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WD 2004/ 048108 PCT/ AU2003/ 001514 1 HI GH EFFI Cl ENCY
THERVAL | NK JET PRI NTHEAD FI ELD OF THE | NVENTI ON 5

wab@4fpssasent i nvention relates to a thermal i nRCT/aU2003/001514

printhead, to a printer system incorporating such a
printhead, and to a nethod of ejecting a liquid drop
(such as an ink drop) using such a printhead.

TGl BRFICENG O HERMAL NIt PRINGREAD

gas or vapor bubbles in a bubble formng Iiquid. This
principle is generally described in US Patent No.

US3, 747, 120 (Stemme). 15 There are various known types
RELDKYr THIE INMENEION bubbl ej et) printhead devi ces. Two
typi cal devices of this type, one nmade by Hew ett
Packard and the other by Canon, have ink ejection

THRZ#sRht iatshtioRIBRRE $o § BlenBhldhk N phifitheddl 166 Plintedr BRtem
nozzl es. Each chanber is covered by a so-called

inepzporating siuch a prinitheadi anddo e eprilrat off gjecting eiliggidedrop (wieh as an ink
n i ch . nically secured to the walls of the

d%?érﬁ\%gllg.sufl}}gggg@%(ﬁ prior art devices, the top plate

20 is made of Kapton TMwhich is a Dupont trade nane

for a polyimde fil whi ch has been laser-drilled to

BACK Q@Qgﬂiﬁﬁ%EQT@@Nices al so include heater

el enents in thernmal contact with ink that is di sposed

adj acent the nozzles, for heating the ink thereby

Therpresegt ingagionuihtdless the ejebiton ofkink diops hawayditibrasing gas or vapor

geperate pressures jn.the ink causing i rops t.o

tUpict i YA, helidiid 1 s Priggiola ﬂ%l%ﬁ&%ﬁseﬁ?eddp (g Batent No.
Iﬂ%ﬁ?@7ﬁ2dd§&%&h&9n to provide a useful alternative to

thé known printheads, printer systems, or nethods of

ej ecting drops of ink and other related |iquids,

S VB R S5 BT LB N e

thpig el R8s éﬂﬁfs&?%es oRé A4HE B HRWI P cRhrdRinld Th16@6r by Canon, have ink
conprising: WO 04/ 048108 PCT/ AU2003/ 001514 )
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 tradé name for a polyimide film, which has been
laser-drilled to form the nozzles. These devices also include heater elements in thermal
contact with ink that is disposed adjacent the nozzles, for heating the ink thereby forming
gas bubbles in the ink. The gas bubbles generate pressures in the ink causing ink drops to
be ejected through the nozzles.

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

SUMMARY OF THE INVENTION

According to a first aspect of the invention there is provided a ink jet printhead comprising:
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2 a plurality of nozzles; and at |east one respective
heat er el enent corresponding to each nozzle, wherein

we@amh/oksaest er el enent is arranged to be in therP@i/AU2003/001514

contact with a bubble formng Iiquid, 5 each heater
element is configured to heat at |east part of the
bubbl e forrn'ng liquid to a tenperature above its

boi l'i.n b 19 forma gas bubble therein, thereby
to cgl?g“er%? &O%,‘Zé? 8]?13of a drop of an eject abI e liquid

thro ugléastfohe ré¥péctive hester €lsmeiiongsiondinpab ehehpdd2tle, wherein
el ement, and each heater element is configured such

that an act uat & hegter glement isporapgedstothedn al contact with a

nanoj oul e red to be applied to that
heat er el Z’ﬁﬁé@#)foﬁn%g%mt hat heater el enent
sufficiently teadhhicated eluizit 8 donfigined tmlndmltetlea‘tsmpaﬂt ofjthe bubble

quuidth rehy t.o cause the ejection a drop t he
ej ectabl e @m&ﬁg qumflﬁ? ggaﬁpeéa oge 1tig01ﬂgggp@|t %Eopa a-gas bubble

second aspelinOheleBf td NSO HYectiBRbEa 'dﬁ) f%l eg&gab‘?e liquid through

printer system incorporating a printhe
pri nt head tleompzlesiongspoadpigito diathyatafelemztﬁl m;l and at

| east one respectlve heater el e orre ondi
cach nozsl o, - WRBTHHGHIS EEGHTH BAOBF EURG AL pGhcie iR gnere of
to be in ghg 'ﬂi@i' 50@%5@56&1(3‘3‘,\’(&]!? 1ﬁeq3i9ecpt6tb‘%|a§%)ﬁ&f #31th&t heater element

liquid, each heater el'ement is configured at
| east par to béat thaé hw@mlgneﬁt@ufﬁon@tlmtq foreh 2 bubble i in the bubble

bubble- ¢ fevananappunsy oo iBe Uerihp R TR PR cicctable iauia
drop of amh@igcs ablge. | i quid through the nozzle

corresponding to that heater elenent, and 25 each
heater elenment is confi gured such that an actuation

AR 8y LGSR AR LER KOl 15RO
nlnmpcﬁatlrg aepmnheasluﬂlfelpmndtwﬂyompnﬁmg.m a bubble in the

bubbl e form ng (ii thereby to cause the ejection
of aadlgpliyrof tnﬁéz%ﬁ »88¢able liquid through a nozzle.

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

each heater element is arranged to be in thermal contact with a
bubble forming liquid,

each heater element is configured to heat at least part of the bubble
foﬁnihg ‘liq>uid toa fempefétﬁré above its boiling pbirif to form a gés bubble
therein, thereby to cause the ejection of a drop of an gjectable liquid through
the nozzle corresponding to that heater element, and

each heater element is configured such that an actuation energy of
less than 500 nanojoules (nJ) is required to be applied to that heater element
to heat that heater element sufficiently to form a bubble in the bubble
forming liquid thereby to cause the ejection of a drop of the ejectable liquid
through a nozzle.

According to a third aspect of the invention there is provided a method of ejecting a drop of

an ejectable liquid from a printhead, the printhead comprising a plurality of nozzles and at
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30 According to a third aspect of the invention there

is provided a nethod of ejecting a drop of an
wep@enabe |iquid froma printhead, the print hB@dAU2003/001514

conprising a plurality of rbzzles and at WO

2004/ 048108 PCT/ AU2003/ 001514 3 | east one respective

heater el ement corresponding to each nozzle, the

R 0 RLL B 54 305 ling BB P04 LS

tﬁiﬁ@mﬁf corresponding to a said nozzle; 5 heating
that at_ | east one heater el enent by said step of
appl PPRYINgANACtUgHOR 6reray ef lgs thar AAP 49 at lsash @a? hegter element

cbﬁgfptonpﬁgtt ?fsalang% le forming liquid which is in

act wmth that at |east one heated heater
el e rr&mtmgxhat ettéenp’emr&thm&r alenieat bneidbstep ofigppbying hn adtuation energy,

the bu formn [ d, gene gas, bubble in
therebhig P@tflwm laﬂa%ie Hlvscl %(E o el congpd with that
af faSiahE HRGed Hsatafé?an&ﬁ t&h nl?:%tﬁrel Bl tb%ﬂﬁ% éﬂnﬁ%ﬁf% bubble

t hrough the nozzl e correspond to the at t one
ﬂnemingﬁqhﬂater el ement by said step of generating a gas

bu il d k || t h
. deheralpdh prsapoble h ti ipblh BfmisedfBif berad e fEhgiing and
as d%ﬁﬁilh%ﬁl@ desy &f ectél:ﬁe ﬁ?ﬁi&@@b@ﬁje&é& tl%ﬁ‘ﬁ{tﬁ% 'n@i‘zl@éor?espondmg
vapor bubble in a formmn i quid, which,

te theod leasinans, heaf@d&lh@telsdnmewdwatdf stép Qﬁgeaerasng gas bubble
ej ectable liquid. The generated bubble causes an
increase in pressure in ejectable liquid, which forces

Ahwill 8 @fdletsfiodughthbdeaskilRidan iy art) Bezdj€ctioh DE a lALdPdfhé Sjectable
generated _by Joule heating of a heater elenent which

ligyid g8 Qeﬁ‘éﬁ?ﬂ hegeimhtineaused bYithergeneration afrievappebybble i a bubble

| | t
PUHE AR el B SRRt oS B RS M e i
The g‘ehﬁaﬂed Bublle ctbves 20 irordake i eEgareds efectabke Hegitd, which forces the
R e éx%gm%amheam
géyﬁl%nlg RGh gﬂ?thgﬂx@alﬁlcgnt{a AP BRIk 0T A8ALal pfR% SHORAAM the heater

dynam c interpla Inertia an ace
it efisiafugdtion ypicalky lebmtlmin 2snicsyseminfls.cBte tmstotsdl bkatan the liquid, the

jnt is feredtoaste" i nt of col.| apse! aof .the
ohBhE expins ol et e eer e RSP ifes R pioAS te vapor
BORPH k&BAdhsH, Wsdltinls¥n BhbYIOEEllP3e. BRe B@ble @llapses to a point
_chanber _and aone or nore heater .elenents. correspondi ng-

 deterwined bmé]zqdmanmamﬁerpbypif inertizf and surface tension of the ink. In this

specification, such a point is referred to as the “point of collapse” of the bubble.

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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the printhead pertaining to a single nozzle, its

chanber and its one or nore elenents, is referred to
wheooeiossias a "unit cell”. 30 In this specificapCDAP2003/001514

where reference is made to parts being in thermnal

contact with each other, this nmeans that they are

positioned relative to each other such that, when one

of the parts is heated, it is capable of heating the

ot her part, even though the parts, thenselves, m ght

K166, thetekm “BikYSé Gl t6 6 jedtatlatiquidf el is n¥Qimited to

2004/ 048108 PCT/ AU200 /001 Zf 4 Also, the term"ink"

cosvepsienaliipksqogininipe sphprad dyes. aExfénplpquﬁ npn-cpiered ks drclude ﬁxatlves

Jg;ﬂéq%s&% rﬁﬂ%&“’fﬁﬂ{ tlof ed c@g&cﬁﬁnﬁ E‘iTk/ng bfo?{)/ééaq%u%e(%/ater and

es of non-colore S 1 nclude
dthﬁrrsakvé@td akisordne I‘IhlemllﬂSor djeunatle ﬁmﬂlaksedleedlﬁdstl néad:SSanly be a strictly

s, biological fluids, water and 5 qth
@eﬂ%i@p may cqniain Fpspension ofisolid pastisles 361’%3911%43 QPR feggperature
RA G u 0k ol &ﬁﬁ%&é gaggmg strictly a liquid, and may

contain a s spensi o solid particles or be solid at
roon1tenperature and liquid at the ejection
erat ificatjon, the t

B R Shrc e B fefme noR i elsmen Tarery B anetentant PERbPArehcted in

&9 éﬁ}ﬁ]l@ﬁmqu*leferﬁ@lgg e of elements. DETAI LED
CRlI PTI ON OF THE DRAW NGS Preferred enbodi nents of

the invention will now be described, by way of exanple

B Kt e RS B ORGPy 09

follows. Figure 1 is a schematic cross-sectional view

through an ink chanber of a unit cell of a printhead
Prefeoed embodigents of woiay ertion wifl nowebe deperbadohy way ofexample only,

Wi ?tﬁe'f&?ﬂlc%rto MAREoR @%n%%;ﬁ%ﬂeg&tat qﬁﬁg 'ﬁlg H{aﬁvlggsn e %sc%ed as

i C Cross-se VT ew b roug
follgwg.e 1, at another stage of operation. Figure 3 is
a schematic cross-sectional view through the ink
chanmber Figure 1, at yet 25 another stage of

Iﬁé’ugr&v é}%i'% 2 Qcheﬁla@ig cfos- sé&ﬁﬁ%ﬁggﬁ glmd{d%e &gﬁ%ﬁ%héﬁgér' o233t cell of a

roug e I nk
frintlidad acsirdige toén epboditentinof the invention, at a partlcular stage of operation.

Figure 2 is a schemat1c Cross- sect10na1 view through the 1nk chamber Flgure 1 at another

stage of operat1on

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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30 Figure 5 is a diagrammatic cross-sectional view
through a unit cell of a printhead in accordance with
wao b@4/assiesrbodi ment of the invention show ng theCT/AU2003/001514

col | apse of a vapor bubble WO 2004/048108
PCT/ AU2003/ 001514 5 Figures 6, 8, 10, 11, 13, 14, 16,
18, 19, 21, 23, 24, 26, 28 and 30 are schematic

ARFRSPER 188y 0 16016.2,995 08 38 B0 SUL AR prpecive

Ve Eigiee1 80 Béing b@ﬂbzrwteawm of a @hit ¢éll bOVPrittHeRERSIcY@dance with an
stages in_the production process of the printhead. 5

mb@ jnasqt tpf thg 1n\g@gt1011,51t varpoussgecessive stages 21y theggo%og process of the
§&ﬁlg@ch schematic plan views of a mask suitable for
PiSe i perform ng the production stage for the
prlnthead as represented in the respective
t receding figures. 10 Figure 32 |s . a
F%IF%%% iéhlégé? i %9 a%’%p 220 ey BichRheTHcplEVipws ot a mask
sﬁitgﬂé ?or%ge B}bﬁu&%tfge%?ﬁﬁ Ipﬁ?(ﬂ‘feﬁ@ s r& rgsléﬁéd in the
IS a sc t|c ective view, part cut a
ramean&nntn@Mﬂﬂypﬁmahpgﬁgmh&ad according to the
i nvention having another particul ar enbodi nent of
heater element. 15 Figure 34 is a schematic plan view
Fdurd 3 0RSK futthet @Blaﬁaﬁ@ﬁer&b%%ﬁb@v@@r&ff%é‘hrﬂgcélm Figure 30 shown with
roduction stage for the printhead of Figure
themorizkeplathontit er el ement thereof. Figure 35 is a
schemati c perspective view, partly cut away, of a unit
cell of a printhead 20 according to the invention

Fﬂ?ﬂ‘é BY i8 afsbﬁeh’ﬂﬁlb pRbEdtRevadw, B diuteRhy, Uf ahRatcell of a pnnthead
ment . igure 36 is a schematic plan view of a mask

ageardimgiie thednvm@n inAvige ARefher nagtiquias ear@éumnt @hheaterglement.
for the printhead of Figure 35 for form ng the heater
el enent thereof. 25 Figure 37 is a further schematic
Higurs pédd 4 schemiativplah viweoflinhsicstitableffolisglin perddrihgthe production

Wi he nozz|e plate o t ed ure 8is a
S?@ﬁgﬁﬁﬁ?En 124 33 i onﬁggﬁﬁ?g t thereof. i ¢
cell of a prlnthead according to the invention having

a further particular enbodi nent of heater elenent. 30
Figure 35 is a schematic perspective view, partly cut away, of a unit cell of a printhead

according to the invention having a further particular embodiment of heater element.
' Figure 36 is a schematic plar{ view of a mask suitable for use in perforrmng the prddﬁctidn
stage for the printhead of Figure 35 for forming the heater element thereof.

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

the nozzle plate omitted.

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

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

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

stage for the printhead of Figure 38 for forming the heater element thereof.
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Figure 39 is a schematic plan view of a mask suitable

for use in performng the production stage for the
w@edioavksaesl of Figure 38 for form ng the heat erP€l/amens/001514

t hereof. WD 2004/ 048108 PCT¥ AU2003/ 001514 6 Figure 40

is a further schematic perspective view of the unit

cell of Figure 38 shown with the nozzle plate

s S, el ol S p R s T WE YRt PR 38 shown with
tesiadiomme ogfittédre i nvention showi ng a suspended beam

heater elenent imersed in a bubble formng |iquid.
Figure 42 is schematic section through a nozzle

> 4 . (o) .
BT Bl RG0S IR fing o n
eaibodnehe df the ihVaaitiod Shdwipg @fsuspehdetybeai lteatunt loltneent Hfimkmed in a

liquid. Figure 43 is a diagrammtic plan view of a
hﬂﬂﬁ?ﬁ@@mpggﬂmé-printhead according to an enbodi nent
of the invention showing a nozzle. 15 Figure 44 is a
di agrammatic plan view of a plurality of unit cells of
Fagyre datihehdmaticcton throwgh sanmzeleivhainbemndf agdrirtiiad according to an

invention.shawing a plurality of nozzles., Fjiqgure 45 i
bR i BEHEVIBiet sBAInA e SUtReded ke kesias it sspended at the
(BF60H LT MBI BRnink L 1 O Show ng . heat er

enment “enbedded I n a substrate. 20 Figure 46 is a
di agrammati c section through a nozzle chanber in

ccordance. with an .enmbodi nent. of .the i.nyention ..
EEBRAG SORErER AT o oht S Pl rnesy e Brtigto an
eRfddimerlt o8 tHeGnvehtio sRowing@mapgBt i ¢ section through a
nozzl e chanber of a prior art printhead 25 show ng a
heater el enment enbedded in a substrate. Figure 48 is a
L agrar J ecti Qn thr I ' .
F g N bty e P 8 08 e B ahthead acconding to
ade@wodfinent b€ tedhivekionendwiglg hiphirdlitydfgagzléet ween parts
of the element. 30 Figure 49 is a diagrammtic
section through a nozzle chanber not in accordance

P‘f‘é&r@ 4558, dfagﬁéﬁﬂﬁitﬁréect%ﬁq}%o%gh 3 nb16 Kndet nBt B Rbidance with the

invention showing a heater element embedded in a substrate.

Figure 46 is a diagrammatic section through a nozzle chamber in accordance with an
embodiment of the invention sﬁov&ingra heater element in the form of a susf)endé& beam.
Figure 47 is a diagrammatic section through a nozzle chamber of a prior art printhead

showing a heater element embedded in a substrate.

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

element.

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

invention, showing a thick nozzle plate.
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WD 2004/ 048108 PCT/ AU2003/001514 7 Figure 50 is a

di agrammati c section through a nozzle chanber in
waemendgance with an  enbodi ment of the inventiPOI/AU2003/001514

showing a thin nozzle plate€l Figure 51 is a

di agrammati c section through a nozzle chanber in

accordance with an 5 enbodi ment of the invention

Fsaguéévbg%%w nealt at%llc gﬁclztfoﬁl ; g@aﬁh ﬁ zle a%ﬂ#% nlg%ccor ce with an

eRbo@iment bfmeuﬂiktehﬁaﬂlshcﬁﬁﬁgramlgnm@zlapmeer el ement s. 10
Figure 53 is a diagrammatic section through a pair of

adj acent unit cells of a printhead according to an

FROAL TP SRR e RO 0l ] LB wit
chbedinggne of & ifiveatieh biougd twhheterederhéhtand 55 are
di agrammatic sections through a heater el enent of a
prior art 15 printhead Figure 56 is a diagrammatic
E k98 1 fin RicGead rtﬂﬁ}u %8%21@ gh e §F a‘ﬁh@f@x‘ﬂ brinthead
ord I ng 0 an enbo I ment ? e i nvention.
sEo‘gmgewﬁ'heatsr clenleatgr ammt ic elevational view of a
heat er el enent, connected to el ectrodes, of a
print head according to an enbodi nent of the invention.
Fi@e58 1s5a<3d1'a§raﬁm§a@i|3%@@danhﬁ9&Eh Q%ﬁQ of ﬁﬂﬁ@eﬁl@ bihi¥ @elYé & [inthead
a printhead nodu printhead according to an
agedydiodig ie A emboqhm@nt tmﬁ;tl;n iriventio shcmngg t&o Qg'fqrgntalozzles after drops

che {Re tive view.t nt head nodul e of
P e RTRS e Bt St e BEbedE ™ s "2 schenmt i ¢
S|de view, shown partly in section, of the printhead
nodul e of 30 Figure 58. Figure 61 is a schematic pl an
Rigwos of andh®d @ dingrasaatiforpatiensghronply a heatgelempgnt of a prior art
%!848108 PCT/ AU2003/ 001514 8 Figure 62 is a

sc ERati c expl oded perspective view of a printhead
according to an enbodi nent of the invention.

Figure 56 is a diagrammatic section through a conformally coated heater element according

to an embodiment of the invention.

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

of a printhead according to an embodiment of the invention.

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

according to an embodiment of the invention.

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

unexploded.

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

Figure 58.

