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WO 2004/ 048111 PCT/ AU2003/ 001499 THERMAL | NK JET

PRI NTHEAD W TH CAVI TATION GAP FI ELD OF THE | NVENTI ON
wh20bhe4gaiesent i nvention relates to a thernmal PORAD®103/001499

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. 10

B

AR LN S R T T g | 1ON
gas or vapor bubbles in a ?ﬁ%@ie formng liquid. This
principle is generally desc d in US Patent No.

US3, 747, 120 (Stemme). 15 There are various known types

of thermal ink jet (bubblejet) printhead devices. Two

FIpbh OF TERYINCENITON s type, one made by Hew ett
Packard and the other by Canon, have ink ejection

nozzl es and chanbers for storing ink adjacent the

e Opre?e?f‘ Inlvgt?t%?l r\%ﬁl?égqg b theimaliak ?Jt ?ﬁnﬁﬁéa@ t8 @ pridtdr 8¢ktem

IS a separately fabrlcated I tem

maml)ovahng Budhsa ;ﬁﬁqtmdhmd toalnhgthekellgjeting e liguéd duab(sichfas an ink

t he chamber grtal n prior art devices, the top
drgphpsng fugh ﬁé’&‘@qﬁf‘ ‘Kapt on TM which is a Dupont trade

nanme for a polyimde film which has been

| aser-drilled to formthe nozzles. These devices al so
BAGKGROUNDIED THEINVENTIONher mal  contact with ink

that is disposed adjacent the nozzles, for heating the

ink thereby formng gas bubbles in the ink. The gas
TRUPRE&S iIBRAGS RIS NES S ¥fetion of ik drops lbyo@aysofrfgrnmng gas or vapor

rops to 25 be ejected through the noz
bl aoubElndormrice bavic, ARG B EsnasigossribibinyfS Patent No.
t the known printheads, printer systens,
Ugb ﬁznggg %n%%j ecting drops of ink and other related
liquids, which have advantages as descri bed herein. 1
WD 2004/048111 PCT/ AU2003/ 001499 NVARY. HE .
ThetyRRTYAORUAKRITRIPRES SHheral Je%?ﬂé#%fpﬂn%ag 464 gnve
tyIphc%E 8evices REANS HBE 2 hdfé vyGiewREtt PhdkaATand the other by Canon, have ink

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

covered by a so-called nozzle plate, which is a separately fabricated item and which is
mechanically secured to the walls of the chamber. In certain prior art devices, the top plate
is made of Kapton ™ which is a Dupont trade name for a polyimide film, which has been
laser-drilled to form the nozzles. These devices also include heater elements in thermal
contact with ink that is disposed adjacent the nozzles, for heating the ink thereby forming
gas bubbles in the ink. The gas bubbles generate pressures in the ink causing ink drops to
be 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.
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conprising: 5 a plurality of nozzles; and at |east one
respective heater el enent corresponding to each

wmoemaheiiwher ei n each heater el enent is arrangedr/Aue003/001499

being in thermal contact with a bubble formng
l'iquid, each heater elenent is configured to heat at
| east part of the bubble 10 formng liquid to a
tenperature above its boiling point to formtherein a

SHMAR B YR 15 °0,, of o 0ee

A@J;(ﬁ*ﬂln%bb @ firstQbpedt bhe upRnlidittherzs b videdaasiofet prigthé4d
that heater elenent, and each heater element is

C‘H@Wﬁl%red such that the point of collapse of a 15
bwblaﬁxfr&l%‘éﬁn& Fersezmé is spaced fromthat heater

ing’ to a second aspect of the invention
t her at lesst pnonecspeedvahgitérreemens yortresponding tr qaoh adzzlg wherein

print head, the |nthedco risin plurality. of )
nozzl es; and ZSapgi ef‘té’é‘gFmB‘H gf?rjlﬁlqgéﬁl?l&”"é]%}ww“ha
correspongﬁmefoqm hui@zzl e, V\herel n each heater

el enent is arranged for being in thermal contact with

a bubble for nimg hleatqwldmemasbort@t@rtoéﬂeamtdastimrt of the bubble
configure eat

formng | d@l‘ Gd“%%t %&?ﬁ%ﬁ@{tﬁ §eb°qfr§g Ig’g’?t%? figym therein a

point to éaragslbteegasbﬁbae h%n%@bbﬁhpéf S1Rp &2 thelibb Bause the
having a point of | apse, thereby to cause the

ej ection @ﬁctwrmf@plr@p ofdn @F@@hlabn@dlthrqugluthempwg gomr¢sponding to
nozzl e copr that heater el enent, and each
heat er elgl{eﬁ%?é?s con% %ﬁfljred such that the point of

col  apse of a edetiibbhter dlememds tdrdigabed sush gaathe olnt ofitollapse of a
that heater el enent. 30 Accordi ng to a third aspect of

t he i nvenbybble fopi@ﬁ‘éthesebpmwae@b tramthathsaterslemfriet i ng a

drop of an ejectable liquid froma printhead, the
printhead conprising a plurality of nozzles and at 2
AY@raing4sé 04&dhd afiEett RO DREMIBOre is provided a printer system

incorporating a printhead, the printhead comprising:
a plurality of nozzles; and
at least one respective heater element corresponding to each nozzle, wherein
each heater element is arranged for being in thermal contact with a
bubble forming liquid,
each heater element is configured to heat at least part of the bubble
forming liquid to a temperature above its boiling point to form therein a
collapsible gas bubble having a point of collapse, thereby to cause the
ejection of a drop of an ejectable liquid through the nozzle corresponding to
that heater element, and
each heater element is configured such that the point of collapse of a

" bubble formed thereby is spaced from that heater element.

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

an ejectable liquid from a printhead, the printhead comprising a plurality of nozzles and at
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| east one respective heater elenent corresponding to
each nozzle, the nethod conprising the steps of:
wheatismgiat | east one heater el enent correspodP@mAUZ003/001499
nozzle so as to heat at least part of a bubble
formng liquid which is in thermal contact with the at
| east one heated 5 heater elenent to a tenperature .
leasfe oue respectiysiheatagel e pRicoBeSPORAING i BAck nPEF & thgymethgd cgmprising
Fﬁggflng a col | apsi bl e gas bubbl e, having a point of
apse, in the bubble formng liquid by said step
of hls@tmg gt leastohe hémér ddngenp odoméspoding od b aqzde sosasspheat dt least

A M N R A T -
héa'fgr% A egﬁah l'ﬁuxf‘é%&»%stﬁ@ﬁ&'hﬁggm%gofﬁeBbﬁolé‘?odn%fggﬁquld

one r el ement y sal st ep of gener atin
gas panptitieg a/nsllapsllble gas hubbilsy bavingla beint diowodlapsde; inl tb@lblilhble
he jrt

&lué‘% }ggaggqu%ﬁtgﬁﬁ?@ﬁg s‘;ljlilcl(lzi @P%&ggﬂeggélfaﬁtég 18 spaced from the at

legﬁ%%ﬁédt@d]héﬁterféléfﬁ&l@ranblibm e in a bubble formng
l'iquid, which, in embodi nents, is the sane body of

| i queadsiag thedropjoé eieatsble liguightp de enesteﬂﬁbrogelh&ea}péz:le corresponding

ER B B BRSSP e S5

nozzI e The bubble is generat ed by Joul e heating of a
ement which js in therpal, contact wit

h;
AP WAl by adesriged by Hioee pilledsindpp,prt.dbe eigotiqne Rulsppf the gegiable
1t 6 g€hdfiBLd Altein! ¥RLGRU bY a}ele%ea @Baﬂ offa Vhgck BREALNASbubble

to store eat 1n th t he e expands
fdrmingaliduidy which, s embodiseats] is ithe samewdy of liguil ae thessjectable liquid.

urned 0 t he vapor 20 cool s ondenses
ThOBREA IOk BT e B SoroTe AT ETE R T Eth fogees the
ddpRRYolEh th@%l%(rz{ﬂt R8ELIOY TR WubEIR 'gbﬁ‘erét&l BY Pdtﬂé/ héhftmg of a heater
inertia and surface tension of the ink. In this

clement whickis io nhermabtor@aop withtthe wkr dhe ﬁlee@ncalcp\&@ aphled to the heater

."poi.nt . of .col | a of, t bubble.. T LN . I

is ROBFL Rt IR oS R R aer i ] DRt HPIATRA in fhe iquid, the

b bandPfor WEEW ndérodecdhdscatei ke he@féﬁﬁ@lﬁelsQﬁmﬂ@ bff. As the vapor
heater el ements correspondlnﬁ to each nozzle. Each

cqsds, tif i6ppngienses esyinginhuhbleseHanseniThe bukble callapggsdo apomt
SAGFThELYY 15 SRBERSP By ARG o} R TR Wt fo i

spepdERafion 3htctonpoinhB referred ®rs nbce“posntnﬁdellatpse pefrthe bitkbilerg
in thermal contact wwth each 30 other, this neans
that they are positioned relative to each other such

Th%‘ﬁnhnthm ob tﬁ@ﬁvernﬁ,htc% gﬁl %k‘;‘ﬁ}ﬁféhry &t do%zl%@&@@'eﬁ asa

eating t e ot her part, parts,
chanetves ehd e or mmgﬂteauaoclements nomﬁspenahag tacemah aQZle E4vh portion of
th%%%fr]lt}%tad pertalr?ﬁng 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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WD 2004/ 048111 PCT/ AU2003/ 001499 Al so, the term"ink"
is used to signify any ejectable liquid, and is not

wo pevspesiit o conventional inks containing col oP€HAUY®S3/001499

Exanpl es of non-col ored inks include fixatives,
infra-red absorber inks, functionalized chem cals,
adhesi ves, biological fluids, water and other
ABS) e “i7ds 8daP sightTe ahye@ibleligeit pdiides hodithiedos o
need not necessarily be a strictly 5 a Ilgwﬁ(g, and, may. .
conwentignal iaksepntramar splogad dyss-i Examanles ofineg-cgforgdinks fclpdgixatives,
. OQ r . : ) :
inig AL PIRRL A e PR il KIRSiFREBlol el fuids, ot and
otBtrasaBiehts, drelf @ros. tThedik et gentattie hfuid atsy peed mdtinectseatily he a strictly
the periodic table of ele nt,y?. 10, DET. ILE@I
2 ipndrnd maoneonie T RUPRINIINESORT BrEFles BT Retodii ahEanry tegpperature
ar{drlﬁpﬁcf%qﬂé ﬁ'@&io tlsx'nRE}QWré?e descri bed, by way of exanple
only, wth referehnce to the acconpanyi ng
representations. The drawi ngs are descri bed as 15

follows,. Fi e, 1 is a schemati,cC £rQss-SECt| ' oy
o Bl or o VBRSSP i Rffecea i
th@ peRsdit RBId &F ddné@idodi ment of the invention, at a
particul ar stage of operation. 20 Figure 2 is a

schemati c cross-sectional view through the ink chanber
' tion. Figure 3 is
pE T ERPER I ON O LABDRANIGS oh ¢ ne ik
chanber Figure 1, at yet another stage of operation.
25 Figure 4 is a schematic ﬁ]:oss-s‘ié:sti,o aé Vi ew e onl
Prckaresd grborEnanis oL he yERtin wilknowbe dascriir, by e of fmple only,
. . . e i bed
with 38Erefile BRAE gr{cb&ﬁﬂgnvfftl%tégﬁegs%tét%n@ q"h@gfa@mio% dé@descn ed as

Cross-section a unit cell

foploinet head in 30 accordance with the an enbodi nent of
the invention showi ng the collapse of a vapor bubble.
4 WO 2004/ 048111 PCT/ AU2003/001499 Figures 6, 8, 10,

F%éﬁ: 113 2 stHematR crdB:sedfbnaliewAkougttan HR.cha&Bba e a3MitaeR of a

emati c perspective views (Figure 30 being partl

\ > y )
pntheadvarydrdofg ta aypinbodisient of theinyentian, atiparticy actrgg o egeration.
with an

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

stage of operation.

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

another stage of operation.

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

further stage of operation.

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

bubble.



10

15

20

25

30

enbodi nent of the invention, at various successive
stages in the production process of the printhead. 5
wo@uoes1i/, 9, 12, 15, 17, 20, 22, 25, 27, 29 eamAB1003/001499
are each schematic plan views of a mask suitable for
use in performng the production stage for the
rlnthead as represented in the respective

ghvesh & 0 1pkbdddihg 8 1Yl e23, 2102@2@ @n@ 3@ arejsghematic perspective

T T TN T .
eﬁﬂ)odﬁne&lt sfthe imiehtion) @t sauk sieessiv@vitagaint thy productiosbptocess of the
of a unit cell of a printhead according to the

Prigtheadi on havi ng anot her particul ar embodi ment of

heater element. 15 Figure 34 is a schematic plan view

of a mask suitable for use in performng the

F}i)gummb@i o2, 155t B0, 225 BE 2Prand B hasckact sdhiegatie paa vieyys of a mask

A B o e Tl B ot e i
ré‘s@b&tnﬁéfmﬁleﬂfaltéﬁiB&@éhmgﬁg@@§0r ding to the invention

having a further particul ar enbodi ment of heater
elenent Figure 36 is a schematic plan view of a mask

(P B2 BB BRSSP ABGn wi
ﬂﬁﬁmretp]ﬁtaﬁfnﬁﬁfd‘ 25 Figure 37 is a furt her schematic

perspective view of the unit cell of Figure 35 shown
with the nozzle plate omtted. Figure 38 is a

F?%{?? FRLL Qséh%fn%ﬂﬁ géﬂgﬁl&n\’zé %Wg Eéﬂl?lc}{t fﬁx%fyr 8Bnit Q11 ﬁf gj{ﬁnﬁéhead

a print accor nventi on
aecofrdmg mathe pavrehti o havingeadaodlotr lpmmk:ukaf ethbatimentad fdiertet elemaf.
Figure 39 is a schematic plan view of a mask suitable
for use in performng the production stage for the

PP%&@BI‘ %%cﬁémftic%ﬂﬁr?vx%& JfAmdsRIsDitdtde foh @sd@eflonh r@?ﬁé‘ﬁroductxon
er eof 04/ 048111 PCT/ AU2003/ 001499 Figure 4

sfage forfthe prirghead oiff Engaire 33 frfemeng thediesterelementtthereofi t
cell of Figure 38 shown with the nozzle plate
omtted. Figure 41 is a schematic section through a

Fikued B s RneRitiQferdpetiveNiBe AFhriRE R aWa G ftaQin@lkell 9f a printhead

enbodi nent of the invention show ng a suspended beam
apeozdiag tathe fsientiomhasirgg fyrthegparticular embodiment of heater element.

