzles relative

the substrate eaghheete depe iy yiigund tobeat aklepd pagief the bubble
square C nfo?r% e@i&ﬁﬁd taeter?l LLREE AR Q{ta Bl ?g)ﬂnt 9<ﬂﬁ>rm a gas bubble

respective enen correspondi ng
nozzl e, vtheres thexehy ko dumad thie eﬁlcﬁdsreof a dopaf mangeblediquid through

being in ther contacf wt bI e formng
l'iquid, afﬁ?ansn?%afeﬁ?sa %‘v’rtoépfgg‘@ QmE%tnfl gured to
heat at |east part of the bubble formng liquid to a
tenperature above its boiling point to forma gas
Apxopdihg to 4 besord aspebicfdlyinventivadkare ismwoeided & puntep$ystem

. dr oB gf an .ej ec%?{l)l e.It%%gl d through the nozzle

neYpPpE B%ﬁ@?‘ﬂﬂ’ HfinthedcmPEFiBfent . 30 According to
a thi sihsespBatingh sibiratoveéd;on there is provided a
met hod of ejecting a drop of an ejectable liquid, the

met hoplueabitpef mizalgs.taagh Bezgjshaying a nozzle aperture opening through the
substrate surface, the areal density of the nozzles relative to the substrate surface exceeding

10,000 nozzles per square cm of substrate surface; and
at least one respective heater element corresponding to each nozzle, wherein
each heater element is arranged for being in thermal contact with a
bubble forming liquid, and
each heater element is configured to heat at least part of the bubble
forming liquid to a temperature above its boiling point to form a gaé bubble
therein thereby to cause the ejection of a drop of an ejectable liquid through

the nozzle corresponding to that heater element.

According to a third aspect of the invention there is provided a method of ejecting a drop of
an ejectable liquid, the method comprising the steps of:
providing a printhead that includes

a substrate having a substrate surface,
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providing a printhead that includes a substrate having
a substrate surface, WO 2004/048103 PCT/ AU2003/ 001507

w@2@4pk810ml ity of nozzles, each nozzl e havi ng BCHap2408/001507

aperture opening through the substrate surface

wherein the areal density of the nozzles relative to

the substrate surface exceeds 10, 000 nozzl es per

square cmof s g&gs .
respective hea?gﬁﬁ% an %%?%@%B |§%f% ézaféﬂthGOPQHHg
nozzl e; theaighrthe mbstraasurfmeavﬂeeean e azbad demdity of the nozzles relative
correspondi t.o.a nozzle so a hea at least part

of a bubbiodhf SRl Sp a‘iﬁ‘ﬂ“’%ﬁ’?iﬂ OPa s R eshsr stere ghOLatbstuate
with the girl-gash one heated heater elenent to a
tenperature above the boiling point of the bubble

form ng |iquidat lg@henealtespﬁg,tl‘ae Irréer lslemising comespbiadibgtoidagh nozzle;

= ar bk ofiad o pBd el PPt Rl ] o ARG D J0 Bt teas

p&.ﬂﬂ 8f NPT SLRRHEERANFhIY is inChéiR] dénth@5th B 6t 1B@silbﬁ@|heated
heater el enent by said step of generatin

hepfierislenenhio gfempepnsurg sblevesthe beilipg peinbekthe %ilbblé dorirring heuid;
art l.ecti h '
L
vapocausingll drop of e kjdotabk liuid wrbe djm:tédi thtough thdnozle dofresponding
enbodj nents, is the s body id as the
tsing at lapst eng h%ﬁwddheaterﬁgnge@h@f %aeiﬁe ’g&qn@raélaa 8¢ hypble.
increase in pressure in ejectable liquid, which forces
the drop through the relevant nozzle. The bubble is
Ageviibatiederiigod by theshdalledig thé argy theejteion csﬂ ashrep bf thkieetable

it eR atisbrRhere ey e eherafitn pf ¢ Lpcu Grblp Gha bubble

fdrﬁii’ﬁ%l @duid, WIRSIS ih BRBodin#h&! RIRCRARRDHodPE 111]@id9afs ‘&[e%j'ed@zﬁﬁé liquid.
in the |iquid, the 20 bubble expands” for “a

The genseasesbhibbledausas aphiecrpasaieprepiyrsia djectable h@udoﬁlﬁlch fagces the

alog bR e R parhe  ERPURERIE Bip 8 by Wbt feser

eleehighiely DEiRitermal @nfdcByvithfthd MRS Tha e&ﬁ&c@lﬁtﬂ@ﬁ@ hed to the heater
tension of the ink. In this specification, suc

ispibaef duraticy, ey dess fhanraicresseonds o Pue & ﬁtaﬁsléwabm thgyliquid, the
bﬁﬁﬁ?!e;&:anééfoifgﬁﬂf g]\lalo?e%@ asHfe? p{%' Heftek Bultst?fs thﬁ‘é& B X the vapor

conprises Ity of nozz
cadig nbecomlanise@ mSMnm‘tmbhlea:bHapseJ é“he btisble oaslia@sqssctn dipoint

to ea e. Fach t on .of rinthe
d mwﬂw% Yoigity 508 and s B imsionandrs el B
slf:érecﬁél‘lﬂﬁ@n, L& ERift is 'r@ferréda{oed's R JotntRECEldps&Softhe HiMYLe.

The printhead according to the invention comprises a plurality of nozzles, as well as a
chamber and one or more heater elements corresponding to each nozzle. Each portion of
the printhead pertaining to a single nozzle, its chamber and its one or more elements, is

referred to herein as a “unit cell”.

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

might not be in physical contact with each other.
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30 In this specification, where reference is made to

parts being in thermal contact with each other, this
wore@ad481ibat they are positioned relative to eapt/avubws/ 001507

such that, when one of the 4parts is heated, it is

capabl e of heating the other part, even though the

parts, thenselves, mght not be in physical contact

with each other. WD 2004/048103 PCT/ AU2003/ 001507 4

Also, the term"ink"™ is used to signify any ejectable
Alsogithiedermafidk’t i usat tol silgmfyeady bjmctabbdmm iand & nat hiksted to

cont ai n col ored dyes | es, of _non red | g )
COHER GRS ks SeRtgiatne colaged G o iaBBss sévorr-ﬁ(§39r6 nks include fixatives,

nfﬁléri‘é@ hodabdr 484, ﬁﬂ@t’i‘&rﬁﬁk&i clﬁgp&?é UEResivek 0316’19%1‘6@1' ﬂl_LH(és, iwre]lﬁer and

l'uids, water and 5 ot her solvenits, and so
othcr t@]lmtsam@sd omyUTke ink soejretetle ﬂnquldrvémd mpt geecbsalaly be a strictly
t r.i.c i

2 Bigfltcing ey ety FusgBRgan Psohfl Bafisiksits b ST B Omfpgperature

and l‘i’c}ﬂ@aﬁhe%}é@tuﬁit@ﬁipbﬁﬂnéenper ature. In this
specification, the term"periodic elenent" refers to

an element of a type reflected |n 10 the periodic

ot $& i %%i% oq}{ e%m I(E)fa e reflected in
hﬁ%&\ﬁ?ﬁ&gefer %%lrren elnvenlon \F\XHI

th&@éhb@c%ﬁ@dﬁéﬁl&denthy way of exarrpl e only, 15 with
reference to the acconpanyi ng representations. The
dr awi ngs are described as follows. Figure 1 is a

Di?'}ﬁ‘lﬂf (ﬁéﬁ,m eyagh an i nk chanber
of a unit ce of a prlntheﬁgaccordlngto an

enbodi ment of the invention, at a particul ar stage of

operatiqn.,. 20 Figure 2.is sch tiC,Cross-section
PR imen et Ph i ertiull R b Bespribd O i g example only,
whth 288refte PRRE @édoﬁif)anﬁh%f@b?es@nthﬁorﬁ BB AR s are descnbed as
cross-sectional view through the ink chanber Figure 1,

fodflowget 25 anot her stage of operation. Figure 4 is a
schemati c cross-sectional view through the ink chanber
Figure 1, at yet a further stage of operation. 30

FigufUr 8 aSchém@icire@tseomtiial Cie®tRDSgs 6F ikadhambet 6 unit cell of a
through a unit cell of a printhead in accordance with

prinfbeas pceond g tenan embpdimeat piihe rvieptions abapagicwlaestage of operation.
col | apse of a vapor bubble.

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

stage of operation.

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

another stage of operation.

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

further stage of operation.

Figure 5 is a diagrammatic cross-sectional view through a unit cell of a printhead in
accordance with the an embodiment of the invention showing the collapse of a vapor
bubble.
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WD 2004/ 048103 PCT/ AU2003/ 001507 5 Figures 6, 8, 10,
11, 13, 14, 16, 18, 19, 21, 23, 24, 26, 28 and 30 are
W@ elvaeineftldx perspective views (Figure 30 bei ngP@EEAUROY3/001507
cut away) of a unit cell ofSa printhead in accordance
with an enbodi nent of the invention, at various
successive stages in the production process of the
h i gur
F%B.fe@%agg(lb %l?el%ég‘g’hl%zé% lr%thl (:If‘l?i')p 41'526 %g\}a\%cgo al%%ch%gatlc%%rspectwe
visws (Bigtre 30dreingsearilyncyembpy ofi it dmﬁ qf raqn}mdteaé in mcaxglance with an
for_.the nt head, as represented in the pecti
embRAiEFR Q! be VR AlgYaFiogRsUSEess Stqgwnéh%zr lciipn process of the
pritthédaer schematic perspective view of the unit cell of
Flgure 30 shown with the nozzle plate omtted. Figure
33 is a schematic perspective view, partly cut away,

PR Dot KA g0 lht RUREY Lot G Rn apiews of  mask

sui@Blebr @le@ABBifornding fePibduchon kibgdfor @keem{th&dpésqep%s&m in the
of a mask suitable for use in performng the

reppestivie immadiatelyapreceding figwsespr i nt head of Figure 33 for

form ng the heater elenment thereof. Figure 35 is a
schemati c perspective view, partly cut away, of a unit
Figetd 320 aduphiérRtiaedic peiipativenibwgf the uhfiecll 6/ Bigtite®® shown with
having a further particul ar enbodi ment of heater
themezdpplate emifigle 36 is a schematic plan view of a mask
suitable for use in perform ng the production stage

for the printhead of Figure 35 for form ng the heater
FigheerfSnis d svhemefic p@Speetigriview3partly cat dwayt it urs tépdineftai printhead

ectjve view of .the ynit cell of. Fj.qure 35 shqwn

‘&P’E‘ﬁgg orfee mysaien ltﬂVHt@‘Bﬂ’Ff P@’g‘culﬁ‘i ?;}B‘P(?éi 1%8‘“1 of %ﬁater element.
schemati c perspective view, partly cut away, of a unit

cell of a printhead according to the invention having
Figufeugdt i ersclpmmatlc@laravle‘@mﬁ@mash meitable fos asein pstferming the Boduction

st B el pEFIREES fu Ryt Bl @B a4 e ©

printhead of Figure 38 for form ng the heater el ement

thereof. WD 2004/048103 PCT/ AU2003/ 001507 6 )
Figure 35 is a schematic perspective view, partly cut away, of a unit cell of a printhead

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

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

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

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

the nozzle plate omitted.

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

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

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

stage for the printhead of Figure 38 for forming the heater element thereof.
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Figure 40 is a further schematic perspective view of
the unit cell of Figure 38 shown with the nozzle
w@b@ue4sand tted. Figure 41 is a schenatic sectiPOI/AU2003/001507
through a nozzl e chanber of6 a printhead according to
an 5 enbodi nent of the invention show ng a suspended
beam heater elenent immersed in a bubble formng
3 o . € . .
FIeh s TG Sl pERARIRE yFor? 86k B b1 881802 38 shown with
thembozle piand orafttetthe i nventi on showi ng a suspended beam
heat er el enent suspended at the 10 top of a body of a
bubble formng liquid. Figure 43 is a diagrammatic
V.I . .
o e T 2B C (b ing o an
eribgflimentlef the inventicnghawingtd sispénaliad beamherfterlqphent ahinessed in a
f upit.cells,of a printhead according to an
b‘&%%ﬂ“r“ﬁéqﬁehad]r‘d't he invention showing a plurality of
nozzles. Figure 45 is a diagrammuatic section through a
nozzl e chanber not in accordance with the invention

Fighead2nig sehemesdicsectiondhrongh e nberdeidmniber af & piigtheagtagcordipg to an
Figure A6..is. i f] ect . on [ nozzl
b e bl BV Bkl B Nt U 88 fed
toprofariodp of s bavbleGrmidpclagued. el enent in the formof a
suspended beam Figure 47 is a diagranmmatic section
through a nozzl e chanber of a prior art printhead 25
FRURMIY 3 iéggﬁ{ﬁgti@gﬁﬁ%% SPeHoas I p%in%ﬁéQﬁ %Ec%‘icﬁn% foan
Igure 48 15 a diagrammatic section through a nozzle
embatiinent ofithanwentibmrshewwigtdnemle. enbodi nent of the
i nventi on showi ng a heater el enment defining a gap
bet ween parts of the elenent. 30 Figure 49 is a
FRLAN ARG Fari @6l MBn VNP plBraliBZdt @itk BSBES pigheddhccording to
accordance wth the inventiion, showng a thick nozzle
arpérabedime d0heingaskdFhpengaloedtodi®ezies.7 Fi gure 50
is a diagranmatic section through a nozzle chanber in
accordance with an enbodi nent of the invention
F%ﬁﬂwm a®iddhAimBeE ZcBoPthréish dhdtlehbhbésnolin accordance with the
~diagrammatic section through a nozzle chanber in
inyertghawing 4 heeteyglement embedded in a substrate.

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

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

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

showing a heater element embedded in a substrate.

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

element.

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

invention, showing a thick nozzle plate.
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5 enbodi nent of the invention show ng two heater
el ements. Figure 52 is a diagranmatic section through

w@20vanzdies chanber of a prior art printhead shp@i/Ay2d08/001507

heater elenments. 10 Figure B3 is a diagrammatic
section through a pair of adjacent unit cells of a
pri nt head according to an enbodi nent of the
AOMLA f
S s g ALt e L Al O A 1 bR a LR an

ebediateht efitthdinvEntipurshowing athih fdzzkerpdateli agr ammat i ¢
sections through a heater elenent of a prior art 15
pri nt head. Figure 56 is a diagranmatic section through

[ R BAdr¥mmAAs &LtiHEBESiehS] SIBRIchARBE! i 1aB&brddRe #kth an
enbodl ment of the inventi on 20 Figure 57 is a
enibedjmenheiithe inverticat showalg twiodwatsf elamkstat er el enent,
connected to el ectrodes, of a printhead according to
an embodi ment of the invention. Figure 58 is a
FRARESRsiali o RthRdessdea 68 BREtdhEndsZRWhaihbér dTal @A Ghrinthead
nodul e of a printhead according to an enbodi nent of
shayang fwehedteelenzmtsi gure 59 is a schematic perspective
view the printhead nodul e of Figure 58 shown
unexpl oded. Figure 60 is a schematic side view, shown
thafd $Yyisiandiggarhinatic seetiod theoyhi mdm&ﬁ‘chdj“ﬁadmtlmtﬁlls 8f0a printhead

re 58. Figure 6 is a schematic a(gﬁw ew of

h
awrcﬁ%t%l fracny ol fhedayeatiop, Showineye) aff@tsnozzleg affer drops
g AR OIRO Ry fbebh GERI YerdifirolghChermat i ¢ expl oded

perspective view of a print ead according to an
enbodi ment of the invention. Figure 63 is a schematic

it o3 a8 34 2 Searramatt §eiont oo B Nl feienl ¢ Sifor 7

pNAt@¥Of the printhead of Figure 62. Fi gure 65 is a
scherratl c rear view of the printhead of Figure 62. 10
Figure 66 is a schematic bottom view of the printhead

Flgure@é% ra(:“dwtgra.mmatlc section through a conformally coated heater element according

to an embodiment of the invention.

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

of a printhead according to an embodiment of the invention.

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

according to an embodiment of the invention.

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

unexploded.

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

Figure 58.

Figure 61 is a schematic plan view of the printhead module of Figure 58.
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Figure 67 is a schematic plan view of the printhead of
Figure 62. 15 Figure 68 is a schematic perspective
WQ 2@4/0e6103 he printhead as shown in Figure 62, BPCI/AU2003/001507
shown unexpl oded. Figure 6®8is a schematic
| ongi tudi nal section through the printhead of Figure
62. 20 Figure 70 is a block diagramof a printer
oL di. i i N
R e SR b P T ¥Rl B el R an
embbdiows] oftthe invepioondi ng ref erence nuneral s, or
correspondi ng prefixes of reference nunerals (i.e.
the parts of the reference nunerals appearing before a
FRRI&E3 {88 dchertht ClrtBEetspBLliveidly bf Bk pRhthkh DY Bigule®2&hEwn
to correspondi ng parts. Were there "are correspondi ng
upexplededs and differing suffixes to the reference
nuneral s, these indicate different specific
enbodi nents of correspondi ng parts. 30 Overview of the
Figwyet4 isQischétatitemat aie“dbﬁtﬁagﬁhmeadoémg&e api on WO
2004/ 048103 PCT/ AU2003/ 001507 9 Wth reference to
Figures 1 to 4, the unit cell 1 of a printhead

P gy S PRI 20 2782

Wi th nozzl , the nozzles
having nozzle rins 4, and apertures 5 extendi ng
t hrough the nozzle plate. The nozzle plate 2 is
Fruze bhalserscherpatioatem v iof die miintheed of Sigptfc®Zur e whi ch
is deposited, by way of chem cal vapor 5 deposition
(CVD), over a sacrificial material which is
Figubs @hiserschgmaicqiiadviewod ther privtived df Higsiee 61cl udes, with
respect to each nozzle 3, side walls 6 on which the
nozzle plate is supported, a chanber 7 defined by the
Fiég@ké 68 BAGchdRatitQRedpBetiledli@y 8f thd phikithehd hA¥Bvn if PRRHE 82, But
and an inlet pasSage 9 extending through the
shayn ynexplpded.substrate to the far side 10 (not shown)
of the substrate. A I ooped, elongate heater el enent 10
i s suspended within the chanber 7, so that the
FRIu&Ns al sghénatichendimdinabéectos thepamde phigead offegure 62.
printhead as shown is a mcroel ectronechanical system
(MEMS) structure, which is fornmed by a |ithographic
FIRREE TR S Vi@ S RS sl Rer? B Rr 5 o SR o
iventiorshown) enters the chanber 7 via the inlet
passage 9, so that the chanber fills to the [ evel as
shown in Figure 1. Thereafter,

DETAILED DESCRIPTION

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

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

different specific embodiments of corresponding parts.