Figure 61 is a schematic plan view of the printhead module of Figure 58.
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Figure 63 is a schematic further perspective view of
the printhead of Figure 62 shown 5 unexploded. Figure

w@G2004m4808chemati ¢ front view of the print headP@f/AU2003/001514

Figure 62. Figure 65 is a&chematic rear view of the
printhead of Figure 62. 10 Figure 66 is a schematic
bott om vi ew of the printhead of Figure 62. Figure 67
e i€ew. of he I gur e
1388 6 L TGP0t et i Bl 0B 2B afcafftfro on
ehn@dﬁﬁmmbhe@dna@meﬁomn in Flgure 62, but shown
unexpl oded. Figure 69 is a schematic |ongitudina
section through the printhead of Figure 62. 20 Figure

A 55 PhAEKl AR lp Btk LA RGBS o
udbxploddédne description than follows, correspondi ng
reference nuneral s, or corresponding prefixes of
reference nunerals (i.e. the parts of the reference

i ich are
e AP EAL ROy of (R el STl B i
parts V%ere there are correspondi ng prefixes and

b S5 0P B Bl SRR AR > 7o

correspondi ng parts. 30 Overview of the invention and
gener al di scussion of operation WO 2004/048108
Epore A00DShematid hottam Wewhofr the erinthead olFiEigf2es 1 to 4,
the unit cell 1 of a printhead according to an

.enbodi nrent of the invention conprises a nozzle plate

Hguk b igwzchkematiSplai @it 6f the Peinthedd bEBigh@wW2ny nozzl e
rims 4, and apertures 5 extending through the nozzle

pl ate. The nozzle plate 2 is plasma etched froma

Fg. ria %@ B Qéc{hetnqgc ?&é&% el% sle\%mf(tﬁ? @Hﬂgﬁf)ﬁ stthn 111? ¥‘1§ﬁ?ey 62, but

em ca posi t

shawnmhmqmabdnaterlal whi ch is subsequently etched The

printhead al so includes, with respect to each nozzle
3, side walls 6 on V\hlchthe nozzle plate is

Iﬁ%ﬂ%@ 89 ﬁsezf' sch@m%ﬁ@m%t\nﬁnﬂ%ﬁét%dthﬁﬁgh g WalthéddTFi g€ 62.

l"ayer

Figure 70 is a block diagram of a printer system according to an embodiment of the

invention.
DETAILED DESCRIPTION

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

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

different specific embodiments of corresponding parts.

Overview of the invention and general discussion of operation
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substrate 8 and an inlet passage 9 extending through

the nmulti-layer substrate to the far side 10 (not
w@bawn)s1ed t he substrate. A | ooped, el ongate heeEI/ap2003/001514

el ement 10 is suspended w thin the chanber 7, so that

the elenent is in the formof a suspended beam The

printhead as shown is a mcro el ectromechanical

RSN P LELL Gy bEabAbTER oo m embosimen

ot etediinbedtidh @ompiSes Wiy zlefatp Rivithesllds S théreins the oM esHaving
froma reservoir (not shown) enters the chanber 7 via

nopde rigset, apd apageesd exdendipgthreyph theyaersla plate| [The pezalgplate 2 is
ph?%él%eﬁ%%gw fh@?lll: g@#%efstéugtr?ggh%?&{ i ﬁéposﬁtécg %YWO? chemical vapor

depeditich (GWD), batr 4 suerifieial imagrial which i$ subséquentlypétcleed.
thermal pulse. It will be appreciated that the heater
element 10 is in thermal contact with the ink 11 in
Rank I
T rERAR s DT NABE A Guch fORRED bl 5} E0p pitiFthe nozle
platk is sﬁpp«mtedi 2] ghgmbd:rWedaﬁmled by tleomaisi andtthasnazzlem]tib IZea multi-layer

S ﬁ%ﬁ gi“?‘i %bwf%)?p#g xtfncli}ﬁgm’gfp fgﬁ i t}l-{laglgr substrate to the far side

(H@ﬂs%ﬁ% Qf‘the SuisRgtel U@[J@Ed Ribrpte HelidE element/ MR8 sﬁ:i?)%nded within the

bubbl e just nucl ea on the heater el enents )
chambgd 7, sb eham terdenent ésiintthe formeef a wepdnded béagn. aphe pmthwd as shown

et roteeBabir st QoS SEGH, VERRS Bifa! Sy itograptic

pré@ks $ARhts déseBbedliamoedehiliRidw, to Figure 34, there
"i's shown a mask 13 for formng a heater 14 of the

print head (which heat er i ncludes the elenent 10
enr R , :

ELEOE Bty RoN B 1| St LRI G 508 e 7 vi
theinl@pazsae’, fwahzftrthé.dlatrﬁﬁr filie tsthaperebhs shatvindh Figuke 1.t Thereafter,

arts correspond to the shape of the elenment 10. The
t hwtewlem%rl@%h@te&rfeww@t Ipsethan 1rmaice weqerd, 59 that the heating

T
R
theraiad) oatted with tRd mkf 11t 1In&he‘re]$dmbb3 7 saititht avhier Hicclermbre ieindated, this
B SRR s R RS EAPOELS A0, S Bl S

RBBIAbiRRg 1148ld 39 ?xé% sROWS ﬂr%cfoﬁﬁa[t{b%%f*afb%bﬁlle%ta gﬂlﬁ(ﬁna]télyl
to cause current to flow through the. el enent.

micasecandadtenl Sensrasiomof thet them:rl@é pulstdhattis evhen dhebubbichas oust
t hat t .
ARB TS hedfSic LT iy ERPERET i, RIRIAER B i e

fORR bRh blile tAllGhd 6mdrey ndcésdady t@l gefibiaftthebile 1D t8lbeRBMilied within
10, in creating the thermal pul se
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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5 referred to above. Wien the element 10 is heated as
descri bed above, the bubble 12 forns along the |length

wo@Roosnksaoel ement, this bubble appearing, in theCT/AU2003/001514

cross-sectional view of Fidgure 1, as four bubble
portions, one for each of the el enent portions shown
in cross section. 10 The bubble 12, once generat ed,
SLause incre res ur e

RARRT Bllb R aP R P A bR ek MR o e e
eldiﬁ%ml 10.tTHe@keroli el IE Bhh 3hickdi€hdnl the 8ledRA1 I $ thhtnost of the
directing the drop 16 as it is ejected, so as to
elcirica] resistanes ismaoadeddry the gleaysnivi ‘Blasy erarly @l of i preer consumed in

e e I

opEAR e Rlnct DL GiocToall Vo BRI ERER 16, 1 PR E M MG mal pulse
referred &t gbdved t hi n t he chanber, on heat| ng of the
el enent 10 and formng of a bubble 12, does not
ef fect adjacent chanbers and their correspondi ng
R e e e b€ 7 R A fength of
tinadlemerst] thid blb&blesappsarmg heﬂhemosﬂsgmuoasl dewa nﬂFigutmb\as fduz bubble
unit cell uccessive | ater, stages of
PBBQI’&{‘?%f%?a%ﬁivi%ﬁi?fﬂ%é’aﬁwnF SRR IEOSSEH WPhat ¢ he
bubbl e 12 generates further, and hence grows, with the
resul tant advancenent of ink 11 through the nozzle 3. .
Thhé)ubbﬂaﬂé @tcetgeeerbﬂgdmagselsanascreasei@p@smwlthm thé ovambien 7, which

i i s s eighRng OER AR, 1hlotTns PRl Bioh @l i nopIE g Thegin 4 assists

id alre&'ﬁ? tBifopd G ab 1S bfeBtell JOLS tb ShifiniikdWhé @hdree of W fcpasisdirection.
area o the bubble 12 so that, by the tine a certain

anmount of liquid has evaporat ed the bubble is

”I%%%%[%ﬁ ?#t ﬁleg ﬁlﬁmﬁh@ﬁ ?ﬂ a]x}ﬁ %Bérﬁﬁérﬁeg A}% &r st%%g 8 €50 that the

pidis @ ghave faenermed mlithindthe bhim‘@érﬁ@l easing sf Serdenonk 1 0 ask forming of a
t hrough_ the in]| et assa e 9. However, the inlet
bﬁh‘glgdge dapsingt gfifect aynbzﬂ%aridoth%eorﬁﬁseia%%g nogzles.
length, and is only apprOX| mately 16 mcrons in
dianeter. Hence there is a substantial viscous drag.
The advantageb vf thelheatdel2MOdy DRI ABsuBEENdRANS AR eink eniledded in
re‘glo({ri nant. ef ect%ﬁa{be{ he pressure rise in the chanber
y pliq gategpl, 5 qisgus H¥-ough the nozzle 3 as an
ej ected drop 16, rather than back through the inlet
passage 9. Turning now to Figure. 4, the printhead.is
Fagqwoen? and Jiskxw the unifraeH drat $we sessssine latensiagasfof operation of the

printhead. It can be seen that the bubble 12 generates further, and hence grows, with the
resultant advancement of ink 11 through the nozzle 3. The shape of the bubble 12 as it

grows, as shown in Figure 3, is determined by a combination of the inertial dynamics and
the surface tension of the ink 11. The surface tension tends to minimize the surface area of
the bubble 12 so that, by the time a certain amount of liquid has eyaporated, the bubble is
essentially disk-shaped.

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

microns in diameter. Hence there is a substantial viscous drag. As aresult, the
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5 operation, in which the ink drop 16 that is being
ejected is shown during its "necking phase" before

wo b@4@usaps br eaks of f. At this stage, the bubbl BC/AUR®S/001514
al ready reached its maxi mlin size and has then begun
to coll apse towards the point of collapse 17, as
reflected in nore detail in Figure 5. 10 The

col |l apsi.n f t.he bubble 12 towards th oi nt ,of
sl oSSR fedf RS, Motk troush e
noiz£183rs bh@jeard dhrdp £6, rhthethidBackitBiRsg theGhlet psabic®p)

and sone to be drawn from the inlet passage 9,

towards the point of collapse. Mst of the ink 11

. . o T I
B bR b MR i Sy A ST B OE Lo g o

apetation,tio whi¢lsthb isladiop d 6 alidt is Béng Ejected Byshdndadng ite Snedking
ertain anount of agsgonfgnt ug:to overco surface tension

fec &store e qsppybre r Shibivytege, fe quiRlerl? hag altpadyyyeached its

0]’ 1 )
SRR (10 SR NRE HRRRE L7 s o
ib heradetaibin Bfgutedt. al surface tensi on hol ding the drop,
so that the nonmentum of the drop as it is ejected out
of the nozzle is 20 sufficient to allowthe drop to

THeRBKaRidg o MBS BuBHIE 1 SRR dOhP pERK 8 lfapsC BV EduBly Pthe ink 11 to be
forces are caused as reflected by the arrows 20, as

driven Fotsbivishin 2he i dzbessdon thetsfrdes g 8iofitheatrop)p hiidhgsee tohe drawn from

t.will be ted that ther re ng,solid .surfaces.in.
thiotYy st § b oo B o Sp ey BpsS8ohe i [ i s manner
i§ arahwinokdr theCii2zRBY Corfiingén Anufe neck Mathebise ol i drop 16 prior to
.grocess Rel evant parts of the manufacturing process of
ity byeakingfhd accordi ng to enbodiments of the 30

i nvention are now described with reference to Figures

6 to 29. Referring to Figure 6, there is shown a
TheaiBsp $& edquirss 4 Bertuitgimeus ioff hodien&il &4 6wk & niodurfad@teddion forces, in
?&%ng a portion of a Menmjet printhead, at an

O¢RrdP affeAsinigh! ISdrampiipmobeneszins By Siscollang of the bubble 12,
tlr%ée)%%ng@; t@)@&le%glé f&%&%&%%é@;ﬁred&&ng £t JHiofal fs%lg&regension

o that portion o e printhead correspondi n
hoddiag theidrors &b lthat the ribmentemarfitix drop aeft i$ Bjected out of the nozzle is

ufacturing process th follows will be in relation
Sgg{]céerﬁm%ﬂ% GJI?Pto rf"ﬂ%?a}%h it will be appreciated

that the process will be applied to a nmultitude of
adj acent ..~ . . S . - ,
When the drop 16 breaks off, cavitation forces are caused as reflected by the arrows 20, as

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

effect.

Manufacturing process

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

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

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

being a portion of a Memjet printhead, at an intermediate stage in the production process
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unit cells of which the whole printhead is conposed. 5
Figure 6 represents the next successive step, during

wao b@4e8108 act uri ng process, after the conpl et PONATGL003/001514
standard CMOS fabrication ptocess, including the
fabrication of CMOS drive transistors (not shown) in
the region 22 in the substrate portion 21, and the

ﬂ%gé@ Thistiat gsn%%gw%#%er SRR o B3 UM cel 1.

The Fb&iptibA 65 the mBlueehiringPrboess haefolloR8 Gl Hetif ﬁelatlon to a unit cell 1,
transistors and other drive circuitry (also

althongh)it wilbbe sporemaied thabthepeonresc il hﬁsmh@d fya mbﬂt!tﬁée of adjacent
r in the netallization

gﬁ %?#Soﬁ‘%glﬁglgn%Q%?pﬁgthg%{ls y‘["{gggegr event ink 11 from

diffusing fromthe region, desi gnat ed 27, where the

nozzle of the unit cell 1 will 15 formed, through
Fegwse Q EpEeseRisdh e Bext Sesressive en, Hen%ﬁa Wﬂ&&%m& m@cqsmfter the
oPl] fin 87, By A ENIOR 98Ficy)n pcRys ok the SRR r CvOs

dmrapbmlstm (06t shhenf ke fapiori 22aini the s@strateqmrmmr@i and thef

etc in rti f. the passivation Ia er 24 to

le5a8 of bt RS e nbtt By i piEiasing 1ome L. Wiring

11§c11@£8d 9§§ the rd%ﬂé@ltlin%‘ 29@1&:%‘1051'?}91@&6&]11@&3 He '&zﬂﬁls‘cors and other drive
I nterconnect layers 23, to Tforman opening 30. The
copeitriyrigls@ oti shown) amshibe htaterelethenticakresponding o dwawezlco

the chanber that will be fornmed later in the process.

25 Figure 10 shows the stage of production after the

Gilasd'tings 29 are fHeled i8 Thd Methili@atidibstthéliercMiictt 1@ferd 23 & pRvent ink
position where the nozzle 3 is to be forned. Later

n
1 tfeonp difthgingi form theoesion, destgnpted 2Rewhere the gazalgi Q,féhee@n{ﬁﬁll 1 will be

d f t.her d

A5 BRG L BsPAt sl A ShE BRI o g5
cotrbling e OPIGS Sicuittwdisposed @i the réfon déstgnap2Page to
t he chanber. Thus, the hole 32 wll not have to be
etched all the way fromthe other side 30 of the

r ¥ .

USRS o 1 (008 kbR ok ARG ccing
poktiont dfehmpassivatubm}ayenﬁﬂemcfomm&mtpabsayairo& r2Qssesl2On to
avoid the hole 32 being etched so as to destroy the
transistors in the region 22, the hole 32 WO
P@%‘QQ/S QSAOfhe s%é’%%%%ét@&lﬁef' the]é%cl')&ﬁ’%’bfith@ ABrcbndBlayers 23, to

ched a greater distance away fro hat region so as. . .. .
foum he apenieg 3V Tladhopening 30 is to constitute the ink inlet passage to the chamber

that will be formed later in the process.

Figure 10 shows the stage of production after the etching of a hole 31 in the substrate
portion 21 at a position where the nozzle 3 is to be formed. Later in the production process,
a further hole (indicated by the dashed line 32) will be etched from the other side (not
shown) of the substrate portion 21 to join up with the hole 31, to complete the inlet passage
to the chamber. Thus, the hole 32 will not have to be etched all the way from the other side
of the substrate portion 21 to the level of the interconnect layers 23.

If, instead, the hole 32 were to be etched all the way to the interconnect layers 23, then to
avoid the hole 32 being etched so as to destroy the transistors in the region 22, the hole 32
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margin (indicated by the arrow 34) for etching
i naccuracies. But the etching of the hole 31 fromthe
wo op40i81dhe substrate portion 21, and the resuPCEHAU2003/001514
shortened depth of the hol 4332, neans that a | esser
margi n 34 need be left, and that a substantially
hi gher packing density 5 of nozzles can thus be
achi ev t he
vg?utlcliﬁ \%dtP be reg%1 da étl' a? %\é\sﬁanlcs awgy @g& tggt r@ég)g%g ]ag 9onlef1ve a suitable

magin(indicasedisethc depai4) ast d&ﬂnﬁﬁhﬁaéoﬁYe&iesZ But TH ac}hﬁgef the hole 31
35 fills the hole 31 and now forns part of th

feam thertop af e subsiraly portine 3, ang e regdjagg shogteapd depth gf the hole 32,

AR RSP AR SEILRLEI02 e AR (A5 RLBR R RRe ceni
dmdzAessdaatthdibe aEhiesved provi des for the formation of

contacts for the electrodes 15 of the heater el enment

to be forned |ater in the production process. The
kL 8By R AR 08 28 Bty it
reélsttliaebodmaddpemteﬁ onltbe Fygu24 Thi layanas fillsehshelgd1lahd now forms part

BB of b rolotn, BB s ek 8P bR ar @R R gefein Pttoms as
Fﬁkeﬁéﬁﬁedﬂﬁﬁﬁ@ Rlasie SR M bure19) @ folrh k@Rkdé8B6AhE RisR37. This

ure 1 hows the stage of production after
mavlﬂesrﬁor thy farmptiongHicngtaots foribe pleetrades |15 pé thedgeatep elemnt to be

o RLRE i B pEapttlon bk TASUAES DiRbELdR BIEH mdrocess, for the

feraibatofee ffARIwaR, et wihdefild garbdf thechatbdrayer 39,
about 1 micron thick, has been added. 25 Fi gure 18

shows the stage of product| on after a second | ayer 40

I

S8 i BB ot BBy RAELbfon, o e BB 4 oFH 0.25
midron thickflayer 38 of heawmnatbﬂilalptmichl ianhe/poessnit Iemﬂedmﬁtng us ef titanium
19 then shows this second | ayer 40 of heater materi al
HECEr it has been etched to form 30 the pattern as
shown, indicated by reference nuneral 41. In this
illustration, this patterned |ayer does not include a
Higat dd shawethestagrefiprobidetiamalter paﬂtdrhimgstadl stehingofitle heater layer 38
h ate funct nall vvever r of. h ter

e LE ARt e heale Etemet e draim £ 5
the el ectrodes 15 of the heater 14 so that, in

operation, |ess energy.-is consunmed by the t\/\D
Eip@4/1648008tHecheat 0oBouster anothes saetificiakresigiipyar 39, about 1

IB*%O&V%JY& ﬁat e%?\g}@(g gy consunption by, and therefore

Figure 18 shows the stage of production after a second layer 40 of heater material has been

deposited. In a preferred embodiment, this layer 40, like the first heater layer 38, is 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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of, the heater elenents 10. In the dual heater
enbodi nent illustrated in Figure 38, the
weoronessaondi ng | ayer 40 does contain a heater RAT/AB2003/001514
Figure 21 shows the stage d# production after a third
| ayer 42, of sacrificial resist, has been deposited.
As the uppernost level of this Iayer wi Il constitute

ieé:ﬁgﬁies vglﬁaﬁ ﬁ'l f\%sggerfe%%r fti:r%ﬁ@r CO&?@P}?& l?};, %ﬁé tl}]egefgfe egrge[tg{:eeqfectlveness
oBRE hedt& dhemddie10.hRi 86 Huslfhehtet embaligentiBusitséd dEFigure 38, the
sufficient to allow for the formation of a bubble 12
correspeading dicn A0 deesi apataing haaterdidr i ng operation of the
printhead. 10 Figure 23 shows the stage of production

after the roof |layer 44 has been deposited, that is,

Fifige Daykoswydhie stagevof prodoctivn atﬂdat e t}hi‘tblayﬁ'z@l, of gceifieiaPresist, has been
I nstead of being f g{erred f

dsppSjiers A hETPRETHASEICN B 41S EﬂYS]E P wilbenstns Radnas surtace of the
n?%%lv\gﬁftﬂ%ﬁl kd Bd {%?me tpdr, %ncméﬁf:é’ﬂl% ﬁltfl%r%lﬁhentl ik ﬂHizqe rt(l)lre 5, the

e stage o production a fter t em cal vap
hdagho of thisdaydr@2musbbe smﬁﬁlcwnt)’w atiotrr fod ehef formatingp. dftacbubhlech? in the
as been rtl hed th sition designated
rggonggsgrg)gedt "B‘F’i%?/ @Hpﬁﬁl?é’"ﬁglﬁggof the nozzle rim
this outside part being designated 4.1 Figure 26

shovvs the stage of production after the CVD of silicon A
Rigure 23 ehcbmsthbe@uge of productidn aftep thetrhef km@r 4irhrag bgen depogiged, that is,

th T S ) P iRl B8 b7 TR SRl i 100 micron
tRick poHEmfIRFIRE &1 nogAe e 2is foRBedoBdilit@MmitRil #1882 Bficrdds thick.