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

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

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

the nozzle plate omitted.

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

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

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

stage for the printhead of Figure 38 for forming the heater element thereof.
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bubble formng liquid. Figure 42 is schematic section
t hrough a nozzl e chanber of a printhead according to
wa@rood4esdiodi ment of the invention show ng a suspenaszhos/001499
beam heater el enment suspended at the 10 top of a body
of a bubble formng liquid. Figure 43 is a
di agrammatic plan view of a unit cell of a printhead
F esnoso4 (diis adfurttlver achenetib eispentive oiew bthe nuit n¢ll of Figlre\Bisrshown with
nozzl.e. 15 Figure 44 is a diagramatic plan view of a
thﬁl"ﬁFQFP f%ﬂ.t cells of a printhead according to
an errbodl ment of the invention showing a plurality of
nozzles. Figure 45 is a diagramatic section through a

Figorez4 leis atsaldmaaticsectionrthpuglo p dazale clwamhnar Dﬁepnmthmcm\dmg to an

eat er nent enbed ubstrat e.
o Pt i RERYERieR P ia 4 ToB0UET b et Reriet Bopfided in-
blgﬁmrmhmgm >ordance with an enbodi mrent of the
i nvention V\nngaheater element in the formof a
suspended beam Fi gure 47 is a diagranmatic section
o) I
%Wzi:t%g sg}legrgglté g?cu‘ea emen%h Qfﬁ%z} d&éﬂgﬁ{beﬁéfa @%ﬂtﬁéa‘&%%@'orﬁ%g to an
ethbgliment4 thsingerdioaghewingta msp@déd beant heansr@lendenn oFspeded at the
ch er. ance Wt enbodi nent of the
&%fliﬁﬂp‘éﬁ@gﬂ?ﬁ%n&l%é{%& el ement defining a gap
bet ween parts of the elenent. 30 Figure 49 is a
di agrammatic section through a nozzl e chanber not in
Fi@u@%ﬁaad@gmlmhaticmdan vieweofta wnit, celllvdwiprigthead h¢cokding tozdre
fﬁé é\m ?%)200 /04 111 PCT/ AU2003/ 001499 Figure 50
S?tog

PR ONSBLY NG R 1%F Sugh a nozzl e chamber in

accordance with an enbodi nent of the invention

showi ng a thin nozzle plate. gure 5lis a )
F m@g‘mﬁﬁﬁtqg@r@e@nq Ran t/wwmfglrplwa tyzOzfluelt@hlémqwfeerpmmhead according to

a:?%ﬁ@&d‘f'rﬁ@r?t eéx?mn%hﬁ\gﬁ%%'ﬁ@% n% fes. '”Vent' on

di agramat i c sectl on through a nozzl e chanber of a
prior_ art printhead shovvlucg% two heater el enent s.
FigpeeiA5ds 8 diagrammaficgetiohidrquehadwezls s @mb%@ghmaacs@mam@fwh the

m@éﬁtﬁ)‘fl‘%ﬁ&wﬂ&' Ihefifel bismht éntilddBd HeAdbstrate.

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

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

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

showing a heater element embedded in a substrate.

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

element.

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

invention, showing a thick nozzle plate.
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according to an enbodi nent of the invention, show ng
two different nozzles after drops having different

woologeH1have been ejected therethrough. Fi gureGI/At2ms/d01499

55 are diagrammatic sections through a heater el enent
of a prior art 15 printhead. Figure 56 is a
di agrammati c section through a confornmally coated
Figast 5xis aldergeammagcsctonthrodgh aavzelklbahbaiih acdorddiee with an
|nvent|o 20 Figure 57 is a diagrammuatic el evationa
erybodimgnt thf'e‘z&f’%‘ktw@lsé%mga@@rﬂ?@é Ppteo el ectrodes, of
a printhead according to an enbodi nent of the
invention. Figure 58 is a schematic expl oded
Figeresyldst idi/@rammmtimectiorpﬂlimghaad)zzﬂad:hhmbmin acqurdanich eath an
rding fo. an enbodi nent of i nvention. 25 Figure
eriopmey W bl EnsBou et Jee6T SamEN pr i ni head
nodul e of Figure 58 shown unexploded. Figure 60 is a
schematic side view, shown partly in section, of the
FigpieriZre adlammetlmectlwhm@raemale chargberepf®@priog ar printhead
sche iC an w of the printhead nodul e of Figure
stR B sl BbmsaEY 1 oy ALROGS! 001406 F. gure 62 is
a schemati c expl oded perspective view of a printhead
according . to an _enbodi nent of the invention. Figure ,
Figare; 53 i a diageanpmatic Jeghiemibroyghadisiatiagiacent apit gell ¢fea printhead
Fi QAL
acB{)fdmé;C b ng{boﬁingé;ﬁg ﬁf @1\%/ inz\%ﬁig?n, EO\HH’I?E%%) ﬁﬁg@%ent flo 85 erligé drops
havihg diffegut eoltihes save bsahegoeted themla'ough. ew of the
printhead of Figure 62. 10 Figure 66 is a schematic
bottom vi ew of the printhead of Figure 62. Figure 67
g&eg 58 GRE T8 hic Wi RrANmYli € ¥ cAbnd thfoudh iaHeBR Al eRENtd dfgllﬁrﬁ)r art
2. 15 Figure 68 is a schematic perspective view o
pririteeadr i nt head as shown in Figure 62, but shown
unexpl oded. Figure 69 is a schematic |ongitudinal
section through the printhead of Figure 62.

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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20 Figure 70 is a block diagramof a printer system
according to an enbodi nent of the invention. DETAILED
WORBORIFTI ON 25 In the description than fol | oWBCT/AU2003/001499
correspondi ng reference nunerals, or corresponding
prefixes of reference nunerals (i.e. the parts of the
reference nuneral s appearing before a point nark)
Figh'recthz ‘nscheeaid expltided pempectile gigwast apimlieadtaocording to an
%4 E qgh gaparts Where there are corresponding
'OHNGMYERYYY i ng suffixes to the reference
nuneral s, these indicate different specific
enbodi ments of correspondi ng parts. 30 Overview of the
Fignuectt is arsclamaptipefngherl pedipsdive siemohthe ppiethend of FigBre\d shown
2004/.048111 PCT/ AU2003/ 001499 W th reference to
upexBIRdEd 1t o 4, the unit cell 1 of a printhead
according to an enbodi nent of the invention conprises
a nozzle plate 2 wth nozzles 3 therein, the nozzles
Figuxe Gdgis agehenmaticrfrong view efithe pprtheagrafFigurepRendi ng
t hrough the nozzle plate. The nozzle plate 2 is
pl asma etched froma silicon nitride structure which
FiigBreti5nie aistifshatit)tearanevo bf thb @rihthahd yEPigure®2deposi ti on
(CVD), over a sacrificial material which is
subsequently etched. The printhead also includes, wth

L Y

wal | s and the nozzle plate 2, a nulti-layer substrate

8 a i.nl et. passa ext e hrough the
FWﬂW&%lFﬁﬁgFmgﬁﬁﬁi?thwf%t nﬁ&?gngQWTb ‘not shown)
of the substrate. A | ooped, elongate heater el enent 10
is suspended within the chanber 7, so that the
Figneerf8ris ausshelmattcmrspwtmecyie»‘m%mg prntheat] areshownh&igure 62, but
r|nthe shown s a microel ectronmechani cal system
h?WEﬁEfx% ¢ture, which is formed by a lithographic
process which is described in nore detail below 15
When the printhead is in use, ink 11 froma reservoir
Figpist694h a sehematicdongiwdinabsesherethroughithe printheadnfdiigure 62.
passage 9, so that the chanber fills to the level as
shown in Figure 1. Thereafter, the heater elenent 10
FigorelV@at e #ldckrdisparn ofi aprihies systei@iiccbrdihg tocansedtidimer @f the
that the heating is in the formof a thermal pul se.
iny¢ntign} | pe appreciated that the heater el ement 10 is
in thermal contact with the ink 11 in the chanber 7
so that when the elenent is heated, this 20 causes the
DE#AJLED DESCERNPAFON bubbl es 12 in the ink.
Accordingly, the ink 11 constitutes a

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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bubble formng liquid. Figure 1 shows the formation of
a bubble 12 approximately 1 m crosecond after
w@esenatiion of the thermal pul se, that is, whePCT/AB2003/001499
bubbl e has just nucleated on the heater el enents 10.
It will be appreciated that, as the heat is applied in
the formof a pulse, all the energy necessary to
V\gﬁrnef@f]r&e tdBigardatl te 4] thei @gtdeu??f&mkﬂead aWogdihg toheﬁﬁembodiment
at short timg. Turning briefly tQo Fiqure 34, there
0% the dpsRHOCOPARIISeS 8 DpEFle Plstad With gordes L heren, the pgzgles having
e . . h _
e B ey STy R TP s BB PR T hozgle plae 21
plesa efchedifrom arspli eondetraie strbethmwhidisistdeposited kbylBay of ahsmékal vapor
to for heater 14, 30 th hape qf varjous,of its
dishsi@ngs B3R a Sl PARGTHE vHHn S PUREHY SEHE. The
mask 13 therefore provides a useful reference by
which to identify various parts of the heater 14. The
Theprirtheatlalspaigcludess withdespedt3o caeh razpleridisidg wadls Hroa sieh the nozzle

si.gnated,15.34. of , t.h sk, 13 ..an heat er, elenent .
o} SRR aifefy7 PR ind deuf B Be ORI BaRF Vot taver
sumBtihte 8laid 9n WleZ194p0 9%k lchd g thdWER (he/iRflEi49Rr substrate to the far side
operation, voltage is applied across the el ectrodes 15
(nog shorp) of thersubsirate. oA doengds deraaiheates elegieghbihis spependygewithin the
al A I
cifnfiet FoRHatR BehefiCh 8 (GHbed NR0edaq bR TIRE pABRERLas shown
istaheicedebavirnimechanica] sysemt (MEMS) sofictilee whinhes foxmed bypadithographic
operating the heater 14 is dissipated via the el ement
PIPEOsS; I{i‘r‘égf’?cﬁ'ge$ﬁbmﬂ?eq%]|be&%‘f’se 5 referred to above.
When the elenment 10 is heated as descri bed above, the
bubble 12 forns along the Iength of the elenent, this
Wiheh itheprintirad s imgyse] ink tlh droor @ seserveut(natrshbwir) enters the chamber 7 via

Fi.qure 1, as four.,bubbl.e ortijons, .one for. each of
B atieR S s BRERERGrnATR NS ROEe BLGonin F e R Thereatier
the hbdbeeldrdent A0GE hEREEfoR bEiHew kA USS $hadll Mites SRS, IsB that the heating
pressure within the chanber 7, which in turn causes

istipthedpar of » theghalopuliyeo B Wil bgfappigeiated ithat the paten glemene10 is in
I he. . ' ' [ ing the dr.op, 1 .
B48 St FOE R {1 B0 B s SRR B PP, i

calisephegadtdtvatof ¥8por bubbles 12 @athe ink. haécokdigglg, ths ikl lyconstitutes a
one pnozzle, 3, and chanber 7 per inlet passage 9 is.s

6]
bybblg formme liguids dijgwrelashews Sicornaipnpfiahulblene apregxiyasately 1
i .0 [.
foREakd 8 gl el Pk o0, 08 M Bl
nuxbeategsmcahe hegerrsdanéres 10. Thevil e apprageted diat t d3sehdkat Brapplied in the

fo?x:qeor}%q)tuls%,oalpt%te rtl:gersggfJ %Q&gga%g tor g%tngr%{e t Q glr}bb*?ee I1 S 93 t%'ﬂ%%ggp?%d within

that short time.

Tuming 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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20 any solid material, is discussed bel ow. Figures 2
and 3 show the unit cell 1 at two successive | ater

watagessiof operation of the printhead. |t canPOEATe®B/001499

that the bubble 12 generates further, and hence grows,
with the resultant advancement of ink 11 through the
nozzl e 3. The shape of the bubble 12 as it 25 grows,
opEraBeQWolthge iFhgplied adross the@RIcRHEsNSo bYusd ORI ﬂbWQHrough the
of the |nert|al dynam cs and the surface tensio

clereni Hie The eleriradesrase vl Hisksh thes fesselers o1 i spithed HtOhEOf the
RYBE AR P bropddt iRHEPHEmb e, Sl Wolrty B ol BE pbluPFocbumed in
opera&mg thahkaterdl 451k -dissfppted . vi3he Elemenn 0, éasreating the dssmalepulse
\?t he chanber 7 not only pushes ink 11 out

I§ nozzle 3, but al so pushes sone ink back
through the inl et passage 9. However, the inlet

passage 9 is approxinmately 200 to 300 mcrons in
Wlmmghmlemnmt 1i0sis bedted apasoxiedeabeVe; thHecbubhleck2ofosms along the length of

e there is substanti al. vi scous dra
R SR i DR sbAGRE BB FEmerrs 1o BETIOR SO08 4 Aggur bubble
&rtleﬁg 1BnB Ftiealll HEGE eRmenhForlbRASHINA ih R8s sddtibhe chamber

7 is to force ink out through the nozzle 3 as an
ej ected drop 16, rather than back through the inlet

Tﬁﬁﬁﬁ@rﬁg t1 ?,éongéj é{}iepﬁﬁc{] %‘éﬁsleg anf {i3tage ﬁ grés?gre%lhﬁﬁ H«%%%allnger 7, which

shown a er successivV

th}nﬁt edusenthe ejectidn affa drbp 16 bkthérlﬁipl Ilﬁmhl@tthd: fio2x8d N he rim 4 assists
ected is, shown durin "necking phase" before

111 Eecting theystrem k& agpit £s eigg 64 P & OrrRiEmize fhe Bnen & a1gropgysdirection.

al ready reached its maxi num size and has then begun

to coll apse towards the point of collapse 17, as

Thefdaswt that therenoomy det nozzlé hatd Weﬁ? péQinlEhpassage 9 is so that the

PR FERE Sorerneb e i efibeh P Btting ol ShEelimenigif and forming of a
s Ll does?nmﬁébteadfacéﬁtr&aanb&@ afd Fh%?r c@)ﬁeﬁfonﬁf‘ﬂé nEAR.

and sone to be drawn from the inlet passage 9,
towards the point of collapse. Mist of the ink 11
t.he

TR Rt R A0 Shemnar® 16588 hip e 0 B Seip spaed in
amysomrmenaltﬁdhe@sakdngo@ff 15 The drop 16 requires a
certain amount of nonentumto overcone surface tension

forces, in order to break off. As ink 11 is drawn
AT g5 e e 15155 0080 Olnd g Mot
piiliteealrdticdn befseérothat the bublsie ¢2 tgeﬂiﬁi'atesnﬁlrther and hence grows w1th 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 evaporated, the bubble is

essentially disk-shaped.