Overview of the invention and general discussion of operation
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the heater elenment 10 is heated for sonmewhat |ess than

1 mcro second, so that the heating is in the form of
wa@2aoheused pul se. It will be appreciated that PEEAU2003/001507

heater elenment 10 is in therml contact with the ink

11 in the chanber 7 so that when the elenent is

heated, this 20 causes the generation of vapor bubbles

2 ] rd L stE '
T
ofith tiitzhor Goragmixes 2 nordle piptel? with avzdescotheredd, ther nozzles having
ener.ation of the thermal puls t hat n the )
BS fa@nd APETen ) R B8 TROEHEe ROzAlE Pl o lgglate 2 is
piagm%{checpﬁoﬁpa%l%%@i‘ae tstﬁ@&ture%&lhﬁ dep&itedl Soyaxpﬁl 6tec‘lilefn'fbal vapor

formof a pulse, all the energy hecessary
dqmsmoat(é\fﬂl)eom bishaificial nmtarial phichuppibiseqhently h110hed 25
that short tinme. Turning briefly to Figure 34, there
is showmn a mask 13 for formng a heater 14 of the

Tﬁé Fﬁﬁt‘ﬁ@zﬁﬂaléd’\i‘ﬁbﬁﬁeJT Qathaespetiab ea@sndzir 3ekidewalls $§n Wthh the nozzle
erred to above durln%ya l'ithographic process,

pt@é@@ supnostedrn qh@n@eﬂ’éd@ﬂned |tb¢f\wa1,h% e peEsie nlateiZs a@@é@-layer
sﬁb%tr f'sh an&irgag nlﬁgﬁ%fg ag%? exg’e%ﬁ}nggh%p%) elflﬁ gy e? %Watr: tB The far side

S correspo

(ﬂmslkoxﬂ:a ofttlteadueétmte M@oped,eélo@attslm‘atar elegfeat mge;umended w1th1n the
which to identify various parts of the heater_ 14.

clasalics 7, sosthptfhe ehe@@tﬂrlé a&@efm ot # Bspensied hgamo The anﬁfaﬁquas shown
1%&%@&%‘3& atfe a?gys{%g(mmg%g‘uctﬁfédwﬁlé(l}Q§%&@zﬁ lb?'ﬁﬁﬁograp}nc

10 corresponding t part esi ghat
progsds. which 40eR0ibéd OB b RTBeAIR003/ 001507 10
operation, voltage is applied across the el ectrodes 15
to cause current to flow through the, elenment 10. The

WRGhS PEiRBealiTs A @k N 1tHIne K %seﬁvbﬁfr(nétrkﬁo@h?é}ﬁ&ts tHch8ber 7 via

that nost of the electrical resistance is provi ded by

theheleépaém& sorthakthe shambey fdlsito tfe leved apshesm indhguwredd Tuhnreafter

erat| hate 14|s d via the,e
SR B0 S FRREY ot Skl TR B Tl iR So gl hesting
1s\&helﬁb fohg ofh eembl pulsd. & Mﬂaieetgp@ala&a&mtlﬂb@l@bae@ @lement h@ls in
bubble 12 fornms along the I ength of the el enent,

t hi
thetras contaghwish thegnk | h iny he cherplar 7sedhatavhen the eament is heated this
tﬂ]gsuﬁi? gtl,ner ﬁ)nfoq% &%Bhl%s 19 {he(?ﬂ? AL 15%[% t‘ﬁ?glllkl_ﬁlf constitutes a

portl ns snown I N Cross SeC
bitib feemind; liquid: eFigereelr shioed the.:ﬁuaamarf a bubbhaaﬁfaappl‘ommately 1

ressu thin the chanber 7, .
of ﬁese@p%ffﬁ‘%rgemratéprmfég %ﬂ%@l ﬁtlésal"ih ﬁeﬂwﬁ? hes Just
nBQéAEEorBthe HBRer d18hént@$6] B bb%ﬁﬁde&ﬁféh'tm dshBe HELRs abBlied in the
as It Is ejected, so as to mnimze the chance of a
fatmogs apudsti albtheienergy necessary to generate the bubble 12 is to be supplied within

that short time.

Turning briefly to Figure 34, there is shown a mask 13 for forming a heater 14 of the
printhead (which heater includes the element 10 referred to above), during a lithographic
process, as described in more detail below. As the mask 13 is used to form the heater 14,
the shape of various of its parts correspond to the shape of the element 10. The mask 13
therefore provides a useful reference by which to identify various parts of the heater 14,
The heater 14 has electrodes 15 corresponding to the parts designated 15.34 of the mask 13
and a heater element 10 corresponding to the parts designated 10.34 of the mask. In
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15 The reason that there is only one nozzle 3 and
chanber 7 per inlet passage 9 is so that the pressure

wowrwe/ogEner ated within the chanber, on heati ngPGI/AUR®3/001507

el enent 10 and form ng of 40 bubble 12, does not
ef fect adjacent chanbers and their correspondi ng
nozzl es. The advant ages of the heater el enent 10 being
n t i L
o RN kel ' eiflcd 08015 PRIRE TR R bR 150 M fhueh the
eledneit 10eThe éle@ttodbwbS arcanachsthicker thluefhe&lamls 1060 that most of the

oertlon of .t he nt head. an bes hat the
clgiin ?éesatszange isgayided ?mftewi?menan lygaﬁﬁ%the ROV qopgumed in
HlgleTheaRARC ETERA O gl el ﬁtWOOHiJ& 1t tHOARkRa1Iul
Oﬁﬁé ghapé3§? t he bu bee TZ a%é%f 25’ groﬁsH@%s sh om%%mse
refirgpdrte ayvei s det ermi ned by a conbi nation of the
inertial dynam cs and the surface tension of the ink
11. The surface tension tends to mnimze the surface
Wae theQfleméri @ 0 By Rk abAeSRibld abovebhebiBblei 1MEoANSAbARINE length of
amount of |iquid has evaporated, the bubble is
the skearent, ship Yulbhle kppehEps dn tl@@rqsse‘»eﬁ:tmﬂleﬁ@w dfFignre d sagrfeur bubble

p$ﬁ§%%§ﬁé§§g&ﬂﬁg§§{ge &ﬂb Arso % %gagﬁﬁéosﬁi back

t hrough the inlet passage 9. However, the inlet

assage 9 is approximtely 200 taq 300 m crons in
Theehipble 1220809 gengisfss, episeAn ingieateyn PEPssyP Sigyi theghamber 7, which

AT 8t BASRA G B 1 0B OOl SRR L7801 4 asiss

inplirediong thadtope¥d asdt isefectddespasas sningnizée ghe dhandehsf actraprbvésdirection.
7 is to force ink out through the nozzle 3 as an
ej ected drop 16, rather than back through the inlet
Tﬁ)@i%ﬁﬁﬁﬁhﬁ thetd Eﬂdl‘ﬁoﬁ@ﬂ%ztzﬁ: Fah8mber 7 P& iRlet ?55@?%@ isSo that the
shown at a still further successive stage o
pr@mreawa\mgenﬁnatedmldhn theechamb et pD peatmgtaishe ¢lempri 19gnd forming of a

ot el B0 alibbd) narers BRE SRR orBtRRFine 488G .

al ready reached its nmaxi num size and has then begun
to col |l apse towards the P0|nt of coll apse 17,

as
Theddvestagaes aftheiater glement 10 heing gispendsd ratberrthan being embedded in
qg]‘ 12 towards the point of
a0 o%o}@%ia(‘te q%%%@%%%‘%éﬁ nk 11 to be drawn from
within the nozzle 3 (fromthe sides 18 of the drop)

and so rawn from the inlet passage
Fighiraras t3r$£°}¥61ile‘rft‘mb‘l"e“c]oil"1 YGSHCCERBES laB@F Stasgs ?frﬂpefeiwn of the

pSHB. I kahbeSedPRRERe b bc’olglif‘ggheﬁéft éﬁérfce%rows with the

orm ng an annul ar nec 19 a seo the rop 16
repuliant advancament bf mkkilribrough the nozzle 3. The shape of the bubble 12 as it

grows, as shown in Figure 3, is determined by a combination of the inertial dynamics and

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

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

microns in diameter. Hence there is a substantial viscous drag. As a result, the
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15 The drop 16 requires a certain anount of nonmentum

to overcone surface tension forces, in order to break
wo@bdo4/04803 Nk 11 is drawn fromthe nozzle 3 by PE¢EAU2003/001507

col | apse of the bubble 12, 11the di anmeter of the neck

19 reduces thereby reducing the anount of total

surface tension holding the drop, so that the

_ g . ‘.

piFEOE R ot e sy I p A0 R o Rlink DR rongh the
nafzle 3 MWharejedial diopd 61GitHer dmkdack fhrouphvhe aflétpasshges 8.es

are caused as reflected by the arrows 20, as the

bubbl e 12 coll apses to the point of collapse 17. It
Thidide RFv BOFigEreld) Me iR S0 o8 Alstil furdtiéh CRAGBSiVe btddR®r

vicinity of "the point of collapse 17 on which the
opeatidnain which dre inkdeorald thst iebeiagtejectelanstorat duringgts “necking

r og¢ | evant par f,.the u ur i rocess ,of, .

B SR RSP e 8 ThoGar By Dol 14 R BisgEr e i
mlaRRHh 528 afd BastR¥h Basatb BSlthpid tofkal & tBE Boiaeot llEpUI7Ess reflected
6 to 29. Referring to Figure 6, there is shown a
inonereglctadldniFigure Ar ough a silicon substrate portion 21,

being a portion of a Menjet printhead, at an

internedi ate stage in the production process WO
TRO O 129483 O BtHeGTibBIdAQA3WaA3 Bl hoidtDficbikapsell 7 cdidies sdmeghike 1 to be

relates to that partion of the printhead_corresponding
diagynfrom pithisthe nezzle Ffromdhe sides fgo‘?if the dfopy and some to be drawn from

ign 0 [ 0
Bt R RS po B ol B i ¥k B AT dE R manner
istduawn frhm the aozde 3 yotthinigen apmilareckck d 9 at theltasd eftthe dfop 16 prior to
. cent ..unit cells of which the whole printhead is
13 888t 5 Figure 6 represents the next successive

step, during the manufacturing process, after the

conpl etion of a standard CMOS fabrication process,
Therddop diomequites afcetizin @gtouphoighormviben td oy ergome awdicsttensgon forces, in

oo SARTE ACalel 4t PR Giorg il OB s b Bpbore 12,

theAYMicterd? tadbcRASTeMRkS tHordbgYelucdr théVhbild of@otal surface tension
i ndi cated by the dashed lines 25 electricall

holdingiteadenciosthetribe momeatuse of e drep astihisie) wqdv%lt of the nozzle is
sfRLE & 5}18&,6}}1@%85% bR and the heater el ement

correspondil ng e nozzle. Quard rings 26 are forned
in the netallization of the interconnect |layers 23 to

revent i 11 fromdiffusing fromthe region,
gt PBE%@?‘?}‘&H@ SRR T arafaup YRty the amows 20, as
thMtubbIBE 2 collapses to the point of collapse 17. It will be noted that there are no solid

surfaces in the vicinity of the point of collapse 17 on which the cavitation can have an

effect.

Manufacturing process

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

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

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

being a portion of a Memjet printhead, at an intermediate stage in the production process



10

15

20

25

30

15 formed, through the substrate portion 21 to the

region containing the wiring 25, and corroding the
WERMOF0es10T Ui try di sposed in the regi on desi gnaPp€AR2003/001507

The first stage after the ddnpletion of the CMOS

fabrication process consists of etching a portion of

the passivation layer 24 to formthe passivation

S
R T s A Rl P R po R0 UL L el 1
The dmcaptmxpeﬁﬂm gnaiﬁﬁfacﬁinmg@pmessrtbaﬁallows Wuil benstelatioh & a unit cell 1,

he ink | t he chamher .h t wll, be )
st v R Rar Gt Be beoces i i praliablog ottt of adiacent
uﬁiftéaﬁs &fw}ﬁélpﬁié%ﬁo@é‘ pidkth&dd it B&nﬁ&s‘éﬂ' ng of a hole 31 in

the substrate portlon 21 at a position where the

nozzle 3 is to be forned. Later in the production

0CESS furth hol e ndi, cat e e _dashed lin
EGTprossis R4S Syckiiafeslebo e e fbnpRERTRE Rthays Bffer the
cblhpleﬁu@ 6f 4 thed4e UMQS fabkichor oBesdAnWuliing terabRtaiond bf CMOS

to conplete the inlet passage to the chanber. Thus,

deivetrapsisiors fnatishpwakin thewrsion@2ia the swhatsateportion &1y the
bR S A5 e lprblafib s WAL G0 by, i

indieatdidyethd dashed Ghnémﬁéie@hcdlbldn@fdonhm thayrahgistband other drive
Jnter&gnnect | ayers ﬁs t he avoid the hole 32
ety (i m ghewnhadthe e ok BT EPRIES 91188 Poveihe

region 22, the hole 32 WO 2004/ 048103

PCT/ AU2003/ 001507 13 woul d have to be etched a
Gglmehtings 2gias¢ tomped a'mkh;a nfigtalizdtivatof tleghtenconoec dayers A3¢apeevent ink

Sui |nd cat ed t.he row.34)_ for. .

1 £ RpiTg 400 iertetiot R 21 athihy B rOTHE o Shis pell 1 will be
fdrhef) thitfigh AR sﬂfbsﬁrzﬁ@ p§1lﬂil%§t2'l% theROEibh eantaﬂamgaﬂgwti 25, and

resul t ant short ened depth of the hole 32, " neans hat
cerrqding the GO qircaifryrtengseskinithe regicartesighated 32.
substantial ly higher packing density 5 of nozzles can
t hus be achieved. Figure 11 shows the stage of

The Giely slapoaftafthetompleiod ofithe CMOS iteicatictysrocetd cosishs of etching a
sacrificial , resist has been deposited on the |ayer

pouion-phthe naggiestiondayer P do foym the pessiyatiomeecesses 3%r ns part

of the structure of the printhead. The resist |ayer 35

is then exposed with certain patterns (as 10
Figapr & slervsetle bipgt bfprodisdtion aftemthe etchinglufehelidjerdéomné@rayers 23, to

recesses. 36 a a slot _37. Thi vj des for t
gy e IRED. (A CReRiat Al torranginBiiie al anlgigoispage fthe chamber

tHAEAEbe RIrfidB Mtedifl tREprofEMEd ater in the production
process. The slot 37 will provide, later in the

process, for the formation of the nozzle walls 6,
F}grl]nget ld/\g}{olwsqﬁé Istgge &4 ﬂrgdl%fuo}l gﬁerctﬂéa et ﬁmg of a hole 31 in the substrate
portion 21 at a position where the nozzle 3 is to be formed. Later in the production process,
a further hole (indicated by the dashed line 32) will be etched from the other side (not
shown) of the substrate portion 21 to join up with the hole 31, to complete the inlet passage
to the chamber. Thus, the hole 32 will not have to be etched all the way from the other side

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

If, instead, the hole 32 were to be etched all the way to the interconnect layers 23, then to
avoid the hole 32 being etched so as to destroy the transistors in the region 22, the hole 32
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15 Figure 13 shows the stage of production after the
deposition, on the layer 35, of a 0.25 mcron thick
wo 2008104883 of heater material, which, in the prEGEAU2003/001507
enbodi nent, is of titaniumi3nitride. Figure 14 shows
the stage of production after patterning and etching
of the heater layer 38 20 to formthe heater 14,
NG t
\x)lgﬂﬁ‘lu%égb E@hgﬁe hte &aﬁéﬁ?%fav;agrtgﬁq | on%{gfn%g(raﬁ g%%ﬂge a suitable
nBegin I(Ihdrcateﬂ by elsd aﬁ‘t‘ow M)efor aﬁhmg freoturdciesn Butdine d&tbliung of the hole 31
has_ been

5 Fi h h
frgpoh a0 of %F‘ﬂ’éFafﬁ pg'@gﬁ[%ﬁ %P S d%tb &f fhghole 32,
R8s tﬁ@tea{"leséé? H’ﬁ%%‘lﬁ 8 neddbAch)! rﬁfd@ﬁ&t%@uﬁm fii'll?‘s?ﬁg&er %amz(%lg density

| ayer 40, he first heater |ayer
ofmazzies camﬂmlsbte|ac1aﬁvadm nitride. Figure 19 t hen shows
this second | ayer 40 of heater material after it has
been etched to form 30 the pattern as shown,

gl cRRRsYe 8 %ﬁﬁﬁ@@cﬂ&ﬂ&ﬁ&la s midRon thisk layer 35 of a sacrificial
| ustration, atterned |ayer does not include a

rqfq‘tséb@rbqeasieposetbéﬁ%ﬂte laygr 24nkhis leyemd Ssfillethg folead and now forms part
n 0 i,

oREBSFTerIgACRBY TRPEN eSSl i s o

rdphstested by fiedaaskishowh it Riguiek) @6 folrﬂa ﬁ@eskd%% anddn slot 37. This

operation, |ess energy is consumed_ by
peoyisies derdhe @W@Wm@m@c@@s@w elefﬂO@erelét qfélaee%eam ielegnent to be

fHe@%eSh od&don! o&%%@ﬁfo't 2’2 W eProngkg: fRe et p??cr?ss, for the

greater effectivene frent s
farhmation af theeazde walth 6ghatenid] defihepant af the chambdérgur e 38,
the corresponding |ayer 40 does contain a heater 14.
5 Figure 21 shows the stage of production after a
Fidhitd 18 i}@%rthé’f&a%l@éf prEdctibh ﬁfté‘thé &e%io§itt1onh&}§th9%%f@r 35,0fa0.25
eposi ted e uppernost |evel of this layer wli
mieros thielutagen Heofihenter meterink vdiahi int the prasent imboginegnd i9of tatanium
ﬁ formed |l ater, and hence the inner extent of the
(} 91 e aperture 5, the height of this |layer 42 nust
be sufficient to allow for the formation of a bubble

12 in the region designated 43 during operation of
Fighee Ut shemisdbel staamofmr@dncem aftertpsiterningeangteighingogt the heater layer 38
fit osi t ed,

iR bl FELIR PR e B Rient b0 MR AR TR s ¢

plate 2. Instead of belng formed from 100 m cron

IhIC de f| m .the nozzle plate_2 |s forned

t%ﬁl%‘?/sttﬁ% %Fége? edustig ghigraothey Wﬂﬁi@i esigtieger 23, Cibout 1
ng&gﬂgngp%a§%&%g§g&iproduct|on after the chem cal vapor
CVD) of

eposi ti’on

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

micron thick titanium nitride.

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

of the electrodes 15 of the heater 14 so that, in operation, less energy is consumed by the
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silicon nitride formng the |ayer 44, has been partly
etched at the position designhated 45, so as to form

w0 b@4oug18s de part of the nozzle rim4, this ourPGI/dE2003/001507
part being designated 4.1 Bi#gure 26 shows the stage of
production after the CVD of silicon nitride has been
etched aII 20 the way through at 46, to conplete the

r .
ole QLT VRGeS Eh i b it b SRR 08 Bectivances
of e]nmh/eatbr atentents 190 9n thealnallemiey eaibedindknt illukteated int Figwre38§ the
uired. Figure 28 sho t he tage of production

C%IF? apn n%)}"’éf?re $ CP%?@%@CB\I Tesi st has been 25

applied. After this stage, the substrate portion 21 is

then ground fromits other side (not shown) to reduce
Figuee 2uwtwsahestpge ¢f m@dlfcti(maii’t@rg thiydiayat 43, lof sdcnifisil kist, has been

m crons 200

b
AR, e R 18 el SR afen avil] sPEs2a3e (gt Jimbics3R the
nb§z1 m HeFoRnsdERich afidl GbndehiRd 1nh§r é’f@@xtt of thB Q0N Bpedthire 5, the

the sacrificial resist of each of the resist

hialerighiadayepd) meet basaEaent iealiemBy el tshAiPn chabhle 12 i the
l f . t in Fi 30, with
i bR T ISt Y TR, 021 her et ne ¢ he

chanmber 7 (part of the vvaIIs and nozzl e pl ate bei ng

shown_ cut- away | t be noted that this als
Figare e SltoaVSrth%: Qﬂpéoctltsgpe aftgrithe yoef laygred4ensdea dagsited, that is

tﬁerl er%&%‘i(}&%ﬁﬂtg% tﬁgég? Qt§/20 Qi of 3o ng%ﬁnég%cﬁn 100 micron

et her (not “shown in
thiei«f palginddp fibsdbenezd eplatie2gs fdrmethof bilichromnides jude2 oficrohethick.
substrate portion 21 to the nozzle 3, this passage
serving as the ink inlet passage, generally

Fiesd INalodd tRe sthee Gﬂiﬁodiﬁﬁ@ﬁ)@fteﬂhe ghe\l/l‘ﬁbdl %aﬁcﬁf‘%le Y&t (CVD) of

production process’is used to produce the e
sidifon mén(bq' formingdhe lag¢raiinhasrbern g@nﬂg egmed ﬁtu:hc pwtlon des1gnated 45, so

ooy Qi T TIET R oA R hch, i 955152 e PEE Besignptpa 4.1
37, and Figures 38 and 40. Cbntrol of |nk drop

ejection 10 Referring once agaln to Figure 30, the
Figyre 2@ eows the stage-of paadustion piderdle GNEVeS silicon s hog hesn etched all

t}fr%"g?\(f/ziéy tﬁfou?ﬁ glt %{@tiltt{)e ??Ig l%qh{]%%laﬁorg%ﬁﬁg ?gzz‘fé#%m nd e\rf%l"ff&le nozzle

apestuneb, Bidefer thetC\aaicors nitlididias be¢hrehrlved at thé pdditon designated 47

heat.er el enment. 10 can be seen. 15
where it 1s not required.