where it is not required. Figure 28 shows the st age of
production after a protective |layer 48 of resist has

 55R AP Y s M SUREAn v of

sSlEU@W’iﬁmHB foradng thetliver 44 dnks basepqtly tetchéd fitrtberpodition designated 45, so
nom _nal thi ckness of about 800 m,cron about .200

agite faspsthe grigidernar of she aw@gﬁa&omlgﬁawﬂ P@ngﬁeﬂg%@ 4.1

hole 32. The hole 32 is etched to a depth such that

it neets the hole 31. 30 Then, the sacrificial resist

Kgure26 Ishm/s thieastage of ptoduetyer &ted The GYD ofRilamod ndltﬁi,de ihas been etched all

£ A SRV B e DBTTIFE Heoarhetod ofAhe P @iy G Jorm the nozzte
ég@ftﬁll% 3 QLA eV Gl Heni GRS bech &ﬁﬁ)%d QﬂcthE PSsﬁzggﬁ Hé&signated 47

nd nozzle plate being shown cut- away).
windre if i$ hettrequired. al so serves to renove the reS| st
filling the hole 31 so that WO 2004/ 048108
PCT/ AU2003/ 001514 15

Figure 28 shows the stage of production after a protective layer 48 of resist has been

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

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

away). It will be noted that this also serves to remove the resist filling the hole 31 so that
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this hole, together with the hole 32 (not shown in
figure 30), define a passage extending fromthe | ower

WG 2@e/0¢f108 he substrate portion 21 to the nozzl BCBAU2003/001514
t hi s- passage serving as tha5s ink inlet passage,
general ly designated 9, to the chanber 7. 5 Wile the
above production process is used to produce the

| .
oAb U8 000 4 DA o] R s egencins
ﬁ$)h[ thetloweSsideadfahe sdtxsme iportfondIrte tﬁe’snozlilegag IS passagdW@rving as the
and Figures 38 and 40Q. Control of ink drop

lréi I@&t passage; gerestlBr destegaish Setoria changler 7 gure 30, the

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

part of the walls 6 and nozzle plate 2 cut-away, which
Wieiikethb abdeeproduotion prooess it isedciogmbidice The enihuelimersttod Itheilphnthead

) not sho so t.hat, bot hal v of th

ShwR &} Fighg, nfm}@ ¢ prigih neyis, faying %WJr?ater siguctures, are
sﬁ&Nﬂﬁ?ﬁgﬁn tﬁf Pfgﬂ%bs%ema@‘? &{Hﬁgureé@%ﬂﬂ@ (see Figure

28) to hanber 7. Thén a voltage is applied

across the eI ectrodes 15 to establish a flow of

| ect Euﬁ arrent t hrough the heater elenent 10. This
C%@éﬂ@ PhUhefEQRflecti®” as described above in relation
to Figure 1, to forma vapor bubble in the ink within

the chanber 7. 20 The vari ous possible structures for

Refigriig sh&s ag&fh, toS@g’(ﬁ‘e 80, thbugid céll © sedvanyas irr[bnﬁb@dr@%va 3s shown with
35 and 37, and can result in_there being

P of dhe wills G ﬁldtfk?éZ]iea’llqt%z@‘flt'F‘@%g hiqtroypak e Lespripn Rt the chamber 7.
18698 P BRPL ol SHSD GRS o

save significant effects on the electrical resistance
of the elenents, 25 and therefore on the bal ance
betvveen t he voltage and current to achieve a certain

%‘%ﬁtl&f ink f'le mﬁﬁ‘irﬁéﬂ p4SsaBt 9%56@’?%&2 gS)t tﬁaﬁr%l the

onent s te to require |l ower drive volt
chanb¢re7r Thegrasioltngs 1swpp1tned oness thededtalng (23 tméstalblliislwe flow of electric

cpeitibtueh fgelef GemenOlt, oRlif héirg the Elimeal 1 K R Gipés above in

rélaﬁ&ﬂ@qrigme 10t o Alvapoi BidBle iaaRARklvithin AHULHLANE! 7.
vol t age | erance in each process generation. WO

2004/ 048108 PCT/ AU2003/ 001514

The various possible structures for the heater 14, some of which are shown in Figures 33,
35 and 37, and 38, can result in there being maﬁyrvariations in the ratio of length to vﬁdth
of the heater elements 10. Such variations (even though the surface area of the elements 10
may be the same) may have significant effects on the electrical resistance of the elements,
and therefore on the balance between the voltage and current to achieve a certain power of

the element.

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

lower voltage tolerance in each process generation.
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16 Figure 36, referred to above, shows the shape, in
plan view, of a mask for formng the heater structure

wo@boohesiesrbodi nent of the printhead shown i n FPQUAB2B5/001514

Accordingly, as Figure 3616epresents the shape of the
heater elenment 10 of that enbodinent, it is now
referred to in discussing that heater element. During

eratio rr.ent t cal into.5 th .
SR 70 ofBreg 1Y (Pl oo lAeBine. Eflal i 8 iR fordgrming the
h@a’ier%)ucuﬁ@of thaembbéinfut 6£ME pfihMeadstRan i@fFigtie3s. Accordingly, as
el ectrodes is relatlvelylar e, which, in turn,

Figuse $Q teprosenth dresshaeg ofgha heaiey eéq:r@%rtt A0 @4 that prbedimens i is now

%er%cﬁg)tl%?rs{cu%f %etg 2t d Q%P E]f%l%%% rﬁ%@@%ﬁa&‘t e!ngﬂ{)\?s 3%11ca11y into

tﬁé&edﬁtoﬂbshl Direproseneddebyrhe paﬂts dd3ignatedl 6d6BoOthdy &ldt@lrr]:nt flow area
and the thickness, being 0.25 njc on%
oﬁhq elasirofien is gelativaly 1aFas, WBiahein VP, SOFBlIRI etk gmgé 19?5 electrical
S t
r¥ale? BGoLrEEn MR 1 FoftsBiRfl Aheo 209 thefrt fesignated
1[)136p1s36ng a’hdcthmd ity lthye wtdthe of theebanmdnt ir0thaf enfhogiment B8ing 1 micron
Bf e a B | ower electrical resistance, and w ||
aﬁéf}}’ﬁt esﬁlbﬁ‘ﬁg OUHRCEMS- £ 1 ow, than the el ement 10 of
Figure 35. It therefore requires a |ower drive 15
voltage to deliver a given energy to the heater 14 in
Ttawiji heeoted thet the he@egld $ho8@, in Fitgursi33 baswesighifinahtlytshaller element 10

thzdne progien, B bR i35 g TRt inRR e, Ravardinety, the
cFediBRt U0 bf FigBtd 33lwillnee quﬁdhqawelea@dmml Sesistdhcd, dnd willipfinit a
the wwdth as the other elenent 10.1, with a

higher ewrpash dowgthan the Jemeni ProdFigure 3 & B dherafiyee regviresadower drive
f.. . 0 L. i
ithetio Ui ot g inefly PRI nehb B MR e eflkBO"S 7

mcron in vvidth Thus the energy applied to ink in t he
chanber 7 the | ower el enent is twice th

Inpiguredf. op th%%thérp‘}f@fi & embrgimgot ahoafn IQC]gfiQﬁg?}qh@fqr\}é having two
hg?&:{ ﬁgﬁeﬂg Y0R4hiq0 ‘Mo@:‘e%ﬁﬁdm&b ?&%Eer{rgc Ir o%ll 18 ot £ ]; elements

e sl zée of vapor the size o
1012kis ¢thwizp tleg wexitleas 1ﬂie| etleoelictmenbl(bh|veith a ﬁcﬁ‘rdﬁpmdmglg largfatsurface

t he neryapli to the ink th er el e
aieg. The garseus w%pfﬂwd%wera ml%t&.lgty ARCTop in W gyhﬂe those of the
gﬁ&l dl&fed?) Otlhﬁe h M@fon% TRAL THER tBe bifer@PHMicd 6 1nﬁ"i1‘ii tHehﬁﬁamber 7

ergy . applied by the two el ements. together is .about
b3Xhe Ofwec elgnset 10.he tm@rtggfc apphed bjdtlwl’u@per ghegnertidp.1 at a given drive

vsltggee agltfi H‘-‘iiﬁdﬁ‘ﬁaéfotpg &%@aﬁ? S %%g%latll-lgu%thel s?zeecfffv%gcgr’ bu%%s 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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30 printed with the one nozzle 3. WD 2004/048108
PCT/ AU2003/ 001514 17 As the above factors of energy

wouiopossipmy not be achi eved exactly in practi CBCT/AU2®3/001514

"fine tuning" of the exactl7sizing of the elenents
10.1 and 10.2, or of the drive voltages that are
appliedtothem may be required 51t will also be

AGhE oAU HRBEH o AR by EPLALAT i B home e
t@rhﬁgf%ﬁthé Bxalt sizinig®f tife c&@nérﬁ@lo 1 hgd 102] ecéNthel@svelvlapes that are
not coi ncident, allow ng independent connection to

B‘M’tﬁtt@f@lrm%eb%ﬁeﬂ%%ﬁdrs Feat ures and advant ages of
particul ar enbodi ments 10 Di scussed bel ow, under
appropriate headi ngs, are certain specific features of
Iewlibalsoreeihsted dfat theappavedahéntri). lais dothied tlardugint 80§ ebowtfa vertical axis
t hese ures, The atures are to. be considered i
relafiyg ‘iootﬁ iquegp femspt %(;\g E}L’Jlé\}rﬁ yda éﬁf& SRITRLPSt aff?r%"t °°m°1dent

g@%@ [ ggﬁ% ecifically
b e(siéﬂ(%\eﬂg‘?glcn g%?ﬁ;;sgbgl%te Iecg{c%lisot o those
dravvl ngs speC| fically referred 15 to. Suspended beam

eater Wth eference to Figure nd as nentioned

yEes And BdvanERse et ar gmbodensy m of 20 a

suspended beam and this is suspended over at |east a
portion (designated 11.1) of the ink 11 (bubble
Dhis¢ukéithdldviUindr apbbshritetigatingd,Giré SertNégegificedatinks bhémbodiments

way rather than form ng art of, or being enbedded
qf rﬁhe lavgrmm ang the a@vanéag@ﬁ thassefeqtrresx The rnggﬁ jrathauepnsidered in

.
e o R S OV L S

spe@ficdllycaﬁludeh ¢erairedrawings] andealates o thosedias/inds sbévifically referred

present invention and the prior ink jet 25

tP-echnol ogi es. The mai n advantage of this feature is

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

t he unnecessary heating of the solid material that

Superdad Hearh heatéreat er el enents 10 (for exanple the

solid material formng the chanber walls 6, and

surroundi ng the inlet passage 30 9) which takes place

With k&¥8reRbd R'Figdrb 108 488entib6d SRkl MO hedteSdléhertAbiiglin the form of

material does not contribute to the formation of

asgpandpd bednssind 2his issuspeaded heertag lastragpagfions(debignated it 1.4) of the ink

11 (bubble fqrming liquid). The element 10 is configured in this way rather than forming

part of, or being embedded in, a substrate as is the case in existing printhead systems made
by various manufacturers such as Hewlett Packard, Canon and Lexmark. This constitutes a
significant difference between embodiments of the present invention and the prior ink jet

technologies.

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

involves the wastage of energy. The only energy which contributes in any significant sense
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i nvol ves the wastage of energy. The only energy which

contributes in any significant sense WO 2004/ 048108
weRanAAEAO3/ 001514 18 to the generation of theChabkiosso1514

12 is that which is applied8directly into the liquid

which is to be heated, which liquid is typically the

ink 11. In one preferred enbodinent, as illustrated in

St bt SRS LR b o SR ARAT i e
td bélbdateds WhiddURfisd fshgpiedgr@etnk ihis is further

illustrated in Figure 41. In another possible
enbodi ment, as illustrat ed in Fi gure 42, the heater

I.r? lgrg%ﬁqg{éer%g regnl%g’g} e%t S‘alé Wfﬁﬂ 11?131 Sttf%1 fl@a(l‘:% e?efmga‘k 0 llélléilspended

vathlizy theghlow (HidbRl femmg licaidneso th&taMS $1qt1fckxundum@ the eleﬁredt This is
there is air _on the upper side ?f t he el emen

f@#%&ﬂ%&fmed@&@r%@d Inqopthenpossible gnbadipeat, aslﬁhugtrai%ﬂ in Figure 42,
O 585 0§ BP0 MR Tl AP B i
11 estoahhtimstquuﬁl gonky womﬂm@emém rithéxtthen surtdundimigyit, ﬁmd there is air

be] ow t he, el nt. Thu nbodi af Figure
op i WRRer 5105 6T D cusRa s PEORRER! Sepran aipanR oALgure 41 is
p‘f&@rr&leasstﬁ@ Bulblﬂe 15 Qill fra Al @roufM EHE e[éﬁfle?ﬁ €0 @BlikSinfthd é&hﬁ(@dlment
and 31, the heater elenment 10 15 beamis supported

dosdrgoeé fn mhaelomtoi Eigarai4d whénedhe bubbie wilbpy Sormebdowdhe deoment. Thus
h Ef f
the roamGs it FL i Qoo b ypie b B Rl Ry on

is that the heater elenment 10 is configured such that
an energy of |ess than 500 nanoj oul es énJ) i s required

Asozan@eapqm ineforevample, witle referengedo Higiges $Q and 3k, ithq hagter plement 10

f
gm 1§) atﬁppgggdjg@kr%ﬁgoéﬁ 8 etagg hslo del a]tl‘tg oB?oﬁt% ﬁé&pgdeﬁg{ it "él%flstltutes a

damhednnent the required energy is less that 300 nJ,

while in a further enbodinent, the energy is |ess

than 120 nJ. 25 It will be appreci ated by those
Ll i H:‘?t]g that prior art devices generally

Eﬁgl&ﬁ%‘ e Potg%? rﬁcr ojoul es to heat the el ement

sufficiently to generate a vapor bubble 12 to eject an

i.n drop 16 s, the ener, irements of.the
%wét’gaéhe H'??ﬁ?e%x Pt Sprsi at&ndgﬁi%&%ﬁﬁ@w elgment f%&ﬁéPnﬁgufed such
th{tan ehgi‘gg oPles& HANB0D B@ﬁdj@ﬁleé (HI) 1s8bquidats B8 appiltidso HRVEEment to

ener gy nsunption allo | 'ower “operating costs,

hentit Btefﬁcmtheto ﬁ)upplbubble 1aznu tlm)mbrll $nas taleisst a drop 16 of ink through

adr{oazz 2 Clgl nd prefg{Ped embosc‘hment, the required energy is less that 300 nJ, while in a

further embodiment, the energy is less than 120 nJ.

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

resolutions.
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print head cooling, allows higher densities of nozzles

3, and permts printing at higher resolutions. WO
w0808 PCT/ AU2003/ 001514 19 These advane@mab20B/001514

the present invention are d8pecially significant in

enbodi nents where the individual ejected ink drops

16, thensel ves, constitute the major cooling nmechani sm

f the prin crlbedfur her
8 l5ubies B BB g SRR LA A epociments where
tHeH@RMHduale 6&&6&’ intQFopshid, tHeRelBe coistip theatajod covlitgahe@hanism of
element 10 to form a vapor bubble 12 so as to ej ect a

thermsimthiegd.ofs depaeibed fughar & d fromthe printhead by a
conmbi nation of the heat renoved by the ejected drop
itself, and the ink that is taken into the 10
sguficablmga@ftﬁépﬁmmbm ink reservoir (not shown). The
result of this is that the net "novenent" of heat
will be outwards fromthe printhead, to provide for
t
TSGRl & o Blybiitn HBEREs RABRE enii] SHTRIAS ABSatel dement 10 10 form
aAapdiiteibblekl 2ds0ap td Gjeef edopd 6aii ahkt Heis aemoved fodm ithekprirthead by a

drawn into the printhead to,replace. t e
CR B HROER SR Ty o ecEHar [t tofnd thg A HaCf plen into he
pihitea£ESHThE RIK Résd?foif fno% B WD T he PESR of 'tlhs {sSthat the net “movement”

Pconveni ent to express the net novenent of energy as,

oﬁ hea:t lwell baeutveands fromghe mwhg@d adptemdbfon awéorhatint dooljngf Under these
e elene on_t r enoval

chPim e, dhe PRyPHEIoRS aatiaty P ABRace g Pne bk

drop 16 and the intake of the replacenent quantity of

ink 11. Assum ng that the replacement quantity of ink

Astthe inkatrom kb pisated 20 therpseruat of iak 11 ifeavem iyig hei minghrad ¢g replace the

net rm t |
el Ror Bt PSR byl oG P i B8 P LRGN e gf the same
nheatit i kahvenidt e é)ﬁ)rés@ th Hie? ghdvemeAt (Sf&:neltgb@s Jtaanthe bas hargl, the
of the e :ected dr op if it were at anbi

eﬂ@fﬁﬁ eddaciibe hentingf 51& ﬂ@rnenttlé)nﬁ@r% the othst ﬁgliﬁe ther s regaoval of
£t én§ trgs‘éllts ?1%\5\111% ?%ﬂr{g t{lg ?g@é £& bﬁi &d 1ﬁt§1@é ofthe retplacement

eter lono e criteria are ne
quemends mkﬂl 1. \munmgmn theteptaceinentaquantitytoftimopleisat ambient

In the present case, e tenperature t is taken .to
teyBPSrAIe 5 PARSS 1B %P@{@WW@HP@%@%\FHF@  fgplacRment
d;u%lftlti]eg of K&dan cb rﬂéﬂtl@tﬂéeeiﬁregkﬁ@s thd ¥Rt st \%ﬁ’lﬁ%@‘equlred to raise

eservolir not S I's connected, in ui d
thé Ewpenitora nf dateu antgd drop 16hifitiwdrent qmbsmgemp@rawfre tidrhe actual

'?rhlgeqtflhea%th Op as 14 ejecﬁadanbl ent tenperature will be

.—r

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

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

lower, or if the ink 11 entering the printhead is refrigerated.
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30 anbi ent tenperature, which is usually roughly 20
degrees C (Cel sius). However, the anbient tenperature

woreap4boesibess, if for exanple, the room tenper apCiF/av2®3/001514

|l ower, or if the ink 11 entkering the printhead is
refrigerated. WO 2004/ 048108 PCT/ AU2003/ 001514 20 In
one preferred enbodi nent, the printhead is designed to
achi eve conplete self-cooling (i.e. where the
outgoing heat energy due to the net effect of the

REpreféret dmbegdinaae TR brinthealit dedigsedad aclﬁkveldorm;ﬂete Qeﬂﬂcoohng
to the heat energy added, by the heater el epent

(iBy whate the ouiearmgiheat eastayAusdo thedwet elfect phibe prected atnﬁéeplacement

qgé'll]?ﬁ’leg of BkT1N9 f:gda?'tﬁ e 3 oSy H&édtab% ‘ﬁgatettél ng
a pboirTrng point of. ap rOX|na egrees i f
t he anbi ent terrperature is 40 degrees C then there

| ' f 60 C fromth
By S AR ey Sovmns T 5 6?111"1 Hg‘gt%régrh}@ Bie Pn i ifui and is water

bﬁgéﬂ §(h£(}iﬂ%£ Egﬁlﬁé ?Bhlﬁ Bf byt agx&ﬁ?ély lé@décgilé‘esmf Rl E‘ﬁt‘ﬁg ambient

coul d unde desi ‘e to avoi d having i

temmnanmtm Ae degvcestﬂ,rthemﬁlemls atnsdaiuhoierdegteas Cafrom rchweamblent
i.nk dr.o £ qvery .close to