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

microns in diameter. Hence there is a substantial viscous drag. As a result, the
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hol di ng the drop, so that the nonentum of the drop as
it is ejected out of the nozzle is 20 sufficient to

wa@bkdosmadine drop to break of f. When the drop 16PGT/auk®3/001499

off, cavitation forces are caused as reflected by the
arrows 20, as the bubble 12 coll apses to the point of
collapse 17. It wll be noted that there are no solid

préduthasieffedt dffiRe MieSdurt fise iffthd dambet Mis tofforcoinkams thrdufh the
on which the cavitati on can have an 25 effect.

navalek asanugieciry dipp &G gathrethar hank thepugh therinketpassage 9.

manuf acturing process of a printhead according to

enbodi nents of the 30 invention are now descri bed
Titvntrlg dosf @rRipe 41 the prigthesdisGhown 20a stiRefusther sugeessivé-stggr ef

6, there is shown a cross-sgection through silicon ..
opegasiony iy whigly fhejiak desp 16 thatiisbeing EIGF*F‘F b%?lfl'g‘f"“ iuw@&ﬂ%tneckmg

L, L ObgT AR e; ROSbbIE 12hRs BRQAYGEdcRE its

P e A BB 11 B Aa00 s oI e parat
makinsuni bigeiamd haslthendregtun td ¢rdlapsedowands thef painteof gpllapse B reflected
.corresponding to a unit cell 1. The description of
mtrﬂ%rer?lﬁ%ﬁflﬁi:f%‘ﬁ grg process that follows will be in

relation to a unit cell 1, although it will be

appreciated that the process will be applied to a |,
Tha¢aliapsidg oHthe bupble d A towards the peint of egllapps Ehcaupgs samg|iek 11 to be

rinthead.,is,co S ' 6. .

Bp et uSpE ORGSR AN S AR B skl Wtrawn from
thafifilef pdskupe 9¢ WAk thepoiaf oficotibpred Alebt GMBE iflablr drawhiimthis manner

_process, including the fabrication_ of riv .
istdramie fromghe npzrde 3.JAERiAg an Anayiar negky 198t tgggﬁs%‘? (3 ths drop 16 prior to

ﬁéﬁﬁgﬁaggﬁ~portion 21, and the conpletion of standard
I nterconnect | ayers 23 and passivation | ayer 24.

Wring 10 indicated by the dashed |ines 25
ctrically interconnect S the transistors an

| he. .
Th {98 16 Pt o510 PRGURAT BT A RO GRLGF (ehson forces, in
ofde EIRREAICSE TRSIRR AT i Wrat R HoREthRGBZI1E 3 bPUIRE EbllapRAT tRSbubble 12,

are formed in the netallization of the interconnect )
thealjameated® thongrkd Yaeducenthereby rédugingdie droeunt gf fotad syfare tension

regi on, .desi ted 27, where.the nozzle. t ' .
R R B entlr b Ui Feh S b hote
sBEfehOB aAdwithe aﬂa)g t6 B@aRbBffcont ai ning the wiring 25, and

corrodi ng the circuitry disposed in the region

designated 22. The first stage after the conpl etion of
he faRd Ak | b fy4h@arrows 20
T L
tHeasbbiean wllagses fsthe poiadof 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

11
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20 Figure 8 shows the stage of production after the
etching of the interconnect |ayers 23, to forman
wop®aiosmsy180. The opening 30 is to constitute ther/ank003/001499
i nl et passage to the chanber that will be forned
later in the process. 25 Figure 10 shows the stage of
production after the etching of a hole 31 in the
themdadt ﬂ"htséigumneta’t@rto Hiht pbrtian pbthetprintheath eoreesporalimpozd wnitcell 1.

to.be fo ter, in the d ctio rocess, .a .
Ttlé At gEPRarL A Misar BERHRE By cr bt delate Vil 855iagen fo it cel 1,
RIBG WAI08E atp??ec%ttaﬁflatsthéjﬁro(:&@twﬂl e Qﬁgied% alnf\titude of adjacent

substrate portion 21 to join up wt hole 31, to
um@n@ilselfevlnﬂeﬂlcmmtemﬂmgescmpqse@ chanber. Thus, the
hole 32 wll not have to be etched all the way from

the other side 30 of the substrate portion 21 to the

FlgR¥eh réphestite theteRt §RBAEIHE ste y(ﬁfrﬁlgaﬁe mhhufadtiSiEHdcesk ter the
hole 32 were to be etched a the way to the

C¢rnpléh@rbﬁﬁfes}andaéqf6k@osz@bn@ﬁm nr@cesaml@rhtl&élerfdnr@a@gl of CMOS

S5 PSR S0 530D L 08 A0, head ok U

mm&mz&rm@ﬂmﬂomw@mwe@eﬁs Tearslt pabsivhtnday@al4r Wiring
ion so as to | eave

ugi'tﬁ%tegﬁace aﬁ@l@t 3‘{2 %téh meﬂyweeﬂ@egtsrtlawwstqré pnd other drive
[ 31
PR Pk RSO iy oAl PRl B 1

resul t ant shortened depth of the hole 32, neans that
a |lesse eed e left,..and t

QeSS oA e e FigtalizaliSh o R GtercBbae e 23 do prgent ink

11 et dfrudsp rouPlle régidi) a@s@at&i@wsvhb&emé hé&ee &Xfthe unit cell 1 will be
production after a four mcron thick | ayer 35 of a

fosmed, thiogigh the subsirase portien Bk émthe sgmien ccmﬂalmngtthfewnmgélé, and
3 f t
oGfoqitnd Y8 sty dpBsdd R A Tefia belBR 0N, © IV P

is then exposed with certain patterns (as 10

Eresent ed by the nask shown in Figure 12) to form
Th% Bt stage after throcompdetion of the GMIQS faprigationggogesy cangists of etching a

pBEBE 1batllv AR IARE 54 {oHorh . SGELIRIEIIR 9 Lhe

e production
process. The slot 37 will provide, later in the

proce : r the matiop of the nozzle walls 6

Fignea %mws tg%?tP%FeOfrBS? ucgpn t‘ﬁ"é tﬁ%%\tﬁ%‘ég 0 ﬁwi%te’fﬂf’@%ﬁ‘élai'srs 23,10
f&&%aenﬁg%ba%e %Eerﬂﬁ%@b‘ fltb eans@tttte Ehetlﬁl@ ﬂ&gﬁeagé @the @Ramber
the | ayer 35, of mcron th l aye
thlaemltebefmwlmr,mmﬂp@mess n the pr esent enbodi ment, is

of titanium nitride. Figure 14 shows the stage of
production after patterning and etching of the heater

Fig@Mer0 shdws 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

12
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20 to formthe heater 14, including the heater el enent

10 and el ectrodes 15. Figure 16 shows the stage of
weemdoediion after anot her sacrificial resist |BYBAUID3001499

about 1 mcron thick, has been added. 25 Figure 18

shows the stage of production after a second | ayer 40

of heater material has been deposited. In a preferred
wetrlddxziwrmrite ettteils dreaterrdisi@celaiva fiohethhi negiontseas tr leheasuitable

i.S,.0f n1cr thick titani umnidri,de.
macgin [iB0i0kn0hE oo ve D i prilpd iraGiriesh B et b e hote 31
ﬁaﬁ]t 186 tdptofmubme 36&163@1 t 4hdftRE Fesulgfht Sietepad a@m ofithe hole 32,
shown, "i ndi cat ed @3/ reference nuneral 41. In

miehds thatradessenmangi peedtbsripfsand nlwe:subﬁé@maﬂbhlghﬁrbpag&@galensuy
eat er,.element, 10, and in this sense has no

E %Fc %E?P%ﬁc “?Vte9 However, this layer of heater
material does assist in reduci ng the resi st ance of

the el ectrodes 15 of the heater 14 so that,

Figaes Hysheis thestagead gragiuction aftssadpnranisyon thick lagr o a sacrificial
re%gpﬂe{s%%gr}& OE’%E{ sl ngé{ Pgﬁﬁg@s lagéﬁggtfﬂg%fhm'ﬁ Rn@hb@Wrms part

er energy consu erefore greater
oﬁﬁhé sehdtwendé g pm\ftheaﬂﬁﬁxd"leattdayee[iélimﬂms edhsed withlvertalo phtterns (as

RGBS B IR ARV D BEd 2 O ACCE TS aband 310t 37, This
pl%'vgiéﬁ ?or%ﬂe fRAWGor moﬁfaéﬁefo%e Qfe@&l&&% 1191 f @l 1R%teR efelHehtho be

l'ayer 42, of sacrificial resist, has been deposited.
fosmed frtertip frerproductipe peicesst Thislet 3 ayd pravide, l@mm the pracess, for the

Rt e et Beprs halion et othE i e T

aperture 5, the height of this |ayer 42 nust be
sufficient to allow for the formati on of a bubble 12

Fignre Heshowe gheotiaggefipgrdacten after tha dapgsisperoathe ayer 3%, néa 0.25
O T R AR S R

nithde. | ayer whi ch vaI constitute the nozzle plate 2.
I nstead of being formed from 100 mcron thick
polyimde film the nozzle plate 2 is formed of

hp o | 5
FEAL R4 e bRk RBSYEANE g Uy U e
todfepra shet heater (14;\m)ludifng tlsd hdéateo elenient 1@land aectiadgs the | ayer
44, has been partly etched at the position designated

45 so as to formthe outside part of the nozzle rim
rd 1Y shoQM i @8seRAprodRli BT fte 2h SR Rerifteidl x%blgtqﬁ?er%(j about 1

s ows the stage of production after the CVD of silicon
mié¢ron thiek, hasbéssaddest.ched all 20 the way through at 46,
to conplete the formation of the nozzle rim4 and to
formthe nozzle

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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aperture 5, and after the CVD silicon nitride has been
renoved at the position designated 47 where it is not

wo eguionsdi Fi gure 28 shows the stage of producPCDAU2003/001499
after a protective |layer 48 of resist has been 25
applied. After this stage, the substrate portion 21 is
then ground fromits other side (not shown) to reduce

elebtgodis i dhadl R wR @idat & enkrig Rohsusn '@Hibp,adndtthéreﬁiﬁ@ﬁ&at@f effectiveness
about 800 microns to about 200 microns, and then, as

of, Sheckaaiealpmienizfy dn theluat hsterigmbreineens lustrated ipFigurs 38, the
chySesp BN L AAAEBU R URalPRY, 1T Meets the hole 31.

e sacrificral resist of each of the resist
| ayers 35, 39, 42 and 48, is renoved using oxygen

FlRS 21 048 dhesas of BEpachon S Bt RyGEt b SHEHiCHH reish has been
dehRME EAst%hé g;\?;\%eg/riueit I1%Jb® pilf\ﬁlﬁtsl 18yt 11 RBAF e B{eaihﬁerlkéﬁh@& of the

shown cut - be” noted that this also
nezzle/plgtet2do be foeedtlhter, rapd hencefthd innemextént ofithieaodale sperture 5, the

o e P T, B OB o Bz e

rébedn db@igﬁat@dl%aﬁﬁn@ézﬁﬁé%ﬁﬁﬁm thd piithédae | ower side of the
substrate portion 21 to the nozzle 3, this passage

serving as the 1ink inlet passage, generally

P00 1 b WA R o BT 05 0R g. ocs

sfis used to pr

theflayeh &/hjvhi willheastitutehheiozzte glatg 2r dnstéhd dfbeingebrmed from 100 micron
pr.i nt head enbodi nents, having different heater . )

thigk pRlyiydastilm the nogzls plate ¢ igfosmned ofsilicen pitrides just2 gHgrons thick.
37, and Figures 38 and 40. Control of ink drop
ejection 10 Referring once again to Figure 30, the

Fignret 24cshbivs thesttagerof pasducton afterebk ciemienl vaporsiepoition (GVD) of

part of the walls 6 and I | at t - away, ,whi ch
Pl R e e e Rl o B il o5, 50
ad 1 B RN Cptt SWRY noAR AR o6 ksina b?ﬁ% 5ei9§ dteilgnated 4.1
heater elenent 10 can be seen. 15 In operation, 1nk

11 passes through the ink inlet passage 9 (see Figure
28 fill, the hanber. 7.. Then vol t.age is. .appl. ed
R Ao st e o AR o 1t LGP LAY SRR iR BE: 568 cched
thelvestthioGgh §1U6, NdorbpleRUBN okRgti G1EGHtRE nG278IBMI4 ddd to THnSthe nozzle
heats the el enment 10, as described above in relation

apesturg 3 apd after the CMVE) pHligon aifréste hes Bpereremevedat the Rosijierhdasignated 47

whil® i£8 3888 uifed.