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

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

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

passage 9 (see Figure 28) to fill the chanber 7. Then
w@2welossge i s applied across the el ectrodes 15PCTAU2003/001507

establish a flow of electril8 current through the

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

descri bed above in relation to Figure 1, to forma

. | . .

HYERAE, Db ub e a2tttk Ol il ARy S 3BF REnd g gk Rynding
frofni the lower sele@fithe sabdtrapp@tioB 3] to thé nane 3,Ahisgaskag8serviag as the

.result in there_being ma variations_in the ratio of
anéﬁt}f hastS%gewsmerlyalPS@P?éeﬁ%é?@w fs 10. Such
vari ations (even though the surface area of the

elements 10 may be the sanme) may have significant
Wafifeght¢ sbaye prdvaickdreptoréss ad used $0 podnesethe tmbodimehenfdh¢ printhead

sk ekl o0 Bt Gertiobisad Sty hERE wirotn) BeatdYhuctures, are
s RIHigurtB g efFi @53?%@3@%&9%8%%@@©m3 tend to
require |l ower drive voltages than earlier versions,

with | ower resistances of drive transistors in their
.on" state. ,Thus, in such drive 30 transistors, for a
‘%V@@ﬂf%féﬁéﬂeﬂbﬁﬂﬁﬂeg, there is a tendency to higher
current capability and | ower voltage tol erance in each

process generation. WO 2004/ 048103 PCT/ AU2003/ 001507
Réferimgyorrce agfin to Eigerer 3 tHeamithell d, shetwoyss rhémioabdgmve) is shown with

| ap.vi ey, .of  a sk for form ng .t he eater structure
oft SFg Wl S B P ateeeus A AEEN SRR eamiengup ingghamber 7.
TACR&H&H 1295 Yot sRSwn LA, RPHEERIE BERESoHELSAGRENMNt 1 H8an be
heater elenent 10 of that enbodinent, it is now

sgeaferred to in discussing that heater elenent. During
operation, current flows vertically into 5 the
el ectrodes 15 (represented by the parts desi gnated

Inlépedfilon, R 11 habses Rowphthe itk ihlePPasadR® (s&f Fikti@ 28) to fill the

el ectrodes is rel atlve.lé ' arge, which, in turn, )
chagihgr s Then ¢ Heltage peinpdicd aerosy the elecirodealls to edabishadlow of electric

) in £ .
oA L, OB 0 3o
reldiionwd Bidurot, tb iermed esponbubbie inhths iknoitkin WeBs¢habdiend. 1

mcron and the thickness being 0.25 mcrons. 10 It
will be noted that the heater 14 shown in Figure 33

THéSarfous pISit1E SRthlrds Iﬁ:),‘i"ﬁ{é lf‘e‘éteg h@,ﬁg{e ¥ Yhidhae shdifn inI Feigures 33,

el ement "10 shown 1 n Figure 35, has Just a sing
3% awh3 3 6énd A8 ccandésulliy thetchlzeinginemevdriationom the gaioef 331gth to width

o%lg hﬁ{{gr\ée?ergenqy f(lj] gugl\{vxe/erlria io%g Eervler(f ?rllourgﬁ ﬁllesstu?fggeeéreg (r)]fj th\eMeielments 10
may be the same) may have significant effects on the electrical resistance of the elements,
and therefore on the balance between the voltage and current to achieve a certain power of

the element.

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

lower voltage tolerance in each process generation.
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hi gher current flow, than the elenent 10 of Figure 35.
It therefore requires a |ower drive 15 voltage to

WwW@lelu9es10R gi ven energy to the heater 14 in a PCT/aN2003/001507

time. In Figure 38, on thelether hand, the enbodi nment
shown includes a heater 14 having two heater el errents
10.1 and 10.2 corresponding to the sanme unit cell

F%lﬁee ?8 efﬁ%%ﬁ toef%bg)(’% hdws ﬁi% sha cﬂes i 1&(&}1 ‘3f X\'hﬁtslg foqsfoxtnlﬁﬁg the
hsatef simetu?Oofthe ambd'dlmen‘amﬁ thel pnmhbd?ﬂSshoﬁvntlh €i guml\&ﬁ Accordlngly, as

| t 10.2 dt h ile th
e Db Biratbaes the Braser et o of theh b is now
réf@ﬁed?f(‘)elh @Yscﬁs!%ﬁlf‘ tR8l Heftel OKmbRY, tﬂ’l%r%h%@ﬁﬁbn cunkéﬂt fi&%s vertically into

| ower el enent I's tw ce that i ed t he upper
the deatrodes 05 (remseategubvehﬁ phrts\designaked h@éGhmjﬂmtlﬂse:urrent flow area

o 53R T BB R Y B o et

& aiice d BeHeontt At tieel BRI 16SreprReed igife 5HBY tHeYart des1gnated
energ plied to the ink by the upper el ement 10.1 is

18,36j ¥ loga dndighin, wph thecwidtteef thp glementindhis egpodinpsing b@ing)} micron
aﬁ(@ﬁ}e_tﬁgﬁ%esgkﬁggp%%% 2qks about 2X, and the ener gy
applie y e“tWo

Fefent s together is about 3X O
course the energy applied when neither element is
ration s, zerq. Thus, in effect, twy_bits of

kel é@hﬁh%eréd sBPvA ﬂ%ﬁl&met% has@ signaficrsily smalier element 10
tﬁ%? tﬁ@géﬁgétgl&%o@gﬂ %@%{ 904 ﬁ% e a@e IJ&E d%%b 9%%01|‘d1ngly, the

factors of energy output ray not I eved exact
elemept A of F:lgure§6 veill'haivere much hower' ele;ctmdahmsmtaacdz and wiilhgermit a

h‘%‘le’% Q{%@S‘ A&t t‘i@? é‘ taﬂgq%? éé gf éf e re%gfglrf\écgﬂqep adowey drive
vblagtith el e @ gRRnRAEEH td thathehtBel Mﬁgﬁ?vﬁi ement 10.1 is

rotated through 180 about a vert axis relative to
the | oner el enent 10. 2. ThIS |s so that their

ok LR R dePPon PhPEpE L ne undl R pegter 14 having wo

h&aat dléreéntan@l 1 asy ank age&spohdipakd he Bhde uei Bl Memk Sf thle elements
Di scussed bel ow, under appropriate headi ngs, are

1021 fyyige theavirthias theetherrelement 18 with seerrespoadingiglarger surface
a#eg.v’ﬂﬂat Va%us ﬁo&i}ge ﬁ)%’e? @%ﬂ%ﬁ? 18 5 a{ehfﬁl? I'I)l?saﬁl%lﬁa‘ﬁ lw-ﬂgg those of the

eatures ar considered in Fron to
up]_im ethmaamt h@$ apeel indiron ingwidth. tThes fieesmiendy appliehtoiitinin the chamber 7

S eco xt specificall cl udes, cert
by ﬂ%ﬁj;P elaﬁr&qpé & fhigt pplicd b B elepient f‘? L4t 4 given drive
BI@Jg%raB& Qulse duration. This permits a regulating of the size of vapor bubbles and
hence of the size of ink drop ejected due to the bubbles.

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

printed with the one nozzle 3.
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15 to. Suspended beam heater Wth reference to Figure
1, and as nentioned above, the heater elenment 10 is in

wo b@4pes1ns of 20 a suspended beam and this i SPCT/AU2003/001507

suspended over at |least a pgortion (designated 11.1) of
the ink 11 (bubble formng liquid). The elenent 10 is
configured in this way rather than formng part of,

r 1 M (13
A2 loR SRRE LBk ot 2 i B BBkl 308018, some “fine
tuminpfod theumxactsidne bf ths eldenenest 10, PaekEDY. 21, or Glthendramdoltages that are
ﬁéxﬁ‘\ﬁrﬁi This constitutes a significant difference
apRliedde heahBuyibeEsdWreds the present invention and the
prior ink jet 25 technol ogies. The nmai n advant age of
this feature is that a higher efficiency can be
Itavcilli adsperd rioyedathatithié meper elomenhhé t esotatsd theaighi§ovbibauhe vertical axis

Li terial that rL,ounds heat er el nts 10 .
it BRIR PR emaR g GRRRR T Arsitp B £ Bt amp ptncident,
al@king iRlepaitRnSetnnestddith Sefabfle HAVEEIrAMSSage 30 9) which
takes place in the prior ‘art devices. The heating of
such solid material does not contribute to the

ormation,of, vapor bupbles 12, so,that the heating of
R R e Ry e D T
only energy which contributes in any significant sense
WO 2004/ 048103 PCT/ AU2003/ 001507 18 to the generation
Dadcusded bblobb beder 3@propristh htadigsc ireicsrtaipppécific fhatveestdfiembodiments

Ok to the I|i e heated,. which |

i.d ichis.to id . )
e a0 it LRSS OF (6% IR e Tt Bedo ey pnsidered in

ré@tidnl th W of Ble’Flaw MgS h&HiSing to 1RPrdieatiRVerRioR WRkks 8 chftext
suzpended 5 within the ink 11 (bubble form ng

specifirally excledes lseitain Hiagvihgsy endirelaies todhess dravengy speeifically referred
k;his is further illustrated in Figure 41. |In another
possi bl e enmbodi ment, as illustrated in Figure 42, the
heater el enment 10 beamis suspended at the surface of

the ink (bubble formng liquid) 11, so that this

S Ibel ow t he el ement rather than

surrounding it, and there is air on the upper side of

the el ement. The enbodi nent described in relation to
Wrtlgtefezentd to Bighte Rraal as medtiasedtdbevd) tiidheatet 2lement 10 Brimthe form of

all around the el enment 10 unlike in the enbodi nent .
aaw&mhs@&amn 5P awp%doeﬁiodsrf # lopst ypeitien l%lawgqlé-ﬂ of the ink
ng@dgb%ﬁnﬁl% rlii'iléﬁ?.! W Likfch ﬁi@%nﬁ%ﬂé@in thﬂ(%?@'ﬁa@l@f B8R forming

igure 4 kely to provide nore efficient

papef, at being elibedsizd ie subsgraté as isfloy casx bngrlistingwirinthead systems made
reference t.o, Figures nd. 3 heat el e .10 .

bl S e LS SR et g APL T pd big constinutes a

siighiFicRRRPFérbRceYeblPeenTtiodaheritd o188 Prdséitti®fention and the prior ink jet

technologies.

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

involves the wastage of energy. The only energy which contributes in any significant sense
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cantilever. Efficiency of the printhead 20 The feature

presently under consideration is that the heater
w@b@awsi1030 i s configured such that an ener gyPOGI/AUZ®3/001507

t han 500 nanojoules (nJ) i98required to be applied to

the element to heat it sufficiently to forma bubble

12 in the ink 11, so as to eject a drop 16 of ink

f. i . o

e iR TS ol 1230 VLS PR RIAR, R he 8 which s
tdbﬁh&mﬂ.whhhwmmmmtwﬁmmyﬁnamgylis | ess than 120 nJ. 25

It will be appreciated by those skilled in the art

that prior art devices generally require over 5

eﬂ?bi@ﬁ%@émt)@dlﬂféﬁf al hﬁlsﬁét@m igitdl 1l ke 1Ret ¥leﬁfégt 1061s suspended

ate a vapor bubble 12 to eject "an Ink
Wﬁhusheumdldbéﬂdyﬁmaqmghqmﬂhseﬂuﬂﬂnhhmpde@mmmdsﬂusﬁMn@m’Hnsw
ar, or ni.t ud wesr, t han .t hat of.. kn
s Tt in Bl B Ciner DS e e RBA ), 8 Ul in ieure 42,
t&'ﬂe%el%eﬁt@(‘ﬂfea&ﬂ@ E@prﬁw:dca@ HeSsurfasPoi tBE 1&%@%16 forming liquid)
plies, and so on; but also dramatically sinplifies

1br5i0 rﬁln&ﬁ élasthwdlm oy balomothe clemsnbrathgs fhantspeeuasting iszand deere is air

o R el MBtio o G colcBBE0 Myln stBieype 415

piefigredrae gy ubblvienwiloforraral cespdahatlemest Pnidlike amtheiehbodiment
enmbodj nents where the individual eiected i nk_ drops

desgribedigrglationeto Figws e where thebubblgjvgH oeeoﬁonﬁ@equhsﬁlemm Thus

it e

i nvention provides that the ener gy appl ied to a heater

ASeBBatse e T, SrithBbhenct fopnta 30end s helabbgersidnent 10

b&RIsOAsdrRE oy dehd @ addSBéE gt 1@§/oﬂp6§itee§1€é3 Ts@ ¢hatl [t @Bnstitutes a
itsel f,” and the ink that is taken into

Cq;mﬁlﬂqw?head fromthe ink reservoir (not shovvn). The

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

wll be outwards fromthe printhead, to provide for
Efiia@rabf theooiatiedd. Under these circunstances, the

printhead does not require any other cooling systens.

As the ink drop 16 ejected and the amount of ink 11

I I C

T B QbR RO AR Sy £ B s
that 4 eresgeoftiesalthan 309 rmhojohks $1&II)E reqaise] toible applied to the element to

t ot ement of energ
h%g Pt;/sﬁ cgenr]gyﬁg Y z{ ﬁ@)‘cﬁle PZ int e i 1V1 so as to gject a drop 16a of ink through

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

further embodiment, the energy is less than 120 nJ.

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

resolutions.
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energy added by the heating of the el enent 10, and on
the other hand, the net renoval of heat energy that

w0 eauloss03 rom ej ecting the ink drop 16 and t heP¢TAER®3/001507
of the replacenent quantitty of ink 11. Assum ng that
the replacenent quantity of ink 11 is at anbient 20
tenperature, the change in energy due to net novenent

s s eerhE bP e Ak OB AR ool RN} i EFerln pilboifAtuts where
thredndivided] djectedink elrogsi®, thempelved, vomstiafte theenapreaiotitg eicolanism of
16, . if it re.at .anbient tenperature, to the actual
thegwinthead as e&“@ﬁ@ﬂ%%ﬁ%-it is ejected. 25 It will

be appreciated that a determ nation of whether the

above criteria are net depends on what constitutes

cliftcoaliry @ smthen In the present case, the
tenperature that is taken to be the anbient
tenperature is the tenperature at which ink 11 enters

ThidFefire i RRAE YN préNes tHk 1B &{e%ﬂa;{pﬁﬁ@fd/@héat&%fbﬁnent 10 to form
shown) which is connected, in flurd flow :

agapanpbelatl2ea as toejeetialrpp | @ of inkdd dgremayed frophige printhead by a

(4.0t hea Typi.cally th i e rature. will .be .
BT N P P bR A b P o e
pritthedd ford GhelRgreRsvolr (noedtowng.) Theleely 6f thid i ehad tHei rRD¥movement”

erature may be less, if for exanpl the roo

t ) . )
of g@%@ﬂéb@ patwiaeds fromyilie priythead, tompeoyigk q%u@maaﬁ icﬂ@l{pt% &nder these

RIS DSBS R eoll AR S svpoms.

printhead is designed to achieve conplete self-cooling

Atk S5 fogodrSandie ahatRhsiat £ B Gishe PrreSp replece the
ejielf:‘t'éd aﬂotﬂ a‘{% j@&ﬁg{:utécpbyl {he shgédtypene [i%d?&ﬂ%ll@és%ﬁ?llfﬁ%&%e same

el emen By way of exanple, assum ng tha
miap itlig conyenisat toiezbiess themet mgvement bl erzangly ass omdtteame hand, the

based, . t L. boj | i oi nt _of r.oxi.nat el
c1R387 P DY IR0 P Rl 8l on s SRR IB} Gecfgmoval of
hélg Gﬁé}gﬁ tHat résINfréMRfRtihS the il #oPUR A 1RDinfke 0E &f réplacement
fromthe anbient tenperature to the jnk boiling

quantibeotinkdé Aserrpingthat sha eplagmenhanantisnplinktld ivatandhent
0 iy I ~eht. ir

R ol U LIRS G OB o e Sl Al Gn
qoaitities of inkBamtortvienignidy be expresdedss the hedt aledt mamn)d Mhﬂeqﬁire]:cd to raise

are very close to the boilji.ng point of the ink 11. |
therfemperatbreof the piscisy Egﬁ’c}r@ i WhisEH abieat teppsrpture, to the actual
£ fgg,tgﬁfe &f@}{, gglttiisoggctp@tween parts of the printhead

15 could result 1n sone regions being above boiling

point, with the unintended, and therefore

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

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

lower, or if the ink 11 entering the printhead is refrigerated.
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undesi rabl e, formation of vapor bubbles 12.
Accordingly, a preferred enbodi nent of the invention
WO 20080u105ur ed such that conpl ete sel f-cool i ngPCEHAU2003/001507
descri bed above, can be aéhi eved when the maxi mum
tenperature of the ink 11 (bubble formng liquid) in a
particul ar nozzle chanber 7 is 10 degrees C below its
boi li ng point when the heating 20 el enment 10 is not
active. The main advantage of the feature presently
Iuobeprefitired embodimeng tiek prirsheadis desipnedrivoathiven templetesself-cooling
that it allows for a high nozzle nsSi and for, a
Gty Gt S B0 P et 6By G ok 0egh ol Bovted s feplgoement
qedARes Gt igk 19N bl 1BhERLS chQhy MRY Y ihdikatiddRBlche ),
boiling in nozzles 3 25 adjaCent to"nozzles from which
ink drops 16 are being ejected. This can allow as nuch

as a . hundred-fold increase.in nozz acki ng densit
B of o Fersr e B8 E 11 BRPRRla PRSI fighT AR iobvater
bisRARBHFhAVik) £diliRs bSinIBMppRIXEHateMEI00 dBBleePCERRINE the ambient

Areal density of nozzles 30 This feature of the )
tanpeeatie ahdQ degaees £, e there demmiakimunp 9f 60 éegreasfC friya the ambient

. PL o WGt R Fi.gure.

(R Rt BB ARAG and bl i R e cha
therpediehd asylé ahdebo.t he i nvention relates to the packing

density of nozzles 3 on that surface. WO 2004/ 048103

PCT/ AU2003/ 001507 21 More specifically, the area

. | .

St 218 D EE Wit ARk ARG S b Rl o time of
inkrdrbeit 6 ejdction) odiicheart yetytvdosa tethe boddingi pojntexX tdeddls 1 ROIfADink 11

nozzIl es 3. per uare cmof 5 surface 50 area, ile
wB el Ep b Efsgare it ons bepegt PaBrg g printhead
céU1E RRAR i dnROR gioﬁg Béing ab¥elRilirePéattew il thd whifended, and therefore
preferred enbodi nent, the areal ‘density is 48 828

udesirabde farmagion of gapardubbles VhehAceozdioglyi aprefasrediembadiszdnt of the

. It ch nozzl.e 3 is tak to Include,t

St oo BRSNS v Bl ifRabing AR eEb Y Boveusene
adchi\el siten themhtatuny tenPlrature b ¥R ifik BNGudbbRforn@ing Mghid) in a
register, an enable gate and cl ock regeneratjon )
patigdey nazglechpmberct isd@idegipenbbeloar hgbeilieg peintwhenythe heating
[ if i W.th reference to Figure 43 in which a
elgfl?lgg l(e(f%ﬁ?%acge 1 1 is shown, the dinensions of the 15
unit cell are shown as being 32 microns in width by 64

icrons in length,. The nozzle of. ) ) ) )
Tﬁ% main advantage ofqhe feature presently under Jlscussmn, and its various embodiments,

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

and the temperature criteria mentioned, were not present.