BRI BRI p e ARAEES apth g el pipishterise tha

RS hiRea QBRRNALS, then tenperature variations

bet ween parts of the printhead 15 could result in sone

regi ons bei ng above boiling point, with the

uni,nt.e d, t her. nd ' .
RS st 0L g0 S prBEETLAGR Bl o e of
i dlopac e? &ﬁe@)twmah afe ey tloge ioaHe Boililg bbiat ofhephlel B If the ink 11

sel f-coo as descri bed above, can be achieved

ng,
weeRf suplea HaIxpeRaiHTe; thep dvBRaiRtareoTariatens W&WQQP qats 9% the printhead
I [ r [
okt b O paiorh Ring Bkt BUARE pBAE < ERARRINdE, &d thercfore
ud@cstrablepfoimaiion of vapbr uiblasel2. Mormmgly,mbrafemg embbdmtmt of the
feature presently under discus and. its various
inyeREeR Hesond gured sughythat Gomplete sk cp ingattlsy *?Fé’fitoge can be
agl‘ﬁ@ﬁ dd Wha e bRkiRudt &Qﬁ?éjoﬁfl rltgﬁﬁqe ‘Pcﬁ%[tﬁ'é 1i@Rd) in a
out requiring el aborate coo I ng t hods
partuianhozvie cretdéer 7 édll bdedreesd” bciowotsidodmgi)@ﬁ \ahtqnetheht:atlng
eslq%il noiél es fromwhich ink drops 16 are bei ng ej ect ed.
bt Ll atpelyeas much as a hundred-fol d i ncrease in

nozzl e packing density than would be the case if such

a feature, and the tenperature criteri.a nmentioned,
Themanin gdvqy,tegg ofithe feature presently under discussion, and its various embodiments,

is that it allows for a high nozzle density and for a high speed of printhead operation

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

and the temperature criteria mentioned, were not present.
Areal density of nozzles
This feature of the invention relates to the density, by area, of the nozzles 3 on the

printhead. With reference to Figure 1, the nozzle plate 2 has an upper surface 50, and the

present aspect of the invention relates to the packing density of nozzles 3 on that surface.
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Areal density of nozzles 30 This feature of the
invention relates to the density, by area, of the
woewziea08 on the printhead. Wth reference tBCFAURNNG001514
1, the nozzle plate 2 has &h upper surface 50, and the
present aspect of the invention relates to the packing
density of nozzles 3 on that surface. WO 2004/048108

CT/AU 03/ 001514 . 21. Mo fi |
shieegily e AreaLainiey 8 G BBRAe 467 il eorl® s ey 10.000
n&i)bl&q%rs@ﬁ;@&@%f@ma&mre cm of surface area. In one

preferred enbodi nent, the areal density exceeds 20, 000
nozzl es 3 per square cn1of 5 surface 50 area, while

hlég% g@rg efffre %gdl x Z’z gldde%w exc'ég(ﬁ R GR noqglgsc‘ 5 b¥r square cm of

per “square “cm
SRR S0reeh, Sileth afsiker ptréferra;t aabocﬁmeﬁu the dréal d8nsiiz@xceeds 40,000
nozzles 3 per sguare cm Wen referring to the areal
ngerhesi 3 per sguR Chlo 22 porefeired ergRediment thecarer deasiiy is 43 38 nozzles 3

BreG cuitry 10 corresponding to the nozzle, which
pg{gﬁ\sél stdg{ typically, of a drive transistor, a shift
regi ster, an enable gate and cl ock regener ation

b ] G ok 1) A9 SREEL L R i ciriy
cﬁfr@%)lo 1?1? kd th‘é‘?{ohzlg WhicE E&Yﬁb‘cs ?gﬁca@l'y”@ﬂr‘asdﬁﬂféstréhfmsﬁd?ea shif register,

are shown as bel ng m crons in W

ammienatde gate and ebogk tegefréretlcrmmduersa(tmfs circuitry meklpeing Spemﬁcally
%&% sive row of nozzles (not shown) imediately

1? 5hoses this nozzle, so that, as a result of the

di mensi on of the outer periphery of the printhead

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

Wigh edfergncegs Rigure 43 nrhwmw@qu@l@u@hcelbbwhpvnoﬂw dimensions of the

PR R -
I hdXi BRREssivENBwtEindzZ1ey @t ﬁgﬁvrﬂﬁmﬁlehiagﬂy ﬁixmloséi&hsmbyzle so that,

is Iom1nanufactur|ng cost, as the devices are
ap asesuliof dee Gmensipn ebthe\gates peripheryobihe prigthead °1§Paz erez*zse 48,828

n;’gg%ggrrg f)§r n%&gé%s i ’fhlg Fk% ?ﬁ% BfeffiE ‘ﬁ%? efladn §1bt§‘of a typical

nore nozzles can

thahii mktjechrinthead sindgbeghintohtimehilemotzzlpiaceal densitpnfa piegoelectric

of one wafer. The cost of manufacturing a CMOS pl us
pveiSataf er of t he type used in the printhead of the

The main édvantage of a high areal density is low manufacturing coéf; as the devices are

batch fabricated on silicon wafers of a particular size.

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

directly proportional to the area taken by the nozzles 3.
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present invention is, to a sone extent, independent of
the nature of patterns that are forned on it.

wabeneisane if the patterns are relatively smal PCT/aU2003/001514
rel atively | arge nunber of 2hozzles 3 30 can be
i ncluded. This allows nore nozzles 3 and nore
printheads to be manufactured for the sane cost than

é’d@) gef?)a £ m@ereotSQeeSIQO 0? es h I ower ar eal

RES PymatiqRonQpRosiig sidgy é@??& S@%%ortlonal to the

area taken by t he nozzles 3. WO 2004/048108

PCT/ AU2003/ 001514 22 Bubble formation on osit

Agcgrsing)fo the present deaswrenthe heaten Lt is gorldgureds lihé when a » bubble 12 forms

%ﬁ_%b ﬁ% g 1 5&1[50 }J&fé}%ﬁf lg‘ﬁ“d)i it %@f% O%bl'ﬁo@g flaQ% 5ihcﬁé hélge&"élé?nent 10.

Hréfatsbt), it fotmd qr av8to gtrrb@idthe heltsr eddmérind 0 I‘vﬂ&teeﬂhe elearennis in the
10. 5 Preferably, it fornms so as to surround the

fovem PER SWPERASADEID. where the element is in the form of

a suspended beam The formation of a bubble 12 on both
sides of the heater elenent 10 as opposed to on one
Hiedermation, ofadmbble 12rubeboth sides off thé\heaérenl amand 10 @s Bpppsed o on one

and 46, In, the [ f the 0 f
sw@a%r%y cap briteragod ¥ hasiBreate Ronetine 4 Qb el frosaf these
Qﬁé'&egle%hﬁér 8Bmentel (ﬁb d8apA&d for Y B&blé‘lﬂtﬁ%e%@ﬁ&ﬂl@)rﬂ’? on one side as,
thesé figures, the elenent is adapted for the bub
vsﬂaletm tb@sehgmdreﬂhemﬁgpmshﬂg elfasent issadepigdsfior the bubble 12 to be formed
C nflg rat|§g1such as that of Figure 45, the reason
12 forns on onl y one 15 side of the
heater element 10 is because the elenment is enbedded
in a substrate 51, so that the bubble cannot be

Iﬁ@maﬁgt@ntlwm@lcb@s thag of Biguss 49 thearpases et dhafgbbls 12nforms on only one
Sfttfl %Fe ter%\lle Cﬁ(t)rl]b ecaustqu Q%QJF%&%I%})&&{&& éﬁ) ‘t?s#ate 51, so that
ST iguration o gure as e

th@'&ﬁlﬁﬂe edrRoED folﬂiedﬁ oh ¢he irtsdidpaidtadreddndingao lﬂ’rmbstrate. By
where the heater el enent 1O|S|ntheformof

conpdibe qubliad? san feman hodlysidgyigbe ponfiepration o Figgre 46 as the
feggyggn%n% Ld]ﬁerpysbs%ﬁeélﬁgd' s allowed to formso as to
suspende

surroun beam el ement. The advant age of
t he bubble 12 form ng on both sides is the higher

ficiency that is 25 achj.eva Thi.s | t )
Socrcrs et Memeale” peent U Rt fedorm o %a‘f%%ﬁ@fy 3 g s described

a’?ﬁ’i/@ il @lafioh o Fipre Vikd RithYe £f istallBwbE & REFmMBb %@?{P&urﬂ&nd the
whi ch 'do not contri’bute to formation of a bubble 12

' sTispemnded beanh Elggientat ed i n Fi gure 45, where the arrows 52
i ndi cate the novenents of heat into the

ﬁf_L

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

the heat can be expected to be absorbed by the substrate 51 rather than by the ink 11.
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solid substrate 51. The anpunt of heat lost to the
substrate 51 depends on the thermal conductivity of

wo bw4oed10gl nmat eri al s of the substrate rel ati vePCDAUR®B/001514
of the ink 11, which may 3@3be water based. As the
thermal conductivity of water is relatively |low, nore
than half of the heat can be expected to be absorbed

P% tthe S bslttrate 51 rather than by the ink 11. WO

EA PuBIGE B AU2003/ 001514 23 Prevention of

cavitation As descri bed above, after a bubble 12 has
been fornmed in_a printhead accordi ng to an. enbodi nent

Astdesaribep ebevesn efterra ableot?, hasheeb pmed in s printheassaceerdineds an
PR 5 LSSy i RBAE S e O 1.

Aconrdirgio el featut@prasdnkie bbinglaldéresskd, the hedted eléhentpdd atesconfigured
of collapse 17 towards which the buybbl es coll apse '

o amdhe BURHIES Gri SHUESBOPTheP IR dddavords BIRSALGS bubbles collapse

afég aetrgyggigg %’ s&aat:&fafr&lh't e ele%wﬁ%r.‘ PrffB, BR pﬁrﬂ?éadti@&{n%gured S0

0 material at such points of “col I'apse 17.
thia itlseravsynocsalid mattérinh at smeh poings ofitmjlapse7ohh gris way pavitetion, being a

art thermal ink jet devices,, i.s |argel | i.m nated. 10
nRafraPYIRE 1p HrieT aftsForaal ik 36 deyiPey By IFEA BB RGNt . ¢ he
heater elenents 10 are configured to have parts 53

whi ch define gaps (represented by the arrow 54), and
Referfing n FigarebAsh bl @prefezred smboriment. the hesitertelenagntc H) arggerfigured to

17 to i C e. bubbl es col |l apse,are | t h
iR Rich IS e GRrRRru R rBob S e f forHd bubbles 12
s8 ks R Pdimk by callphdls7 Ravhich tehbUREREIapse afel6cdieidt 8tich gaps. The
15 elenents 10 and other solid material. In a standard

agvantageantthis fesburmistbatiheibstastifbhaoidseayjation dammygs & the heater
e\ilﬁrﬁ%eerr]l seﬂ}aer{d Oq*le%rggﬁa nfageriaf enmbedded in a substrate 55,

an rnsulratng yer 56 over the elenent, and a
protective layer 57 over the insulating |layer. \Wen a
bubble 12 js fornmed by the elenent, 10, it is 20 forned .
Ip@a stapgargfPrion art yera At ShappieschematieulBp Eigute 45 these element 10 i

e@ﬁqgéﬁ%&’\fgo kﬁ?ﬁbgtfh@e M Yi’rc’arﬁ%s%a%{ré 1aPdr JeNReLHR reﬁfnéﬂf,_ahﬁ q gfrotective

apse 18 focusse o’a very small point
layek bZpse the insulafing hyeprWhercs bulsblé 49 éxfobidediey the zlesemt 10, it is

then the hani cal rce tot cavitation that
forRAdey *@gr&?&q@%&th&ﬂ%&ﬁﬁﬁ& B selfeiSens yniy thgrows 58,
aﬂcﬂf@ﬂe Her &P tBPBGOLIY colaBLE [ fEHSRAPNRY a vEry s&laflHRirt BE collapse 17.
eater el&enment 10. However, this is prevented by the .
Ipthetpectestire lhyey 67 vETe alssgnt, then the mechanical forces due to the cavitation that
would result from the focussing of this energy to the point of collapse 17, could chip away

or erode the heater element 10. However, this is prevented by the protective layer 57.

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

effectively repair the tantalum pentoxide layer.

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

ink jet systems, it has certain disadvantages. One significant disadvantage is that, in effect,
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Typical ly, such a protective |layer 57 is of tantal um

whi ch oxidizes to forma very hard |ayer of tantalum
w@entosdioke (Ta205). Al though no known mat eri al BCT/AN2003/001514

fully resist the effects @ cavitation, if the

tant al um pent oxi de shoul d be chi pped away due to the

cavitation, then oxidation will again occur at the

under L.yvi ng .t ant al um et so as, 1o 30.effectivel
il Rk BRI on s Rl iRne i fgforerence
nhetak s O MPa bedehid if srdet fossfepthdtrbqifited enelgl it thidink 11, to heat
regard in known thermal ink jet systens, it

h
itcsoras 4¢ foran asliehbintZa gBl's lagereS Tshagi gl thermelimasg \9132 fca@e vpiy high
h [ /0
8y . PP MRS PR . e
dbbi thlsiessadenié aadbwd o Yedt ehidtek esquived at thenevreheshghatadiidtto raise

be heated in order to transfer. the relglui red energy .
thetempersiire akthe fovel desipmgted o suidisiontlyrie heas thy igk g pitdt also results
. Thi s '

i g syl @Yl 2o R BBl P DS R on e (heaftBws 61.
Theshudierlvhintagefbuldinehby prefent bicthé hedtertelanatt &0 waslaterelylsypported on
5 dpes this increasg the anount . of at which is

asuHace @ \gqsqqt]goye&ﬂglpy g‘@?F‘ﬁ?%"Stﬁaﬁégio raise the
tenperature at the |l evel designated 60 sufficiently to

heat the ink 11, but it also results in a substqntial
Adverding tol the featuge pkantlylvader discussien,dhe nesdifons piotettivataydr 57, as

by th 61. .. Th di sad t be . :
R ebirie Eroeapy ASaTuineIRC BT e § Bt paifusrmed in
Ffire 38 IBvhAL X@m oBS114pes 1T AvehicH tHiye fsh 818 nefdria¥,2ind more

| ayer 57. 10 According to the feature resently under

paitsulaslyivdrere theee in dhergap St betvprentparis 59 f thgyheptenglemgat 10. As there is
descrq be hove. | ' . ' .t he .
{5 ORE 1708 1y B A PSSR il
chpva eftded hgeibytthoéffeen dfapsitatibl. dheWihpdtatufeedtehd soimamf collapse 17
solid material, and nore particularly where there is

mayrepdimany thevsaednolsisetess S3avis demensieedhy be s epgn of
shRolhifieSerdcs. FRis Wil rgaé{#b%vﬂ 3K irﬁécdrﬁop?B%IeBtS it bSint. However, the
ocation (prior to bu e generation), there 1s no

wohings bBdxtichettemparatubeatehopldt dferolagre 1t7He sefrhalt thet the destruction of
.cavitation. The tenperat ute,gt t he point of collapse

inly comypgnentsdp s RAPmedd BRLSALNGt degrees C, as i s

denonstrated by the phenonenon of sonol um nesence.
.This will _break down the ink conponents at that point..
THevgeuention bfthe bubhled2 ofo thattit enilepsesipwards apeinhof ¢dllapse 17 where

R AR o e b SR e Tl o
1Spr@8inkdd0R the part 10.34 of the mask shown in Figure 34. The element represented is

symmetrical, and has a hole represented by the reference numeral 63 at its center. When

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

permitted by the dynamics that are involved. This, in turn, results in the point of collapse
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The generation of the bubble 12 so that it coll apses

towards a point of collapse 17 where there is no
w@elod4stat eri al can be achi eved using heater ePENBOR2®3/001514

10 corresponding to that r&presented by the part

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

represented is 25 synnetrical and has a hole

SRR BT BY L 055 AT et P S e
sblitemeleggent (as indicated by the dashed line 64) and

then grows so that, instead of being of annul ar
(doughnut) shape as illustrated by the dashed |ines

t i t
05 o o PP T AR Bl S
coiftgetbiol aghievhe simibb result 2with thdbi&bkigméﬁnhg a$ indicated by the dashed
g Pt dhaBs akohegApss PR e baohlp SETSEHag B the hole 67 a the
céﬁﬁﬁ&ﬂﬂ@é@ﬂmnﬂhe bubbl e 12. This involves the bubble

ape noving towards a spherical shape as far as is
permtted by the dynam cs that are involved. This, in

The P AaRr0 Dresamuias e barh (58 OF BBk SROVR A Hgike 36 is also
cBfigired f(‘)eacﬁfe% 8 rs1n‘ﬁﬁartr&%lthﬁ9fe€er th€ bRARAE 1(3-@6 1s\/¥ﬁﬁ1’éﬁs1bﬁh@rsﬁch that

is no solid material. The heater el enent
tlneelprleé& it smapllp manhﬁcmamg ine@c@cies of the hnﬁsﬂclgn@wﬁnamffect the extent

il 2o ameirh Lt el BBt of el fetned by
the Kite.Gor emﬂplta he BOlchayte KUHl@RSEfoOmdtbiackdre. WHU Bigh levels

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

of peqvisaey in fheceleaent 4 .361 canrqitbe aohipvgsy Sivmexgesyl ip hebhlesrepresented

i
a%g%gggﬁﬁgﬁnggﬂggﬁtﬁ@gﬁgigggftar resJFb%d&%a%du%%HdSaponﬁOf
c@llﬁ{ﬁle mlthJIQSL?ﬁ al safli regioa) Gnedhailtake, t\?\hﬁltrﬁgatrﬁeo ielleateBelement

sma manuf act urj ng |naccuraC|es t he heat

remesealed mﬁgguzﬁ 3% dhe eangrabloppAp of the f{imneﬁ can BIHB)ZY be eugjited, thereby
1R&ezfsﬂ{|$q§ ggthggéé?%{éﬁﬁgﬂgg meﬁn@{é:hg%%‘é ! ﬁnee"tﬁ.lbbfé% to fall.

be as I|ttIe as a few mcrons across. \Were high

ccu, he el rtent 0. cannot be |
aﬁ‘@ﬁ}‘ é(alport pgs@ng]gmthte,md CPHSesented 15 as

12.36 that are somewhat | opsi ded so that they cannot
be directed towards a point of coI | apse within such a. :
Therlokzle epirbme 5 lofi emluahmapeﬁaisectends throngythedorge phge 2, the nozzle plate
eat er. . el.enent pr.esent ure,36, the cent
s PSR T RocarrE R Bt S S oSG P 1
Vaﬁ@ﬁﬁ?’éfeﬁﬁd%ﬁfboéﬂrﬂ&té} thet @VDH@ of dlcdnivides bilithredipidetor oxi-nitride.
| apse of the bubble is to fall.

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

nozzl e plates The nozzle aperture 5 of each unit cell
waenesios t hrough the nozzle plate 2, the noze¢BPApR@Be01514

thus constituting a structadée which is fornmed by

chem cal vapor deposition (CVD). In various preferred

enbodi ments the C/Dis of silicon nitride, silicon

a‘?‘fiog))z(‘:mg T”é% efuﬁgé %nl'go%r%grc}éﬁe %cgme%w mh?ﬂ) S he qozzle plate 2 to the
oﬁ@fﬂﬁg_ln pl ace w thout the requirenent for

assenbling the nozzle plate to other conponents such
as the walls 6 of the unit cell 1. This is an

N R T

oflinkfji ét@ tHak carobeibefhctarnd. Thik is fﬁ\t@iu‘s!@th%@hﬁﬁémetmaﬂld goefficient of
conpl ex issues. Such issues include th pot

thermpkaxpAnsAn betweers for exapmplts 2 iPEREle Plath énﬁle] 3 f&h’%fate to which the
BBt Bl BlhufellBa PherE i SRR 4 pr UL se iR SRE RIS
Cbhsf@nadlyf, overas lsmatl hetistakeeeapithg ottupiediya sy, 1 0MIozzles, the relative
2004/ 048108 PCT/ AU2Q03/ 001 14 26, and so , gur |<gﬂ th
teal RRRAROTp B STty 75 hEIFRBE<He RARCS i BOREECHIRL om the
feﬂ %P{He?z{t@re%o e &Jﬁﬁg té?ﬁﬁlé?&tu%ﬁlﬁred-rfeﬁbérﬁﬁﬁ?th@fparts together, can
erna expansion 1s gni ficant factor in the prior
cause a divnimsion] mpsntascht cbfeslgnﬁmntls godatar tikan) aewbole marzle engthe This
gféactUﬁ ed. EF' Iﬁ@? cauiﬁgthe difference in the
Woult bq Egfipantly depriag V5 bet ween, for
exanple, a ni ckel nozzl e pI ate and a substrate to

which the nozzle plate is connected, where this
Agwer probéen gddyessed BY @i@rfeawsq)ﬁ iheem%‘tm@tl@msﬁﬁﬂly under discussion, at

1%1%2 H%gnt%%reoi df)B"a L (1)1% gr a% ?‘%Yg&%e o%?le \}PQLE:% t%nat neefi to be

a@éﬁ@!@l 028 géﬂb?dllquﬁfa&dhﬁﬁm&eﬁlbﬂidéﬁﬁhﬁﬁpmmhealhlﬂd@r conditions of
bei ng heated fromthe 10 anbi ent tenperature

rdatwe%ghngb sivessatlibisecapagualiia hreakpses oF é}nﬁlﬁjlrti ﬁ’éﬂﬂéﬁons of the
SLFREL e RO EAROE Al IR B0 CTSIPLA Rttt preen

invemtion beoidd tais. f i cantly detrinmental for such devices.