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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20 The various possible structures for the heater 14,
sone of which are shown in Figures 33, 35 and 37, and

w@3o4oa1result in there being many vari ati onsPCTAUR®3/001499

ratio of length to wdth of the heater elenents 10.
Such variations (even though the surface area of the
elements 10 may be the sanme) may have S|e%gifi cant

this hele: toghertwidh ek doler32dapt shesingn diguee 1, dohiae alpassagr extending
n f I et ween .t

ﬁ%gl dﬁC gor\’?ée} %[d% o?%l’?e atg gg & 8??3?% Bleéloz?l 3 ﬁ!l?% q\:a%ag‘félggrvmg as the
1rﬁd iaree pissadd) garemll@rdemgnab@g,ttmm éhagheponents tend to

require lower drive voltages than earlier versions,

with | ower resistances of drive transistors in their
WHIE the Live- ra_cmdﬁon *)R)cés‘éq uscérd'téf ?rod%ge {H %%'oﬁltr&r of ‘{1}9 ?mﬁthead

gl ven frandi st of & ere | 8 A tend ency to
sloown mrRigwa Babﬁlhhewramhbaki@wémdmmsagevmg diffeaent daeater staictures, are

rocgﬁég_gggoﬁtl on3%%‘gﬁzoa§éq:9§1{;fse$%1gé‘}o above, shows

the shape, in plan view, of a mask for formng the
heater structure of the enbodi nent of the printhead
Cehtrehofiink Arqpugjections. Accordingly, as Figure 36
represents the shape of the heater elenent 10 of that
enbodinent, it is now referred to in discussing that

RBf2 €Y orﬁﬂeergﬁﬁtto F?Ai‘é 3 tEiedell0Nsho®ial, hLmentidnedabove, is shown with
vertrcally into 5 the el ectrodes 15 (re resented b

pathef thewadls gani gazale plates %)awayowhwbre‘teﬁ tha intesier of %swhamber 7.
éﬁ@ater% it P?t Hbfik PQSEy kétﬂa?t&fq'h\c{@e @E ﬂ?atf}’@érﬁéht 10%an be

urn resu I'n t ere-being a OMIG
sdeasi st ance. By contrast, the elenent 10, represented
in figure 36 by the part designated 10.36, is |long
and thin, with the width of the elenent in this

or ; :
SRR 15 O 0l bl ) A RRED)  v
clsdmhm 7i Then g urokﬁag@:%s appdied asiognihe wtratrbdlqs ISralesteblishlacfioom bf electric

ot S GF B G aTet TRz ABFer e et 13 efineres appvein
re‘ﬁnwrts FigdrdM | tb f&ﬁy@va)ormabbrls e il @othf th@khamber 7.
resistance, and will permt a higher current flow,

than the el enent 10 of Figure 35. It therefore

urres r.dri geto ,ver i ven.
ThE R3S B i “Rlsiles 1E et R0 QoL eyl i Bigures 53
39and 3113 afll B8/ cafaellt if KiRrebdife AR Varddtiong in the katidast léhgth to width
heater 14 having two heater el enents 10.1 and 10.

ofctbe heaiproriemenys 19 Sukk vagatons frven daqugh the sorfacepreq ﬁ’é@é elements 10

m%&t paRY sime) 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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10.2 is twice the width as the other elenment 10.1,

with a correspondingly larger surface 20 area. The
woaniowsipat hs of the |ower elenent 10.2 are 2PEA/aU008/001499

in width, while those of the upper elenment 10.1 are 1

mcron in width. Thus the energy applied to ink in the

chanber 7 by the lower elenment 10.2 is tw ce that

F@B@ ks 6idfebnéd kd BbdvRPdiows tierahape, 10 plhn aievd of a\mmk dori f\mmng the
vol tage and pul se duration. This pern1t

hegter sthustuse z’éth@fembaémenb obbF esnthead Shaupipie Tiguce fig é é‘{]‘g$1y’ as

Flélﬂ‘g g %ﬁ&ssehgctﬁ e&agéjgf tIh? REQQI ﬁ&ggﬂteﬁ of vt é?nﬁbkﬁhféﬁt 'it"l@how

the upper el enent
reftBred td B discubdingvhlal hdaeer ekprene C]Dam&giopehaitont trereah8pyy vertically into

iherlesgies §y ey bribe pis dbmar 433D ok e Al v arn
of %lﬁ% elgt{oﬁgyfssrglan@af %kle GAYCHARPuHE Festi€ Th theRibleli@ra low electrical

I'S oper at is zero.” Thus, in effect, two
redibthusce0 By aa)ﬁltrasmam;- elerean! (beep;e)septednm gursi3opytthepahdesignated

FUTR AR e

an@fﬂ&ﬁﬁéknbé’éﬂé[@qj%:ﬁwr&%’m ‘fine tuning" of the exact
sizing of the elenents 10.1 and 10.2, or of the drive

voltages that are applied to them may be required. 5

It not t..t
It yvélg Bﬂ? Bateﬁl gﬂ‘gﬁne gﬁj aliu% in ﬁgl.ler?t@?glg? & Ll%?@@gmtgpsnﬁllie;g element 10
thhtHetferh R0 skdvaBIRigd@ 33, arbias juss asimgtetlaop $hreAccordingly, the

el ectrodes 15 are not coi nci@dent allo

clema B ure B gk Bt PECTS 94T Sleer GRS ETFcad will permit
3? At ULER % REVARD L g&%ﬁt o omgﬁﬂe a4yl @ th&RtRsicdBittsSa loWer drive

scusse ow, un appropri ate headi ngs, are
vdlept & delivpes pivee edeegyt tortbs hesfterddin diginenttime. of  t he
i nvention, and the advantages of these features. The
features are to be considered in relation to all of

Intf*l gur@ f3%"\q;] 82 oRRE hAl RGN diHentRhESE Rclidey  Rédtenl 4 having two
ess the context $pecifically excludes certain

heitawidmgmts HhHamd:1G2 e@“rttspommng@ the sanepit eghleli Pneaf thgse elements

ferred
bl b SR LIOTAGR Sl AssbE
arSh BN farid®s pathd 8F théRwWepelheht 12D afe Smipaisde &vidhawhilatise of the
this is suspended over at |east a portion, (desi atﬁ dh
uppbr thenmeht the afenikmicron in width. Thus the energy applied to mkg 1n the chamber 7
by the lower element 10.2 is twice that applied by the upper element 10.1 at a given drive
voltage and pulse duration. This permits a regulating of the size of vapor bubbles and

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

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

printed with the one nozzle 3.
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11 (bubble formng Iiquid). The element 10 is
configured in this way rather than formng part of,

woeoobeisigi enbedded in, a substrate as i s the cBSBAUZ03/001499

exi sting printhead systens nade by various
manuf acturers such as Hew ett Packard, Canon and
Lexmark. This constitutes a significant difference
Ab dtembore actrosio Nenetsy atput heymotbeadhiéved exactlynn pradticchsome “fine

epinedof liben e szt oS BemeRR P L a5, LRk b B HARE P05 that are

aﬁﬂllgﬂ%/ﬁl@mbma@b@lrgquﬁgd t he unnecessary heatl ng of the
solid material that surrounds the heater elenments 10

(for exanple the solid material form ng the chanber
I oundi t 9 i . .

It vngl gisog:,e élgge% tﬁé{ cupper glr%mg rktel d df; Vsﬁ‘ét Pe%st zgq igr?aﬁ\%f &etf'tlcal axis
refdticR t& tel ldw&&tl@(hd:rﬁh 020 €FhiNietso tHeud tHeir dli&dh@désol 3 4¥€ not coincident,

formati on of vapor bubbles 12, so.that the heating of
allqyig ingderfrdant CONAGRIO ée STPRERIGRIEYCIUBS: energy. The

only energy which contributes in any significant sense

17 WO 2004/ 048111 PCT/ AU2003/001499 to the generation
Fedturdsainlduldbdmeragdsdfipartidudir entiodimeras appl i ed directly

into the liquid which is to be heated, which liquid

is typically the ink 11. In one preferred enbodi nent,
D&Rudskd Habﬁaﬁx?&r rgbx%ié Reallings) hﬁe B@r@&u@ Spel fRiMehttred Of bifibodiments

suspended "5 within the ink 11 (bubbl e form ng
of theirivghtiors and Heetadyamitagels iofj these &atrurm Hae fedterepret@he considered in

rliodi AL o s ke pEARAR} llnt P it i 89 Lot

speeidically &t BiRE terldin BRMIM S arklRERAE thodt diab&ng‘stspf:cﬁﬁ&ﬂl?freferred
the ink (bubble formng liquid) 11, so that this

tohiquid is only bel ow the el enent rat her than

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

the elenment. The enbodi ment described in relation to
Stspatided bédmilrattd preferred as the bubble 12 will form

all around the elenent 10 unlike in the enbodi nent

described in relation to Figure 42 where the bubbl e

i1l I

Wl R Biek & el il AEnSUBTEBGe, B iRacch QEpRHDLS TR form of
a suspemieddmamﬁmdcthm ibsusperled owmer at dnastexmrpble (desighated 11.1) of the ink

ce to. Figur r el enent. 10 .
1h BBhEIorang yignl't ERe dmiRae o petttee G néb FHBH g orming
part &, BPPARE Eﬁb@ddé@ in, %%uB:ﬁ?aEe dstis BBk fhkesind ﬁgnnthead systems made
cantl | evef. Efficiency of the printhead 20 The feature

by vastas mapufactisers sethisdavdett Batpkasi Qaa@n anbLaxararlor This constitutes a

SN i e Yoy PP B B9y ik e
techdl@dierent to

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

17



10

15

20

25

30

heat it sufficiently to forma bubble 12 in the ink

11, so as to eject a drop 16 of ink through a nozzle
w@200kn04sane preferred enbodi ment, the required BOBAYI0BSO01499

| ess that 300 nJ, while in a further enbodi nent, the

energy is less than 120 nJ. 25 It will be appreciated

by those skilled in the art that prior art devices . s
t@é\ﬁ gengratipnof thg hubblssdy 1s thapwhich jibenpligd dReqtiyntorthgiquid which is

SR fhiRbLE L AvURNGE e a vapor bubble 12 to

tﬁ%ect&§h®yﬁ& ﬁggg%h¥%?'¥hus, the energy requirenents

of the present invention are an order of nmagnitude

| ower than that. of kn thermal ink.jet systens.,.This
18 G AER R DOUAIEr HERoaes ey s BlicheoBpepmeRtig T stspended
Wil e itkTR (b8bbIREYR]ing HRR), 88 thal s BQUi@ Burrdlnls Hefement. This is
dramatically sinplifies ri nt head cooling, allows

firthgh 8lustieted int Figureckl. dp 2mither pRssiblagmbedimans ap iliustraied imFigure 42,

hi.gher . resolutions. 18 04/ 0481 . TR
AR s e8!S inauddd € i e g ok (bl fppming liei)
11 'soaR4titkig 1ighid 1S 6RIGGeRM the Biegiehf tattn than Buolkhig g ind there is air
where the individual ejected ink drops, 16, . . i
on thannpesside ofcthba stement el herpanbedjrpgnt é@%ﬂgﬁblwl@ﬂ% tashigure 41 1s
ri [ I I B :
plefre s BB PPN AR BB, Bt i fhg embodiment
destvibed inaBlafiomio Bigaretd2avher&thednbblgywiti pply fodn below the akesrent. Thus
el ement 10 .form . a vapor bubble 12 so as to _eject a
thse SRposimet of Rievre 41 1sdise BB oM REige, Pretghny.
conbi nation of the heat renoved by the ejected drop
itself, and the ink that is taken into the 10
Asrcambé eeed ifi,rforexanle, vdthrrefeeencota Figness 38landA),. tharheater element 10
result of this is that t et "novenment' . of .heat .
bR i° eporames phoi indis e ot ELPPOTIY sige,§p (AE Hspnsttutes o
cantflemt i ¢ cooling. Under these circunstances, the
print head does not require any other cooling systens.
As the ink drop 16 ejected and the amount of ink 11
awn, % E%:t h ainthead to replace the 15 ejected
rtuted by the sane type of |iquid, and
will essentially be of the same nmass, it is
convenient to express the net novenent of energy as,
T featuse prrsemibyrindes ¢pasidgratipn{s thﬁdhﬂhwr@%@% I\ r%f@nasumd such
t
o EAEEP Qe M 160 bolclfes A B rel B o R Bn PR b TfPlEhent o
hdatapsufficiemty tb Herm ababide b2 irt the inkell, ac esrendject qudeopt 16 of iok through

ink 11. Assum hat the replacenent quantity of . ink .. .
o8 Ja k0 SHOPEId GmPEHBEL T B ST 15 oorfh gy while in o
£Eh%r ERLBG D ViR B Rty Al 1dshaRi 86 hed and repl acenent