Areal density of nozzles

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

present aspect of the invention relates to the packing density of nozzles 3 on that surface.
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t he next successive row of nozzles (not shown)
i mredi ately juxtaposes this nozzle, so that, as a

wo eaulossiods t he di nension of the outer peripherpCDAU2GI8/001507

printhead chip, there are 48,828 nozzles 3 per square
cm This is about 85 tines the nozzle areal density of
a typical thermal ink jet printhead, and roughly 400

' j f ' Al
MATSRIRGIOSRE SR Aty donehi e’ & BLeRastest 5t oo
nbzzlésqer rpuand entofisunfigeaeat , as the devices are batch
fabricated on silicon wafers of a particular size. 25
The nore nozzles 3 that can be accommpbdated in a

115 St fefriel @mbediRsdht, "ﬂtieeargil t&%rllqs'fﬁ\r&%peeﬂg 38066 nlé?z?z‘ibs@eper square cm of

fabricated in a single batch, ich typically consists

swifacer?8 aveaf while thanotles prefartedrrmthedimenty the greal MBS gicasds 40,000
VE f f the t d.n.th i nt d., of

PR S e o p ST lish o, B el iRsehs R s gpzates 3
3

MNRuatcal.e of patterns that are forned on it.

Therefore if the patterns are relatively small, a
relatively | arge nunber of nozzles 3 30 can be

incl ' I d o
WL 8 3B USRI A 5P 0 BAE e i
comespondisg o th averlé, whictogonkes, fypidakty, lodwalrivatredistor, a shift register,

density. The cqost is directly proportional to the
an FRaplg %ﬁ&%ﬁn<i§910?lh@gma£10@§lrsmt hiryeveunmanag deing specifically
id36t 1642003/ 001507 22 Bubbl e formation on opposite

si des "of heater elenent According to the present

feature, the heater 14 is configured so that when a

bbl.e 12 fornms .in the ink 11 (bupbhl.e form_.ng.. .
WitbRyce p Pieffed BBk b Hbetiautiell S it L timensions of the
uii® celParBisBéWH 80bdng B2 nfiGoAPInSAdRTDY 64 BIERUA e The nozzle 3 of

heater el ement 10 where the elenent is in the form of

the newbeerseiye e of nazzéesi(notishowonimuhediatplyhwitapases this ioarls, so that,
' t he heater. element .10 as osed to, on.ane
£} 55 BT o ot Rt B PO bl ot PR ol % R rags 28
néZzl&Btpet 8qudré ciah hid i€ §bou? 85 ties €helibzzieQida® ensith @f a typical
heater elenment 10 is adapted for the bubble 12 to be

thegpalaak ishpyngad sad squghlyA90 tingsithenezzle aseal dersity@f @piezoelectric
pﬁgﬁéfdfi gures, the elenent is adapted for the bubble
to be formed on both sides, as shown. In a
configuration such as that of Figure 45, the reason
hat .t he bubbl 2 for on only one_. 15 side of  the,
The Ry adipRigge ot abich & 15 0% P ASHRIng SOgn Bl dgyices are

batBh SabPiekred bAkRiced waks sMAfartidlg shidbbl e cannot be
formed on the particular 'side corresponding to the

substrate. By

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

directly proportional to the area taken by the nozzles 3.
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contrast, the bubble 12 can formon both sides in the

configuration of Figure 46 as the heater elenent 10
wheorog/ ooz uspended. 20 O course where the heaP@r/AU2003/001507

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 suspended
BRORE L EEBR by oS BNRb ARG bichlafy Dubbl e 12 forming

on poth srdes 1S the nrgner fTcrency that is 25

achievable. This is due to a reduction i n heat that IS

ma aed in heating solid. mater Vi CJ

f
RE4P Hie Lpse flwi@tathe«mﬁfeﬁl%@ RotiBwshes ot vaoh bbubble 12 forms
1nf {RE 11 u%le%l?rﬁ %11@1&)2 it f8fhsSon ¢ b@th isldeyist t‘h@‘h@zﬁeﬂ dlement 10.

Fi gure 4 where the arrows 52 I ndicate the novenents
Peeferhldytit fartns so heto sigloimd thelbsatenelemst, 1 OThgera thowehimat is in the
fheat | ost t.0 %he substrate 51 depends on the thernal

WG FRANSA B he solid materials of the substrate
relative to that of the ink 11, which may 30 be water
based. As the thermal conductivity of water is

Thefompatien 9f ¢ bubblerb} en bothsidenpf the heaterplernentt] Owg apprsed to on one

s RS edniEeRA Viliat ot B RS e B oL §Ekpf tese
figdef) o/ edtdr @lentent C@ i ddapted forAe blabty 1 b@bedbanal orﬁff bﬁ bne side as,
a_bubble 12 has been formed in a print heade%ccor

while Hrthe sisadiohdlicee B dheflematids (dmisddpioihe biblle dg g formed

0&9&5@ ?%wsﬁ&@ﬁds a point of collapse 17. 5 According
to the feeature presently being addressed, the heater

el errents 10 are configured to formthe bubbl es 12 so

that the points o t owar ds ich.t
Inpsnciesrauh pigies tho F EYEPS s, b e i I forms on only one
silé @f &k h@ét@m%f?nt 1orieh&hakd the eleh@ntik leRtbBERM ih & substrate 51, so that
confi gured that there is no solid material at such

thp&uhblg cefinag bb lfqrpgé onthe partieirsideesprissanding tothe wyébtraje.aBy

oL O Saol S shBFHI Bl ForIg 59 g0

hétefeiiniead 10 nbeds mp&ndeahe heater elenents 10 are
configured to have parts 53 which define gaps

(represented by the arrow 54), and to formthe bubbles
éu lg é)wh%‘gltt]il% lgega'éé? glreg{eflocalts%g ltﬂaeaEBS UC%Z sﬁs% %Hii%altnrhg described
alie am tedgionab Fidurs 1fthabubtde 1 Bistdliatved to fuihsoastté alrtgund the
avoh@g cavi atlon damage to the heater 15 elenents 10
suspendse berm Mt rat erial . In a standard prior art
system as shown schematically in Figure 47, the heater
element 10 is
The advantage of the bubble 12 forming on both sides is the higher efficiency that is

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

the heat can be expected to be absorbed by the substrate 51 rather than by the ink 11.
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enbedded in a substrate 55, with an insulating |ayer
56 over the elenent, and a protective |ayer 57 over

wo b@4iomod at i ng | ayer. When a bubble 12 is forP€AD$003/001507

the elenment 10, it is 20 f@nmed 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
PiREMRES QDkRioa very small point of collapse 17. |If

e protectlve | ayer 57 were absent, then the
mechani cal forces due to the cavitation that would

AgRuLh S Lot he Lackssi0g of L s eneray Lo bhe DOt oy

ex%b&ﬁﬁféht 3he PRGN Slventidt, $hd ﬁleI@ébﬂﬁﬁé%g tcb&’arﬂé"@?omt of collapse 17.
protective |layer 57. 25 Typi cal |y, such a protective

Alca@rémgﬁw thesfeattiret preseatlyheingvhddrbssoci tié hesgerteteniantsn Ghare pyfigured

‘hﬁ'%/bz’ﬁﬁ’s |25503gﬂr§?1|}elﬁ’ql€t tg@ﬂﬂp ﬁ-fa 2054 Sy g}t1 E}plt%lgbfés collapse,

akay pbﬂﬁdnﬁrbpawcd fhdhe tHediehtet LleinBRS! Pidfelabl ﬁhﬂhbl leinti@ad is configured so
chi pped away due to the cavitation, en oxi dati on

that thieresig aip woled materiak atsaeh paiais Of goliapse b?}t b this wast eayitatios, being a

iy aforidnih it Beed B a0 M8n SIRAUY iR °°

relatively well in this regard in known thermal ink

Rgf o e b P o BT, i healet Slepienipg0 are configuredto
gfa!é@%%c}?&éﬁ g‘%&@%&?&%ﬁ@& byfe 4 AM& 9ay, bfg m%ram Bubbles 12

tive layer ving a fhickness Tndicated
s ﬂnat ﬁlefpem«zfé:ollnpmdﬁab which theibubldes ChDélap@dam lvcated et SLtcb gaps. The

to.the k 11, to heat
o feRlBge SE et RpRe ol thspPacisnly gt Pigtafndanasety Wi haprer
eleRRAIIB0 aABDthedbslid MateAgl. very high atom c weight of
the tantalum and this reduces the efficiency of the
heat transfer. Not only 5 does this increase the
SRl 058! U s Rk B g ey gement 10

elﬁbédc@ﬂ ad & SutsBae Wit with antinsyilatiag E@aﬁ 56 b&r itiKeldrhentbatid 4 protective
also results in a substantial thermal |oss to take

layeiateoven theriasuiatingdeyesn Y henditebled 2&§/ farmed by tha@lement 10, it is
for g %n% gidt Y2 BtAgs:, ‘Wﬂéxgth'%%beg Sﬁg&gs a% shd¥n ﬁf&fe%ows 58,

ement was nerely support ace
alm of the «mengy of the bwubblepoiidpse is foeuslse(yemto EWer}aﬂnAbpcnnmfmgllapse 17.

ItI tg? eﬁpgc? f@ér% \;vgrg)% £ -;llljen gng::g %J:il(? !gcgggist;ﬁ\%o rtl'pescawfcatlon that

W@iﬂ@l‘ ﬂéﬁdt @Umgﬁé‘ﬁﬁé’gsirfgg)fttﬁlﬁ eﬁ’éfgy{oethé goPof &ﬁfapéet 17 could chip away
col |l apses, as illustrated in Figure 48, towa

opapée thetheater tlapert 107 Howenki, dtis istaeeented hydhe ptqtfd:tlve layer 57.
material, and nore

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

effectively repair the tantalum pentoxide layer.

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

ink jet systems, it has certain disadvantages. One significant disadvantage is that, in effect,
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particularly where there is the gap 54 between parts

53 of the heater elenent 10. As there is 15 nerely the
w0 ndo4048103 sel f in this location (prior to bubbPE&I/AU2003/001507

generation), there is no madterial that can be eroded

here by the effects of cavitation. The tenperature at

the point of collapse 17 may reach many thousands of
VAR PR ool ol tPRRRY @hffle DiiifeaP ARRATRAYtn loference
nooeabf@ninsst &t hediat inpeddrtto trelmfentte required eneogyimo thk ink 11, to heat

.extre te tyre_at. the_point. of collapse,17 is so _.
it $pap ronfl%ﬁatarﬁpugéﬁ stefﬁl_aﬁcl@)_/%ﬁ 58 ls?ﬁiae@&ﬂxﬁ%ﬁs_e@&estoﬁw very high
attoﬁﬁéxlﬁ\é@xymhé %nfh%mf‘drﬂr’r%lirs r&iidbs thy%?ﬁcggﬁg roﬂﬁ_e%atg?antsfé‘ﬁ Not only

bubbl e 12 so that 1t collapses towar pol nt
doss|thia pszeds? therperent oftlmatwhishnoregoirediatrthe kevelalesigaated 89 to raise

G Fp B BPIee by raied BLPRgnes Oreet 8 Lk bl o reuls
inl disubk @A tRGmallldss ®lt hod iBRRESESHBAs indicdfed by the arrows 61.
symmetrical, and has a hole represented bf/che

These glisadvantaggvequd ngdegresepisif derheater clpment 1Q Wes mewshesupported on
I.S.ch he f or I oun e el enment (as
a|Sngchgﬁ(g%}agbo'ft??ggrgglgﬁé}éeRrpqﬁagéveg%ygra% then grows so

that, instead of being of annular (doughnut) shape as
illustrated b the dashed |ines 64 and_65) it spans

A@?fgd@gémfe@tﬁ@ nieficAtdy ipder Hiscesspn, thegeed fr @ profesitvsdayeg 57, as
SR MGt OB DMl o
FigurecAR, tawperdsa poihtofollbpgedd dt svhikhr theteesins solalsmaterial, and more
i.ni.m ze the surface t i.on surroundi t he, bubbl .
DS CUILY B b T e 620 B BT B RS e R FlamURY L0. As therois

meREHeGAt 1 PRaRCInaBis IRhatias girﬁ)r tPBEEBIE E&-rd®on], MRere is no material that
dynam cs that are involved. This, inturn, Tesults in
canthee gedadthess by bk leffpeie ofavitaten. JHS10B P RETrARADO BHiDOIE@Tlapse 17

25 bejng in the regi,on of .the hole 63 he ,cent er of
gy e Aol bk BPUEHeq ol s didnoftdteR by MpHRE O ERon e
sdflidhinadencel MEhiH @@l Bleale HOWE e AR cHRPHRMHEI Yt €6ht BYint.NHowever, the

part 10.31 of the mask shown in Figure 31 is

5
velameiog gxteeme emperatue et the ot pheollapsl 1 is spismalldlas the destruction of
. [ ndj. by the dashed |ine 66,
lng‘%%ﬁrég‘ggﬁ@s&@g%“gﬁsé%géelg‘?%i%%}% ch the bubble

col | apses being in the hole 67 at the center of the

el ement. The heater elenent 10 represented. as th art
Tli?).g%f@r%lpnpg @%@ﬁlesl@o%ﬁwt =3 %Sptsw agiogy of f@l?apge 17 where
YN k046 R il i oA hoil B Wl et orlciSonging to that
reprasbted by thefradt 1034 thevmesushawings Fodure B¢ Mhaclement represented is

el ement af fect the exten to which a l.e can
PRGN TP b hear Silrt el & Fhihater. When
the@infdht de{eafe@dth® ¥ubble forms around the element (as indicated by the dashed line
64) and then grows so that, instead of being of annular (doughnut) shape as illustrated by

the dashed lines 64 and 65) it spans the element including the hole 63, the hole then being

filled with the vapor that forms the bubble. The bubble 12 is thus substantially disc-shaped.
When it collapses, the collapse is directed so as to minimize the surface tension surrounding
the bubble 12. This involves the bubble shape moving towards a spherical shape as far as is

permitted by the dynamics that are involved. This, in turn, results in the point of collapse
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the hole. For exanple, the hole may be as little as a
few m crons across. Wiere high levels of accuracy in
wo b@4ohsanent 10. 36 cannot be achi eved, this naRCT/ayio8/001507
i n bubbl es represented 15 8§ 12.36 that are sonewhat
| opsi ded, so that they cannot be directed towards a
point of collapse within such a small region. In such
t

bPnEE fhe kil o FRACL S o R e Qbrnph O SREH ike f no
sglidrplaterise omi tted, thereby increasing the size of the
region in which the point of collapse of the bubble is
to fall. 20 Chenical vapor deposited nozzle plate, and

ThB h@at@péléﬂl%tﬂbﬁﬁlﬁ'éseﬁtbﬁ HABEh&t 2PS( BPfh‘é n%sﬁfsh&%‘f t Fi@‘nte 31is
cell 1 extends through the nozzle ate 2, the nozz
cpnfzgused toraghieyeasimitay msntj with thedmbbﬁ@emratmg assinflioated tly the dashed

h Y, rde
1Y oF AL hoACRRRUARES blehlnt s o0 s DS thq e 7 atthe
céitbd ¢fahe diemshide or oxi-nitride. 25 The advantage of
the nozzle plate 2 being fornmed by CVvDis that it is
formed in place wthout the requirenent for
I e
ngﬁtg él&ﬁﬁtﬁ@ é&%sze%l d%uﬁlgle%pa%g@(g(?f tlilgﬁlggl?éhog\;n 1nSPu§ure 36 is also
comﬁgnrd:chimachxévam tiagar besaRLWhetelthe elsmentilOy3 6ok ditensivaied kech that

l.at e ot.herwi se he requ red
lg‘ﬁ 1?(’?‘? é%}stsmtaﬁ;l ‘é‘g?m’éﬂ%l InRgerp e e fi'ﬁ?t% fo‘é‘?ﬁnf may pifect the extent
tERARhPHUbBRUAR be BRI IsSSH @St HdVdikds cBﬂﬁ)sﬁ?sI fthd f’elglon defined by

m smatch of thermal expansi on between 't he nozz
thel bl @ Far axmmlqeh@mle saydbewh illdih: asta ﬁwuhldrdms aamsse e, high levels

g'fl(];caﬁigg ];1{ gi%éll Ex%eng %2 %grﬁaé Wﬁ&,ﬁ%ﬁn q,yarres uii)gles represented
a2 0036 081 IoMethAUBRIRK D 901-51(&17 they BarBEb S @irédfod tG%dfd@ @ point of

the curing process of t he adhesi ve whi ch bonds t
collppse withingueh 2 smgll region. ofntseh @aasmeswltfrmardstgabe b¢ater element

n nt fac LD

PR EERARSG e Ru AP ERE AL O ol 8 RBRL ety
invpsasing chiaMiedof thdiegidnsin Redelihe pbive ot difapsccsiaie bibHIOR to fall.
coefficient of thermal expansion between, for

exanpl e, a nickel nozzle plate and a substrate_ to

Bl {ier dBESHCE nBLAL Braled ofiCARPASAML per © Lhi s

strate is of silftcon, IS quitée supstanti al .
Consequent |y, over as smal | a distance as that

TES BT Syt SLfach pa R fesinasarrigh il pate Bethe e plate
tH b%tl'ﬁﬁﬁfg%ttfuﬁﬁl% whRh Wfd?l'i‘f@ﬂ 8 Ehén%@ﬁqfaﬁ&ﬂﬁe%oﬁlﬁoﬁ (€vD). In

curing tenperature required for bonding the parts
vgrgg@ﬁ)rﬁprre embodimeats, the Vil isgifsilicon sitede lsilichn dioxide or oxi-nitride.
significantly greater than a whol e nozzle length. This

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

difficulty of successfully keeping components aligned to each other, keeping them planar,



10

15

20

25

30

woul d be significantly detrinmental for such devices.
Anot her probl em addressed by the features of the

WO pwedsion presently under discussion, at 15 PERAU2008/001507

enbodi nments thereof, is thas, in prior art devices,

nozzli e plates that need to be assenbled are generally
Ianinated onto the remai nder of the printhead under

I
ofi28501L g Mo cof B AL b AfheBle S8R DR E BB A2 b0 the

odmwpmﬁs. The depositing of the nozzle plate 2 by CVD

in enbodi nents of the present invention avoids this.

20 A further advantage of the present features of the

ThBYRRE bPRerndl ekﬁa’iﬁ%iton ia SERELANENLS: intEH 8 art, Wwhidhhiks the size

conpatibility wth existi'ng sem conductor
ofrinkyeta that cambe proufedsrd. Thidepbsedausate diffevarch én fleabeffizient of

iR e et e B e al REkamodriiplis HER sl which the

nBEAEPtd i9 BonriéSleA IR GRS SdStrRe idGH silicod Si8 Guift® subs@iitial25
conduct or manufacture. Existing thermal ink jet or

%umm@ltisepvgwg sl aghigience emthet pecupisd by, &aw,a éweaes, the relative
0 f.
it bt B s SEAA L SRR AE Eony il Rip gt from the
ambf@t &m;ierﬁde oy the\éying ttﬁ[petatuwrédiﬁﬁaalf@f k&lndﬁlgnheﬁﬁmrtegether can
trana ents, a, substanti al th| ckness of 30 CVD nozzle
cisg eSlimeRsien wismaieh atsigpiticeatlyaispier then arholeresale lsyeth. This
“&lﬂﬁf’ﬁe s?%rghl:zﬁﬁilz/'d@ t8 e suc S\Hcésh' cknesses of
eposi t noz pl at es mou glve rise certain
pr obI ens as di scussed below. WD 2004/048103
AU2 /001507.. 27 For exapple, the thic nes
Dl f e by oATHER Bhite ZvEBRo LR gder discussion, a
I@Eﬁﬁ%ﬁib@dirﬂbntstth@feap IZth8, flSHR Ak d%vfé@é’ ngﬁzle Eﬁi/es tHd need to be
mcrons. Wth reference to Figure 49, shows a

agpainbledair¢ generaliytaminaiedontarthe c@mmrﬁm oéthm pnimthelaé updezsenditions of
d
oG R R HR T TR SRRl & bR TR S e

dewisds| (ThedepositiigriTihe fdA2ld plgte ROyIC VD AR efbBditiedts of ke present
this case, due to the thickness of nozzle plate 2, the

ifveniien @voidsdbisexerted by the nozzle 3 as the ink 11 is
ej ected therethrough results in significant |osses in
the efficiency of the device. Another problemthat
Avwﬁn:thek agvasthgd of thdﬂpresetﬁ deaniresoitthe vedtiak atleast ir€epbatigents
ctual et chi ng proces This is

relgtes to t
ﬂ%%%ﬁ? ﬂ&ﬂt wQupatip %WE eEistng sendeQudugior g@ﬂgﬁe@mng processes.
DRBSRERSA RS4R plate 2 by CVD allows the nozzle plate to be included in the printhead

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

conductor manufacture.