Anot her probl em addressed by the features of the
i nvention presently under discussion, at 15 least in

mgf Mt% é B?ﬁl@?freseh btk of ik 1ﬁ{fér{%1’fon tleAEM &fodiments

ozzl e plat need to be assenbled are generally
thmmfnmttheir cnbyatibility v thed xindisg sot&nqohéuqmmn mamﬁmumngmcesses

A8l 180 AR e S 5 oD LR i

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

P?

conductor manufacture.

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

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

in enbodi nents of the present invention avoids this.
wQ@oa0is1ng her advan tage of the present featurecT/ati2abeo1si4

invention, at least in enb@dinents thereof, is their

conpatibility with existing sem conduct or

manuf act uri ng processes Depositing a nozzle plate 2

PS)? F%%Vn%%lg,gtkg ﬁﬁcl%ngzgs ﬁ-ld% gghia r\mﬁéqowgﬁstatgg %,] H(\?f\%qrgxospﬁelilg pressure in

thé Aekztd dhambet! hidg ba,r RYCEERsoroty. Wit jefereed td Gfgusem vabch shows a

conduct or manufacture. Existing thermal, ink j or

uifisislld thets agtdnaneordagse mitribe p{ﬂsegwfe@h%améﬂféﬁ@fshas such a thick

n%gﬁle é Eelt wﬂ}"?@ % rSG5ES ”FH Llca! ﬁl%blems relating to
€ nozz ates |n suc

Qee‘timi hﬁfﬂu&b@&s@@e té ﬁferthichnese bﬁﬁ(ﬁﬂlﬁblsﬂedht}mrﬂaﬁﬁu tdeag exerted by
ranS| ents, a . substantia

%%zl%@ﬁ Goprk Fetgoosg t thoggth Ckne?%%%gg%%eﬁg%%% the

eg élygggl QN the art, such thicknesses of
eposrte nozz e plates vvoul d give rise certain

pr obl ens as di scussed bel ow. WO 2004/048108

AU2 01514 .. 27 For, exa t hi ckne f
Kt geonandna vimid exstin thesannt Sich ahisk BaEARBRte 2 relates to the
a@ﬁﬁﬁ@t@hﬁg%fbceﬁ@ ThiAQ$ dsBmEkARREhe AoZAY 3 li)seetc}fe@}’as sh@wn perpendicular
m crons reference to Figure 49, which

tu thet wafet 8 of thelsabstiate mlon,rfoa@wmﬂenmg wsttahdatrﬁ elq@mséqamng This

nt i and whi c such
AR rEfe o T 21t e i o 49 RE Bt Toonose that
thi%ﬁh’ésb of fesit 69t FequRbdlcvBIb firesobutibhtRceherdiFfdult tb rachleve as the
this case, due to t he t hi ckness of nozzle plate 2

th
fopalidgpte of itheptenprethebis usgd tor rposRIRS FRsisE 1Ser§1at1ﬁely|smalll fdthough it

e e T R ST
relatilely exdtBiprocess.ne case of such a thick nozzle plate

2, relates to the 10 actual etching process. This is
assum' ng that the nozzle 3 is etched, as shown,

ﬁfd%?érﬁ‘ that %u%é@ué’ﬁ@flﬁf suth QfnitPRo Thfedt 1‘?1 a (‘ﬁlse where a 10
po relo

exanpl e using a standard plasma etc
rifeien thiskdaykr by pitddd Wyrer@dDideposited entatsditoh @ubattatmsfen fis that,

resi st applied, To ex se t hat |ckne of
hegiscot i, diftetooRiheraul pEpeR o PSR iR FUI ISUEaaLe substrate, s
W §d @b lidhetht RPAE 8Y RithASthidRQlepbQealayde] Qﬁ@w@fer t&8d be caused to bow
stepper that i1s. used to expose the resist is ,
tosiiclt 4 degree thatfurthertesdn gie lithographic process would become 1mpract1cal
Thus, a layer for the nozzle plate 2 as thick as 10 microns (unlike in the present invention),

while possible, is disadvantageous.

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

and is therefore not a major cause of loss.

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

nozzle plate 2, and the stress on the substrate wafer 8, will not be excessive.
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15 woul d be possible to expose this rel evant depth of
resist 69 using x-rays, this would be a relatively
weomiioysips ocess. A further problemthat woul d BXi/aU2003/001514
with such a thick nozzle pk&te 2 in a case where a 10
mcron thick layer of nitride were CVD deposited on a
silicon substrate wafer, is that, 20 because of the

i.ff.er N e 5 nsi t V. .
3 OFREE i Bl bR 2 RIRATAN T R0 b e st PiBerated in
thé ¢Habdbet Nicdnldepmskinetkl) anahosphbe andhet 1@Datdspieres as in prior art

caused to bow_to such a degree that further steps in
deyiees, s PSBHNSNIABOR-ocess woul d become i npracti cal .

Thus, a layer for the nozzle plate 2 as thick as 10

mcrons (unlike in the present invention), while
Thessdrbheny ifectats sdibhasohaibmoeio. the Sghificintrredvetion deptessure transient

Figure 50, |n a jet thermal in j ection device
TEEISHAP FGCt 0%1%@{95@§th r’@ﬂesetlﬁéuﬁ ‘esent i nventi on,

it hﬁng}@z@hﬂiagﬁ,epﬁzzl e plate layer 2 is only 2

mcrons thick. Therefore the fluidic drag through the
2nozxhmtSfabscaton qfaoyile 3laad KhasbayAi f i cant  and i s

t heref.ore. not .a mj or cause of .l.oss. 30 Furthernore,
3 hga@ilgh"ft‘ﬂ%?ﬁgﬁﬂi%ﬁ%w £ %“?o‘i‘tﬁ?sckness required to
42t 68y NS% Bluffic dnd thedSil Rrddstalk etk SenozkRs 2; and the
stress on the substrate wafer 8, will not be

Sexeptirsim @ozahesize G hbde @8a;PCT/ AU2003/ 001514 28 The

e] at hvely. thi.n n | |.a 2 i his invention is
6r9nié)8‘f g%l%hcgdr?%gu%?ggé@?re(%%gﬁo@ g?zezge %’n the chanber 7 is
7oNloyy piessuexlosBd@d fy idk gjecspifyugh #@dinkdd; 100

at nospheres as in prior art devices, as nentioned
8abeplecoddingepeiatione many factors which contribute to
the significant reduction in pressure transient

required to eject drops 16 in this system These
Asnmabntibeied dbowrialtlatievire ptocekaddiatbed;in Zerma of Bigates 6 to 31, the

fabrication of npzzle and chanper 7; 3. stabilit
eng %?é@ﬂoeﬁgl&@np ) aw?dewliva%ﬁwqrsféxant\ﬁ&gﬁz One such

WidJoldllife ABANE BEFRBEGiEH BSFEMtdI 55h WSS PFAES0, B £
Sga% (I)ptolﬁjvnum enoz zfl% sf ze %Io bub%?e ar ea\;&]‘laﬁﬂe OH 8 TECESS
outside of what will become the nozzle rim 4. The other such stage involves a further etch,
in the region designated 46 in Figures 26 and 50, which actually forms the nozzle aperture 5

and finishes the rim 4.
Nozzle plate thicknesses

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

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

Heater elements formed in different layers
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6. low fluidic drag through thin (2 mcron) nozzle 3;

7. low pressure |oss due to ink ejection through the
WO pioe4898 8. sel f-cooling operation. 15 As nePtT/anzm3/001514

above in relation the procés$s described in terns of

Figures 6 to 31, the etching of the 2-mcron thick

nozzl e plate layer 2 involves tw relevant stages. One

suc t he et chi,ng,.of the region . oy
Ageined BF rs P totfie 0Se S B, ot Fieh Fiings 40 disposed within
tHRWham86: PHf MoRUnitchil 10e6e BRnichR 1@%&1& aké forrhed B} ehe lithographic

ot her such stage involves a further etch, 20 in the

prosggsow dgsesibgé abase in selptiorriodliguss 616 3 e gmedin tpective layers.
actually forns the nozzle aperture 5 and finishes the
_ri m 4. Nozzle plate thicknesses 25 As addressed above

cfcptedlenbddinteriid) @s lywitini Figured 38,10 and 51| the heftteeléménts 10.1 and
D, and with the advant ages descri bed in that

19 3dnhe chepbend 25¢ of Hffsreatsizes relivpiogehethehvent i on are

thinner than in the prior art. Mre particularly, the
nozzle plates 2 are less than 10 mcrons thick. In
AQMspﬁlﬂfhﬂ’appﬁbc&lltdnhdlthﬁmferﬁn¢dte thwatwive dpdcaiptio obihe didwigraphic

pﬁ}%‘éé%gghbwéﬁeéglﬁ%ggéwgﬂﬁ 33) ed byeat ﬁ%’é@%ﬁ% Oﬁ@it process, the
EL gfa%ﬂ ﬁtt@sq latih §'5GEh offe ofifle @feﬁfeﬁfsrl@dl Eé’iﬁ%lﬁ@ﬁ?&f{ o® those

ate 2 1s 2 mcrons th el ement s
rdlatinpetd thmouﬂerfeﬂemarttwl?ayer s WO 2004/ 048108
PCT/ AU2003/ 001514 29 According to the present
feature, there are a plurality of heater elenents 10

THESRARAL W1, hlo',’z armg&fé‘rﬁlﬁ'f@%d fel@fveaa ehch Gthér, tetledied
The el ements are fornmed by the Ilthographl c

ghema@sdlsam th@él@gﬁanmf Eigwe 81 vuch dhay theyrean actipypinparp vieighted ink

re f ective y
s fieh T Db HRPERH L5 PRUGLS 5 B BLRL by weahia
vOR@ie o BE jeBRl throddh the ﬁﬁﬂzle 10f theipartiduarahRebiel. The actéevement of
of different sizes relative to each other. Al so

as
thy hinanyeveigiingoif sheavolymesofithe mykeliors oo's drtermimsd by the relative sizes

SRFEAPAETY Pogh 152! 13 PRAEEENIS: Bl SRR 102
cbmatt wittothessk 11 sewickGhit dfhaphcapsrictensinep@.1r el ating to

each one of the elenents 10.1 being distinct from
those relating to the other elenent 10. 2.

One known prior art device, patented by Canon, and illustrated schemat1cally in Figure 52
also has two heater elements 10.1 and 10.2 for each nozzle, and these are also sized on a
binary basis (i.e. to produce drops 16 with binary weighted volumes). These elements 10.1,
10.2 are formed in a single layer, adjacent to each other in the nozzle chamber 7. It will be
appreciated that the bubble 12.1 formed by the small element 10.1, only, is relatively small,
while that 12.2 formed by the large element 10.2, only, is relatively large. The bubble
generated by the combined effects of the two elements, when they are actuated
simultaneously, is designated 12.3. Three differently sized ink drops 16 will be caused to
be ejected by the three respective bubbles 12.1, 12.2 and 12.3.

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

of useful combinations of drops. Indeed, the binary weighting may well not be represented
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The elenments 10.1, 10.2 are preferably sized relative

to each other, as reflected schematically in the
wale@goammof Figure 51, such that they can achi BUBAU2003/001514

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

they can cause ink drops 16 having different, binary

meighted volunmes to be ejected through the nozzle 3 of

cul ar .unit cell achi.evenent .of e
ottfoeROB f s log et 167 L eRRSRES Tl the'elironss 10.1,
10etg faﬁln@@éiblhkrgf\i?@gﬂt@(ﬁ afop\RIihekCthe Riidit bﬁar@ét@tﬁ@%i&*s Surdduindling the
and 10. 2 ure 51, the area of the bottom heater

genesiiqn offrbbles 2, the Arapctynemics characterstics.1the quankity ef kqad that is
dggwihg Ba&eﬁt S iaﬁlr@é}ga (911 %he 1%%2193 1}3? 3\'@ e;P {5 Ris §bten off, and so
evite, patente non,

foigth enmt be ad)ﬂs}ddrem Elc@(btﬂf;hg’éZ the a’ﬂ:hﬁbrd’ﬂm&)ﬂth\@sdﬂ&aé gdeas of the elements

el enents 10.1 and 10.2 for each nozg and these are

19115 602; 9icthe perfermapeemat the b heaters, needs ted 1g pgastice to achieve
gaga& nes) . These elenents 10. 1,

tli%c.léé"lrg@g é(l&méag%:\g)}]grﬁéeyl ayer, adjacent to each

other in the nozzle chanber 7. It will be 25

B i st thd By Semaetiel G110t s HRAAnd Vet i AR their surface

ailé‘)as 2 ﬁl@fef(ﬁrg ﬁ§¥d ttﬂ@rellef%fvg %12@% 6B 8ed Gros 19&13)}’/ be aajusted by adjusting

rel atively [arde. bubbl e “generat ed
tosrpphedlagésdottise two ¢1btaentonbJs caealss be aﬂewedﬁneywdmseng the

1t d.12..3. Thr

GRS the PeBoh R St s sleeBByioln T’ aid iy ifeSdens.
RS dhdpulsdRidithy RanstesbBeata defaliiues ofldmd, bebdusd 0abéla bubble
12.3. 730 1t will be appreci ated that the size of the

18/hasranelsatedon thersyrface of antelemant V84, 10.2, then anyedprpticatot nudse width
the ejection of drops 16

aﬁev ng@%XF%@?gQ?ﬁgkfggggﬁ% he ejection of usefu

conbi nati ons of drops. Indeed, the binary meighting

may well not be reﬁresented WO 2004/ 048108
Qrc%m@% band; thelow theymah mass ofdhg heaferghementy 10.5¢ 1q.hallows them to be

ROt ool yP SRRSO 19 Bk at which
dréys 1d ate djectedhavialetthe makinnsn sffective pdisegvitithes limited, by the onset of
eratjon of bubbles 12, the. d 1 GS. . .

b%ﬁﬁ%ﬂé@f A, fygucally e aroyad 91%5105453590%%? Ppipyy pulse wideh s

1%@%' gﬁfﬂé avBilbld BBrénbaReindint E&%ﬁt faené"@%ﬁét%a& b8 ﬁﬁ@rated by
drop 16" has broken off, and so 5 torth, frust

th@heat@@imhntsmhhrld)l%gl y, the actual ratio of t he

surface areas of the elenments 10.1, 10.2, or the

performance of the two heaters, needs to be adjusted

AdsHRGAGh IFeghird 91, aB& WY Beaters elements 10.1, 10.2 are connected to two respective
drive circuits 70. Although these circuits 70 may be identical to each other, a further

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

element 10.1.
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the desired binary weighted drop vol unes. Were the

size of the heater elenents 10.1, 10.2 is fixed and
wob@reddibe ratio of their surface 10 areas i SPCT/AU2003/001514

therefore fixed, the relatidve sizes of ejected drops

16 may be adjusted by adjusting the supply voltages

to the two elements. This can also be achieved by

Iré&]JQUSt ! gxg Jd_%s%%bg(ﬁjlartf a%op fFltglqe eﬁ ﬁ&ﬂ% %n e:UI sgsloolf lbaewhlch are
i (PORHBE 1a fyﬁlh %re%%b%e&"sﬂﬁﬁ?an@é\ﬁ%’h tR %@edst?) 6£tht diktibgraphic

anount o tlne because once bubbl e has
nrnufagtiriog porcessh n the eibodineint aﬁthé Ipegsemftinyention ifgptrated in Figure 51,

oA e 46 Rb T0 31 Sl 2 B g o
Thdead t R esiibed B thehodebicillnsiadted with esterthse tbFigured 6 1@31, the material
allows themto be heated to reach vertﬁ%qm ckl t he

tq &methad@mnfato i derostegiand as thon gfiched sy the Hthegerphic process,
wﬁ%}reélgﬂ a%HﬁFIJaﬁla%ér t9ﬁljs Iﬂgﬁqes?cﬁ(]i %4}2 glpe%fttﬂz?cﬁaémfé%rgte’a{ﬂd g]?en %18 material
fuhd btheflbleineﬂﬁ 100Nis deppsitedlsb yhat dle:’ﬁammdalﬂaﬁer is between the two heater

d h I dt h
eﬁyf%ﬁiiéggrﬁ@eﬁ@%é% e R R

%g éfdctﬁé‘iéb% ygltjag'lélsk}gmo\t, heater el ements 10. 1,

Igure 51, the two heaters
el enents 10. 1 10.2 are connected to two respective

drive CIrCUIt | t.hou |rc 70
Hsderfigi Aecaghin tg the e @L@F@S ‘%P%H‘ﬁif‘ére %@‘f hand 185 ps
tiBh LHRE, tﬁi»é WA YheldvhiSSan st it &&Hble?»thé élEm@?ft@ RPb&sibd so as to
sizing the drive transistor (not shown) connected to

athievé mmbtiple beraenweigbted, dr«)mvcdhmcsfromeomur@hzl@ dr r ent
el ement, larger than that connected to the upper
elenment 10.1. If, for exanple, the relative currents

I%ﬂybéj%ré&até@ﬁ\af aﬂﬁﬁ@ﬁmm?leed@ﬁwme@ Qad be Aéhidved[ gnd &pecially if
the ratio 2: the drive 30 transistor of the circuit

tirgy are hinetst wgﬁf@d; then phategraphie geality ean be ojaingd Wy gsing fewer

be, t L ive transistor (also no
@W%)V% ?n$§e C|rcgnﬁg7%ﬁ&:nnected to the other

el ement 10.1. WD 2004/ 048108 PCT/ AU2003/ 001514 31 In

the prior art descrlbedlnrelatlont ure th
Hyatheanore) uwdanths same gircuppstances,higher me@ PriR qlglgangl%ﬁﬂg 1eved. That is,
%ﬂé{aﬁ ofr]ﬁsggjre@%ﬁ?%éa op 194hi RRGQKHiNe fof tﬁélﬁ)z%f%@to%ﬁl@ tRE equivalent

mahufact uri ng process I'n

ofvhedivopot thede drdy;es mpightbn¢jectad exssiming thatibe a*embblel refill speed of the
Fi ure 51, e heaters. el enents 10.1
e o Bel HNEE e 1 HeoBn B ey DRGSR rdEtimes faster,

may be achieved. In practice, however, the nozzle refill time will typically be a limiting
factor. In this case, the nozzle 3 will take slightly longer to refill when a triple volume of
drop 16 (relative to the minimum size drop) has been gjected than when only a minimum
volume drop has been ejected. However, in practice it will not take as much as three times

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

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

the case of the larger drop 16, the curvature of the air bubble 71 that has formed inside the
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5 I ndeed, as described in the process illustrated wth
reference to Figures 6 to 31, the material to form

wao b@4eksanent 10.2 is deposited and is then et chP€dAUZ03/001514
the |ithographi c process, 3hereafter a sacrificial
| ayer 39 is deposited on top of that elenent, and then
the material for the other element 10.1 is deposited