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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quantities of ink can conveniently be expressed as the

heat that would be required to raise the tenperature
w@bootlesiej ected drop 16, if it were at anbi entPCT/AU2003/001499

tenperature, to the actual tenperature of the drop as

it is ejected. 25 It wll be appreciated that a

determ nati on of whether the above criteria are net

Tﬁ&n&ﬂd&tms of\ﬂﬁtpréseﬁtﬁhi/éﬂﬁbﬁ Srel d3pecialli s@@ﬁﬁéa&ﬂﬁhﬁéxﬁbdﬂiﬁents where
present. case, nperature that i.s taken

th&én@lﬁlél“é]n%?“é?ﬁ ink drgps rlét @P@Selge% pRnstiBig de aeaaeréoalm&meehamsm of
d from the ink storage

tHe?ﬁg%g?%?%%ﬁn%Eﬁg&}mﬁ&epgﬂﬁ\?h is connected, in fluid

fl ow comuni cation, to the inlet passages 9 of the

rinthead.. T ally the anbient tenperature will be
M&@Fﬁ%ﬁ%ﬂgm tenperature, which is usually
roughly 20 degrees C (Cel sius). However, the anbient

tenperature may be less, if for exanple, the room
%watouﬁ the ingentibo wegvidas that thet ¢nergyrdppliad tora keeaten glenteat 10 to form

i nthead gt ed 2004/ 04
BT ISR 4750 15 Lo A 31 6, Fnk ) SCeaion it idyse pipbead by a
c@ﬁblﬁadrtﬁ%r th&héhe Bdnftied bl theddjbit&Y @ op AEIF, he ti5eSink 1162 @ takih into the
e. Wwhere the outgoing heat energ oiue to the net

p@ﬂﬁléﬁ@t from thejak éeSéwgdn@trﬁbowem B&f@rﬁ@m of thigdmthat thegiepfmovement”
a

ol iy b 04 8, R SO By 15 D e s
ci'rmimslahcess theheinthealb ldees it iéquire lah g vihér evoding Syssaher

based, thus having a boiling point of approxinmately

100 degrees C, and if the anbient tenperature is 40
AY S i8R rdp 16 J6fed dH'tRe hifiodht

fgr onlwthfaoganb%}ent tene'pergtugg to t r%&n%& bmﬁsl%ﬁﬁeaqtoreplacethe
ejtwnqb droptane mnanmteldrm/tthe: saniéeyperakiiquidy and rva reasentlelly besef the same

at,. 10 the nthe g coul d und%igo eS|rﬁe%£gh
m%s 3\}%?‘6“’%3\9? ei"li’ﬂ?SSt Fr P\ Fea ‘E‘Fff%?( atsh%“ the
erlePiyRided B?Ehe%eat‘iﬁg"@f tBé elehBkt 10, @ik &8 tHRI Rt haRa, tﬁ‘@h& tPemoval of

are very close to the boiling point of the ink .
heat engrg thati resylisrfrona gjestingithg lltl‘edpr A atand the intake of the replacement

aETREHN B The BRR e el FEeRElRyBlaotg 1 Dt i

teﬂﬁiefh‘ture Vthé bhdne inktieRtyadided net&ﬁ&vdnﬁ@ﬁ ef e %Jected and replacement
undesirabl e, formation of vapor bubbles 12

qQuensseefigk 9an onyeraensly e PXprRsendi avdhe hest thahwouldhearquiesd to raise
1 6C% £
théieslgé’é}%th% abov H&%dazrl]xlag 16,1 nlﬁl/%% gaéﬁmklentctgﬁgéﬁgxre 13 the actual
tetrpeaturabfithe dodp dsheisiepdetell (bubbl e form ng |1 qui d) | n a
particul ar nozzle chanber 7 is 10 degrees C below its
boi l i ng poi nt when the heating

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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20 elenment 10 is not active. The mai n advantage of the

feature presently under discussion, and its various
wepdadistent s, is that it allows for a hi gh noeet/au2003/001499

density and for a high speed of printhead operation

wi t hout requiring el aborate cooling nethods for

preventing undesired boiling in nozzles 3 25 adj acent

to nozzles fromwhich ink drops 16 are being ejected.

This can allow as much as a_ hundred-fold increase in

Imeneprefepad Rimkedianent theprinthgad ipdesisnsd te prhiiqvg sempletessedficooling
(ks PR yaBlR R T LERGE R St 11 e R U fpacemens

qhamnities ef ik 11 heequalerthé beat endrgy edddddytthehehesrzidnyent bE).
area, of the nozzles 3 on the printhead. Wth
reference to Figure 1, the nozzle plate 2 has an upper
i 1
o5 RSl AAg RURRR 3P0 rind IARLE: waer
basedf thuehaviga mxa@mnompmmwuma&g%a ¢9and itheeambient

peci fical re density. of t ozzl e
epfpranuis it 4 oS, Mihert s B s¥indin oF B0 OEFescs, g pmbient
teRipePatire 6 thedhieBoilihf teijRrRNRT B0 HIRH i £IKE Athix (R terhP&@ature rise that
areal density exceeds 20,000 nozzles 3 per square cm
thefprinthegd could endygar ea, while in another preferred
enbodi ment, the areal density exceeds 40,000 nozzles
3 per square cm In a preferred enbodi nent, the area

Itdedssitaleits avidid BA8n@ hikab@perdturg@eritlsg lutaer@rﬁlﬁaad\(\bmer than at time of
referring to the areal densit each nozzl e

inkgslrpp &6 gigetiqm avhigh are verycdqse t thehoilingnosa b rthﬁ lﬂlj 111 0 Ifith@ ink 11
w4 lsfeh é"@:hﬁ)@raﬁﬁ@ $héif RmpkXRire %ﬁéﬁong’ggﬁréz ggfyrgs of the printhead

transi stor regrster, an ena
cmild) cdsult @gsomes mgllonmbang abmterbpﬂ(rtgp(ﬁntg: with thd unyntendedpendfperefore
eC|f|c identified).. W ference to ure 43
updeSigphle 0 %n%wﬁ@? gk btk 121APr g a prefired AR of the
m‘%nﬁ&?ﬁs c&x?f‘ gﬁﬂé& subk tat %ﬁpl%fé%‘é’l’f &%hﬁ?'a@ Qes%?xbga %&@Scahﬁ)e

mcrons in length. The hozzle the
aqlneeMed sw]rxcu dssigpgmuoviemperabire bétshe(mlotl 1 thtbvhh)formmgdiuqatdé firya
xta ose esu
RRSRERR shar R TS0 Roges Gty 7 Boifat B AhhEL. Mating
e]@ﬁbﬁ“a@%eaoﬁx,@ 48 828 nozzles 3 per square cm This
is about 85 tinmes the nozzle areal density of a
typical .thermal ink jet printhead, and roughly 400

Tflé & JJ&SmQQeZ&H tite Pe%ﬁﬁ% px%géh‘clfl'y%dgtf di?cm@iigri %ﬁh fis 1vai}.i(‘):us 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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20 printhead. The mai n advantage of a high area
density is | ow manufacturing cost, as the devices are
whaiogh4diabri cated on silicon wafers of a partiPCi/ap2003/001499
size. 25 The nore nozzles 3 that can be accommvpdat ed
in a square cmof substrate, the nore nozzles can be
fabricated in a single batch, which typically consists
Méfe s Ng ﬁ&@fyethe aldHe dGREY of Ok noBZ1eS Boh tidt surfave GVESoVek 16,000
waf er of the type used in the printhead of the
noprles pertsqnare 6 ofohrfpee argdy 3 sone extent, independent of
the nature of patterns that are forned on it.
Therefore if the patterns are relatively small, a
Inlofik fdféfﬁédyedﬂafdgﬁen’tumb areabdensivy 2X eesds2 BQ0EnzzIse 3 per square cm of
i ncluded. This all re nog

sugfpemithtisVils ipan e prarered Baopment, i et g expeeds 40.000
nogglﬁgﬁggfﬁﬁlﬁ%.elﬂ {ireftAed bBoliatbn® thONRAl RAAHIis 48 828 nozzles 3

e cost Is directly proportional to the
pedkquaaré @aken by the nozzles 3. 21 WO 2004/ 048111
PCT/ AU2003/ 001499 Bubbl e formati on on opposite sides
of heater el ement According to the present feature,

W?l@ﬁ rdt&@ihg o Atk drdal A0ty AR HoBle § Drtakemterindluduthe Hﬁvel&rcuxtry
orms 1h the ink 11 z;bubbl e formng _liquid),

mspxmdhlgtpd}@@nqﬁzlq whicheanssts,dypigalhp of adrive msg}ra%ay{ﬁeglster,
o bR 1 Y7 BRURL e B

idbqfeyi on of a bubble 12 on both sides of the heater
el ement 10 as opposed to on one side only, can be
understood with reference to Figures 45 and 46. In the

\Kg r%{' eeg\ch ?%ﬁ ejtgs 1(6 Vﬁg&{sz?sin%lg &nf1@at 8is SHAE te diBehstons of the

ap 12 to be forned onIy on one
urit €kl @6 showvhad tmmgm nEresin wddt:hfbytdﬁes@rﬁnsgm tesgth. {The nozzle 3 of
el enent i s ada rthe bubhl e
ths SEXt Wpersyve bhvaetes (4t Shegmning e b S ARG eAREE mele, so thar,
asy ﬁegﬁlgb'f the ﬂﬁneﬁsﬂﬁi Jf@l?es&ﬂeﬁﬂ'éﬁg)hér?%f Heitnehebad chipl tereQife 48,828

y one de of the heater elenent 10 is because
ndatesdl Immsquarﬂ: emeFhisdslsebui RS simss Hha nazele aep] depsity pag typical

thtglg{?qlg bb:tlgm():@ cga{u?béo gﬁ]ggt‘aﬁ ggﬁ]estt% ncpz%[e gégléit@ﬁsn? ofe piezoelectric

pletRelee 12 can formon both sides in the configuration
of Figure 46 as the heater elenent 10 here is
suspended. 20 Of course where the heater elenment 10 is

ol B PA E P gSeL , sbepcts r

b&6h &bricsted bh kidieoal walees 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
onit. Therefore if the patterns are relatively small, a relatively large number of nozzles 3
can be included. This allows more nozzles 3 and more printheads to be manufactured for
the same cost than in a cases where the nozzles had a lower areal density. The cost is

directly proportional to the area taken by the nozzles 3.
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suspended beam el enent. The advantage of the bubble 12

formng on both sides is the higher efficiency that is
wQ@soaomsievabl e. This is due to a reduction in heBAURIVAD01499

is wasted in heating solid materials in the vicinity

of the heater elenent 10, which do not contribute to

formation of a bubble 12. This is illustrated in

Blbble fembbion \WA&HPodifeaides bOHEatdr 2ldniteht Cat € t he novenent s

of heat into the solid substrate 51. The anount of

heat |lost to the substrate 51 depends on the thernal

ASEPUARILN ol ! S 5 Sl e 12 o

nbtas @k 11AGubble formeingtiquidy itfoaths vn bythaidesaf e bester element 10.

tively low, npre th alf of the heat can
Pg ggbl <¥ St§8 aa&mag quleﬁf@r elgment L} wherg tl}%ﬁlm@t is in the
rhedF 4 ndl. 22 WO 2004/ 048111
PCT/AU2 3/001499 Preventi on of cavitation As
descri bed above, after a bubble 12 has been forned in

e HElghot ¢ RGP, bt ool ik o LB ReaelT fleme 015 0PBFed o om one

sid@bhiFP& bk indeRtoddGAtHHcRGeric td PRufB a5 WhE 4BF GS@BIArY of these
bei ng addressed, the heater elements 10 are confi gured

figeres, shorheates elanbsnt &0 lsmlasf@d fardhe buhdble b to ke formedbonlnps ene side as,
I l. a
whife WS sEoalde et PEWPPAN ASmPRs BRERa foEHE sPbins 3tg b formes
ot Bethpidestdashowhs conflgured so that there is no solid
materi al at such points of collapse 17. In this way
cavitation, being a major problemin prior art
| I
Bl s oI5 5 U RELh B4 B AR g s oy one
sileaf the hedteme ernent 110 1sxbezcaumthe gllemdt is @mbkdded iparstisstiat® 51, so that

defin re resen t he arrow 54
tF Gupblp EpoE O S BIed on B PRGAIHAId doEresRhre tefth%%«bﬁt%%eBy
cohfrabtOthetbubblel1NC&aR YRR SSHAR Isid@@ﬁleth@ Eénfl g%ﬁ;ﬁfoﬂ%f 31 glﬁé‘@d" as the
gaps. The advantage of this feature I's that it
heatgy stearent 40 hgredy sisgendedy i tatl on damage to the heater
15 el enments 10 and other solid nmaterial. In a standard
prior art systemas shown schematically in Figure 47,

Of beurkewhét tied 1saRn lehient 50 is@ERADESN of B s@spehdatbedhtis aéscnbed

with an insul atln? | ayer 56 over the el enent, and

ahgveirrelatipa to Fignae I.5ke bykhle this allawad ta form soaayéq SurW\léda the
I med by the elenent 10, it is 20 forned

S]'Rﬁ&tae&bé%n Een{e?l ement When t he bubble 12 coll apses,

as shovvn by the arrows 58, all of the energy of the

| e col e is focussed onto a very snmall _point of
Tﬁ ({JVQ.B@&C q t%p%ubble 12 forming on both sides 1s the higher efﬁglency 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
18 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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If the protective |layer 57 were absent, then the

mechani cal forces due to the cavitation that would
wo e@ulosstir om t he focussing of this energy to tPEr/puR0068/001499

of collapse 17, could chip away or erode the heater

el ement 10. However, this is prevented by the

protective layer 57. 25 Typically, such a protective
Plea¢gtiorbof casitafont ant al um  whi ch oxi di zes to forma very
hard |ayer of tantalum pentoxide (Ta2C5). Although no

known materials can fully resist the effects of

j j [ t13l ' .

AT e i A B2 SRR AR i AErording to an
embbdimegbofithe present aivehtien, tirecarbbie codjapses tewands apdiat of cotlapse 17.

as tp 30 effectively repair  the tal um pent oxj de
AR A BTt RIS AR B Se 0% Bt SRBRELD are configured

td RAthy/Glbh1edah! soitiht kY Soifts 8REH1abE KN@WardsheKiBRthe bubles collapse,
jet systens, it has certain di sadvantages. One

arsi af ppSitionsrspactidSenav thethegter elsmentat Preiferatelyf the printhga igConfigured so

2004/ 048111. PCT/ ALRQ03/,001499 . virtual l he whol e . .
3P et o SO enaEm SRS 8 exlobra L ot el @iuiipn, being
mafi? prétfléh NpBor dMBMAI ifiOkt d8i8des 16 1Ay Emiratedr der to
transfer the required energy into the ink 11, to heat

it so as to forma bubble 12. This layer 57 has a high

: ¢ hi ) .