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

below.
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to the wafer 8 of the substrate portion, for exanple
using a standard plasma etching. This would typically
WO eguionsaoore than 10 microns of resist 69 to PEI/AU2003/001507
appl ied. To expose that tBrckness of resist 69, the
required | evel of resolution becones difficult to
achieve, as the focal depth of the stepper that is
i B, BBl B R RRk bt Sl Al 30 imosphers prossure n
thealozylawhardegt7/may be, asy, 40 nﬁ@rouslwgh xefem;tee, totHigwere wBubidch shows a
e relatively costly cess. A further prablem i
upl 5611 it 8 ok s deopianedy W?ﬁe%%nﬁ%lilfpem&i Wlgh hasisiclya thick
nt‘z?t@]al‘Méq & vﬁllm g}e@fa% thzﬂ'sﬁ&l 4 ﬁﬂ%eé%fcaﬁ 'résﬁlt%pf’b’%[e%s relating to

eposi t ed l'icon substrate wafer, is
dgp dentiande thik cashedu:h toftles thivkecssof nhzarpliatee plmn&ndnn drag exerted by

e A k) (S e e Flsoant g e

efﬁwe \e?f)ﬁhe(a@ﬁhg be caused to bow to such a degree

that further steps in the |ithographic process woul d
becone i npractical. Thus, a |ayer for the nozzl e
A%oﬁlte? rob {hhm% x1]SP i r%l ce(ljsg%f gﬁ' zéle glaPer f,%ggges to the
Rvent possi 'S van .

awalmtmgepremg THas Elagsuﬁmg £hat the n@zi\l’b B']l@étché'd? a¥Howinerpendicular
tcgéhgctl on device according to an_ enbodi ment of the

Juler § ofvamsubstrate pRELOB Aot RKTFREESIAG # stegdgr @Eaéma%ng This
“{%I}#cgta/glﬁh %qﬁ%&ﬁal%@tg!a&h@hncrIHseéf%ﬁét%dtp %eé*)%ﬁé&' Golix ?Qse that

he "nozz IS not particular ni fican
t}ﬂcldleissoﬁrbmtéppﬁue rerplired leve] off rescdutim conesdiffi@Mk to achieve, as the
and_the.resist. thick

Tocal BBt b s v eSS ekt vl salle Althoueh i

Wl B1sSibleqs xie K1 reistant d C@H?of’i@&ﬁr@adsngfl 1’&3@ Qhis %uld bea
excessi ve. WD 2004/ 048103 PCT/ AU2003/ 0015 g T

relafively aostlyptokéss. nozzle plate 2 in this invention | s
enabl ed as the pressure generated in the chanber 7 is
only approxinately 1 atnosphere and not 100

AcfuPBEEH18S tB& vidulPEXistwit §uchdeMick 86zz1@platENnl Dda8€where a 10
above. 5 There are nmany factors which contribute to

mieren Shighlayercafmitride digea YR depogited vaursdlicongnbstestn wafer, is that,
bE&d (étetﬂe fofe?én%? fn t%él%?&ﬁ e%}@alﬁﬁntblgfv%?ﬁ)ﬂget &b 1k ?%ﬁd the substrate, as
Irnclude: 1. sma .

Strze O amnpe accu
whetl as itteaihhsrentGtressaf Z¥ithiB thickodepbeited dayer,; the wafer could be caused to bow
to such a degree that further steps in the lithographic process would become impractical.
Thus, a layer for the nozzle plate 2 as thick as 10 microns (unlike in the present invention),

while possible, is disadvantageous.

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

and is therefore not a major cause of loss.

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

nozzle plate 2, and the stress on the substrate wafer 8, will not be excessive.
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3. stability of drop ejection at |ow drop velocities;
10 4. very low fluidic and thermal crosstal k between
wWoomzloes08; 5. optinmum nozzle size to bubbl e BeBAD23/001507
low fluidic drag through tB8n (2 mcron) nozzle 3; 7.
| ow pressure | oss due to ink ejection through the
inlet 9; 8. self-cooling operation. 15 As nenti oned
I I .
R I AL PR B R R eh g Atk Bl hencrated n
thodmimbep? mcenly apreoxitataly b binespheve andhehvi@0tatmospheses aCineprior art
dgux:h sta Hvﬁl ves the etching of the region
CEPY ARTE 199;? °¥-gures 24 and 50, to forma recess
out side of what will becone the nozzle rim4. The
ot her such stage involves a further etch, 20 in the
Thetyi avpmany fagtas which@ontibBteda thessi@aficantrDctiavhinginessure transient

I 0 t 0zzl e apertur and finishes the
rg(ﬁltl%ﬁté K\S& rgnss éwl éﬁtsﬁ?'sé%eggeegg %gud%s addr essed above
1i nsmﬁlﬁzé@ﬁbhmbem formati on of the nozzle plate 2 by
CVvD, and with the advantages described in that
%eﬁ‘&?@teﬁah%cﬁéﬁﬂféoiﬂl%%é%d? bee7present i nvention are
t hi re particularly, the
3hoézt52}}]ﬁ{yq Pogﬁeﬁé ecl)trng? ogigr% hanbﬂ'fy?n crons thick. In
4oneerptcm finidacandrthadiatrerobstalk etweed abeziggi At e 2 of each

5unltcell 1.is |less n5rricrons thick, while in
an?ﬁt‘r’i%‘fmﬁ%zfl%fd?%fﬂ’t@’r]i% ¥ent, it is less than 2.5

om E)Wﬂﬁdfc%ﬁhrddéﬁ%ﬁ (2 ﬁucrélcx)) 8fee:red thickness for

the nozzle ate m crons thick. Heater el ements
7 olomentessnredpsstdmeda ink emti\vmﬂm@gi e gde;

8PC‘I(;{[T€U2903/ 0011507 29 According to the present
fedture, "¢ fe¥& % e a plurality of heater elements 10

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

The el enents 10, which are forned by the |ithographic
Asaensionedizbaye s Falaiion thwprpeess descaibed 1rdnnna>oitﬂlgume6 @o 35 the

egé#bnggxlrfﬁheef %’ ﬁﬁ@rgn Wi l€ S(’?’Z%Feﬁglég %a ela Y &, Vé)lv g r el stflg]eg One such

as S res

siagatrﬁ'blveb ﬂi’é&itt}ﬁng]ﬁ the Bogtbn cﬂe@lgﬁatbdll 4% hﬁFl@hﬂaﬁQﬂ fam? 50 Etb form a recess
di fferent sizes relatjve to each other.
OWSMG of & bmllelaqcafn@dhwwlerréﬁ ér dhgethes quhest%aﬁéméolves a further etch,

ngf?é%éﬁ&{ Hé&'f%ﬁ{e]c_l 4'32 ﬂéu.?%?zrr?eaa%a'% whid @t?ﬁll}é BRI tllﬂeeﬁt}z?fe aperture 5

by’ at Teast one ste
abdh &pisheschesm 4.t he

Nozzle plate thicknesses

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

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

Heater elements formed in different lavers
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10 lithographic steps relating to each one of the
el ements 10.1 being distinct fromthose relating to

w0 ba4poid1es el enent 10.2. The el enents 10.1, 10rP@r/apz003/001507

preferably sized relative 2% each other, as reflected

schematically in the diagramof Figure 51, such that

they can achi eve binary weighted ink 15 drop vol unes,

A%I&? Plél?é% E}%cbb%%g{r featjvﬂ\ge%/ glﬁe?@gg gg;?ﬁahtglﬁtf ﬂésgcglseelérgex{@‘ﬁ) 88posed within

tHelthambér 7 dif&anlonml eclB1.0Thé¢ élempats 11 0 cwihigh aterfotmﬁblbj thi lithographic
The achi ev_gni t of Hi&he bi nary wei ghtin

PIPGESS e SessHibehbqvR D ERl 08 19 E18uEe &t 3/ &nB@/mt Iﬁ%PeCt“’e layers.
relative sizes of the elenents 10.1 and 10.2. In
Figure 51, the area of the bottom heater elenent 10.2

Ii prefetmdl embbdiments, ahshoivmkin Figures 38n#¢ end hhtthoheatarplements 10.1 and

e known priqgr art device,
1052 e BBk At cufrien] s £ ARS8 badtborit ooty i
Figure 52, also has two heater elenents 10.1 and 10.2
for each nozzle, and these are also sized on a binary

A&ﬁ@ﬁsszvikl ibeappreeiated o thorsfegensp o the ahpvehddsemption afghelithegraphic

The I n 10. 1 . re for in a
1o %ss1 a%% geater J&g?gﬁf t1?% 1% fggﬁlec‘l} %2 %% lelgsrg %{1% gteﬁgg tzhla{;process, the

11ﬂlbgfﬁ’pmfc s?eps kélafﬁdgl tb ebéh il iRy emaite do.t haingtdiginbtibin@hose

12,1 formed by the small element 10.1, only, is
relatingitp the apherpigment 104 | e that 12.2 formed by the |arge

el enment 10.2, only, is relatively |large. The bubbl e

generated by the conbined effects of the two el enents,
Théelemitisyi 0dr &0. acarmla'efedablysa'umd ehtiee tstach otlser,de seftpeadded

2. 3,. . di.ff l d 16.will b . .
shinatierlt Shealingramandigys $h oot beubrEEHuERIVE bygporeighted ink
dr%ﬁ ~vblunded; t%aﬁﬁ dso]tgab?the}?’&nlcﬁuééﬂ ihi dﬂ)%s 49 %\%ﬁg @H?éiieﬁt héhary weighted

e size of the elenents 10. and . hémsel ves aré

V@iumea: tochs m@cded theough ti mezzle Mtghp@dcmler maU@él k.HBhe achievement of

ectlon s 16 havi i f.fer |zes t.he o
ugfet Shilipt REBR el it Ao 1005 SHEipaliuble reppive sizes
obﬂhe aleyhenBi 1001 4dH01 01RYInV ihre B0} the Greh & FRSItoRheder element 10.2 in
2004/ 048103 PCT/ AU2003/ 001507 30 precisely by the
coptech voth theinkd 1dprsice thpp ofitop heater ¢lpmeatidiOles. I n si zi ng
the elenments 10.1, 10.2 to achieve binary weighted
drop volunes, the fluidic characteristics surrounding
(]hb knoxg@pﬁﬁﬁr't dsvied piitelhbcﬂ B Chizon, hﬂ@lllifsﬁaedi yetitiacisally in Figure 52,
racteristics, q It liquid that is
ala9 o) WQ hsatek eliemeBtStlﬁel %ﬁ Rt?e%r saghnogzlenand %52|aée gsqpiged on a
ALK O16 withBeh QR Tur T .
mﬁ; or ed%‘g{:cor di ngﬁ) v Ee gg}?‘gg gjlr at‘/llaoung@fﬁ Thege clements 10.1,
182 afeafoemet masssingle 1dyer, edjanmu teseach other in the nozzle chamber 7. It will be

appreciated that the bubble 12.1 formed by the small element 10.1, only, is relatively small,
while that 12.2 formed by the large element 10.2, only, is relatively large. The bubble

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

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

of useful combinations of drops. Indeed, the binary weighting may well not be represented
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10.1, 10.2, or the performance of the two heaters,

needs to be adjusted in practice to achieve the
waoele®inesiobi nary wei ghted drop vol umes. Wer e tPET/aU2@3/001507

of the heater elenents 10. 30 10.2 is fixed and where

the ratio of their surface 10 areas is therefore

fixed, the relative si zes of ejected drops 16 maybe
p%gisﬁgftb?th¥l‘e§gf ﬂ’l%tel nts ]b 2?%&@%@%&%&@9@%&% tﬁ@&ﬁl&l@ﬁs 10.1,

ldﬂ rtaha:lmsmdfmztrh ewecghmdadrop nolottes.ahe ﬂﬁ1dhd’lc&1aeicﬁaﬂ%ﬁésssuh6uﬂdmg the
| se widths. However, the

gv&ea%twg Oé QHW&FS geé]éee op dyeanpigs shassicristics the qmﬁ%kféélau@éhat is
d&%l?%ﬁac@i%ltﬁe cﬂa%aﬂ%?? fmp%h@ %gﬂe Q%nw&d 1%%@ b&fkgﬁl Bff, and so

. . , t hen any uratlono usevvl
forth, afusebe ¢dmaldetednﬁcwrdhhgllyethefacﬂualt tatie oﬁﬁlersurfaxfefaems of e elements

10 oAt Tyt of e e, PERCHEO D edl foproctce o acheve

tHeQRGed Bifkry vetiti¥] drop WBRnfe8TPEr at ure at whi ch bubbl es
12 are fornmed and at which drops 16 are ejected.

V\hlle the maxi mum ef fective pulse width is limted, by

h bbl e I i.0 ically to. )
5 e M 145 A R B g i e e
aﬂehiﬁs&l&ﬁi‘ei@fﬁ fixddy tHelrelafiveadiz i @jected desys 14 mé(}eb@énﬁusftéﬂaoy adjusting

current densi t% that can be tolerated b eat er
A%

the|sapplveltagss fo thedwo elements. Jhwsyran alsorhepshiever by adjastingdhe

| 0 t
AREROEL S OB REpd s bf b BIC 6 2NEEL B hiy bl widehs.
Hoiweeer the prilbe vagthb eanmdeetdeedh cérntrie ambumttdieime, Bedausd diee a bubble

1B B e Btk 6 Y 0 WS 3G Shn Pputo wide
aﬁ&%hnfé’@ﬂﬁ%(ﬁqnﬂ@mtﬁlﬁef{f&wer el ement 10.2, which is

the high current elenent, |arger than that connected
to the upper elenent 10.1. If, for exanple t he

Oﬁ}gfl th%rghaﬁlﬁgtﬁlg ﬁ}eﬁ‘gol\r/nlagsg gf gleﬁegf‘eﬁ r ﬁ%télo\élg 18 5 HEWS %hem to be
hédt@nslr&dcﬁr vy qlifdRlyCihe Géthperdt@recR RHEEH BtbblR 121 fop¥¥Bd and at which
el ement 10. 2" woul d typically be twice the wdth of

diope 1@ eroveieateda n¥hile e magimymrriostvepllsowiding linitekby theenset of

L

liméted bhlgrbytthe fvafldble chZenttdhioe Ardtirrcuakardntisy tih@t chn btQolérated by
in t same | ayer, are produced

whi ch h
t@lhﬁﬂfﬂf%ﬁ‘@@ﬁfélwl ﬁoghe sane step of the |ithographic

manuf acturing process. In the enbodi nent of the
present invention illustrated in Figure 51, the two
Ak lxaven i Eiamedit the 190 beatdi® eRmeass Hehtliddhard calneeed tatveo respective

dlfiw(/)er mnr%(ljlitg h6. %thc%ght tﬂgseoctlrréults 70 may be identical to each other, a further

adjustment can be effected by way of these circuits, for example by sizing the drive

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

element 10.1.
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5 I ndeed, as described in the process illustrated wth
reference to Figures 6 to 31, the material to form
wo b@4plsanent 10.2 is deposited and is then et ch€dAUR003/001507
the |ithographic process, 3hhereafter a sacrificial
| ayer 39 is deposited on top of that elenent, and then
the material for the other elenent 10.1 is deposited
f S
Irﬁt@gﬁ)@r@% art F%ﬁ%ﬁ?& in rEl%ﬁ@ﬁ to_llﬁél‘frr ) thg(ﬁ%:éﬁ"xﬁgerégg% ﬁ%@ 10.2, which are
hebesan&b&&:mﬂpn@mx&eMnﬁmnanmbnnMﬁnhnmm&@mﬂMmhﬂﬂgkmhm

ste and the sacrifi 39 is.remve .
MARRACtITIAG PIGES- ﬁvgt& gaﬁm‘?@t S the Bresent inyenaen Westrated in Figure 51,
tH%Ei@'B %Eat@fseéi@ﬂétﬁs 191,030 gs &Qn@oneﬁ%bm'f@a el BRREH GHRA¥@r the other.

hi's has the advant’age’that it enabl és the el enments to
Imﬁeeck iag descsibedim the progedsiibustrated I wittple&rersie mtaFggum i6ghBégthe material

d I fr
SRR A BRI GRIEO AR 5 inethelin i tsheiBenbig prpgess
wﬁ@ﬂéhﬁé&%acﬁﬂ@ial%ﬁ&%@é depokited 3By ottt Hlbmak V%aﬂ’@ﬂh@thh@dmatenal
t hen tEhot ogr aphi ¢ qual |é{¥ can be obtai ned ile usin

for dlygegtherleraend d 0d os gepoatter! st that the saerifigial werrlébeﬂwnﬁw two heater

e T e ARGl BB 4 NS et paapnic
steplsind ehegictifigiablagerdodprehbvedd then waiting for the

nozzle 3 to refill, the equivalent of one, two, or
t hree drops night be ejected. Assum ng that the

R@féﬁ’lﬂgﬁﬁ‘le@ fagﬁﬁ'té he &8Nt 7ek BFthe'ﬁQ%}é:L@lelﬁeﬁ@ 109%nd 102, as

Fimt ctor ejectlon ence printing, up
ntentum’rudelbow theis h{iﬁhe edvantageyhabé eaahesthe dlenientsgo be sizedso as to

owever h nozzl fill |msW|II ly be a
oo iiplssbpag et onvel S e S % W
take slightly longer to refill when a triple volune of
drop 16 (relative to the mninumsize drop) has been

Itayill beagpreniatedwhasnwhert yuudtiphe dl‘(m.MﬂluWI aanbe delopvadagndrspecially if
t.ed t
U S s ABOET RS e D e

pﬂuﬁt@dﬂbt@'alﬂ)ﬂﬁ@%\ﬁ&p@ﬂﬁﬂrdsbﬂ@tl&wface tension of the ink
11. 30 Referring to Figure 53, there is shown,

schematically, a pair of adjacent unit cells 1.1 and
Fiypb e b RSN DB s,
in3tedd bhfist gectingene idgipt 141and, thaf Waiting fatrthgnetzleshml el the equivalent
off sy it O UHES GATP HREI B BiectehcA TIFHEL BB e P lehlirefhgpeed of the
nbAdpd ﬂo@ﬁ'llﬂﬁtlﬁé‘%c‘é&) 1RO ORLA4S; %Q@h? g@r : hé)%f)%)%gg timefaster,

partially enptied nozzle 3.1°1's larg an'in
maabe aciewddr Ihpisotiee, haweveay thh aszAlorefifldinad wdl typicaly be a limiting

fag{m k)tﬁhll%(ga}s% eelgor or@? {]wﬁleﬁafee g_llg%lﬂy‘i(t)neg%r o refih wri‘len a(%ngle volume of

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

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

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

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

the case of the larger drop 16, the curvature of the air bubble 71 that has formed inside the
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The hi gher curvature of the air bubble 71 in the unit
cell 1.1 results in a greater surface 5 tension force

wokdoglosgiends to draw the ink 11, fromthe refiPCT/AU2003/001507

passage 9 towards the nozzB2 3 and into the chanber
7.1, as indicated by the arrow 73. This gives rise to
a shorter refilling tine. As the chanber 7.1 refills,
. . L
piagallf BABRES AyaleXRlis 1438 BAR1AR e OFAROLERL UG et atir
thehinsallepmoliumie dingp hds beehejndied fr@’m]the)ﬁozzteeii 2iof theotihdr unit cdll 1.2.
is partially refilled and the surface tension force
has therefore reduced. This results in 10 the refill
THE B8heSERVLRG of %’hnel’flﬁ)‘?)lé NoiGhe uRt cdifi. § réhﬁé?f% a é}@ﬁ@r surface
this condition is reached in that unit cel
tenisiow forfce Ithfth tendsrio dravhthedia bl drony the refili passag§ 9 towards the nozzle 3

R N O R L

tlh@ngg the chas®BPT. e ke, it fréa'chesttf‘ﬁa% ted 74, *R&te @l‘iéZ&Jnﬁltlon is
3.1 froma time when the air bl e

1 is present than
sippilinto thakis theadiesatimit el 172 Inghip ﬁ@gbmn tl@«ﬁgnmbﬁr T hef the unit cell
l\c/jl% ?%a{l? {&ﬁlgﬁ g&é] r#ﬁ%ﬁrﬂéée t%:ngg c?nefogéerﬁaé tljregénfglgerre %Cer e?h.}s results in
thetrefili kperdatowing dowal evenzthbwph3 atlthis stiga) whernethisreadision is reached in

f or med teri als constituted by elenents with | ow
that Bt el Lmﬁeﬁa offftuid it e chanbgb Ty &gth ficishessatet momentum, has

0 d
SR g s g MM Oty g St

filhdhechpartieodiland Inem«nB $ fivaw i tigreawhent therhic bubbib@t is fredeatthan from

e O o0 RRR T & WHEeRh QY Tl CRCIRDIER o R HB: i Limes larger it

dV&i R take 8s RRCRYS Bdee A 1a i\ %ﬂ tRé criniRY 72t a ﬁ‘ozzle 3.1.
nunber is that the atons that material have a | ower

mass, 25 and therefore Iess energy is required to

HefeS8

t he art the tenperature of an artlcle i's essentlally
related to the state of novenment of the nuclei of th

This dpaure inpalvsdhslagager elomepgs) 40 heetaﬁoneedmﬂsehé meaterialias least 90% of
whithS6y r%tl)l{ ?M%Wd%g R Hb?{ FOY dlﬁ{]éji{%ﬁgn@ E&Hn}%an atomic number

nucf eus nmvenen mat er|
bdﬂemﬂOe rIn apedfeired dmlthodimernst t]mﬁteﬁmme@ht\as below3D, &ﬂ]ﬂﬁﬁn another

ter nucle I's currently used for the
e‘#@%{{ L0 AOMIE WaF f’ﬁz{% b?nk jet systens include
tantal um aI um num al |l oy (for exanple used by Hew ett

Packard), and hafni um boride (for exanple W
T]Z@@‘h\la@tﬁgi 082 ROTAtMUR008NED 16t the stoused thay n@rmhhave a lower mass,

and haf ni_ um.h rs and
T AT R NS P G RS 2 B e 1.
Thiea$ BecatdecieRiiShelithdefstdoddyRheReRillel iy Bl tattOtheitémperature of an

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

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

atoms with lighter nuclei.