Pﬁlglg{lg ?Itnpé?ﬁg f Lgﬁcl:mgger thé 1 glg?zc lSoee% etpub Zeg%%t\é\ﬁt has formed after
1R eieief vdlBmé diSp Riseesl cfeyted ivarMie dlolzZIE B Qgﬁaﬂ@b@lerlﬂnt cell 1.2.

step, and the sacrificial layer 39 is renoved.
Referrlng once agaln to the different sizes of the

nt i
T3, 29 1P B 11 R0 8B e
tdaRionl fBﬁé vﬁﬂclﬂt‘éndsxo dagw ittediak ) frd)mltbe relﬁillrmssagwéltgwmdsi the nozzle 3
drop volunes from wi ||

Q le 3. 15 It be
apppite dieahambenal,, asupieae Y thegrowy T pT i Bliise s oy Fhorter refilling
ti éﬁs\f L hafifbdr ﬁ§ Q@El'lsa :1tI ¥adhbs a Et%lgé’ d@§1 e XNP(@é #RiBHdition is

phot ogr ap can obt I ned while using
sfoeiteetto that innthe ddjdm unxa neil al. thmmndmpnnlﬂle chanbert7. bof the unit cell

20 Fur %ﬂ %kg’aggglgq}eé xr%ehﬁrezgigg fgrlﬂr:] pst re grgﬁéc{ug cghf;l;ls results in

tlhé’&%ﬁll%b@é?it d16Win! g'a%wﬁre‘?@n fitbupmcht Hﬁ? E\:ag@ 'vstHeH @hik @Bndlh& is reached in

nozzle 3 tore , t he equl val ent of one, two,
thattmeit cefil dsa foghaf lseidsintr the ¢hamber il ,wightitsassockated momentum has

avai | abl ill spe f.the .n e J no

bprn et ek ctisoverdietiofot s wllh AfhSrehat BaRblonfey o spmletely
I0tht BAREbdr TN RSFIRr3. 1 frERYA thfe 831Bh B1ead: bubibldT Pitprésent than from
however, the nozzle refill time will typically be a

whenithe enpdit®nfT4cs presentneveniifthe yolume q@é)eﬁéﬁl;hdels 3hr\ﬁﬁ tlmes larger, it
take f \ f

dan not%gcegalrg g{nﬁ:gli ?5 tl{n%s [or?ﬁglnl 1!0 r@ﬁz Iﬂlzeachgﬁm'bgng %hla%dbqg%%lg 3.1.

ej ected than vvhen only a mnimm voI ume drop has been

ej ected. However, in practice .t not take as nuch

Haster Kleienisiipgcd framrafteriaipconstifuted b SreipiEeRts Vatpdon o umbers
inertial dynam cs and the surface tension of the ink

11. 30 Referring to Figure 53, there is shown,

Thidfeatated mablvys tha hpater clofentd ]l & beinig f(miletd (Efslolié niateriafrati least 90% of

. the cel] on t eft 1.1 re e e.nozz
g baveightels o stiled oy oL NS %’éﬁﬁ*’é‘%ﬁl’eﬁom number
R 5618 Lfkefid reh@)BHnﬂen@ theaéct&ﬁfc \ﬁe@l{tQQb&BwW'W'hﬁé in another
vol une has been e] ected he case of the [arger :
edrbodinddit thd%omwrwaghtrlebdbm?rﬁe air bubble 71 that has

formed inside the WO 2004/ 048108 PCT/ AU2003/ 001514 32
partially enptied nozzle 3.1 is larger than in the

TRHAvAtagd of R RkEmiCZubdbat ishBs thOtoBRME o tHa€ material have a lower mass,
and therefore less energy is required to raise the temperature of the heater elements 10.
This is because, as will be understood by those skilled in the art, the temperature of an
article is essentially related to the state of movement of the nuclei of the atoms.
Accordingly, it will require more energy to raise the temperature, and thereby induce such a
nucleus movement, in a material with atoms having heavier nuclei that in a material having

atoms with lighter nuclei.

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

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



the smaller volunme drop has been ejected fromthe
nozzle 3.2 of the other unit cell 1.2. The higher
weoowassipe of the air bubble 71 in the unit cePdT/AU2003/001514
results in a greater surfaéd 5 tension force which
L xL error t€Nds to draw the ink 11, fromthe refill passage 9
towards the nozzle 3 and into the chanber 7.1, as
Subsystgingiffat ed by the arrow 73. This gives rise to a
Error: Shomteedater@f Dlsding tinme. As the chanber 7.1 refills,
WaﬁmLt %ggches a stage, designated 74, where the condition
I's 'Ssimlar to that in the adjacent unit cell 1.2. In
Positio:hi&@3icondi ti on, the chanmber 7.1 of the unit cell 1.1
is partially refilled and the surface tension force
has therefore reduced. This results in 10 the refil
speed sl owi ng down even though, at this stage, when
this condition is reached in that unit cell 1.1, a
flow of liquid into the chanber 7.1, with its
associ ated nonentum has been established. The
overall effect of this is that, although it takes
| onger to conpletely fill the chanber 7.1 and nozzle
3.1 froma time when the air bubble 71 is present than
from when the condition 74 is present, even if the
volume to be refilled is three tines larger, it 15
does not take as nmuch as three tinmes longer to refil
the chanber 7.1 and nozzle 3.1. Heater elenents
formed frommaterials constituted by elenents with | ow
atom c-nunbers This feature involves the heater
el enents 10 being forned of solid material, at | east
90% of 20 which, by weight, is constituted by one or
nore periodic elements having an atom ¢ nunber bel ow
50. In a preferred enbodi nent the atom c weight is
bel ow 30, while in another enbodinment the atomc
wei ght is bel ow 23. The advantage of a | ow atomc
nunber is that the atons of that material have a | ower
mass, 25 and therefore less energy is required to
rai se the tenperature of the heater elements 10. This
IS because, as will be understood by those skilled in
the art, the tenperature of an article is essentially
related to the state of novenent of the nuclei of the
atons. Accordingly, it will require nore energy to
rai se the tenperature, and thereby induce such a
nucl eus novenent, in a material with atons having
heavier nuclei that in a material having 30 atons
with lighter nuclei. Materials currently used for the
heater elenments of thermal ink jet systens include
tantalum alum numalloy (for exanple used by Hew ett
Packard), and hafnium boride (for exanple WO
2004/ 048108 PCT/ AU2003/ 001514 33
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L XL error Subsystem TEXT Error: InternaLError 0x50
Qperator: Text Position: 6431 WO 2004/ 048108

WOEDDAMKAM3/ 001514 34 used by Canon). Tant al UPCEHAT2003/001514

haf ni um have atom c nunbers$473 and 72, respectively,
while the material used in the Menjet heater el enents
10 of the present invention is titaniumnitride.
Titani um has an atom c. nunber of 22 and nitrogen has

uged bt Gamo)- fantglim arst hafnivpyaye afesmie npBIbsrstHendf/gr spectively,
whik g rﬁétglqélfgs%ﬂﬁtdlé( Me‘nggtt}f‘eﬁ o Ql% ehfi3¥% e gﬁ a;?xjé]?en{ Bl EYRis
ev um num

prior art er|a oron an

titefnived nitaderTitanitmdias laafatunurmbmbeﬂrf Hrwhdtrﬂl’d g@h s an atomic number
| um num  respectively,. erlatlvel

of . &H%se%at@*ralsa re %&ewgﬁlmé?@n thosispiihg aglevant prior art

d L8, 16. 3 g/ cnB, V\,hllethat oftltanlumnltrlde
%\}V\ﬁé |nnc] udes titaniumin place of 10 tantalum is
5.22 g/cnB. Thus because tant al um nltrl de has a

BT P AR et P s f AR b and Rl s minum,

régwtﬁfénynﬁk@ﬁmogaf ﬁl% refaway |11%ﬁ§m§t@ﬁ£19y Hb%b&a{hetdeﬁﬂty of tantalum
tant al dm ni t{ be understood by a person

nitde 1sd@.3 gicm hfénlarthat 0tf h@nmm hiridn@ehitninghdegtitanivmain place of

PAEDLE B B0 b GRS TR S sl S
thde fiRBY BaesHthe ﬁf&ﬁlufrrﬁ!ﬂﬁ‘iﬁeahthhﬁm@ hitfigs ﬁﬂpl%qu@ap;ﬁoilﬁﬁtely three
speci fic heat capacity VOL is the volune, and S

timedesgenerisy yo beat thaa tﬁml@m ritrideAlAstwilide mﬁ@rs@@dévb'@per@n skilled in
e t

i, B8 e ety 22 B a o IR o pfoented by

tHesfoHbwidg@yationnf | uenced by the atomc nunbers of the
materials involved, and hence is a key aspect of the
feature under discussion. Low heater mass 25

E=ATxC,x VoLx p,

where AT represents the temperature difference, C; is the specific heat capacity, Vo is the
volume, and p is the density of the 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 gjected, is less than 10 nanograms.

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

picograms.
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This feature involves the heater el enents 10 being
configured such that the nass of solid naterial of

we@amh/oksaes er el enent that is heated above the POI/AUZY3/001514

poi nt of the bubble formngS liquid (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, is less than 10 nanograns. 30 |In one

preferred enbodi nent, the mass is less that 2

[

TR0 G AR SRA LU B o BEP a8, o
remah;s;mi a ihasaset ffivi@s) as piresnifroditise redviztdddd e0&8F Ot in heating the

/ AU2003/ 514 35 Th ve.feature co titu es a
Sl AT EAAE CEAUERT SSeBd0" B ofeat 1eniey dug bt ase of heater
eféﬁlehf mateB8l4 hbPink ToR Heﬁﬁt@éseééeet@ tRé félé%iv%ﬂﬁéfnﬁﬁs@e 619@19 'efements 10,

of the reduction in energy [ost In heating the solid
amdhdey uoahsh@ntertetﬁendm&beemg 1l therfortrsofsdspenided béamast whieh jage not

to th heat 5 el t I
ofieied tn SRR o Mdiaeed Bofisatole, f Bl Tl | s ze
of the elenents 10, and due to the heater el enents

being in the formof suspended beans which are not
Figvibe dtidwwsithe shape, inplasy Viewsof amasky fop farmangthe heater structure of the

P& TR Fuqf B prstiefy ol TR 3 PR od. B BBt parosents he

Ka%etolﬁ the hi@tet BRARKNENGS tAht dofitddihént! 1 @sbve Fefed 10 ﬁldwéﬁ@mg that
3 Accordingly, as Figure 34 represents the shape

heater cherents The beater clamenifs repagsenien byirphsrance pumepsgl h‘g&ﬂ in Figure 34
h%sgﬁl?tre{ s%g%lg B h%ﬁkxﬁ%ﬂ f’ssi Hﬁ’cri) e%ﬁ?)eis it c‘f‘%r{fuck-rh%as a 6 micron
t "as represen érence nune
olter Blius mnElagILrhﬂ:rcﬁﬂmnbtaadjuHSI‘heeto&il hedter thassps &Epwngehlsl She
2 mcrons wide and 0. éﬂdmcrons thick. It ha
coresPerling glement i signi rsprasqweérbyﬁeﬁﬁﬁ@ﬁ n.ug@raééo 39y Figure 39
I
il s T0TS PO it o) Ao B rebftrence qumergl 1036 in
Figafel @hasea mmmfalzs;ﬁq:i@@mms Figure 39 has a nass of
229.6 picogranms and that 10 represented by reference
nunmeral 10.36 in Figure 36 has a mass of 225.5
WalenQgE él@ﬁlent\é\vl@nldf‘x%gﬁls&ﬂ@d BASY 1%&}%‘8 3039 Llrws ?d}teﬁgm Ié are used in

Figures 34 for exanple, are uséd
prachicy, ﬂmdotai st oft miterialsxf eah sneh etanzdnt whickds n @@nhal contact with

oF T3 e PR R o it

tdnfifbatin® dbal SRt $tha bbiBiAp Pomkt bf ﬂleaﬂ@\(ﬁlltﬂé%hgﬂﬂ hiBer than these
boi | i n%pm nt of the ink, will be sllghtl hi gher t han
mapges @s the elements will be coated with an electrically insulating, chemically inert,

thermally conductive material. This coating increases, to some extent, the total mass of

material raised to the higher temperature.

Conformally coated heater element

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

has a high thermal conductivity. In one preferred embodiment, the coating is of aluminum
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masses as the elements will be coated with an

electrically insulating, chemcally inert, thermally
w@orvdiesipg/e material. This coating increases, POI/AU2®3/001514

extent, the total nass of 3@5 material raised to the

hi gher tenperature. Conformally coated heater el enent

This feature invol ves each el enent 10 bei ng covered by

. ot (Ve ' [ t

f65 15 08Bk SRIELE S Pt ciod P e din yotanother
cRibotinican gyt hors@nithidd. t he coating is seanl ess. The

coating 10, preferably, is electrically

non-conductive, is chemcally inert and has a high

ﬁe@&ﬁpggo ﬁgﬂ%g Gl i &Y - mé%sg\ggfﬁgsfg oL Dl%ﬁc RPROGAERE of b BRor art

coat al um num 81
hegiEf AeRem3/00R4At5d dot Dhforirtaly degted as dismisedrabewd) dai whivh has been

it is of di nd-1i ke carho DLC), and i.n yet .anoth
AR AR A PRSI G s DHGAT PRt i pees comformally
6484 bR Snediae Wthg%vglﬁﬁtﬁriﬁf §esShRWA 7C R BBttt th? cola’(t)ing referred to

representations o prior art- 5 heater el enment . _
abbe initbe prstent dostamcesds Irgflestedt sehieraaticdlly ouBiga b thiecoabing being

whi ¢ .been deposited on sybstr.ate..78. and ich
4Rl 7] s esiFes conmaRety St BRI b ik ESosty.
HPvRE t18 conBrialdRatind 77 én SVEA8PERIIndy be SlRisdvea af tBd eléfent 10,
In contrast, the coating referred to above in the

vrheeév@il?g soreeatgAcie a strgctief belated drogt olbaattiueBIres, iigirrihg deran of a
A . . . . _ .
Birp PR SRS e PR 0o oL BBk,

si mul t aneously. 10 However, this conformal coating 77

on all sides can only be achieved if the aill ement 10,
Tinkido bp unergsteed thahwhen refererceds made i eonfarmelly cqatingdfp clement 10 on

LM, t‘ﬁ}sr#ﬁtgt%fﬁe endis &F thé Blehdft {S)Q%Jlg}x@%if@etaﬁxz Rivzll?ﬁgegr@ g%ined to the

eam’ SO ere 1's access t
dldverodésclfenstindicated diagmanbmatically irsFigoet 37h kt otheremords, what is meant by

reference is nade to caqnfor |y coati. the el ement, .
copreBRAl Soaing 165 Sleaont i oo ALRqe e SR, J e Bt i fully

SR b SHS BGTGIEEh] REAM: atbtioGhe RinSt St theMefnent he.
ectrodés 15 as i1 ndicated diagrammatically in Figure

S
e
57. In other words, what is nmeant by conformally

oating the element 10 | ]. sj,d ' i_al

Ti g odasiae 0f FenPripelly Selind TR g Enc bRy bF fgerstood
witptdfencd! OM@ doh|, 1oerighres 84 ahd1§5.eAs BRITbe sedf), Whih the conformal
primary advantage of confornmally coating the heater

coplémeTh isEpphied; throsubpicate 48 epavhicki th heaterslement 1 0graseleposited (L.e.
i Rl 0. Fi ) .
R A 0 OB B Pt e

sohformalli epgidicontingd. eTiRdepdétingsf te posfotrasl cohtig 76 on the heater

element 10 which is, in turn, supported on the substrate 78, results in a seam 79 being

formed. This seam 79 may constitute a weak point, where oxides and other undesirable
products might form, or where delamination may occur. Indeed, in the case of the heater
element 10 of Figures 54 and 55, where etching is conducted to separate the heater element
and its coating 76 from the substrate 78 below, so as to render the element in the form of a
suspended beam, ingress of liquid or hydroxyl ions may result, even though such materials

could not penetrate the actual material of the coating 76, or of the substrate 78.
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formed) effectively constitutes the coating for the
el ement on the side opposite the confornmally applied
we omtiossyo8 The depositing of the conformal coatPCATS06M001514
the heater 25 elenent 10 wd¥ch is, in turn, supported
on the substrate 78, results in a seam 79 being
formed. This seam 79 may constitute a weak point,
. er U r
TPl DGR P e, MAREROR Rl & REHEIEER Blbon (L) are

sﬁ@(ﬂﬁe ﬁfr uhehﬁl the abeformat|conmiiy 7716X thé pﬁs@u ieeenfidn anidluStoated in Figure
ere etching . is conducted to se

te tg? heat e
5é|d@mtheuﬁarab&%m@bahm@1 %ldfli: ?Sh e g lexplcot pemical inertness,
ahE Itl'i%vﬁ%ftgatgﬁe e LRBELLNY A A Fq&hh%r sﬁl%[g RhteRal3for these

suspen I ngr ess o(fn I qui oxyl 1ons may
qmdésl; is lﬁ)tannitﬂnd)a; ghlso sefetredrint #bovel Althcugﬂ tte nhxlnce of matenal used for
mat e

penetrate.the actual .
ﬂ%@é@%@? iSpoTeht e BBy RO e AR DS e sp chgeteristics
&Cﬁi?lﬁéf @b H5RE hieﬁﬁ&féda@ﬁé’r% thdy e ShitHBINEHR A drIsti8E may be used

mond-Ti ke carbon (DLC)) are suitable for use in
msh@dconfor mal coating 77 of the present invention as
illustrated in Figure 56 due to their desirably high
thernal conductivities, their high |level of chem ca
FeTo g e electrically
non %{)éerﬁcﬁgttelrse An&g%ﬁ gﬁ?@%#?ﬁ%ﬁri al, for these 5
pur poses, i s boron nltrlde also referred to above.

Al t hough the choice of material used for e ¢oatin .
The qoglppﬁ?;rtﬁ fessribedaboxp farmppart of ARt B@A@?@Sw@y &’i’é‘? éfﬂf%ma is used

{f E gf AR Ong’gé 86 Etﬁéééégﬁ 2 1%ifefricﬁ1 bf 2hhfbed $8inthead modules

here ave sul

Whdhesd sspects neslesaribeddbelosed 1 nst ead. 10 Exanpl e
printer in which the printhead is used The conponents
descri bed above forn1part of a printhead assenbly

UG SHRPbsed™A th head
R B0 P B O o AL 0, sl hoprines

qhip phswvmpslith d5ve 8&1315T¢fesh1m§b€cteglsmr@ até se pi 16@1 shown),
1ﬂ§9§qvt\{ec§11fge g%{}% %{:Hcé ({f@éi %lﬁ 7 g{)?eq %Pﬂ%cté]g)%s gqr%]'{lg}éd on the chip.

(not shown), with drlve transi stors, drive shift
I(;:;m;telrs and so og@énot shown) , i ncl uded on_t he
fetenps todfigens P& ant 8% theve isalioas ingm explnded vicghand a non-

eécﬁg)lél o d P ges ¢ “atlvegfh R m%&exg ﬁl%dﬁl%fa?sregﬁagf&t) thfdhqg&ﬁﬁessagl\/[EMS

I'n-an I ew an
ad %Hldesﬁémbly 83 08166 taf@tad, to &beniw o hetdipl). ndalwkypical chip assembly
assenbly 80 which includes I\/E1
81 such as that shown, there are 7680 nozzles ch are spaced so as to be capable of
printing with a resolution of 1600 dots per inch. The chip 81 is also configured to eject 6

different colors or types of ink 11.