REREHHER FIBRS 48.1R o ePetea UERIRRE e HeEhA 1D off configured 1o

hinegarts 153 e defive lgaps(ryprésedied dy iy Braw54)easdtot form the bubbles 12
amount of heat which is._r ired at the | evel

swg@} Braows gaollapsedi’de whighdhe byl rRsedfe logated @t surh gaps. The

a&%ta%@ %H?x?s R0updib kit 'ites%ét%‘ltfaﬂiy Q@ﬂhs EMa‘i&kda]rﬁaget{H thel Heater
alsoresults 1n a substantial thernal |oss to take

eloimzots 10rand bthedisalelohatenal. i ndi cat ed by the arrows 61.

These di sadvantage woul d not be present if the heater
el ement 10 was nerely supported on a surface and was

@ 5tafRYEPESH dYsykim RIsBbRA kéhethakieMBl in Flgurd 47 AGE REMrREment 10 is
to the feature presently under discussion, the need

embeddgd pr @ suhstratedS) with an rulating layesyr owse theatherpent, and a protective

avoided .gener at.in e _hyb 280 that .t .
il e iR B R Wl A PRBbE g it B e chgmept 10,itis
fefiedon @dp 6fahé alementl AVaEn e ibabblk hecelldpsed)@s stwiby the arrows 58,

material, and nore particularly where there is

t he
alyapthsenergy akts bybble soliapsp s fopesserbentep veremall ot of sgllapse 17.
IfttﬁgPr%técﬁvg‘gl %ﬁeff?ex!vé(retaggen't,mfe € Hﬁfﬁnﬁcal ﬁ)réég'd%e lt(? ﬁl%tchs’ifhtion that
(prior to Hbegeneratlor?), ere 1s no materi al
whkl resulefitorh eheefoouksthghud itieis byerg thé peiat of @ilapsevi7 adild ohip away
The t eratyre at th oi nt_of collapse 17 may reach
ohgiAge e e elemen 1ge é’f@@?@@}hl&gﬁ nrgvea@ﬁiwéﬁq aw&&%wlameﬂ

phenonmenon of

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

effectively repair the tantalum pentoxide layer.

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

ink jet systems, it has certain disadvantages. One significant disadvantage is that, in effect,
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sonol um nesence. This will break down the ink

conponents at that point. However, the volune of
wezxinessait enperature at the point of coll apse RBFT/AB206/001499

smal | that the destruction of 20 ink conponents in

this volume is not significant. The generation of the

bubble 12 so that it coll apses towards_ a_point of

varspallythewhole prndective dayer &7 (having adhickepspindigated by therefwence

r@&%%ﬂ?)ém@%?&%;@%&‘%%rdﬁ# t%%ﬂ%ér %19 égﬂ%%& %ﬁé’r@ﬁan?f thte?]%k ¢ 11, to heat

it g0 dsitg lﬁcrrm SHubblhE2. él"lﬁMEyEr 37 adegh themiad n2iSs due to the very high
%?m“ret ri.cal, and has a ttl]lol ere res

d b t
TGS of lhe Sialugg g hryredycgh e GG fhf@%ét teansfer. Notonly
dogs MEahEdasethCarRoiR bEnd L Wﬁ?ch% %Jsﬂge& Qﬁh@le@z%léﬁ’éd 59 to raise

i ndi cated by the dashed |ine hen grows so
thédtmperahst ettt ltfvehiﬁswatcﬂ 66 nuﬁﬁlcmntly dnh:@hﬁutu)k thabpelt also results

ip p o bAoRaf el st o G5 RECH i BS s oL M Rled iy RO BB 1

Thiesd @shdwhithgd WSuld ABOBe progént ff P Weaten €lelielP! ®wasiherely supported on
bubble 12 is thus substantially disc-shaped. 30 We

ajsurfaes andyuas 1ot eqvsreddlyl thppwtacivellayet’ed so as to

mnimze the surface tension surrounding the bubble

12. This invol ves the bubbl e shape noving towards a

Aﬁd@hﬂﬁﬂg:tﬁlthéﬁhﬁtpﬁa ®sschely llzﬁﬁeéldﬁc?]ﬁﬁm’ftﬂetrﬁdd bt atﬂﬂ@telctlve layer 57, as
d t hat T n turn
y J %g]% gliﬂveoxg ag%?lgcglb)g ggrgiﬁa%%tlw%}ibkyh@pggthat it collapses, as 111ustrated in

F‘?&é 4520909 1)6@9 O#bq’h E& 17t cH t‘ﬁgxle?gng %Ematgﬁhleaxﬁﬁnore

the center ater e ere thefe I's
pamcuhidb/mdlemxhaleusalhc g3 64 hetatcen patseSﬁewﬁttheatemmmnﬂ @dAs there is

el G PR A\ 6eTE By edalon fiiar 49 Dyt efherai i, Brapgis o material that

cMB@k&d&ﬁﬁk@éB}t}{é%ﬂ%&s b?@éﬁ@ﬁ&@' Phe fe en‘iﬁﬁ@@ﬂhe bbin€of®llapse 17
he poi nt” of | apse to which t

rrm rb@qbge@ybb@usgndsmf ﬂbgeescm,easeﬂdmonstreted be mheavhewmcm of

ment.. The..heat ment, 10, r epr esent s the art
s T ssenbh TS 8 bredl SORR ths i FERBERPLY & fuf Boipf “HBREVer, the
veRild Elex@emt endsehit@éat theottit bOEollpsa!l 1 is sWRRIAR thdl€he destruction of
el enent 10.36 is dinensioned such that the hole 68 is

inkreamppongeis iff tist (Plymgisinehsignifigettes of the heater
el enent may affect the extent to which a bubble can
be formed such that its point of collapse is in the

The gensratitef dfnigcbudple 12heo tat # colfapsesctonvaridsa, poidt@f b@lﬂ@smx/ where
be as I|i VWere hig

tle asafew NS acr o0ss,
ﬂ!"é?/@l"é? SOEfl matesigh g pe %H]teﬁ%do Rheer £ nse@tscl&rﬁ?&esms@dmg to that
Eﬁeﬁfé&% a§t TR 8GR ask $ho gﬁ'ﬁ@ré %Pr ?ﬁf&%ﬁ@n@r@px@&nted is

36 h re sonewhat | opside so that they cannot
szmmdtrroeb aadjhaswbmidmpwsgued]by thie refcmlnbcapmaeml GXatntssanter. aWhen

tl?fsgé!frlg@t é?fé‘??geﬁ Ihe bu Q fgrn'f:sagoeund%e ge a(as 1nd1categ%y 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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represented in Figure 36, the central |oop 49 of the
el ement can sinply be omtted, thereby increasing the

W@ e/ 0ef11t he regi on in which the point of col | B@EEFaU203/001499

the bubble is to fall. 20 Chem cal vapor deposited

nozzl e plate, and thin nozzle plates The nozzle

aperture 5 of each unit cell 1 extends through the
béiag i thepbgidbeothe hble 63at HeacepleRbLthe hbater dl@misitilOivhérd tigere is no
structure which is forned by chem cal vapor deposition
sQli\ippteniply  various preferred enbodi ments, the CVD is

of silicon nitride, silicon dioxide or oxi-nitride.

25 The advantage of the nozzle plate 2 being formed by
Th/beadter didradntil0 repredentedbgl thepaot LRl ofithée hmasit s}tdvm in Figure 31 is
%%gﬁi:tgetag}tng{é% s%i e]irgglllllt \Rgﬂ} gle énq‘gl?zlé ltggxg!p ;E}H}tgte as ggtgde by the dashed
1066, dnd (R pdiRRIAIChBdHse RAV AR BALHUBBEALED §e§%e1%§%?fﬁ%'h)61e°é7 at the
the nozzle plate that woul d ot herw se be required
cerder df¢hai¢lemhemtul t to ef fect and can invol ve 30

potentially conplex issues. Such issues include the
potential msnmatch of thermal expansion between the
TROBEtEr dMriére 18 réprebehtae aPetetpartt10. 36 fehe mhskMhalvel iR Figure 36 is also
assenbled the difficulty of successfully keeping
atashigyq siavlar rselhNhese the clement J03¢ is ﬁmﬁnmoaﬁhwch that
4

AT I T T
tonekich @ bpbbll"e ea?bé forinbé sudhtthﬂntsqﬁ[rtt of cdlhipsd: Bdti¢heatgion deﬁned by

expanS| on is a ficant, factor in the_prio

th&?@ \k‘m SRRl thehqlgmay s as {l%leé‘f‘ i Mp1gKoRs pefass. VXherp Bigh levels

of RiRHHaBE [ thE @1emEm L po36c 36 PREEMSRhINE, hik B@Jg‘%@&@ ih BubB)Es represented
coeff|C|ent of er expansi on 'bet we

aekahpthet are somc‘kbat lopmhﬂ,&sqihattthe)acrannat wubsctedttewards a point of

0z | ate .is connecte this
od{ioe WHRD spEPEFmEy R I SuCHRE Gl B e bt clement
repRASHRE ﬂntlgure 38V e caistrad rsw 495 f4hSEIBMER @R st be omitted, thereby
occupi ed by, say, 1000 nozzles, the relative "thernal

ingsegsing itlmslzeheftth@)mnsn phichebnpointofeodippsstafviee tpénbtest§ tg fall.

bei ng heated fromthe 10 anmbient tenperature to the

curing tenperature required for bonding the parts
Chegrbhh@ipor @8posited 6Ll eplaieMBidthimozrprite Of

significantly greater than a whol e nozzle Il ength. This

woul d be significantly detrinmental for such devices.

I

TROS DR i ST POLERTE Rl dnlo B HeRbal plellfa, e pozale plae
tlmsrbmdmrmmga stxheuumhlch 33 fbhﬂéd by ¢hepficabd Wapﬂrtdeﬂﬁsiﬁlﬁe(‘CVD) In

nozzl e t hat need ssenbl are ene al
Vi BER G ARes dent ah H Bis éﬁlﬂf%mﬁrecfwﬁé% or oXi-nitride.

condi ti ons of

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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relatively high stress. This can result in breakages
or undesirable deformati ons of the devices. The
walepemidgiing of the nozzle plate 2 by CVD i n enbOOATRI08/001499
of the present invention avoids this. 20 A further _
advant age of the present features of the invention, at
| east in enbodinents thereof, is their conpatibility
al ddoredushg thg caeng prodeks of tie adhesivewhidh bogdsthe aesdeplate 2 to the
positing a nozzle plate 2 by CVD allows the nozzle
PRt 0 be included in the printhead at the scale of
nornal silicon wafer production, using processes
normal Iy used for sem 25 conductor manufacture.
Thxissud ofghérinet exgansio iy ati groficamt Bckar i éte pr'y)siaﬂnwhich limits the size

erien essure tr ents, dur
@aﬁ 5 ff gf?'%?a@@mf%ﬁura%nf S wca?wéﬁ%éﬁtf&we P B¢ geticient of
thBRAA| RpdtsRintetwednNfo? UedinsleVd i8Rel n8416 pRRPAdSSBY /13 which the
t hen to wi t hst and’ such pressure transients, a

nezzkesplatats mnnpﬁed; Rrhesssthisfsubgra®/id of sidichwe, ip [uaitesubstahdalbe
woul e, under.st.ood b hose Kl led i )
CORBUTS: o/ an i o BFaLBEE BB St bUART Db aofien e relative
thefhid] Exganéfon thGcORs b&waerpﬂﬂbb@lé‘étl s Sie befiftheate@ fidh the
26 WO 2004/ 048111 PCT/AUZOOS/OOngg) For exanpl e, the
ambieptdamperapie o the peangtemperaiusn requiedfarronding the pagls together, can

oAV RaL SN R NBEAL STl o TR i
wehid\m significantly dettimehtal fomtsu¢tsdevidesi N accordance with

the present invention, and which has such a thick

nozzle plate 2, it will be appreciated that such a
AhBhEKREBRMCARds &AWy the feaRk QR RS ik BhiRtin f18sehy ﬁn&je'i"a&cussmn at

ej ection. In this Case, due to the thlckness of nozzle
lepdt am embodimigatsithereaf] is tbht,ag peiveart devibgs, nodzée plotes et Becslgo be

s B BT G R BB P bt e goncitons of
reRRQEIYgHOdt R4, TRk bai reymulhd;r@a{dagés driint&grabRSR R aibidbidhe

thick nozzle plate 2, relates to the 10 actual etching
dayiesee $he depeisiing of theseazla glath2 by (VD frogmbediments of thelpsesent
in@ég% Q9 fds%gpendlcular to the wafer 8 of the

su rate portion, for exanple using a standard plasma

etching. This would typi caIIy requi re nore than 10

mcrons of resist 69 to be applied. To expose that

Aitgr adantage of dhe presegbleatirs of élefunv%wmeaﬁéﬁasbm embodiments
thgx%&:" w&l%ﬂ %ﬁas&%mg vehtif %alaﬂfg seffeo gﬁﬂétgr\’rﬁanﬁctﬁﬁlgg l?lfoz?&s@és

e stepper t used to expose esl st
Dé}ﬂ)srtaigatnozele)plaierﬁ by CVD ahougtheinbzzle plate to be included in the printhead

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

conductor manufacture,

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

below.
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15 woul d be possible to expose this rel evant depth of
resist 69 using x-rays, this would be a relatively

w@eomitlysipr ocess. A further problemthat woul d BXI/aU2003/001499

with such a thick nozzle plate 2 in a case where a 10
mcron thick layer of nitride were CVD deposited on a

s

th@rﬂa&zil@ Ehanhis t7radyEhe, 88y, 10&litroas WHE réfeﬂaﬁé@mtmgﬁreassm‘ch shows a
within thick dep03|ted | ayer, the wafer could

unih celelithebismenin acsorslands withidgmsesentiavertigns mdrwla% pas sugh a thick
nt h?e ;l)lélttglz?grvﬂﬁ I%' pg{ g%&ﬁglzl%%lg &f&&g&aégﬂ'? s%ﬁtlh g?dbleéns relating to

dmp%&ﬂﬁn (14 Iﬂhs kase] duettb Qhemhii:kﬁéﬁs off RueA¢ plate)2, the/\ﬂ]mlki& drag exerted by
ssible, is dlsadvanta&_‘%%It g2!]5 Wth reference to
ﬁw.n@a?l@@ethq igk A 1 ppsipged Rulty 1B stgngliragblosteg in the