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

aluminum alloy (for example used by Hewlett Packard), and hafnium boride (for example
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titaniumnitride. Titanium has an atom c nunber of 22

and nitrogen has an atom c nunber of 7, these
woradoeiosglbs t herefore being significantly |ightRCT/AG2003/001507

those of the relevant prioB3art 5 device materials.

Boron and al umi num which form part of hafnium boride

and tantal umalum num respectively, |ike nitrogen,

BBy B, bl 0 R Fpr Ry 75 A P2 dphobively

whilé theinheterial medda tl(a/Mmlj\et |h|amtb1uelemertts i &of therpreseqmt iacentioh is

10, tant a /chB ecause taptal um
titanivg %}E“i’? B ml%%‘HPg";&qf}&? &g nitfogeR Bas 3nratemic number
oft ) %es@?na&é?ﬁlstthér@ﬁ'réjﬂéﬂ% Ehlggfgi%antf}} I'ig'?fﬂérl{H&d"t'hMé &ﬁhé’\%élévant prior art

réqui re approxi nately ti'me” | ess energy to heat

deviirmatemalal um nitride. As will be understood by a
person skilled in the art, the difference in energy
in a mterial at two different tenperatures is

B6:RR 288 @RfndAuBywhich ?oﬁr%dr@c\m HahiBMAURkide Bad &atafunT aluminum,
ATxCpxVOLXxp, where AT represents the tenperature

regpectivelpndie nigpgensare ielatiyebe lightendtedals. cdpwevarythe Yensity of tantalum

ol 8 e 9 o S SRR ol P bl e o
taftaliih)ds §1221pees’ . hukfbecsuse |tﬁﬁalamfrﬂtmﬁ% heda dénsit_l;z of hp‘ﬁrbklﬁﬁttely

constants, the densi t%{‘ﬁlﬁs st rongl y influenced by the
thegecimes thifd Shestitamiumitrids; @anigmniirilesyillaequirsmppriximatelydhree

tnﬂe get%e ¢ ﬁe?ngg fsbt he%{a_th#l] I{‘a?te{l&ﬁtnﬁhﬂe URdGrin gk ﬁﬁﬁé&hg@a‘?}é %‘ﬁ@fson skilled in

eature involves t
the lagtnthe difekéndoan auprgynf d matede & ineh diffeatnt téreperatsses af represented by
mat eri al of each heater elenent that is heated
thﬁ&%%“f‘ﬁ&q YPMi ng poi nt of the bubble formng Iiquid
(i.e. the ink 11 in this enbodinent) to heat the ink
so as to generate bubbles 12 therein to cause an ink
drop 16 to be ejected  EFAT 85 xYeux 40 nanograns. 30
In one preferred enbodi ment, the mass is less that 2
nanograns, in another enbodinent the mass is |ess

whéta AT PreRdrEOGE MtBperaift differkie, AP thekp &[ﬁ&ﬁbaﬂ&gfacﬁ &/oL is the
nmass |59rl ess than 250 pico rams@g WO 2004/ 04810 d

vabame,mud @ds teolensity offhe material. Although the density is not determined only
by the atomic numbers as it is also a function of the lattice constants, the density is strongly

influenced by the atomic numbers of the materials involved, and hence is a key aspect of

the feature under discussion.
Low heater mass

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

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

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

picograms.
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The above feature constitutes a significant advantage
over prior art inkjet systens, as it results in an
w0 pammaHesl ef ficiency as a result of the reduck¢DAURW3/001507
energy lost in heating the34solid materials of the
heater elements 10. This feature is enabled due to the
use of heater 5 elenent materials having | ow
densities, due to the relatively small size of the
elements 10, and due to the heater elenents being in
Théebdvefeatmk conssipeasesighifiean adbartipeasver pidér aramapd skaebrd) as it
other materials,. as illustrated, for exanple
respli in@n ancregsgd, edicrency, angveesplh ef @ﬁa%mﬁ% 1r1o¢n§>rgw110éw hgating the
t
scglrgribrfggtlgrrlrgelg bf fh? ql@%{tglgelgllgﬁl%tﬁ eg d?s Zfév\%tblr{éhyéfabfgd cfuggo theise of heater
elament datagaly havdsg Ewgdmsltiké duepo deanlativelf emaﬁ iepef tfe ddrrents 10,
aI}(ﬁter eIe nt. 10 of that is n

th 45 15T Lo e et (R4 R0 of SUsPERAC s o Hiep e not

eliB&idRa i£61BEEAAteASls R Qlll%%%ﬂzfdeﬁ‘)r Q)(arﬁﬁlta eihqﬂglﬁe pumer al
10.34 in Figure 34 has Jusf a single I oop 49 which is

2 microns wide and 0.25 m crons thlck It has a 6

F{Tg]gferff Wé)grgtél? ﬂjﬂad niliI ilagglgjea é)i Srn};\aﬁ% %o A ner tflea ﬁiea%ler strucg:ure of the

exﬁbdsdlmﬁmdh@mﬁh@amnbwﬁ@n Bigatdndd. ardcurdiregmy es ¢niee 3lpyepresents the
reference nunmeral 10.39 in Figure 39 has a nass of

shapg obthgiheaigy %lﬁ@er&ri@ afiaat emosil@pﬂnégblﬁ ey 1sieried teinedisqissing that
OT@@1
h%'t‘éggé%e?%e#% dal trl'?e g ﬁse I%?reg%g (f"ti}p'%ﬁ glgd;e erélgrgétrgc}o 34 in Figure 34
hdsi jgstrassngdelloo 49 avhﬂclBl@ ,2 rﬁmrons)vaﬂ@hmi 0.25 enitreaslthick. I2Bas a 6 micron
ractjce, .the tota of material of each such
Oﬁtrﬂerﬁé %Pgﬁm@n et lﬂ%atrhe irielheptepmans isBr@igagkans; The
I
CREPIAG A0 SR foprosGhict by fbthbe SRR JTE30 h Figure 39
hdsai thiass@f 3296 tpicokrantseanidithat 1@irkpreseates| hyghfelre;nch ngtmeral 16360 in
FI hesfﬁr masses ﬁz%ﬁge el ements will be coated wth an
L I?agglrp%;so PIRE" ™ ¥henical Iy inert, thermally
conductive material. This coating increases, to sone
extent, the total nmass of 25 material raised to the

Whiep s clemaerpe t 4t L0P ecpressntedimbiliguyescia B anhdaitfer exampieate used in
prggﬂ(i:%h‘{hg?{)rté{ ﬁgérs&\fgﬂa;f&@aé 8@%%%1%11%{:1%@& Iggllx ﬁQin ?I?é’rr%ralecontc%t with
thie divit Dg(tiéﬁg’thélbw&ﬁleﬂ)rmmgalhdm@ itﬂtﬁis dﬁﬁbddhﬁerﬁ) &ﬁ’ﬁi’stralsed toa

|t | that th { The
RS 88, L 15, RLI 0O Ly SRS T U, e

m?%r nﬁﬁg léfeﬁ(fﬁfs willSheO8iTH Sth ah di éallgggsurl]%ﬂ%f éhe%&hl 1nert

conductivity. I'n one pre err
theoaallyngpnidgctivk nadterial nWIns\ﬁ&fm'g)AbI@d@i,aa some extent, the total mass of

PCT/ AU2003/ 001507 . 35 nitride, in another enbodi nent
mafet] gawg&&ﬁhggleﬂe@e@g%on (DLC), and in yet another

Conformally coated heater element

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

has a high thermal conductivity. In one preferred embodiment, the coating is of aluminum
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enbodinment it is of boron nitride. Referring to
Fi gures 54 and 55, there are shown schenmatic
WO egmeseans ati ons of a prior art 5 heater el ene€/AL003/001507
that is not conformally codfed as di scussed above, but
whi ch has been deposited on a substrate 78 and whi ch,
in the typical manner, has then been conformally

m?r?@et ﬁfj%r%h ?@ﬁbaaﬂ%nﬂtt@oiad&%{ %@ %Ar% Iﬁﬁ? gﬁ‘c?{nﬁ%t Z@dther
n ¢on ng re orr e oV
emppbedimeht it isstfdoam, nitkler ef | ect ed schematically in Figure

56, this coating being designated 77, involves

conformal Iy coating the el enent on all sides
RES OTRGUS o kMY BE b, AR SORL I o
heatberrel dnaing §0 Hat sawt eolnforrsalty satedas diseussed hbxtwedblitmimh has been

ther. struct he f i
aghodifd G e s and it e el Mede basdh &l s SGprormatty
cdh & QfERMe with a CVI %a@&lay '&ﬁ?ﬁé’c&?% t BdonWh&Nthe coatin ng referred to

reference is made to conf orrra coatlngtheeemsn
ablye dm the psesght instpekss ¢ as reflegied ac&lleuud%@lltyhe F&ws 5 @,fthlts lseating being

to~( SUS ende e
AR T RSB ESio colflyf e e RS o8 iieangousty:
HOWevdrthi doaforial &&tm@hafonlaﬂ sitR834n Hly be actievetEl the element 10,
coating the el ement 10 on all _ sides | s, essentially

whembeing o eqatsdea staichie Isplated: from gthes srusfurenel. @emﬂwrf’ﬁﬁn ofa
sd%péﬁdeﬁ Be %QhﬁtQEerleiy&Egﬁﬁ% altlg {RISRITE BF the erﬂ-c%x%
i mary advant age of con ornal y coating t €at er

eI enment 10 may be under st ood vvlth ref erence, once

T R P lop B AT o7 olpencg s la o PorloERAIGH oaties P alsnent 10 on
alY‘ﬁH@ah ﬂﬁ@@xclﬂﬁﬁ:& &le e%'d@ BBk cldhaRBudRRasd b&eh) (vlzhlﬁu are rJ]omed to the

fornmed) effectively constitutes the coatl ng
ele¢tenden i S @mlntltveteéldmrmpmemadle in Kegure 5hflo othet Wrdaspwhatesl meant by

ol ot SERRicht Mo b iR o oetirilyn it the AR Ry
s@fduhd@! 15LRs bbﬁbﬁnal&oaﬁ@gsﬂbﬁgsmene@ﬁmﬁb Rnkat.ng

fornmed. This seam 79 may constitute a weak point,
wher e oxi des and ot her undesirable products m ght

I . '
hEb gl VARES ASLRTLAGHL O AR EREN HAESS el el oo
with esfereate; bhethdath, GORigucss&d ahd 55 e parcah Be bdvg, Waat $k conformal
el.ement and |és§ oatln 76 fromthe substrate 78

CQ3EIPS P 153pPHEd.the T8 08 Wb heniar dlBeRich O rdeositsd (i
foﬁﬂé@eéffé:@gv st1hﬂ tﬁé §%£{T§| ok A1 eRfenty uI? gﬁ)éi/de dppBsite Y

res even ough suc terirals co
cqmé’cvmtaﬂlatapplnddecoaungx aThemktpesntlag oﬁfhetdoafommal ¢oating @6 onthedfeater
U2003/.001507

t h WO 2004/ 0 PCT/
SRE R in G, SRS 08 (b TPSES P TARHa A APEH 42 being
fo%le&’.' BRBREkmh 7& aGR0R@Rute Alwdak PRI, where oxides and other undesirable

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

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

could not penetrate the actual material of the coating 76, or of the substrate 78.
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suitable for use in the conformal coating 77 of the
present invention as illustrated in Figure 56 due to

wo b@in4giesi rably high thermal conductivities, POBEAD2003/001507

hi gh I evel of chem cal ineBtness, and the fact that
they are electrically non-conductive. Another suitable
material, for these 5 purposes, is boron nitride, also

. . i . ri
LGRS AR Sl UGS S0 PR N ep D1.C)
seitdblefor nsp inttbe cegomed cﬁﬁfﬁgﬁ?ﬂﬁlﬂhﬁpr@k@t ﬁﬁfbﬁﬁidtﬁfﬁi iﬂﬁsgrated in Figure
terials oth t.h t hose nti oned, . re they have
S8 gie b réﬁ%@& I%}Bﬁ @t&_magl, c0 wtwglqasfgaﬂ%?@s‘?%e.f chegnical inertness,
abek BIERL& (R4t i e bl@cg%él Jnhc%nﬁﬁétﬂ;ehgﬁgtpbtssu'ﬂtﬁﬁgtr%dgg‘iciﬂ, for these

conponents déscribed above formpart of a prin

parpoesshisybovdn witridej alse taferred to ahsedl Although tiid citodue cfystterial used for
The printhead gssenbly, itself,. includes. a nunber of .
s Pabhe B rodar Y b attiopodehistpediadeiel Arlipiptastaracteritios,
@RV other (AT Bbsd MentRine8f Wi¥ers thel e iitdBle chRRcRF§RY, By be used
_nozzles 3 shown is disposed on the printhead chip

instrgd. shown), with drive transistors, drive shift

regi sters, and so on (not shown), included on the

same chip, which reduces the nunmber of connections
Eﬁﬁﬂgl@ﬂrﬁt@eﬁ DR wiHILR -tha%rmﬂ&ardetfs%gwe to Figures 58

and 59, there Is shown, “in an expl oded vi ew and a non-

expl oded view, respectively, a printhead nodul e

et Bl (e e s bl ISR CD
it ¥ ﬁhl%tgllss&@ﬁhp PSSHHhead a8knibis his@8 ih&l8desH MAber Bhgxglgdscleaél modules

are nozzl es, which are spaced so as to be c

80f Theseiagpactsprovlederibed edowut i on of 1600 dots per inch.
The chip 81 is also configured to eject 6 25
different colors or types of ink 11. A flexible

RefertiiElokietiy 16 Wi %n@ 24 te (ISPIf B27leS 3 Sh@Fh 15 disosdd on the printhead
connected to the chip 81, for supplying both power
chindneishawnl withedrivgityansiviees, drvpstett registersnanddosmt(gotshown),

B RHPHE S AR Gy g i

chip 81 30 itself is a nulti-layer stack of silicon

ich has ink channels (not shown) .in the bottom
W%@?erwceé? Fievgss Bmndi5Qetheredp shayal dn g prjodad dem gnd npn-

IS0 Bt B ALARH Y0l s
ptithgadchif hissmbhyritjt (alsbseferted rbeloveds byhipheOniadypical chiprassembly
85: :Sﬁ?(%ldaé %Tlatzﬁﬂ(gwr?,ttﬁgrg Gre ‘}ﬁfé%tnolzzsleslf %v‘?gcht a(%e fsgakc):recli (s:g gse totbréecapable of
printing with a resolution of 1600 dots per inch. The chip 81 is also configured to eject 6
different colors or types of ink 11.

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

layer of silicon 85, these channels being aligned with the holes 84.
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sheet 83 has channels 86 (only some of which are shown
as hidden detail) which are etched on the underside

wobootiogs1sheet as shown in Figure 58. The channeCBHAB003/001507

extend as shown so 5 that ®Bheir ends align with holes
87 in a md-layer 88. Different ones of the channels
86 allgn with different ones of the holes 87. The

TRE D s appflokdildoly 3 i Widd ol 0 By (it s YR

deiespmedl by dlermiddr oitthe ifiakd, ofe}xecz&ﬂipef that tshwsed tsfhbricabethe eliup 81. The
i | ast 1

FETET IO I TN i T

o8 &he M‘eﬁ‘s’fdé dr tﬁé‘ §H’ée@a[sesh§$vh QIPF%%YE i ”fﬂér&lgﬁ‘ﬂem% S&ergi:)’as sRown so

the upper 10 | ayer sheet hese hol es
thﬂt t@n@mdmhgn wiik holes 87 ipamid-laydr 83. Diffotest @fcs |oﬁt1a chamels 86 align

wg{ﬁ]adq ﬁgrl eﬁ bf a}?&lo?eﬁ é&e%?@h]%ﬁ %? ,: glr%%rnf ?ﬁrﬁv%lt}%}?annels 89 in a lower
1@@1%1 HaGR bhaRelEd EhrriédrediflerentiRapyRale 8dlor @Sink rb‘ibé‘;ﬁtf&Qhe last

the dashed Iine 97. The |ower |ayer 90 has hol es

Ck’aq@élﬁl depignatesd Qnelkin kmh@agn@m anen ainehanael a@lﬂ is aligned w1th further
R 5588 a0 LR Py LETL0, U g 605f g oo

188 s}aBICBZi hH’ﬁ:s@hGlSﬁSZ% tilerabigadd \t/inleﬂiadhl@ p9ets ehaf 93ts 98 6h a top
I ot he md | ayer 88, the sheet @ 83 and the
ch r?éb 5q 'i%ﬁhe%nnffr@ﬁ%erﬁaval%d withyind dherefere 15|f7<wdqﬂow
il §ﬂ8l ere
Cbmnfcgg?%{ggﬁ o%tg aﬁa%l 51{11%%)911 Er oug n%llg ?%Sheg Elgggy\q 01
whi ch covers the nozzles, to keep the nozzles cl ear

Tgﬁg&)ﬁe)? ggg(?h]sr %ﬁf;{ent |lct§|t8%el'6¥m% |aB nOt g]ég Compressed

fi&€red lafttfRonh BE afz REM0E (fot SowD REtetNBB chérﬁ(epyﬂﬁhr&fgﬁﬁﬁéfele%t hole

hol es 87, then al ong respective channels 86 in th
9Brrand thgnceasests thiiouglyisdroles|93 aad 93 kadloBD)S, irhihe uyh layer 88, the sheet

s PR B Tl 585 Bt Bl o e

adsb@bl 811, &ojliwhers envie foroéd eath 00 aEr %h lafok#1€ ghf¥a 01 wh1ch covers
| ayer 90 (one for each color of ink and oné for th