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

layer of silicon 85, these channels being aligned with the holes 84.
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printhead chip assenbly 81 (also referred to bel ow as
a chip). On a typical chip assenbly 81 such as that
W@ bawngsivher e are 7680 nozzl es, which are spackdI/av2ms/001514
to be capable of printing3th a resolution of 1600
dots per inch. The chip 81 is also configured to eject
6 25 different colors or types of ink 11. A flexible

i [ . i t Rl cal |-\ . .
B BLE 5P RO B AR IGER) b
dtemileddytthe witith ohthe.ficlhef thbsiepper that ibosedead fabnicateahe chip 81. The
stai nl ess-steel upper | ayer . sheet, 83,

shee 8P hes shanaels 80 (Blyseme 9T srhichyare hothas i dendedhip whigheare etched
d\ﬂ;{lhg Hﬁ%eréi@e bfﬁl‘é‘ lsheet § o] il Fi%}lﬁ'ﬁgg Th@@ﬂfarﬁifels%‘de‘x?éﬁﬂ as shown so

25 | nk channel s (not s in the bottom
thatytheir eddssilign edih Iﬁﬂies &maaenniﬁayméBsthéermg omks gfftbd clvinnkls 86 align

el R neng Bk el 51 T i 7. G G 48 S5 s S alower

l!af‘é? @b hEac_ﬁrBh§nﬂe? BOchrries a dﬁ?ér@l{t%s@)%&nﬁ&’co'l&%ﬂmg teﬁce%t fdr e last

of the stepper that is used to fabricate t

qhhm;ﬁl,aibmgﬂfamd 9%hdeis 188 channekHaisraalaér @@m@ ang issdignedwith further

i .are sh en deta|I [ tch . QN
B S B e R, S R el B R Y3 iphe upper
16y RRG: 83 BFhese!tRN 9Bars Hosed smm&hé Rider pired 94 eMWlksts 85 irPitop
wth holes 87 in a md-Iayer 88. D|fferent ones of the

chpaneh d4ysr %?3 sglthaj thesgyinmer aarfoaée aligned eith, gn th%efﬁr@u@ﬁuld-ﬂow
Bl ool Qb 8 et SRa0REL oo 1

ower carries a er ent
respective color of ink, except for the | ast channel,

desi gnated 91. | s last channel 91 r ch nel

Thedowst I&Wrg‘welwsmeﬁ OF hpeiEs i Biecsdangsly §F BB 81y Gompressed
. .

@ﬁeéed/% £Bnd 481 zflf‘é'dﬁr@é' otaéﬂo%? nt¥tstihe Eﬂéﬁgg@gs arugﬁ thiYeleRant hole

upper ayer sheet 83. These
8, b:ghﬂxén@aﬂshs thneughrtheholpa snd93 afd dots19§, @3hée michlayenB8, the sheet

%hq.\@r{gg tap; %ﬁxrmei ?ﬂyefs ﬁ@:rgs&l%?tté n 32%1;1(}1 tﬁncgérf g]ggr\gtnsinto the side 99 of the chip

é&%ﬂ?&l? I8¢ AfrdRRWHMS R is foP@edQJuE o€ NGO MdouH a ndSz1é Bekirg 2D ?thlch covers
by the dashed |ine 97. The |ower | ayer 90 has holes 98

tbpeodzhes, toritesp theenazplen nbasofagtpemtust haiffesentlyicolored inks 11 (not

TRTR RS Rapd b ol SR o B vER R e TR &, gd then

tBfough RébpbiiRR HORE ST theh Alng hesfgb@:ﬂé@h@ﬁw?s%&ﬁﬁh@ anddi€lde of the upper
sl ot's 98 inthe md | ayer the sheet 83 and the

leyss sheei 8Acthrquel éespggwerl@éqs@dtqf\ﬂ@at yheckrrmdithen theayeh thasfots 95, to
f
RIS P B PSRBT e B gy

(ohé €or cactvedler oﬁlhb andazd £8 thet onpeessed fie) vio Zvlllicélsthe Infaand air is

of paper dust. ferent cqal ored i nks
passe% tg the chip 81, the Ink belng éuyected to the 7éSO nozzles cgn 81e chip.

Figure 60, in which a side view of the printhead module assembly 80 of Figures 58 and 59
is schematically shown, is now referred to. The center layer 102 of the chip assembly is the
layer where the 7680 nozzles and their associated drive circuitry is disposed. The top layer
of the chip assembly, which constitutes the nozzle guard 101, enables the filtered
compressed air to be directed so as to keep the nozzle guard holes 104 (which are

represented schematically by dashed lines) clear of paper dust.
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20 shown) pass through the holes 98 of the | ower [|ayer

90, into the channels 89, and then through respective
wheie®4878 t hen al ong respective channel s 86 iPCT/AB2003/001514

undersi de of the upper |ager sheet 83, through

respective holes 84 of that sheet, and then through

the slots 95, to the chip 81. It will be noted that

here are just seyen of .1he es 98 | I
hEier e bt o5 E0n S bSap e L g gt e
alg&1ea vaESBE halek B4 Vit the\whinlBsst sl iép';ker day@r chicet 8% Pie shastB3deceives
to the chip 81, the ink being directed to the 7680 )
inkeang| cempeasseddr fpmghe foveps layend0 as desgbedabaveiand thengjpects the ink

1t he,printde e fe Fl

o IEoBEB1*00 RO nREpEl 0 Bl BHEE3 E3L Ry
Impdrtl Bfer bAyad theQRiddhydr38 aabfiuppadsyenBs yo the chipeassdnablgB1, is because
_where the 7680, nozzl ef O%Ed thejr assqci 87t 8 dtLi ve
itayudipthepvise bejimapraciis! toriign dhplarggypimoes 680) STy spgjl nozzles 3

' L tggt; d 101,
WABSAO R der, 100 RBGRARSOH B0 RGP ! 0. OUT

conpressed aif to be directed so
as to keep the nozzle guard holes 104 (which are

Theer PO T2 iogprisois 6ttt ReansubaBoaistiy Gt o) located
oh %Y@lﬁ%ér,aﬂﬁ ,rotf @ﬁ?hais&nﬂfly g1l EE@ 5}11? Reschdsy 8 Nis vohass) '&irtesh?6 onto

etched in i ese ink channels are” aligned with _
teoP @B {184 and thebewirenianelthersensapsulateshipen epexet0% hkeeff@s this

The sheet 83 regeives.,i,nk,and, compr ess [
cPRariaf v G0 AR ISR RERRRFOR e BT W e
s%)zﬁ@ beteen Adamh 108 Snd e chipl d3seddbly ENeo BRe thetwirdsUdBke embedded in
he ink and air fromwhere it is received b% the 5
g

thegpory.| Qpee the@poxy B0 as herdgnedjieaprotgts sheiwirp pepding yagcture from
83 to t.h ] | i it | d
cfainfhgi08 f Befor IR AR, d HomisRecEBREpate, MU L

(7680) of very small nozzles 3 wth the larger, |ess
accurate_holes 98 in the | gwer |ayer 90. The flex PCB
Referrigg KoFigeietods thees is ghown ﬁﬁma%&ﬁ' y By Rlpdse isw, a printhead

S LSO g IS Thoh53kE om0 BB A0 R i 0
debaribed 286 e0Tthe printiead@BRembhyx]l Binconfwmsed fur nepsgamwedth panter,

en ulated. i n an epoxy 107. To effect this
S%ﬁ%%ﬂ%“t?fﬁ& Peéteﬁl P3FLi s provided. This allows the
epoxy 107 to be applied to fill the space between the

dam 108 .and the chip assenbly 81 so that the wires 106 5
Thegrietived desdmbly 1% ineludgroslgven@i tles prinshesdonrgdulgassrablies 80, which

har.dene it, protects .the.w.re. bondi tructure,f
BRSS! SR MR BN KA o roups
oT8&RAMHoER lcadt) Absighate RS Bk e fB@ntOmMh@Hlsd 16 Zare brwidedits supply the 6
shown schematically, in an expl oded, view, a, printhead
different colors of ink and the compressed air to the chip assemblies 81. An extruded
flexible ink hose 112 is glued into place in the channel 110. It will be noted that the hose
112 includes holes 113 therein. These holes 113 are not present when the hose 112 is first
connected to the channel 110, but are formed thereafter by way of melting, by forcing a hot
wire structure (not shown) through the holes 111, which holes then serve as guides to fix
the positions at which the holes 113 are melted. The holes 113, when the printhead
assembly 19 is assembled, are in fluid-flow communication, via holes 114 (which make up

the groups 111 in the channel 110), with the holes 98 in the lower layer 90 of each
printhead module assembly 80.
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assenbly 19, which includes, anong other conponents,

pri nthead nodul e assenblies 80 as described above.
wab@4ps8108 head assenbly 19 is configured for aPCT/AU2003/001514

page-wi dth printer, 20 suitéble for A4 or US letter

type paper. The printhead assenbly 19 includes el even

of the printhead nodul es assenblies 80, which are

glued onto a substrate channel 110 in the formof a

bent netal plate. A series of groups of seven hol es

Thatbse tisdefinas patalbl chivelself 16wt cle extemdtha llengltldf thahese. At one end

provided to supply the 6 25 different colaqrs _of

3ficthe hesecldmpls equistfed e lwoawgle&qﬁnet %t@%}rtﬂnﬂ@%ﬂwpipgﬁﬁte end 117,
(LAY e PR ERSEy HE ol and g, BAS P s,

ehdof thddosdriol es 113 t her ein. These holes 113 are not
present when the hose 112 is first connected to the
- channel 110, but are forned thereafter by way of
ARletdl ﬂ'ﬁy su?goﬂ‘t gf afd 1O Qpp&is and lB@ate?sttﬁé‘ Eﬁdﬁhgl 110%hd $BMN2, and
t hrou les 111, which holes then serve as
sgyies! %a ba;:kfplate 89 thése. ifhs chanork! 14t andihiosth 1 123 én twoh,exxert pBessure onto

are en the qnrinth .

o5 oSeeinty PR PR i 5 Bl Sebaly g feg RS has tabs 121 which
eﬁ%ﬁ‘ﬂlﬁbﬁ h&bhes D2 i e whidrdiWekiehdiARsa11UR3 of R channel 110, to
groups 111 in, the channel 110 wth the holes 98 in

lodage thowhnnehgnshplate vGth respsst toperhethend modul e assenbl y

80. WD 2004/ 048108 PCT/ AU2003/ 001514 40 The hose 112

defines parallel channels 115 which extend the |ength

M edthgiohoe.is plovied tehdateLdPpertbne bie 251 Akhosgh the energy required
connected to I nk contalners (not shown), and at t he

to ppeiatetaepriniapad pocording & theipsessRiguyentignaS eherdeket magnitude lower

{

tﬁ%moﬂélgtsdtqﬁa%ﬁQ]%&félﬁgnﬁgétﬁﬂlg%ﬁ%\égée %&rre to of %{)&g E% gg@ RYzzles 3 in the
miln&tead A8y, ang dos isaparectithatelyt 166 thalm thehmnnbaér of h6zzesdhat are

has 2, and rves as ack or these. The
afﬁw uid %laalwaglgheﬁ% 2? etn@? ;zbfﬁiﬁ PRSERBYRUgR Yy be
@raﬁg aﬁr(pé xnaézfﬂem £ Boﬂtﬁﬁlbasdsailsfdlﬁmg%éﬁhs& tﬁé fofdt ?B\?Ver

he ate 119 has tabs 121 which 10 extend 't hroug
cepsuniE®n R terantonder b wagniteld eyhigher dlredi thag inveaidh kt@@/nqmntheads, and

he channel 110 0 hann ate wt .
the S TG TERER: BT PP B T3 TED thF B G pignption per
02£18 4811 58 RA BFd P S mAMifudbISwerthi P th@l%nﬁ}ﬁﬁﬁﬁkheads The busbars
~required to operate a printhead according to the. ,
126 @g@mltabw@hpnomdmgsfoa puchrpaver mqurm@ﬂmtsmg hagepewardeads 126
sf‘ota %%Of known thermal ink jet printers, there are
3 5? ¥ about 88, 000 nozzles 3 in the

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
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printhead array, and this is approximtely 160 tines
the nunber of nozzles that are typically found in
wWa ypioeE109pri nt heads. As the nozzles 3 in the pPEFaN2003/001514
i nvention may be operatiodal (i.e. may fire) on a
conti nuous basis during operation, the total power

consunption wll be an order of magnitude higher than
that .in suc n [ S .
o3, B0 B A R0 VA il o o e

fleR €t s€10VBEtaGOftdUeid RCBPES1 vid trzddge vohrdectoes 832.or der  of

magni tude | ower than that in the known printheads. The

busbars 125 are suitable for providing for such power

[ €0.8%nkRep all of th
A P AR R RSP, i 10 cpaor e
cpmpunahegiofithe ptinthead dskeratslytl & ¢ogetlik? 8 Irothis tegard jthp ehaingke] 10 includes

as shown f.the | ower rts_of the fl PCBs .82 of )

Rt 4 i s ErouE v s thscpate 43 paBR tigsSembly 19 s put
f ' ' lfrom

SRR PFABTIRFS SRty etcued eliciges

beingbeitisird@6throughahpslsist i on bel ow the strips 127 so

that the contacts 128 are positioned below, and in

contact with, the strips 127. 30 Each PCB 82 is

B(%DW%} 8§f sunfifdyahth Rif@bRe-tb Mgw% 53, theanthel RN 9 12shown in an

i ndi

cated schematically by dashed Iines), which are

asseobilestistatn. Ink end gerapressed iraee 9pplind viedles bosedpdat 134, ppwer is

SGOMIAGEs BRIy 128 dRelS B 8RBl 3

e t MR8 1301 Thé priftheud it asdemblies B1 aterlodastioon the @Rivan printhead

bus and edge connectors_ 132 which are formed as part
regdulressempliss 80; which inghadethe $GBSS% 0 t he PCBs 131 via

t he edge connectors 132. A netal plate 133 is provided

so that it, together with the channel 110, can keep
Mbintipfg Hohs 137 atenprovided forafiountiag fhd prittiead assabipl Y inlflace in a
together. In this_regard, the chanpel 110 jncludes

(et shevms I R fiesNe eighok e ripieed eemblE ) frbresgnted by the

Rhale 1383is e ?véé‘ntﬁi@?(ﬁﬁ BbhyAd %ak@ (tRMtis, abOE Bichesind

are then tw ste rough approxinmately 45 degrees’'to
prevent themfrom being w thdrawn through the slots.

By way. of su ry, Wwth reference to Figure.68, .the
Ritping o e Ehifge hanreh e Al ettt dianed
ds SRR SRAARIESS Efbrditis, MEposiR dfadkilidon stRR fhafifg 4 tip assembly
at 136, power is supplied via the | eads 126, and data

§1scaprcaailp dd sean, aheangy longituskingl s¢rtion derongibihiednk @ ajr sppply hose
ltIB?Also clear to see is the abutment of the compressible strip 127 which makes contact

Q\M} . .
?Ugsembhes 81 via the

above with the busbars 125, and below with the lower part of a flex PCB 82 extending from
a the chip assembly 81. The twist tabs 134 which extend through the slots 135 in the metal
plate 133 can also be seen, including their twisted configuration, represented by the dashed
line 139.

Printer system

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

according to an embodiment of the invention.
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edge connectors 132. The printhead chip assenblies 81
are | ocated on the el even printhead nodule assenblies

w@o4ks10$ i ncl ude the PCBs 82. 15 Mounting hoP@FALIN3/001514

are provided for nounting the printhead assenbly 19 in
place in a printer (not shown). The effective |length
of the printhead assenbly 19, represented by the

: Qs vt O .
SEREARES O3B bSO AR Py B B3, pover
sapplytike tethepridktean, ansak ewmily €48, layd paincdats $46whichdnfed to the

t hrough the assenbl ed prlnthea 19 Fron1th|s
qs%hqagaﬁlt&necgﬁ gk at d 4y niQpyintraedia fyths fomm, & Ora@@@wiﬂ ¢f paper 146.
81 can clearly be seen, as can a Iongltudlnal section

through the ink and air supply hose 112. Al so clear
Medis ﬁens;mrltrbﬁem 47 aergrovfled hnetrampqnt émgiaperel 4t pasipthé printhead 141.

5 AP SR Rt USSR e o

hé@Mgp140.the chip assembly 81. The twi st tabs 134
whi ch 'extend through the slots 135 in the netal plate
133 can al so be seen, incI udi ng their tvvi sted

onf i “%ur at | 02%% 1 GR! E@? dIRQB% tg%% 157%sta?c}}1&1 é/pegf supply in

ealcgé ock diagramillustrating a printhead system
140 according to an enbodi nent of the invention. WO
2004/ 048108 PCT/ AU2003/ 001514 42 Shown in the bl ock

8 05 T GG Dl oo
iafpmbdion ¢l bapdvidetdt 166, bolitidhe ik euipplys stchchsttite drheunt of ink

h
B oSSl i, SR B L A Soonncted

4 (RPN %ga% 195! ?fl imhétac152 gé)?é:lﬁ%?%gn%&&s bf QH&IBB{‘IIOM&OHS (not

paper past t e print medi a pi ck
st} sucnaslaring” owitvhi Hrage ddvamcell butthmaan so aheEhe syfstem controller

146 from a a. tray 149. The ovver Su
P gl amrig: oS il s e g 1ok ariting 16q i Pk Jayaechanism
03 SdRRhYtof 154 A dRknatRs m@@i‘é'tﬁﬁ%ort'%ﬁefsrlmsupp' y 143
Is fromink cartridges (not shown) and, typically

various types of

It is necessary for the system controller 151 to identify when a sheet of paper 146 is moving
past the printhead 141, so that printing can be effected at the correct time. This time can be
related to a specific time that has elapsed after the media pick up mechanism 148 has
picked up the sheet of paper 146. Preferably, however, a paper sensor (not shown) is
provided, which is connected to the system controller 151so that when the sheet of paper
146 reaches a certain position relative to the printhead 141, the system controller can effect
printing. Printing is effected by triggering a print data formatter 155 which provides the
print data 144 to the printhead 141. It will therefore be appreciated that the system

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

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

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



information will be provided, at 150, about the ink
supply, such as the anmount of ink remaining. This
WO ndoanssds on is provided via a system control | B€T/AB1003/001514
which is connected to 15 a4diser interface 152. The
interface 152 typically consists of a nunber of
buttons (not shown), such as a "print" button, "page
" ) o
togtﬂé %ﬂféﬁ%att? 4 ﬁ%&ern@oaﬁﬁ Pg@lii%&%nﬁéﬁhfﬁnﬁggﬁ fof {hk @gsrt?rg/[ I%é'mtroller
1she nedia pick up nmechanism 148 and a notor 154 for
driving the nedia transport rollers 147. 20 It is
necessary for the systemcontroller 151 to identify
A‘Mﬂs Erﬁfe% f&fl is be&%@(ﬂ/é‘wﬂﬂ Yéf@&n%é)@ss cdifie embodnnents it will
pr|n So t at printing can fected at the’
be undmtbod byrthosd bkiked mrthe e thab éhe imedrdiioe dndydecenstpdixidfin gnany other

time_that has ela ter h i a.pic p .
OB LDl B AR GO D M aBIeE b (g dRater dlggents being
eREGHcE! of"gﬂtl)(atech QORBLctricll) ABBhted SRERAL(AS] alSd BV 1B embodlments
provi is connected to the system control

wh&b&mﬁqwmueWMen the sheet of paper 25 146 reaches a
certain position relative to the printhead 141, the
systemcontroller can effect printing. Printing is
effected by triggering a print data formatter 155
whi ch provides the print data 144 to the printhead
141. It wll therefore be appreciated that the system
controller 151 nust also interact with the print data
formatter 155. 30 The print data 144 emanates from an
external conmputer (not shown) connected at 156, and
may be transmitted via any of a nunber of different
connection neans, such as a USB connection, an
ETHERNET connection, a | EEE1394 connection ot herw se
known as firewire, or a parallel connection. A data
communi cati ons nodul e 157 provides this data WO
2004/ 048108 PCT/ AU2003/ 001514 43 to the print data
formatter 155 and provides control information to the
systemcontroller 151. Although the invention is
descri bed above with reference to specific
enmbodi nents, it will 5 be understood by those skilled
in the art that the invention nmay be enbodi ed in many
other fornms. For exanple, although the above
enbodi nents refer to the heater el ements being
.electrically actuated, non-electrically actuated
el ements may al so be used in enbodi nents, where
appropriate. W 2004/ 048108 PCT/ AU2003/ 001514
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44 CLAIMS 1. An ink jet printhead conprising: a
plurality of nozzles; and at | east one respective

wheatossied enent correspondi ng to each nozzl e, PBEABR003/601514

each heater elenent is arrahged to be in thernmal
contact with a bubble formng I|iquid, each heater

el ement is configured to heat at |east part of the
(lgﬂ ﬁv[ forming liquid to a tenperature above its

oll'irng point to forma gas bubble therein, thereby to

l:auseAnhécjee}practheadrconfpmmgrop of an eject abl e liquid
throug t he zz corresponding to that heater 10

el enearﬁuraélﬁﬂ(’fg‘é’czﬁleeﬁ@é‘@er el ement is confl gured such

that éﬁ'i‘ea@@&ﬂé%é&@ﬁ@@ﬁéa@éf el%:fmeln?é&rés ea@ﬁ‘ﬁ@iz@éJ \W&Rrein

(nd) 1s required to be applied to hat eat er el enent

t 0 hezch hbaer dememiis aragedto besinfthéroiab ptrityet wathf obubble forming

bub e in the bubble formng Iiquid thereby to cause
He%ej ection of a drop of the ejectable liquid

t hr ougbh BedteZdiéBent ¥ocohfightd tdhedttahRaAst fakt df lied E’ﬁbialetl%hﬁﬁlg liquid to
configured to support the bubble formn

2 femperskure ﬁh@‘é@clts hoiling peietio Jennga E@Qab@blﬂsq%éﬁ?ﬁh ther%hydo capse the
SRRt ki SRR Ll ol BEROt1s SRiRRPREF L phence

é}é@eﬂtga@nd the ejectable liquid are of a commn body
of liquid. 4. The printhead of claim1 bein
conf i eigh Aepteielementtis epnfigursdsuch that @rba%%at@nﬁasr@ym tpshthan 180
T |
DL £ ated B Ry icaley el MIBAALM Helir clement
smfﬁ@br&ly’to Yomdn @ bebbic dathle bnbble dornehg tigumit thaebywtotdaasefthe gjection of a

spended . rran d for being suspended
‘g'QQPfg’@ e]éqlbgﬁlrf"tb% bubbl e forming |iquid
so 30 as to be in thermal contact therewith. 7. The

printhead of claim1 configured to receive a supply of
2.he €eTlecpridthead|of glaind laieingconfigured to support the bubble forming liquid in

thermal contact with each said heater element, and to support the ejectable liquid adjacent

each nozzle.