ﬁﬁ&ﬁ%gégﬁﬂggb enbodi ment of the present invention,

Itridée nozzle plate layer 2 is only 2
mcrons thick. Therefore the fluidic drag through the

i S.not rtjcularl nifi at nd.is
Apptrereblem e o flgrst it st Fsba GS neaflepisthrelates o the
aétﬁﬁ efhfl} ﬁrb&@?.s TaistaBRintifS trnt th"e t31'0%18 85§ efcRéH ia§ ﬁﬂ)v&rp perpendicular
etch nozzles 3 in such a nozzle plate 2, and t

tosthe safer Sroftiresubstivae parttionyfef exangple uping agtandard plasma etching. This
wrogfde Bty éﬁye&ﬁf%}gﬂ%otg% ?@gli%réngo I‘/ﬁSAl L{%Q)qglbg 4]?ed ’I:IE) ekpose that

|nv

tlﬁél@i@;s%f résist 6D Ethp k& fusrel GevePofresdletibr Hibcotnh§ dtfﬂaﬂb@racﬁeva as the
on appr oxi rratel 1 atnosphere and not 10
hgﬁ@ Bhelrtbe stgpper ﬁhq@ i Wd & expogethegesist lsaael%ﬁ{y Hidlg Although it

w%ﬁf?ivb% po§s1allé% & ;ﬁ)rsg Jﬂ?fé‘f ey afit %éﬂg?%f;%%}rgtgb S r%* peﬁfs EthfsQvould be a

CCant

rdie&mlyrcﬁdtl)tpro@sect drops 16 in this system These
include: 1. small size of chanber 7; 2. accurate
fabrication of nozzle 3 and chanber 7; 3. stability

Aﬁ%ﬁt\/ﬂ%{bﬁﬁ)ﬁkﬁ%d‘t&?&ﬁﬁ e)thV\ﬁzlﬁ{ ﬁféh\éthQﬁ ‘nbkﬁé platd? th 3 VRE ¥v_here a 10

IC an hermal crosstal k between nozzles 3;
mhicron tickniaperd nittide $iereCVD depbiited Oarmhw@l. subgtvaté vafediis that,
gcrau € gth {1 é{L Qt%rence mn tilermrgl %yrﬁgm?swn%etzween%he CVD layer and the substrate, as
well as the inherent stress of within thick deposited layer, the wafer could be caused to bow
to such a degree that further steps in the lithographic process would become impractical.
Thus, a layer for the nozzle plate 2 as thick as 10 microns (unlike in the present invention),

while possible, is disadvantageous.

With reference to Figure 50, in a Memjet thermal ink ejection device according to an
embodiment of the present invention, the CVD nitride nozzle plate layer 2 is only 2
microns thick. Therefore the fluidic drag through the nozzle 3 is not 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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7. low pressure | oss due to ink ejection through the
inlet 9; 8. self-cooling operation. 15 As nenti oned

w@bmve4sini rel ati on the process described in teP@EATR003/001499

Figures 6 to 31, the etching of the 2-mcron thick
nozzl e plate layer 2 involves two rel evant stages. One

_@‘gch ,‘Zeﬁa e involves the etching of the region )
$rigivaethinnozzle patg 3riaghis inventomsiy englled oy e arasewe generated in
i ? i in pri

o it 215 MG bpptbiinahB § Wi a5 it {00 hoselidfes g n prior an
deegesyas nhestigrdtabovel6 i n Fi gures 26 and 50, which

actually forns the nozzle aperture 5 and finishes the
rim4. Nozzle plate thicknesses 25 As addressed above
There'2¢ AlahPfactdds WAfh  BhEButeAD 10 sifhB e Fdubtid A i
CVvD, and %/QVI tch %he advant zfges de criczggd iﬁtlﬂgltﬁe%u@franswnt
reqafad & ejettalronszlAl i thik aystem.i Mheseengudesent i nvention are

t hj nner. éh nin the prior art. Mre particularly, the
lhoszn%qqgs%ﬁ tczlg‘méeraﬂ;r’e |l ess than 10 nicrons thick. ~In

20ngeciratf fabri @€ BPRCASN had atbepzz| € plate 2 of each
unit cell | is less than 5 microns thick, while in
3 antatility of dedpegipctign apdeyadiep velocities;i s | ess than 2.5

m‘%g 'ﬁlkﬁ I [ .hi ckness for
4't he g)?z{hgmp adetﬂg’%?igcrfgsrﬁlgggﬁée%{'ﬁ?%:i%ileater el enment s
5f coptiehm nozhld §igs riubbRysedas 28 WO 2004/ 048111

PCT/ AU2003/ 001499 According to the present feature,
64 ﬁ-é\“’éﬂﬁ‘?lé 38 thip (pmigreaxnozzlg)3enent s 10 di sposed

T bR fResstild§os RRERS nk 6 Qi %{k‘h’ ifiéld, 1. The

el erreﬂr?}(tess? 10(,) V\:hIEJ?J(E areé&?lg?arrggu y %hrg%di’t hogr aphi ¢
8prsefewslimgopteatiomi bed above in relation to Figure 6 to
31, are forned in respective layers. 5 In preferred
enbodi nents, as shown in Figures 38, 40 and 51, the

ABe@nEbn& HIRO{Srelddion A stocesd déschiBed ﬁeceﬁﬁbaéftlﬁgu@s 6% %1, the
h SO as

of different sizes relative to each other.
etghing of theZpmicsen Hiddnamzieplate layeed vwotvss the raddanestages. One such

LRLL QN .1 h i £ hographi 0CESS ch ter
GFERELRM R e T b Mol BB e P PEBEHes 78 s 3 pform  reces
otittidt op whatesis], becbie tHndzzleltg Hait Gthet SRh stdedvdlkstaGurther etch,
.each one of the elenments 10.1 being distinct from
in; the sggion dasignpted 46 én Figaresi29and SPevhich agtgaldy forme the nozzle aperture 5
afd Shelfmls, 10.2 are preferably sized relative to

each other, as reflected schematically in the diagram
of Figure 51, such that they can achi eve binary

N\g/gzllg gfateedth{cﬂhesses

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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15 drop volunes, that is, so that they can cause ink
drops 16 having different, binary wei ghted volunes to

wheoogjoesated t hrough the nozzle 3 of the parti cCBCEHAUN0B1001499

cell 1. The achi evenent of the binary weighting of
the vol unes of the ink drops 16 is determ ned by the
relative sizes of the elenents 10.1 and 10.2. In

Akt@ding tb the proeenafeatur®fthdré erekilivaliyngaiester ebrasis 10 8Rp@sed within
ink 11 is twice that o

tﬁt&éﬁéﬁ%f@% uQ@thlﬁ 2dheplemenis A, Which @reaﬁomtftb% the lithographic
pRREEHS %gs&%em in 818tidn th 45 a%"{e = e<?3 ¥ Ca?@gﬁt&%&?t Je%p(f % lfyers

Figure 52, also has two he enent
for each nozzle, and these are also sized on a binary

h\?%?tﬁﬁfﬁg)em%?ﬂ Sregg ﬁgﬁk 65’%%563%5 gngﬁﬁat%t%ﬁgﬁ%eats 10.1 and

16279t dha8Er 7, %9& @ft&ﬂtrehpsmqaa@tmreatmome nozzl e
chanber 7. It will be 25 appreciated that the bubble

12 1 formed by the smal | element 10.1, only, is

A Bl kel 038 08 L PEIRS e b BE i
@eﬂﬁ[ &dcB theltyr él&ﬂelﬁqmll ned iefdreiet by af lehdi@né ¥ep 6F @AEMbLSess, the
when they are actuated si mul t aneously, is designated

lithpgraphieisieps relatingde sach gneafzbgelpmpnty 1 84 e digtinet fiem those
by the three respective bubbl es
réﬁyﬁ%ﬁgfgf&handﬁégﬁg&QBO It will be appreciated that

the size of the elenents 10.1 and 10.2 thensel ves are
ui.red

b [ A i ght ed h
TR Heients 1011> 4P 3 ee Faterahey S Srelue i gochiopes asFohasied
scBkRatitAN in %e deghmlor ‘F?gﬂ?é 5RO thalthe{ EAPRhiel B g%&1§ﬁted ink

bi nary wei ghting may wel not be represent ed
d2p 00loues 1 that PGH thmammu@gnk piroeps i16 éh\ylng yhffdnmt,dnmy weighted

S @ 7R rotigh I o 2zfd SRS BesERyr il G Phaifievement o

the ‘bﬁﬂb@ﬁ/ﬁlgﬂlhﬁ% bt thie Qbﬁmﬁe@ JF EHelifk Hedph 38 isSdbtérRtmd Byathé Rfative sizes
bubbl es 12, the drop dynam cs

eneration o
fgthaﬁ’&meéﬁu 19§ anel 10T eIndligure i5 ythe piren jofj thechotthat heater element 10.2 in
into t h r.., firom.t nozzl e 3 once
CO%%r op 1Eg§&“b1%o lé:%ﬁlog ?ﬁng%aatsf elgn?rgrltaﬁl nmust be
consi dered. Accordingly, the act uaI ratl o of the
surface areas_of the el enments

Ope knosymanecarbdevigrepataied by Canan, aﬁ%é%trttsd Eféle%)ape@tye@ Figure 52,
alk@h&rt%tﬁeﬁf%r Elgg@ﬁtlg 18M&nd'10® £¢ ?écﬁt%z br%r ég?'g.@ﬁ% sized on a

vol unes ere the size of the
blmﬁrybasmﬂt & to proﬂumﬁopenlﬁ witk binarhweeighted ¥ohimeis ) hese elements 10.1,

Y A B ok bt Sl v
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 supply voltages to the two elenents. This can al so

be achi eved by adjusting the duration of the operation
weoogessiof the el enents 10.1, 10.2 - i.e. theiPCPAUS®3/001499

wi dt hs. However, the pul se wi dths cannot exceed a

certain amobunt of time, because once a bubble 12 has

on_t syrface | enrent 10.1, 10.2
PR theSPerl diinc dEmBEE 181, e eraves. 1Bistinge Slements 10.1
1.1 fo deRicE binakyt Weighted BRIl 8hds, tHOTIidIE cRANREr R Shrrdulifing the
| ow t hermal mass of the heater elenents 10.1, 10.2
generatian phiarhbles 18ethe Heapt dymamiss charetteristiss,ythe guankityof liquad that is

f ' l.es e farned d .at
STRETALLS, 86 HGA IR Sk G Hoen o, an o
fefth.antist \be cpnsideeedMAdtdrdingly, the decaml rdty orlite AFEES areds of 22 elements
&ub?l nucl eatjon, ty icallg to around 0.5 . _ ]
18101 82e6b gerformangs of the v heaters.iegdstoibs adjusted dmipraptise to achieve

Mﬁél ive and the current density
t?é/h%étswggg b \t@%%gtfg?g@q@mﬂ%she heater el enments 10.1,

10.2. . As shown in Figure 51, the two heaters
espective

ements 10 10.2 are c ted to.t . )
RSN A B ST Fohgh A hGSEd er ehrs Grrgtipa e surfce
akde ¥ theRkork i ' ; usti
CHF D G, BB, CIN0E e L o USAPRPRIROR Bfadising
thg supply Yalegesrtp the tworedemaérds. gFhi§ pant alshipemrhievedhy edjestinzdahe

I nt . ich igath igh current .
AyPoh Rt He GBI PR Gty VB dta 08 - LReDHRERe widths.
Hajvasver) thelfhilse widths ch@ot @Xe0a b Rertdil Qmib@h©dfitMee, bEsAuSEHM R a bubble
lgr ovided to the respective elenents 10.1, 10.2 are in

has pugleaiedom the spdacg of g elsment Hh b 194 % thevrany urasion efipulse width
: | ement 10.2 would typically
aégwg%ﬁggg%ﬁgbégﬁ%@ﬁo%gw?ﬁggdrive transistor (also no
shown) of the circuit 70 connected to the other
ment 2004/ 048111 PCT/ AU2003/ 001499 In

| 0.1, 30
dhyfhe pihephandy {heg%gg%r%é‘d“?% Ereheatsh ehepepisdrle 182 allpwe them to be
hBR&d & refle VB gRicdk), ghe.tgrQ{)gratuY@étQ{hia{ 9ubb?1é§ 150ge ﬁ)?l?igd and at which

| ayer, are produced sinultaneously In the sane step
drape 1biarehejgetedp hWile thermodxioior éffegtipe pdeswidth is livhieed, by the onset of
nvention, illustrated

di ment t h t | n
e rbcTEfon. bpisHfiy S ALY S REFEiSAR th inirgn pulsgaidin is
liffitet ioRREsY tBOQVAlabRICArERIIFRA aRH theaubr@ht dehﬁtyo&'é‘ted'gn Vt&_éttﬂerated by

I ndeed, as described in the process illustrate
thedyeates plements 10ilgdP3s 6 to 31, the material to form
the elenment 10.2 is deposited and is then etched in
the |ithographic process, whereafter a sacrificial