ﬂ@d}%?léss de boopi thy nozzdes\gheas BT paper fust Bifferantty ¢olorpd 1qua§é &upt
sl%cgi&g{ If)gsssctg%o%?ﬁ the 1{@@3 93;&“?@1 '&%6 fgy'éle%wglﬂg trt]}?eaéﬂlﬁjaezg §§) and then
tlméugh_hesmctlvﬁ ]lnﬂes:iS?IuithmJ @o@&ﬁgﬂbﬂw;e @anwdls &6 girhe andiﬁsmmdf the upper
LRt PP e A 40 ad Rt b brovia s slots 95, to
tHeh B es h[@ WZI@ 8O nbRa#£ ﬁl%é}e ?Jb? bdvef F fHe! Iﬁ'ﬁ&@Sqﬁ ltﬁ’eelowgr layer 90

circuitry is disposed op layer 30 of
(asdemndsicly colahpEinkeod oné farttlesconipressed irevig wdnich the ink and air is

e B e e S R e R

represented schematically by dashed lines) clear of

paper dust. WD 2004/048103 PCT/ AU2003/001507 38
Figure 60, in which a side view of the printhead module assembly 80 of Figures 58 and 59

is schematically shown, is now referred to. The center layer 102 of the chip assembly is the
layer where the 7680 nozzles and their associated drive circuitry is disposed. The top layer
of the chip assembly, which constitutes the nozzle guard 101, enables the filtered
compressed air to be directed so as to keep the nozzle guard holes 104 (which are

represented schematically by dashed lines) clear of paper dust.
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The |l ower |ayer 105 is of silicon and has ink channels

etched in it. These ink channels are aligned with the
wheie®4843 i n t he stainless steel upper |ayer sPEBRAUSB3/001507

The sheet 83 receives ink38nd conpressed air fromthe

| ower | ayer 90 as descri bed above, and then directs

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

TPQ ﬁ)v{fél P iiO | fof th%mtl ﬁﬁel{sﬁna%(g éﬁl{ %%%Pélg gﬁh&?ﬁ 1P yTﬁeQ%m}% ecPannels are

ower I 90, via and u
aB@eﬂ@vltlhthe (hblep SQmﬁmtaﬁﬂ&k steieBuﬂq;et:Bys&heettSSvﬂlhle dheet 83 receives
.otherwi se be, i rac gn th nupber . .
r@%@@fm@fewi}ng a\zegfaéer 2 geperihed aeﬁ?wv digects the ink

aﬁd:&ﬂ" fAhe chlas ¥R ﬂe@d {Bnd @ RS ink BX@%ir %@m \;;H&e Etl i? ¥ecEiVEY by the

I's connected to the shift registers and
lcrwer dayiet 94, Véznthe ngiddayey 3B endivgur layer $htotthe clhlpy\menmm Ipfs because

hi Th hi nbl 1] ded b
il SR e P e M BRI e (PSR Pl pozeles 3
WRHRAGBOREIAL18¢ dcBurdR HORGVY id hé loder 18ydr®ol this

encapsu at i ng, a dam 108 is provided. This allows the

epoxy 107 to be applied to fill the space between the

Tﬂ@ ﬁ‘e}? %_@B?}dla claﬁ‘ne%{eﬁlgo gl osﬁﬂ%)r s?e%s %rﬁiegtgeal‘gzg(rc&%gwn% S ov%l%Glocated

oii] afedeyufd 02 iof clip @bseaibly $1herh/u dhg) &b@aﬁblwlsiﬁ boiled b§ wWiFed 06 onto
15 cont am nat i on, by paper and dust, and from
thedtHB ek and tgss ‘éﬂé’?s arpilten epsapgulatsd i g pRoxg 107 e ckfestghis
a head
o AR g OB 1B i o dha T UALOCER BpEY10 ol BLRERA 5l the
spce bbﬂwaxﬂ threodhud lsOSaamldht)bhlp 8ss8fbhs81 szbethaﬁrthbwutea b@tv&e embedded in
The t head ass s C nf| d f.or
tfiepe Gost BF eRoSrIU s Beiripihg & Profethiieani pshdingsgporure from
cOMRRINBOEDy pdrte afd Hik, mﬁa@mﬁﬁﬁeéﬁmﬁaﬂ&n&a&@l udes el even
of the prln head nodul es assenblies 80, which are
glued onto a substrate channel 110 in the formof a

bent t h
e Nl SO e A A
afE@Ylyded whechsHElpdes, ihendothéotipoheits PrintRh@hiddale alssfékabhes 80 as
and t he cor&ressed air to the chip assenblies 81.

desgribedihove) &he priethpasdkaspesetdy 19 i gonfigpngd dor wagepvlé@@nntﬁr
shiP$ e‘-‘ig annel. kiR ‘J&‘?‘%@ be noted that the hose 112
|nc udes holes ?ﬁé Per

These hol es 113 are not
present when the hose 112 |s first connected to the

ha 10 but ft b
ﬁeplﬂmﬁaa U?é?ar %{eﬁa Ve 25?19@25%@@%@%@%@%80 which
artergi&ldgﬂltc; Q@uﬂ%&h@%hgﬂxﬂel 14nGle ROGT atﬂ%ﬁﬁmétﬁf fflﬁte[ eSserles of groups

guides to fix the positions at whic
Oﬁseeemmlbe@hchmsslgmoteé by ticefentnen ntrmerapy 11 eguovided to supply the 6

R Ry e b =T G R E e e A% e neerBls 1 din extruded
flexiglensk hdse 112 i§ B RaGPRLe fhltﬁé chdﬂn&lhl tohet Wl &&10%31 ﬂhﬁ‘t the hose

the | ower layer 90 of each printhead nodul e assenb y
1 Bdincludes holes 113 therein. These holes 113 are not present when the hose 112 is first

('D

connected to the channel 110, but are formed thereafter by way of melting, by forcing a hot
wire structure (not shown) through the holes 111, which holes then serve as guides to fix
the positions at which the holes 113 are melted. The holes 113, when the printhead
assembly 19 is assembled, are in fluid-flow communication, via holes 114 (which make up
the groups 111 in the channel 110), with the holes 98 in the lower layer 90 of each
printhead module assembly 80.



10

15

20

25

30

WD 2004/ 048103 PCT/ AU2003/ 001507 39 The hose 112

defines parallel channels 115 which extend the |ength
wotootlesibbse. At one end 116, the hose 112 i SPCT/AU2003/001507

connected to ink containers$9(not shown), and at the

opposite end 117, there is provided a channe

extrusion cap 118, which serves to plug, and thereby

close, that 5 end of the hose. A netal top support

plate 119 supports and | ocates the channel 110 and
Thehesellll2, definek pasalel elsanasls 4 1 b ahkchpdxadnd tholengthed ¢he hbe At one end

hannegel and hos 1, n turn, xert ure onto
15 fﬁ%ﬁ%ﬁ%ﬁ%g IS SrmggPL e Pﬁ oniaiags ity mhe%% 3h¢ ppopide end 117,
theRCishh&¥ifedld ehadAd ekt & 13! GRichQeR%t @by close, that
notg es f%Z |ﬁ thg 39 r a%hly ex%e%ﬁﬁﬁg&QgFé 123 ? y cl056, Tha
enhef thhhnsel 110, to |locate the channel and plate with
respect to each other. An extrusion 124 is provided to

| ocate copper bus bars 125. Although the energy

A Betdl o?@upﬁ&t ga@rm QupshoRisiahd NRARs ARCPRAN Y16 Bnd me 112, and
present invention is an order of nmagnitude | ower 15

S@rﬁwmrhﬂck olatk oo diese. nErawdlannel L 19 end pesertlarig, tunnh@reét raessure onto

a§sg}n% ﬁ \91? it ncﬁl%’eg HQX nr%%tzill glf;cu?ftffig‘h% PFr% nats E?Pl‘?‘(bl gj which

IS 1S ap

eﬂﬂ‘end‘h ﬂi@ﬁ@ﬁncﬁd’lﬁﬁ 122 & thé ﬁ@dvﬁxﬁéﬂd}.y é)@éﬂ’dlﬁlg wall ¥28 &fthe channel 110, to
printheads. As the nozzles 3 in the present invention

IQF&SF‘ the chagpeland il pithrespect ixgadhiqther: on a conti nuous

basi s during operation, the total power consunption

w Il be an order of nagnitude higher than that in such
Agnrexiwmsipn il 24 iﬁq&dﬁidechwdoc%ﬂ)e td}@eﬁbusrlmrﬂ 125 hlilromgie tesenergy required
will, accordi en t

| h h th .
Q BRriifg B DI fecbiBS odhapiere SnaRtiar San cafer Ratpeiide lower
tﬂaﬁ\’bﬁa[t of RAGwH ﬁféhnélrinﬁ e pﬁﬁ‘t@f@nthﬁfe' $E HeRISor abbG BUBHBRH0Ezles 3 in the

125 are suitable for” providing for such power
prinead araynand thz;nel apraosnashei 60 ‘emdsthtmmbsmfdmelds that are
t he

ol S0y 4] TRAGY Blitiedi oAb 1fc RS0 Sl e ek i putioganay be

op&rasdAM.c. Blay iR dnQVEhtiREiuk Hadf dirfes ddeeatioBGBE 1&gl Wwer
?ﬁé pr?ﬁtheag ﬁ?dule assenbl i es %&? éﬂua PCBs SZZQ&N

censuapiion Falkbe pe order of magitude hishesthan thebipriych keovwmprribeads, and

e

nbivdd¢ wilhse ammﬂaﬂtﬁné@&u&’ P weOthah itlen éeltheéinown painthebds. The busbars
ntact with, the strips 127. 30 Each PCB 82 is
g5 suLtablgy @a Pgmaglag Soreuch PRV RIUiTSEReA1se Bih e iPOYET Ieads 126
séihodh el schematically by dashed |ines), which are
| ocated on the outer surface of the PCB 82 abut

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

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

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



10

15

20

25

30

wi th contact spots 130 (only sonme of which are shown
schematically) on a flex PCB 131 WO 2004/ 048103

WESAME0D3/ 001507 40 which, in turn, incl udeRCHAT2103/001507

bus and edge connectors 1330whi ch are fornmed as part
of the flex itself. Data is fed to the PCBs 131 via
t he edge connectors 132. A netal plate 133 is provided

{ it
VA Bt A0 B SRR i OB o ot
flen itedlfieData infet] o thePeiBarid,]l viditheclignewinedds3 130c] udes

twi st tabs 134 which extend through slots 135 in the
plate 133 when the assenmbly 19 is put t oget her, and

ASh6tat glﬁfé 1t3‘3"1s°'?1%@1dte@ coHabit %gﬁgr A ﬁﬁh eﬁfﬁ]é%%?lg%e? all of the

prevent themfrom being w
cdfp®@yentsenf thef printhend ragsembily HO tobthee nioehis megérdg ttileec}ﬁﬁnel tlh@ includes

P B R S B e SRR P4 191
tolethbs Qnd BRVREN Hfiste® HRGUgheHpMixdnitBl 45@&%&63— #Pprediid A fom

'S prOV|ded to the printhead chip assenblies 81 via
being withdepavnctbrawgh therstots.32.  The printhead chip
assenblies 81 are |ocated on the el even printhead
nodul e assenblies 80, which include the PCBs 82. 15
BybiaytdfRgmbakE svithIéfetdnee Ry Pigubess, fHReprifiiead at@mbhiel 9 is shown in an
prl nt head asserrbly 19 in place in a &PI nter (not

étﬂéwfdé@mm@%%ﬁgm sgppliedeip rhpﬁﬁeb@ Hd3enmwer is
1\}5%' dle{i] @ﬁrtﬁg 4 §F26b¥n& ?ﬂ?}] 1sdﬂr§¢71§9c? tﬁg’ﬁgnﬂgéad &fﬁﬁe %ggﬁgldésl?l via the

edef cenneatayss tl 62 Fiflgmprmtﬁé)a,d dtﬂ;ezseem‘shes f8dvane losathé oa thecaéstey, printhead
a .CI 0SS- e, nbl ed printhead 19.

megy E?ﬁ?iﬁ' gh ﬂﬁ‘ ?% g?gfcon stack formng a
chip assenbly 81 can clearly be seen, as can a

| ongi tudi nal section through the ink and air supply
Mmﬂg@ng hqlﬁs 1361 @9 pmve@d foomewssingghe hunthbad assemblyfl 9timplace in a

o REP (R BlepurS D eeBed e O fpt e Beftony D Ffesthntell by the

distag¥e Pﬁlﬁas@%ﬁme wWAgthfofamA2Bpage (fAGt 1§, HbBuLS S @reaky). 81,
The twi st tabs 134 which exten through the slots 135

in the netal plate 133 can al so be seen, including

it AU S RGP ERLEE S
adsh@blkedipsingieadvh9. &Frbhakik, tde posiaon of 4 siBéonadtadkfoining a chip assembly

r|nthe system 140
can clear yqbe s)é:en as can a longitudinal section through the ink and air supply hose

112. Also clear to see is the abutment of the compressible strip 127 which makes contact
above with the busbars 125, and below with the lower part of a flex PCB 82 extending from
a the chip assembly 81. The twist tabs 134 which extend through the slots 135 in the metal
plate 133 can also be seen, including their twisted configuration, represented by thé dashed

line 139.

Printer system

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

according to an embodiment of the invention.
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according to an enbodi nent of the invention. WO

2004/ 048103 PCT/ AU2003/ 001507 41 Shown in the bl ock
wale@gnasmi s the printhead (represented by the BCT/Aw003/001507

141, a power supply 142 tdlthe printhead, an ink

supply 143, and print data 144 which is fed to the

printhead as it ejects ink, at 145, onto print nedia

Sk B0 B Ryl Ry B MU, v

spahe t 421 ebGhe prstthedie apinkrsubplad 43 4dnd prift detdild4 pihidh iwed to the

nmechanpi sm 148 i s confiqured to w.t w a, sheet of
Pﬁﬁﬁi‘@?‘{] BSABeIBFS kaat HSgPRO; Prigy medig in %l}?efa OHBAIRF cXamepL paper 146.
is for providing DC voltage which is a standard type
of supply in 10 printer devices. The ink supply 143
Mglid transpom kollees 147 agpvidedito srhosmolt thewhpet Y40 pat thp printhead 141.
var .ous . types. of or mat

68 B e i b telthario st B leh i) o fom e
n{egmkdylmg: This information is provided via a system
controller 151 which is connected to 15 a user
interface 152. The interface 152 typically consists of

18 BB 2450 0RO R T 85t sooty

prinRt delitesr 151 al so controls a notor 153 that is
provided for driving the nedia pick up mechanism 148
and a notor 154 for driving the nedia transport

1L 7k S DRGS0 A B vy g o
infernmabion rvg11 bp@sdvuﬂdnle atpkS0n atvend thelidlt supspdy, tshelt aspthe Elﬂnbmg of ink
ed at the correct tine.

b fe Th
rGiaftaiig This S Bhuins Srovidn e H corapEe S L pef s Famected to
a W& iftefth&ek1 520 TINB Gheh@Ms2 430 BAK coRbiS 88 a HBmbBS HHaBhs (ot

of paper 146. Preferably, Nowever, a paper sensor (nho
shavewnguch gs a fprintt’ Batton, fipdgstadianced hntéart, enl se on.t Fhe sysétnepontroller

troll 151 wh t 25 14
15k B e dppigh 1 sp 088 iSOV ioke e TS g Bt R ioK i hanism
148dad 4 Rty 1 SY E5P R dgtﬁb InfdiaCiadhsdrt Retfers 1I7i Nt i ng.

Printing is effected by triggering a print data

formatter 155 which provides the print data 144 to

I’ct ﬁ?c% %13.55 f&?ﬁ% &ﬁgm b tr %r 154 ?@&ﬁ&ﬁ@t%% SREES rp%@%q% is moving

SYys con I'Ate
pmat the grivehegad i141, sdaha phﬁtlﬂ@t:ztrelbe éfﬁééted&@th'él‘tbnﬁéﬂ tithe.d@lhi8 time can be

A BT BRLER LT A S ke BT T 100 SO,
A g s 3 e
proided cwhich istoneested® thesystenasontroller 151so that when the sheet of paper
146 reaches a certain position relative to the printhead 141, the system controller can effect
printing. Printing is effected by triggering a print data formatter 155 which provides the
print data 144 to the printhead 141. It will therefore be appreciated that the system

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

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

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



firewwre, or a parallel connection. A data

comruni cati ons nodul e 157 provides this data WO
wQoe40e83103 PCT/ AU2003/ 001507 42 to the prineCHaU2003/001507

formatter 155 and provides42ontrol information to the

systemcontroller 151. Although the invention is

descri bed above with reference to specific

" I skille

PRI Torplabl o and PO RSRESH RSBl RERE i et
16t.her forns. For exanple although t he above

enbodi nents refer to the heater el enents being

el ectrically actuated, non-electrically actuated

A§th®
ShGTRIS i Skt e ORI Syt
beundavBood by thosé skill¢dein tie anb tHaetie invempivh siayde embodied in many other

ST e e T
elebiiiRBIMNadtit@ed nsHRRELARERY 8414t8E Slemkh n?efyecﬂﬂo BaR8E iVerfBodiments,

the nozzles relative to the substrate surface
wagiecapitapgiate10, 000 nozzl es per square cm of substrate
surface; and at | east one respective heater el enent
corresponding to each nozzle, wherein each heater
el emrent is arranged for being in thermal contact with
a bubble formng Iiquid, and 10 each heater el ement
is configured to heat at |east part of the bubble
formng liquid to a tenperature above its boiling
point to forma gas bubble therein thereby to cause
the ejection of a drop of the bubble formng liquid
t hrough the nozzle corresponding to that heater
element. 15 2. The printhead of claim1 being
configured to support the bubble formng liquid in
thermal contact with each said heater element, and to
support the bubble formng Iiquid adjacent each
nozzle. 3. The printhead of claim1 being configured
to print on a page and to be a page-width 20
pri nt head.
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4. The printhead of claim1 wherein the areal density
of the nozzles relative to the substrate surface
we@eedH020, 000 nozzl es per square cm of substPEL/au2003/001507
surface. 25 5. The printhedd of claim1l wherein the
areal density of the nozzles relative to the

substrate surface exceeds 40,000 nozzles per square cm

fAfMgstrate surface. 6. The printhead of claim1l

ereln each heater elenent is in the formof a

Isuspendiek jetlpeiathead bahprisnguspended over at | east a

portion of the bubble formng liquid so as to be in

30 tﬁéFh%TateclEﬁ’ﬂ%s REHeRHa5S 7. The printhead of

cl ai W ; j |
Chat R By S PR TR E A o3 o Al e
sybsipte surfresy theraseh] dendity of il ncgzdles celathatto Heeatibstraddsurface exceeding
lﬁggﬁl 0;]-23103 PCT/ AU2083/1?%%1 07 . 44 element to heat that
BPZRPRE AU PO PERPFL? %A a sai d bubbl e in
the hukhdtent %sﬁ%dﬁig'e hleét@ﬂ%léin&h%()ﬁ'_@éboh@ing@&%htn@% le,lwherein
m

ej ection of sard drop. 8. The printhead of cl ai

configured to eeddiopisr gleggppisyrengeadtfer brimbinghéroralricorgact with a
liquid 5 | ent. .t erature, wherein each
heat er el garr{%tﬁl???@ ﬁﬁlguar d such that the energy

required to beecaptcard clehehel @ohdghedio eal 4 163t parPdf the bubble
t he bubbl % formng liquid to cause the ejection of
q

sai d dr op IrEinglguid fyp tenpperaiwieraggve dghnilingipeipt tadaxm a gas bubble
vol une of i ' i QUi T
of the sai d? })}gﬁ%r%’ltrtg%lgsetdéén%gértg){l S)?g%(%%gﬁ h{%gmﬂségileg ing liquid
anbi ent  thropgr the nozzl¢ corsapohding foi the heatenéleméf. 9. The
printhead of claim1l wherein each heater el enent has

two opposite sides and is configured such that said

29as bhybblighbal sEdaily1 bk cHERued 8! tht Bubtfé i liquid i
bot h of Bsaipl Si ng of ta%gt heat er Se errent.u15 10. I%Iéqmdm
thermal deategt with e saidiheates elsinent, laed tubiippert divi toibbledforming liquid

a&;g%lng[g%cﬁlél%g%lnt is configured to formis collapsible
n

Pnt of coll apse, and wherein each heater
el enment is configured such that the point of collapse
of a_bubble formed thereby is spaced fromthat heater
3 el emdhe priptheadiof ciaim bbeing penftguesd te prinhemna peseanidds hea gage-width
pé%%%_ure that is fornmed by chem cal vapor deposition
, said nozzles being incorporated in the
structure. 12. The printhead of claiml1 conprising a
4.S tr U%Lg {)gnt\ﬁgz;dc c|>qf cllasnnI 1e\§v ertelhnatﬂe %r%a decr:lgi%p gf timleq In<c):zkz'les relative to the

substrate surface exceeds 20,000 nozzles per square cm of substrate surface.