3. The printhead of claim 1 wherein the bubble forming liquid and the ejectable liquid

are of a common body of liquid.

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

printhead.
5. The printhead of claim 1 wherein the actuation energy is less than 120 nJ.
6. The printhead of claim 1 wherein each heater element is in the form of a suspended

beam, arranged for being suspended over at least a portion of the bubble forming liquid so

as to be in thermal contact therewith.

7. The printhead of claim 1 configured to receive a supply of the ejectable liquid at an

ambient temperature, wherein each heater element is configured such that the energy
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anbi ent tenperature, wherein each heater elenent is

configured such that the energy WO 2004/ 048108
WOEDDAMKAM3/ 001514 45 required to be applied PCEABLI®3/001514

to heat said part to cause4fhe ejection of a said drop

is less than the energy required to heat a vol une of

said ejectable liquid equal to the volune of the said

I . (@) . . .
{ea8fes L IRREB LRGP R SR kiai e HRBLELLE  sid drgp o Lo
thian cheadnergly requirrdits ihag aavoburhs bf saidejbetabla §iqaidsagbaltto dieevolume of the
suéf ace, wherein each nozzl,‘g has a nozzl e apet({egr,ie )
S AroRg o LisEReTaEe SR 19 spdanbiertiemperaie fhaidhejlingpoint.
areal density of the nozzles relative to the substrate
surface exceeds 10,000 nozzles per square cm of
8.ubst The pristheddaefelaith0l Gumprfsingor substigtaliavhg elsabstmate surface, wherein
wher ei ach heat er el enent S t 0 site sides.and .
P r0arle it A Erabe g Ao g B SR FoPedns ) hercn the
hfRat dASiaf ST theh&MRtrellafivd R/ tHB SulRtrate QlifFad¥f excdis d 0900 S zzles per
of that "heater elenent. 10. The printhead of claim1l
sdveresso of pibstyate sBiddtsl e whi ch each heater element is
15 configured to formis coll apsible and has a point
of coll apse, and wherein each heater is configured

guch Théprititheadost ddimof wheéreinasasiehedtera]dmdite hes fvay sfdsite sides and is
thereby Is spaced fromthat heater elenent. 1

) 1. The
enfiguredagcly that o aideas buhbls fosmed by thet hepier pleanqnd i formged at both of
1.Cal or 20 deposition (CVD), the
%%ggﬁagssg%%%gﬁegglgrrn\éggat ed on the structure. 12. The
printhead of claim1 conprising a structure being |l ess

an m.cron i.ck, .the nozzle ei ng, i ngqrporated | .
417 ndbe prbeiiho el yherpidbe B bR B Rn efchtienipr dement i
SO 90 LMY 81 G RBIARE i ot v
oinfigaied suelathat thelpeins of sollpsaof abuhbbstodnediheraby igspehed from that
ﬁ%}?n‘oig tthe heater el enments within each chanber being

e di fferent respective layers to one anot her.

30 14. The printhead of claim1 wherein each heater

element is fornmed of solid material nore than 90% of
Whi chThepriathead of qaimploeamprising asteushue thatiisdarmed byt chemical vapor

HERSHB0E VR BB R B R B . "

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

the nozzles being incorporated on 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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46 15. The printhead of claim 1l wherein each heater
el ement includes solid material and is configured for

w@20vas43106 | ess than 10 nanograns of the sol i dPCEABLRG03001514

of that heater elenent to4he heated to a tenperature
above said boiling point to cause the ejection of a
said drop. 5 16. The pr i nthead of claim1 wherein each
ngﬁ]tc gfr:he gt erd%l <e) ve 3 Olgegélﬁ @Mhﬁﬁé@é gl;ﬁgnttﬂcl?des soHd material and is
doafpeed ﬁireamiﬁﬁs off dagk ﬂgnheeﬂn@@mdns efithesubd trmﬁ‘nahd)ﬂ thatthwater element
all sides of the heater el ement si nmul taneo su
tp g theatpd I IRMIPREINTS abave-ddhaaling ppintio causg t %?szow&aémd drop.
i ncorporating a printhead, the printhead conpri sing:
a plurality of nozzles; and at |east one respective
Teeat e]’heqirmntmad of o]naineé. pdredéin gadhcheatre blemeatzs sybsidndialdy novered by a
each ater .ele s arranged.to
O PRV e ptnE g cootyratenclomet i Fishesp applied
s%i)?(ﬁi?cﬁﬁ fy't§f alt @fafeé Sfhhe ﬁea{t& d188¢nt AimbIBASSusBAduch Bt Hoating is
bubble formng liquid a tenperature ‘above its
seainléshig point to form a gas bubble therein, thereby to
cause the ejection of a drop of an ejectable liquid
t hrough the nozzle corresponding to that heater
El. eMERrinfeR ysede mcbg@tafnged RiEad) the paARhbALIEREbr UG
t hat an actuati on energy | ess than 180 20
nanOJQWMQQﬁX®b¥EZ@&ﬂQQU|red to be applied to that
heat ey,
suf f |%|leearsf{ﬁ%%s(§)e ive te e%@%meﬁﬁ&h%%%ﬂdglﬁt@ eac nozzle wherem
|'i qui ghch heerta’carerhm toarsmgtd® 1) iachérmal aintact muhcmaubbletfoﬁmng
ej ectable liquid through a nozzle. 18. The system of
»m 17 being configured to support the bubble
form LR RARE
et i e derh bt £ oriBGlct, hERAL REl Pl of 1RARBLETyfhing liguid o
atdjrpemnire abactitsroilmgpoidido fdi’frea gq@t@hiedﬁercinathwreby to cause the

PGP 24 DD CUTHNIRR Sy REh 1 A e Sh i hat heater

agﬁg&%f cI aim 17 being conf igured to print on a page
and to be a page-w dth printhead.
each heater element is configured such that an actuation energy of less than 180

nanojoules (n]) is required to be applied to that heater element to heat that heater element
sufficiently to form a bubble in the bubble forming liquid thereby to cause the CJ jection of a
drop of the ejectable liquid through a nozzle.

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 ejectable liquid adjacent

each nozzle.

19.  The system of claim 17 wherein the bubble forming liquid and the ejectable liquid

are of a common body of liquid.

20.  The system of claim 17 being configured to print on a page and to be a page-width
printhead.
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WD 2004/ 048108 PCT/ AU2003/ 001514 47 21. The system of
claim 17 wherein the actuation energy is less than 120

wmdeo4a&,108The system of claim 17 wherei n each heE/ap2003/001514

element is in the formof d7suspended 5 beam
arranged for being suspended over at |east a portion
of the bubble formng liquid so as to be in thernal
contact therewith. 23. The systemof claim 17, wherein
the printhead is configured to receive a supply of
2lhe dhecysteheflclainild weren themdetvatibn ewnpeisdessiian Extch].
wherein each heater elenent is 10 configured such that
the energy required to be applied thereto to heat said

ZQar U sGabRrehfn 1?1\;@{%}(%119 @aéi’lfheﬁte? Bletheflf @R iR ﬂ)ﬁﬁ' 9f a suspended

t han the energy required heat a vol une of sa
bepmcdradviged faribgingdusppodéd m@r ahbast alportonodf thdeutide fsbrmmg liquid so

drop, . f om a rature equal to said ambient
aﬁé%ﬁ%lﬂa@ F%‘ﬁg‘g%?f 6% ng point. 15 24. The system
of claim 17 conprising a substrate having a substrate

surface, wherein each nozzle has a nozzle aperture
23peniThs swtﬁmwé lglaithd 7 swb@?mathéplguﬂiﬁaﬁclé confighrothiorte¢aive heupply of

P34 oG Bk G e b

o‘éﬁﬁgﬁré@blﬁ:h&}iitftﬁé?&eré%&e@ﬁlred'rtb Q)e&ysplﬁﬁmafetd:ﬂoaiem shid part to cause the
wherei n each heater el ement has two opposite si des and

ajestion ghR paje Heap is Irshthan dle epesgy 1gqgiead ty llill%q avolypgpfisaid ejectable

P S SR 1B B Sy
tefperature fohmiddaslidgdihte whi ch each heater elenment is 25

configured to formis collapsible and has a point of
col | apse, and wherein each heater is configured such

Jghat 'fﬂ?:esg&?ﬂpg)tf 094{11 qqlc'o %n%fa sﬁbﬁfﬁ@@ﬁaﬁlﬂg)i SRQirh B 80RE, wherein

IS space ter el enent . The system of
eablanoazlethas amprils mp@‘hme spemmg traghtibe substrato switatepgnd wherein the

chem cal or ion D t he no ein
stsrt Oroay of Bl Horen et R Jo taab e durfped Syepti] GFocdRizifls per
sﬁﬁar@%ﬁ%ﬂs‘ﬁbﬁﬂit@sxﬁfaw(?t ure being less than 10 m crons

hi ck, the nozzles being incorporated on the

St ructure. WO 2004/ 048108 PCT/ AU2003/ 001514 48

25.  The system of claim 17 wherein each heater element has two opposite sides and is
configured such that a 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 gas bubble which each heater element is
configured to form is collapsible and has a point of collapse, and wherein each heater 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), the nozzles being incorporated on the structure.

28.  The system of claim 17 comprising a structure being less than 10 microns thick, the

nozzles being incorporated on the structure.
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29. The systemof claim 17 conprising a plurality of
nozzl e chanbers, each corresponding to a respective

woewziegioeand a plurality of said heater el emenPGI/BBER00§001514

di sposed w thin each chand&r, the heater el enents

wi t hi n each chanber being fornmed on different 5

respective layers to one another. 30. The system of

clai m17 wherein each heater elenent is forned of

solid material nore than 90% of which, by atomc

9. OpCrhie Yutem & otadmst7 donipeidingya Iﬂhrall@a@ﬁnocznle chanbend,i each

el ement havi ng an,atom ¢ nunber be 50. 10 . Thbe, )
copepranding te ParReaH S IREFLS: e 10pegiRE § ciients being disposed
ka%i’ﬁ'x}'ﬂég&f‘ }ﬁiﬂ‘iﬂe{j (P Sy %1611%% Wfthm %9611‘ RHRALAR f(ﬁ'ﬁf@@%ﬁ different
0 ess t 0 nanograms of the solid materi

ehEctivehyes tedmmaother.t o be heated to a tenper ature

above said boiling point to cause the ejection of a

said drop. 15 32. The system of claim 17 wherein each

Jieat erhedySiRBIGf damSIBRh&Bihicatl Neab Rt tbnyﬁIled of solid material
conformal” protective coating, the coatin each

thergttban 20% wEmhidhaby sigmbepiepersion @@onsmwsg briat lghstpne periodic

oheEheghe e PR G R 5 Ty areusly suer

ejecting a drop of an ejectable liquid froma

ﬁ@l nt head, the printhead conprising a plurality. of
271 Bae sypigmeqf dlaimsl’ wheseineagieheaterelomant includes ﬁ@rﬁ material and is

‘f%gle 11%8 ] ssapp?sg?fﬁalﬂ 108540 ts%? tﬁohﬂ%ﬁ%ﬁ@ bie ﬁlapﬂeater element

eps o i'ng an ac dation ener gy

tolberhedt8d tnd tdmpe&ituﬂe@hs‘tre Qittbdidag poinetoarmasd the ¢ ectlon of a said drop.
corresponding to a said nozzle; 25 heating that at

| east one heater elenment by said step of applying an

%L g laglﬁfgg/st%ﬁleéfg‘%alm fﬁk@ﬁvﬁ% chéh H&a@érteﬁénén? ?ssﬁbg’tﬁﬁﬁalﬁffcoéﬁred bya

rmng [1quid Ichi1s 1n ont act
ctdnﬁhmahproltéieaw caatiagtba tedingeditcach Idatarelemenbhaving been applied

boi | ' f th I .
HBAR A G U Seerst g Byt imerey Bty enagne i
Je@idsgg |iquid by said step of heating; and 30

causing the drop of ejectable liquid to be ejected
t hrough the nozzle correspondlng to the at | east one

ated h ment b ener at.i
B bbbl & R e R RG  ds IR Ry IE R R iad finthcad
18falifeattrioagles hltPatdéRPEnDespMR 2O R &4BBekikéht correspondlng
P / O 03/.001514
to each nozzle, the method comprising the steps of:
applying an actuation energy of less than 180 nJ to at least one heater element
corresponding to a said nozzle;
heating that at least one heater element by said step of applying an actuation energy,
thereby to heat at least part of a bubble forming liquid which is in thermal contact with that
at least one heated heater element to a temperature above the boiling point of the bubble
forming liquid,
generating a gas bubble in the bubble forming liquid by said step of heating; and
causing the drop of ejectable liquid to be ejected through the nozzle corresponding

to the at least one heated heater element by said step of generating a gas bubble.

34,  The method of claim 33 comprising, before said step of heating, the steps of:
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49 di sposing the bubble formng Iiquid in thermal
contact with the heater elenents; and disposing the

wep@enaibe |iquid adjacent the nozzles. 35. TheCTaUb®A001514

of claim 33 wherein the buldble formng liquid and the
ejectable liquid 5 are of a common body of [|iquid.
36. The nmethod of claim33 wherein, in said step of

appl

"D 4405 A 1 OB P ' B EAHAD SOREAY dients;
each dispatiag tled geatalile liguidradjaeentfilne mozziesa suspended

beam the nethod further conprising, prior to the step

of heating, the step of disposing the bubble form ng

3si qu 'ﬁe%ﬂ&ﬂo& S'Pélaﬁrh% healeR! the bepEB tf&nﬁﬁ@hﬁ’lﬁ&'ah& gagectable liquid
above, and in thermal contact with, at |east a

apmofamnmbnbhdzybﬂbphé formng |iqui d. 15 38. The

nmet hod of claim 33, conprising, prior to the step of

heating at |east one heater element, the step of

F6eceienfetRod 8Pdhivn 93 wh&%u?hrﬁgdi@bﬂeﬁ of gﬂﬂylﬁg adhct@ftion energy, the
anbi ent tenperature, to the print wherein said

a&b@ﬂambmﬁﬂgiewéﬁsg)ﬁharsmoéés than the energy required to

heat a vol une of said ejectable liquid equal to the

vol une of said drop, froma tenperature equal to said

i erde th@hpEbHElkiie33 WheRidedeoh hkatogelpdemttis in2fhe 3&m diesuspended
nmet hod of cl aim 33 comprising the ste of pdgw di n

hepa, heimethedirtbgneanaptsing griopto; the F'Féﬁér henting o stgp of disposing the
b%lﬂ l%tf&g{nﬂg gg\/%‘aﬂ t ﬂ‘% HaQ%f bitthe &gﬁb}%@ ab&V¥and in thermal

Str strate sur ace t he ar eal
dd)ﬁtast With,oft 1dalsiea pmmzsh ofthedlubblie\fernting llkl&lds ubstrate
surface exceeding 10,000 nozzl es per square cm of
substrate surface. 25 40. The nmethod of claim 33

3\’8h er ef Ra[8d Bﬁﬁﬁﬁ{ 38! c%HEWsm@a?nérWQ tl%oﬁﬁﬁéit}ﬁeaﬁhgﬁqﬁékﬂ fne heater

wherein, in the step of generating a gas bubble
dbcﬂbézﬂt,efhe steg efisacaitvet asuppbt of the eigetpble diquists at asf anebient temperature, to

eat.e rele 30 41. .The of cl ai

BiERRL PRCTSaH iR 1o T Qe BB et
\Qﬂ‘lﬁﬁé 8t &6k Helhbie ligaidcRubBB hdvuRB@f Bag deoph Blofif a Rinperature equal
col | apse, and is generated such that the point of

to shidambert terapraaure tbrsaighboingnoitteast one heated heat er
el emrent. WO 2004/ 048108 PCT/ AU2003/ 001514

39.  The method of claim 33 comprising the step of providing the printhead, wherein the
printhead includes a substrate on which said nozzles are disposed, the substrate having a
substrate surface, and the areal density of the nozzles relative to the substrate surface

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

40.  The method of claim 33 wherein each heater element has two opposite sides and
wherein, in the step of generating a gas bubble, the bubble is generated at both of said sides

of each heated heater element.

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

point of collapse is spaced from the at least one heated heater element.
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50 42. The nethod of claim 33 conprising the step of
provi ding the printhead, including formng a
w@reogoss1ne by chem cal vapor deposition (CVD),PECTiau2003/001514
structure incorporating thé0 nozzles thereon. 5 43.
The nmet hod of claim 33 conprising the step of
provi di ng the printhead, wherein the printhead has a

tru r .f.hi . .

B cn L0 £ Bmbrllk (b B RE PERIAG e ffihead, incuding
fomiihgd sﬂﬁctufedjy‘nlﬁﬁumb npporshepxmtidld@ﬂép thef stquciuwe icorgorating the

t he prlnthead wherein the 10 printhead has a
n9PElPHihetePhot nozzl e chanbers, each chanber

corresponding to a respective nozzle, the step of

providing the printhead further includi formng a
431 ur Ahetyetbéd ebélaim Bk eoraprisihgtnestep of prasading Hreapvinhead, wherein the

HET R T —

nb2z18Sthedddg. met hod of claim 33 conprising the step of
provi di ng the printhead, wherein each heater el enent
is formed of solid material nore than 90% of V\,hi ch, by

t omi

R R I R e SR
pHaithedd Bag@plveditpbf ﬁd)ﬁldﬂlﬁﬁlb‘ﬁfseée&h ”Rheabér doaaﬁmmdﬁﬂgem méspective
includes solid material, and. wherein the step of

neezei the stenef aroviding thegwimnthrad fatheg ichuding fosmytg aplyrality of said
ﬂé%t%f El@%eﬁts?ﬂ@éc Jhaln%ﬁrssn uch AR ﬂfle%egép QLR 119 Eadi®ia®Btd e formed

erra eac suc eater element to a tenperature
ahfifferens@ispbchioe layag tponeanotids. 47. The nmet hod of claim
33 conprising the step of providing the printhead,
including applying to each heater elenent,
£U bStT"Hétrfxahbd' of Qaih b3 8b s1ﬁ£‘ﬁfe%&fp oT'pWWl&lﬁ %{ﬁirﬁfheaﬁ wherein
conformal protective coating such that t he coati ng
eaclahtaderelement is formed of solid material more than 90% of which, by atom1c

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

46.  The method of claim 33 wherein each heater element includes solid material and
wherein the step of heating the 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.

47.  The method of claim 33 comprising the step of providing the printhead, including
applying to each heater element, substantially to all sides thereof simultaneously, a

conformal protective coating such that the coating is seamless.