5. The printhead of claim 1 wherein the areal density of the nozzles relative to the

substrate surface exceeds 40,000 nozzles per square cm of substrate surface.

6. The printhead of claim 1 wherein each heater element is in the form of a suspended
beam, that is suspended over at least a portion of the bubble forming liquid so as to be in

thermal contact therewith.

7. The printhead of claim 1 wherein each heater element is configured such that an

actuation energy of less than 500 nanojoules (nJ) is required to be applied to that heater
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sai d nozzl es being incorporated in the structure. 25
13. The printhead of claim 1l conprising a plurality of
woomzlogsiehanbers, each corresponding to a resperAUY®3/001507
nozzle, and a plurality of 4¢ai d heater el enents bei ng
di sposed w thin each chanber, the heater el enents
W t hi n each chanber being fornmed on different
4. nt
eﬁ%&&lﬂ:& ﬁéﬁitﬂ Vﬁeefage? eieg%eg)g %@g@é@f@l fg%ng ﬁltJSmd bﬁpﬁeq gm bfu%ll% forming
lRpoid therehy ar ¢canke thewjeetibhafsa@Ddopf whi ch, by atom c
proportion, is constituted by at | east one periodic
el enent havi ng an atom ¢ nunber bel ow 50. WO
POO4/ BT ALROD 3L 0107
cl a|n11§&QEFe?§ eac hég%%égiog%%ﬁ%gi %Pﬁéﬁg SO %%ﬂbﬂﬁuglupud
atrent embmht @mgheragire, el ¢ig wachchehter ekenmaism cofifiguesbsuchaiat e energy
nanoqr. r| al t eate el ement
P R B et s e e aicat 6 B obBle OBRE Haga o e the
é&ﬁbﬁ" QV si®@dtd Q&’ 1e384hen BRY dnefy rbdifrel lt@ﬁéa% a@ofuﬁ{éﬁﬁgld < jectable

uid to a nper at ure above said boiling point
hﬂﬁuis@lu@}fte thyg Yé(dtuine of tfe saidghlop) ftmop tem;&ratmeeqpahtq szhé adlblent
erein e ch heater element is
tgﬁ%% Fﬁ%ogg¥é’ "by a conformal protective
coati ng the coati ng of each heater el enent having
been applied _substantially to all sides of the heater
%I endbe psinthepd abdaigs | wheteimeach deatenderaentthan tjve epppsite sides and is
c%ﬁﬁ‘%lr“ tﬁ%%lé:hh?aﬁ gﬁg%ﬁ% t lg)g%ﬁ%%hgﬂ}rh{%ﬂéa‘?& %111&%19 %safo%med at both of said
sty bfithabhentdb stenmhe surface; a plurality of nozzles,
each nozzl e having a nozzle aperture opening through
the 15 substrate surface, the areal density of the

1082 é E[%% pEifithdhd ¥Eclhith | WReRUPSE 'B?Elﬁe i dhA%Eh ﬁé%&%ee@én'?&t is

0 nozzles per square cm of substrate surface;
canfigugedio forne iy epdlppsiblievied hasa poinedfantassecondrvespein @bacigneater

RN ML R D S

filoaf thatBeakdr @léntint. and 20 each heater elenent is
configured to heat at |east part of the bubble

formng liquid to a tenperature above its boiling

1RO1 Nirpt %anﬂ%gﬁ 8¢ Qi Pg(prgfaﬁsing a structure that is formed by chemical vapor

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

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

said nozzles being incorporated in the structure.

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

respective layers to one another.

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

element having an atomic number below 50.
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therein thereby to cause the ejection of a drop of the
bubble formng liquid through the nozzle

waeormmsgiondi ng to that heater elenent. 25 18. A¢EAU2003/001507
system of claim 17 being cdffigured to support the
bubble formng liquid in thermal contact with each
said heater elenent, and to support the bubble formng
l'iquid adjacent each nozzle. 19. The systemof claim
17 being configured to print on a page and to be a
Ipage-Thiegtrinthedd ofclhint h evidrei Gach HagtesslemenninEluddsaolid dhterial and is

V\,hgrel t he aregiﬂs g@;lty of the nozzles relative to
CORHguIE B%rtarfa%Sé o4 {fs$ Hiep 18 paregramsof the solithmatersal gfdhat heater element

t% %%ﬁ%%ezcgfg‘s%n‘?glgéﬂé ?r%d?vf%wd_@‘ﬂﬁlé})st er%ng%ég)ptl %]egt?’s pid part of the bubble

fommeing liquidte aderapdrattierabioyy sad boihiag pomztoeauneeﬂlatej e¢tort 6f a said drop
the substrate surface exceeds 40,000 nozzl es per
square cm of substrate surface. 5 22. The system of

16| ai Mhk prisREE bICIBRE  WHeRkeEach |h%£f€1néleﬁ1§nt'1£‘ sdﬂéﬁgﬁéimo%red bya

a suspended beam that is suspended over at
ceafoml@lrpr@frecm\reec%m Ithe ¢asting nfjedch hedter ddemers man bet¢mapplied

0 t with, 23 .Th tem |m17
skl O 8 dr35E Bt Hepdentsifrifipmeg i udeft B g i
sédinless uat i on energy of | ess than 500 nanoj ouI es (nJ)

is required to be applied to that heater elenent to
heat that heater elenent sufficiently to form sai d

1bubbl to .cause
t he éAJ@ ﬂélgleltﬁ@t ?’Uigpésrgo%aggh ggn%ﬁédq%& sys mpngpgl m
17, \A/fsebmatehdvmgmsubsﬂn&ashrlfefwconfl gur ed to receive a

bubbl e form ng Ilqwd at an anbi ent

suppl
teﬁgéﬁ’é Bty 0?3 PrEF Sn 83C8i 197l & RViRg a perzl e prsrwr opeging through the

S?Eﬁgf?ge%gfftﬁ% ﬁieéga{i‘eag glé%sﬂgg)? {[ 91)55 fegzﬂ e G 1S the! sﬂbgﬁt@ﬁ%abg gxceedlng

10106911@122{162& RﬁaS@@IQMOéplé:tstratorsuxﬁcesmdj dr op |s Iess t han

uired,t vol u
ej ec? p]%?sg%fl g PeFtiys Bgeﬁertei ‘H@C%?SBH% 188 to( ‘??é?hélﬁ?%e dthsgein
froma tenper aEéUtheat%ﬂél@ﬁleﬁtQS adhithed T RN 1BQH8ﬁfaPEdiﬁ&t with a
to said boiling point. 20 25. The systemwof claiml

wher ei n ehebble g liquidkeand has two opposite sides and

is configured lLe f d
that heater el 8%%{ atlteg %Igggn%g %ﬁ%&ﬁ%ﬁ o Bif atsagﬁ %al‘%g@e bubble
of that héatnig kduedend 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 heater element.

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

adjacent each nozzle.

19. The system of claim 17 being configured to print on a page and to be a page-width
printhead.

20.  The system of claim 17 wherein the areal density of the nozzles relative to the

substrate surface exceeds 20,000 nozzles per square cm of substrate surface.
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25 26. The system of claim 17 wherein the bubble which
each heater elenent is configured to formis

waeolsagaddbl e and has a point of coll apse, and MIEAB2003/001507

each heater elenent is codbigured such that the point
of collapse of a bubble forned thereby is spaced from
that heater elenment. 30 27. The systemof claim 17
conprising a structure that is forned by cheni cal

vapor deposition (CVvD), said nozzles being
2iincolMhespstad of blairh @ 7 sthiettid the@real\dend0 6f e &b@des relative to the
PCT/ AUZOt%)SI 001507 47 28. The systemof claim 17

spBisste wriace sxcseds 0 Q00ogrpLperisquare e of gubstraty swrigeons
thick, said nozzles being incorporated in the
structure. 29. The systemof claim 17 conprising a

28| ur dhetsystaf oficlaih &7 stherdieeah heatehel&mentris asthe fishimef & smspended

a respective zzle, .and a plurali f sai.d heater .
BpBn RIS SR S Eat  Bint Ascio e b BRSO s to be in
therbBson®lcEMREthM t hi n each chanber being formed on
different respective |ayers to one another. 30. The

system of claim 17 wherein each heater elenent is

or of .sol i.d materi.al . 10 re t.han ,90% i C
2y androiRpHem a7 iiein o PR dHRRy 2SRl Gt an
apRbiiQérRrgyed 268 Mhianh 500 faglojetled {rINisGeirddad bbapsl¥dIe that heater
31. The system of claim 17 wherein each heater el enen

t

elemant todicakibpt hpates element sudheiently to dommt paid bukble oy the bifbllg forming
: solid material of

l@&glttﬁﬁg% %@g%gggﬁég%fggfaoﬁgde&ﬂgat ed to a tenperature
above said boiling point thereby to heat said part of
t he bbl e formn iguid to a, tenperatyre above said
2Boi | ibfﬁa Syt tigng Ais‘_ghetrﬁg the @reﬁl?%ﬁ o foniegEaddo dregpye @ supply of
tR2bubbREoRN %}ﬁhfﬂf at%h%iﬂﬁ}je]%g/eﬂ‘fab%fa%rg, eﬁﬁqngl-fel?&ﬁte%h 1Rl nent is

I's substantially covere conf or protective

confEgurethsuch et theadniergy reduired ¢hbhazplied tleregndmbedt aaid pgrt of the bubble
been l.i ed 20 .subst.antj.al. to all  sides of the, .
o P e LR A GbRd Srob e et o HvoStagiipiipdtg heata

vERAY iT38id efettable hatieghadto Bk @6Tuhib i K0PdRD, #6m atemperature
ejectable Tiquid, the nmethod conprising the steps o

equal to said ambignitepperature osaidhbailingipdinbes a substrate
having a substrate surface, a plurality of nozzles,
each nozzl e having a nozzl e aperture opening
25.  The system of claim 17 wherein each heater element has two opposite sides and is

configured such that said gas bubble formed by that heater element is formed at both of said

sides of that heater element.

26.  The system of claim 17 wherein the bubble which each heater element is configured
to form is collapsible and has a point of collapse, and wherein each heater element is
configured such that the point of collapse of a bubble formed thereby is spaced from that

heater element.

27.  The system of claim 17 comprising a structure that is formed by chemical vapor

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



10

15

20

25

30

t hrough the substrate surface wherein the areal
density of the nozzles relative to the substrate

wa@ arotaesaoexceeds 10, 000 nozzl es per square cm PET/AU2003/001507

substrate 30 surface, and &f | east one respective
heater el enment corresponding to one of said plurality
of nozzles; WD 2004/048103 PCT/ AU2003/ 001507 48

eat i . . I i to.a ...
28522100 gfherh 87 Shisd 27 R She £ AT HROLRIBSIRTD itabhs ik
shidmokies beinglindonpbiated inghd diructves.mal contact with the at

| east one heated heater elenent to a tenperature

above the boiling point of the bubble form ng |iquid;

eneral : - : LLaui

SOt B L RS P BT

churespbedifig tana regpédtigenozAlg) ahd a luedity df sdid hemér didmemotahgdisposed
[ eat ed heat

VB ERE oByedh 48t Qrmein gl sgh Shigaker g p@Iedp different

rdspectiR I ReL t8fone kabtAe33 conprising, before said step of
heating,” the steps of: 10 disposing the bubble form ng

liquid in thermal contact with the heater el enents.

5. th f bm 33 i i i.d f .
TR R L T e
niogé eah 9% 6F Wlheh,ﬂiy%drﬁiégﬁoﬁ)&ﬁcfr@ eLcoR¥ERRADY2R 149 Dne periodic

nozz|l es per square cmo substrate surface 15 36. The

elegtenblaviste 21 dpmIBE PeoW, 50 n said step of using a
printhead, the areal density of the nozzles relative

to the substrate surface exceeds 40,000 nozzl es per
33quaffbe systanf of slains 1 7 athereiriigdch beater?élerdént iddledessbhid thaedrial and is

| ai wh [ ach heater elenent is in the form of
C&%@%ﬁé&é&g@? < fgﬁél?ﬁﬁr}?&m%ﬂfﬁﬂ%ﬁl@dﬁﬁ@@ioﬁ dhat heater element
tPhd RatddQo bREmS&ERPIbolE 8il BSilRE pbiR F ana
el emgnt , Ot he Iztrepr of 0di sﬁos?lnlggtphe bl% I eoggétr%%ﬁ art of the bubble
forindgug kiquid trha tenteratime ahest seid Blikmepdist tarcausepbs ejectoomsaf a said drop
above, and in thermal contact with, at |east a portion
of the bubble formng Iliquid. 25 38. The nethod of

3%.I ait The valsmﬂa bfélﬁini e whERh @kh A6t dlnédigs AlbslaBRsly QREred by a
eater el enen

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

seamless.

33. A method of ejecting a drop of an ejectable liquid, the method comprising the steps
of:
providing a printhead that includes

a substrate having a substrate surface,

a plurality of nozzles, each nozzle having a nozzle aperture opening
through the substrate surface wherein the areal density of the nozzles relative
to the substrate surface exceeds 10,000 nozzles per square cm of substrate
surface, and

at least one respective heater element corresponding to one of said

plurality of nozzles;
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is effected by the step of applying an actuation
energy of |ess than 500nJ to each such heater

web@awsi103 30 39. The method of claim 33, conprPGi/AY2003/001507

prior to the step of heatid§ at |east one heater

el enment, the step of receiving a supply of the bubble
formng liquid, at an anbient tenperature, to the

prin ' cted.b

appl h@aﬁﬂl%haé ‘g@ta‘sa‘tro%ﬁglrey&e g&g@ccﬁﬁe%%ﬁﬁﬁgg é‘?mg%lg gr%%% {5 hdYt at least
pudhef eblilbbiaf(ﬂnﬂ:m)ll L&di vdlhﬁﬂ;tls angegiyaliceniaciswith Hharat tdagt one heated
ener WO 2004/ 048103 _ PCT/ AU2003/ 001507 49 required
hegie %?flefﬁ tQ  terRergrregkpye e beilimemeintiof tha hupbleforping liquid;
to t Vel f f

to s BB iouBBichy eMinble BAHE SIS B iHiflne: and
The ratshnpch drbp of ﬁlerbuBBle\zﬂmamag tiqeidab bh eﬁabted tlabeglethte nbade

es an er ei in the, st

ctbePbiialy Gadt fatone neat Rl sltinenl by i Sisp 86 Seneraivers ees
b@bpisai d sides of each heated heater elenent. 41. The

nmet hod of claim 33 wherein, in the step of generating

gas bubbl e, the generated bubble is coIIapsibIe and

as oII pse. .and ener such a !

e o e o ¥ sty PR3 “Flggsbpei%‘gc?a i ek, fieps o
one Hpbsiae thedubble leﬁﬁﬁ@ liquid 2a th'Ehﬁalr&Mh@ﬂwﬁﬁ 116 1@dat®r 38ments.
wherein the step of providing the printhead includes
formng a structure by chemical vapor deposition

CcVi I [ . .NQ .
3% heP)glhfr:] Hé%so‘?l Zt;’of%&%l# B Wﬁ&%ﬁﬁ fsﬁ'ltd srfl-;g) réfg:gm\%% éﬁé‘ﬁ%?% t%le ?’ﬁ%l density
ofthe mondlegurebutive itonthetshiestfatel satthedek cetdse20, (00 mdizbleagerygsara cm of

ructure which is less than 10 m crons thick and
@ﬁ SPH%%ﬁporates said nozzles therein. 20 44. The
net hod of claim 33 wherein the printhead has a
plurality of nozzle chanbers, each chanber

3¢or r Espoethodgfickin 38 e’d'mill iineaidsiepl of usinge sinttpadfthe areal density
i di h th f
offo8 Pt 85HelshTe B 1 iRele sthsie SRR podriaf sdderd om of

sibdhtelshdice. t he heater elenents in each chanber are
formed on different respective layers to one another.
25 45. The nethod of claim 33 mherein in the step of

3Pf O\”l“ﬂé Hx%thola%f %fanﬂt?ylg %%ren? ggctl]l neRL Slement is in the form of a suspended

beam, the method further comprising, prior to the step of heating at least one heater

element, the step of disposing the bubble forming liquid such that the heater elements are
positioned above, and in thermal contact with, at least a portion of the bubble forming

liquid.

38.  The method of claim 33 wherein the step of heating the at least one heater element
is effected by the step of applying an actuation energy of less than 500nJ to each such

heater element.

39.  The method of claim 33, comprising, prior to the step of heating at least one heater
element, the step of receiving a supply of the bubble forming liquid, at an ambient
temperature, to the printhead, wherein the step of heating is effected by applying heat

energy to each such heater element, wherein said applied heat energy is less than the energy
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element is forned of solid material nore than 90% of
whi ch, by atom c proportion, is constituted by at
WO e@gi4810e periodi ¢ el ement having an at om ¢ nEOAD2003/001507
bel ow 50. 30 46. The nethodYof claim 33 wherein, in
the step of providing the printhead, each heater
el ement includes solid material, and wherein the step

%{}3111]%8 2 héhq a%ld @sg@&ﬂbﬁ%ﬁ%%nﬁ éwg”gl 148 :ﬁ?e[ YO urgg pf ﬁnd drop,

firoad &tanqieralﬁre@uiﬂ t6 Wit andbésmt impran@Né sdi@ bailing ppRk.at ur e
above said boiling point. WO 2004/048103

PCT/ AU2003/ 001507 50 47. The nethod of claim 33
Wher g nﬁe!?ﬁoc%i%?al {33 RattilicAch fl&‘?er%l)ég{é&ﬁﬁ \x}oyrb‘f)lpgggl%ﬁdes and

appl yi ng to each heater el enent :
veierkirs, in her steyf ofgeneratiapgasibsiblle, the babbit dy geakrapsdait ®6thi of€aid sides

5
of &5t Ih%gtealfll(e:afl][ertggrtnertlthe coating is seaniess.

41.  The method of claim 33 wherein, in the step of generating gas bubble, the generated
bubble is collapsible and has a point of collapse, and is generated such that the point of

collapse is spaced from the at least one heated heater element.

42.  The method of claim 33 wherein the step of providing the printhead includes
forming a structure by chemical vapor deposition (CVD), the structure incorporating the

nozzles therein.

43.  The method of claim 33 wherein, in the step of providing the printhead, the
printhead has a structure which is less than 10 microns thick and which incorporates said

nozzles therein.

44,  The method of claim 33 wherein the printhead has a plurality of nozzle chambers,
each chamber corresponding to a respective nozzle, the step of providing the printhead
further comprising forming a plurality of said heater elements in each chamber, such that
the heater elements in each chamber are formed on different respective layers to one

another.

45.  The method of claim 33 wherein, in the step of providing the printhead, each heater
element is formed of solid material more than 90% of which, by atomic proportion, is

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

46.  The method of claim 33 wherein, in the step of providing the printhead, each heater
element includes solid material, and wherein the step of heating at least one heater element
comprises heating a mass of less than 10 nanograms of the solid material of each such

heater element to a temperature above said boiling point.
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47.  The method of claim 33 wherein the step of providing the printhead includes
applying to each heater element, substantially to all sides thereof simultaneously, a

conformal protective coating such that the coating is seamless.