Alsalewn 2PFigareddpaiitive hestorsteiments 10IR108) #8HnecR % tWtERspective
the material for the other_elenent 10.1 is deposited

deye ¢ifits Ve Altheygly thesegircpisy 4} may be ideptient ta eashtolsr, a further
ad}G@hfRht 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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el enent | ayers. The layer of the second el enent 10.1
is etched by a second |ithographic 10 step, and the

w@amniossieci al | ayer 39 is renoved. Referring onkEr/ayi08/001499

to the different sizes of the heater elenents 10.1 and
10.2, as nentioned above, this has the advantage that
it enables the elenents to be sized so as to achieve
Ik ?h@ﬁ &t dRcABEYinWelatbt ROFigire 52 ihk Hemer dl¢mento D& 1 Nz, Ivehich are
3. 151t will be apgre0|ated that, where mylti pl e drop
in/the sere layern atsreduerd viammltangoysly dp thei same pteprot ﬂteﬂéboa?@lc
' d
%E”%E%’lggﬁ #I)\%Igftsg lejlsthg gﬁpg&\/@%ﬁ%ﬁﬂ@%ﬁ G&Vﬂl\ﬂsefxtff% ngﬂ%t?ﬁ%d in Figure 51,
tHeawe theftetsrelentieas] Wt | I1(0)r12 aQ&emerrteﬂeabn‘w, are fonoket orteluftes thewther.
ci rcunst ance hi gher s eed can e ac ie d .
Indeed, ap gescnp@;lpég@g@peﬁsd tfstré a)‘flﬁ‘ﬂ’gpeg gnguxf& é? the material
td 35 tPLibhBe lfO(f 1std|3§osﬁ93 ﬁ@lS%thcbtéf}ﬁﬁ lih the 1t aph1c process,
equi val ent  of one, or three drops mg
“aemaﬁerdx samﬁmmh lug:rBBast ddphatedm tbpbf that df:mbmt &pﬂetém the material
I nk. ect
fote oibRdenpit D8 densfitesh R tptile +RFERI) LoyP Bk Bwo heater
cRARhENMGSs. Th IW@Sfth%%ecdﬂe‘éﬁ‘ﬁféht 16.0e aiezaly A ebbdd lithbgFBphic
wi | | gézlcall be a I|n1t|n& 25 factor. In this case,
steheand dhezdaerificiaf layert3qieremavgdt |y | onger to refill when
atriple volume of drop 16 (relative to the m ni num
si ze drop) has been ejected than when only a m ni num
Reéfirtitigeoribe @Qpaih a6 tHeatifferentaides df thelhestectlemerts p0.acihd d6.2i s
wi Il not take as much as three tines. as | ong[ i?o )
megtipned abeyg, hip Bagfihe adaniage thah g epables e ﬁf?mee§ 9198 sizggso as to
J n 6 to Figure
oI bl G M EE R olbes oGl ' 2ol et
unit cells 1.1 and 1.2, the cell on the left 1. 1

SRS, PR b A R Bt gty
t LR bifary V\%?%H?éd 8R! phdfo g@hi&"%ah@%aﬁﬁg Bb@iRa Waflle vsihg fewer

e case | ar ger the curvature of the
pantedkiuﬂsbdml aTalo\hatprhlaseSﬁl@tlmd inside the 31 WO
2004/ 048111 PCT/ AU2003/ 001499 partially enptied
nozzle 3.1 is larger than in the case of air bubble 72

FuRARmdAS uh@ériRssanid &fcumtsﬁﬁce%nfﬂglh@rs?é&| pHiin E:Qpbch@é’meved That is,
been ej ected fromthe nozzle 3 t he ot

instdafl of Just ejecting amie glrenr 14 andvibenvaitipg farithe aWrzl%wme’éll,?tbe equivalent
o kN 0k i BESUHS AU B R ARS8T e o

nb£Alé B s A adiagang facerpink @jectien, and htree Printing] upnd chredidmes faster,

chanber, 7.1, as indicated by the arrow 73, This gjves ..
may e akieEeds o PRSHCS, BPIEYGTGe noTARreaNIm Wil ARIBUY by hmiting

183 It ﬁms éatse tREREES Pwill BRE sliges1oNRE RFrefift whth @t pleRBlume of

condi t I
drop 16 (relatlve to the minimum size drop) has been ejected than when only a minimum

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

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

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

the case of the larger drop 16, the curvature of the air bubble 71 that has formed inside the
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simlar to that in the adjacent unit cell 1.2. In this

condition, the chanber 7.1 of the unit cell 1.1 1is
w@aootioadihy refilled and the surface tension foPCEAD2®3/001499
therefore reduced. This results in 10 the refill speed

sl ow ng down even though, at this stage, when this

condition is reached in that unit cell 1.1, a flow of
pal‘tiaﬁlg'eﬂlg'n@& ﬁoiﬂi‘c% GhanbRk thanln Weldasd dfairtbbid 72 that has formed after

has been established. The gver E ffect

the¢ smaller gokuhwtdroahasrmg gected froppthengage -2 ¢ “oﬂ‘EFre‘{flé"l §ell 1

fill the chanber 7.1 and nozzle 3. 1 froma tine when

the air bubble 71 is present than from when the
THeAglic c@atlfe dBthhie debble 7evethe uitichlé 1 \aksui® it o ghrater surface

refrlled is three tines | 15.does n t

j 1 ok %glgr R 1 ; aée 3%ozzle 3
temn@hfoa@ whigl tends toedray dh paithg ye rPé‘SSéﬁ%\ Sth
dﬁt& {&[aﬁg)%{jl ?J'f‘ﬁﬁits%dﬁ}rﬁﬁ‘%?x‘ow S TP RE v@@ﬂwﬁtaeghbﬂkﬁeﬁnmg

enent s atom c- nunbers Thi s
tirh€at dthe chaivsdr VelSreﬁlis: itreathes a efageyalasignated B@wig;rep the gendition is

Sl‘%&?égltﬂlla% |1g?1{9§h£32%’qtd’?‘t3&eﬁ3 H”gtggﬁ%,f[}g&lgn gzgnlpéf 7.1 of the unit cell
1. ?lls:&gl'rfﬁrl@ c}%ﬂﬁ%&“&d@ﬁe AlrBITk fenBion TS Ce hbﬁﬂh@x‘&’f(ﬁ@ reduded Th1s results in

odi ment the atom c weight is below, 3
thwine:ﬂlmpend dnwtrtgdowreepmo thowghy at this stage yhen glip ﬁ?ﬂdlﬁl‘éﬂ is reached in

thpﬁlgl?t\évqeﬁﬁsl 6’1&?0( Rk ? gﬁ? g{ cﬁg&lggyaﬁ ,%ﬁts%@%&edzéoéﬁﬁﬁm, has

bdel@ktabINhed ! ?ﬁ@o@eﬁ‘ﬂ[ ffect 6f thejs tHa€ cilthoughait tkes loager to completely
tenperature of the heater elenents 10 ]

.. Thi )
Atbrebombert | and sl et 608 "y throebdtls f i rrsrepthan from
W %r} gxptgggc} %orﬁzg {sﬁréj{eﬁt Qfer@P theVolurd ﬁ) Besreﬁﬁ&?ﬁtthéé bidhes larger, it

novenent of the nuclei of the
A6 AaBtake ACHQcihsitee tinds lovget torrefjliitheechamber dnleangynazale 3.1.
rai se the tenperature, and thereby induce such a
nucl eus novenent, in a material with atons having

thtgl}/ G&hedtd! ﬁlrﬁ‘fed %ﬂl[ mhferidls WBhgihitad by aléhRats with [@odiBmic-numbers

=Wt rrgncer "Naterials currently used for the
heat er el errents of thermal ink j et systens include

T{:sggfaag\:lrggr]w %T@Fgﬁ%}% ﬁ{eg{;pfso@rb(e %%dn%fs%ﬂdg%at%w & idast 90% of
@%4{) @Bk i oGS I bf fidre piivdidulehantohigving an atomic number

ant al um~and haf ni um have atonmi'c nunbers 73 and

belospidc i upkaferredmbasdimprt thexstemicay eighicig PWW?%“%\?]‘%F““W
e nt.s 10 esent invention is
eFSPé*meﬂ?#lﬁnE’Pf“dével fsabrﬁPOSNmE jas an atomic nunber of 22

and nitrogen has an atom c nunber of 7, these

materials therefore being significantly. |ighter
ToRodnizee f e ke RoUER PEhOdS Ul the SRR ot TP BayCh lover mass,

ag% Ble{eg%r{a a?sg GH%FE %rpﬁ%\\.{rﬁgdctg rdiSd &k %‘iﬁer&ﬁre@ftﬁlé it Qlenifts 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
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materials. However, the density of tantalum nitride
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includes titaniumin place of 10 tantalun) is 5.22

g/ cnB. Thus, because tantalumnitride has a density of
appr oxi rmtel y three tines that of the titanium

nusted ibgl € anan). tTantahnm andthafnilen bave latoneguimbersiFmnd X2 nagsrscyvely,

s e S350 TR Rl RaldE Bt SRR AR Bt

t inamdmfnitadce mxemum heswer ayymic numberef 82 iaed nitiogen hes an atomic number

di %ﬁ e%tga tg%gg&lgs llJer ‘%?,n ' M@ﬁg&gﬁ%{?&% setc!'f' %&Irelevant prior art

r @piceeidrialst he tenperature difference, C |s t he
specific heat capacity, VOL is the volune, and p is
the density of the nmaterial. Although the density is
NBbrod@h®hltinfieh, Ghick forﬁ(bah}bfhiﬁhnu&t oride amliadnelus ghgmintmj s

al so a fupcti.on of th |ce CO. e, densit

i EesRachyhy f1ke mﬁ?seaae%ﬁ%reeiﬂﬂasay i Tt . PR RisE, S S peg tantalum
rmrﬁfel ifle3 g@ﬁ@l\»&ﬂd thaB Bkt Qitfide (avhl@ﬁ)mcaﬁipemhmmﬁ‘n in pllaee of
feature under discussion. Low heate

 BREIS 1 heLPEES M, MO FBEh BiTe hebs TGPt approximately

Cindel tGies @tht SO tidRah nith@e, TR RinOhitride Wil reqibd qrplr@ilmaély three
each heater elenent that is heated above th

pBma{espmerayéo brspibprtapighim fiide) Aguiliby ﬁmderstwﬁ by PHRTS‘TELS‘“““ in
' ﬂletah' e GIFRAALITR Bhergyl il 2RRAdrial Hi8wb Qiffefet RMpb@NBRHETePieSented by
bubbles 12 therein to cause an ink drop 16 to be
efhedeliowing equpikeds t han 10 nanograms. 30 In one
preferred enbodi nent, the mass is less that 2
nanograns, in anot her embodi ment the mass is |ess
t han 500 picograns, an® ATy, xa¥OeKar enbodi nent the
mass is |l ess than 250 picogranms. 33 WD 2004/ 048111
PCT/ AU2003/ 001499 The above feature constitutes a )
s h\gﬂiefAiTcrapmsead\ﬂmwag%atumeﬁffmm@rcpaif the ispekifisthea gapasiiy VOL is the
fvolm&l‘\e anﬁ t?'l? 8%‘@‘,‘3?:& th@ﬁﬁt@ﬁ?g%ltﬁ&frghﬁléeg({éﬁsx Z?sstll]oq dEt@ﬁllﬂhéd only
nhy ﬂlelaajrmc mimmdmeas hidsalee a ﬁmemfshell@mcermnsaﬁt% dtqﬂeeswgs strongly

bI ed th t t: .S

551 g etolc Rt R e SRR MBI R EF B fpectof

oihetfaaureh&dmﬂtswséxan

Low heater mass

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

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

In one preferred embodiment, the mass is less that 2 nanograms, in another embodiment the

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

picograms.
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and due to the heater elenents being in the form of
suspended beans which are not enbedded in other
wodoenigahs, as illustrated, for exanple, in Fipur/auvinos/o01499
Figure 34 shows the shape, in plan view, of a nmask for
form ng the heater structure of the 10 enbodi nent of
the printhead shown in Figure 33. Accordingly, as
Figure 34 represents the shape of the heater el enment
TH R e Fdatire BoHRARIEEIWignifitant adviavige el erprivd attankjet systems, as it
di scussing that heater elenment. The heater el enment as
resxdpnege mce@std,/efﬁeuee%ewcaereﬁuh%frtm refiyction inenesey lost igheating the
ust a I
soét%ég tgetals af b &b %thr él&ﬁ?@t ¢, V\'ﬁ'ug l?er%'hghra gsnéﬂaglgtg rea‘rﬁe ?Ual‘fll? Sgé‘gf heater
el&ﬁént&nékexﬁﬁl@ h&ving lromectenmads dsie toTthe rélativdly sreal size ofithe elesnents 10,

pi cograns. The 15 corr p ndi
angh et 1 PGP B Pt S AE S REATER ZFrg ish s ot
ﬂﬁ%}f Fhu@dd, that 10
mﬁ@%ﬁé@%ﬁ gg”ﬁ%ﬂﬁg?%rﬁﬁggmﬁﬁﬁ%?g 10g§g in Figure 36
has a nmass of 225.5 picograns. Wen the el enents 10,

102 represented in Fi ure
Figie 1sbavs e oo uplall Siev. o g mesk 57 d0e g leafol e of the
erﬁ ocﬁf'ﬁ%Ht YRS tRERRRhoWR it Righfe 330 AlcBexdily, aoRigaed 34l\tepi‘esents the
e 1nk 11 (%el ng the bubble form ng liquid in ¢
shapb oﬂtméanat)er ¢lerentild of éha;t, eenbpdiment, dhip epTEicEe Bb\?éllﬁqﬁla%mg that

h?f{t t 2 ajﬁh{] ﬁe@geé KL ent esllg res{]{f‘ed lﬁ }elfer e%luhﬁ:F%fl 1¥.34 in Figure 34

h&sq@Et%CkuYglé tbop a9 elteeH & i2aaictonsiwideiha 0. ng mlclbam}mid Ithas a 6 micron
inert, thermally conductive material. This coatin Th
outncraéa@ and adonisomdnestradins. Tg foteldieater assis 5P piongr ©

t f | Bigure 39
Bl P e ke B R e bR s
h@sl aﬁiﬁﬁmofJZQ916qnwgrmmdeﬂatkiy} represenfedrbyeiefepanse aomierad 10.36 in
coating, this %oatin havi ng been applied to al
Figuged6 Satrﬁésséf%%% PIOBINS aneousl y so that the
coating is seam ess. The coating 10, preferably, is

el ectrically non-conductive, is chemcally inert and
Wies the eglants A8y HRI repmsmhmdtln\Flglyes 34 38138d Po.pepxameple, are used in

PBGD8 GHEtiel mseery R PG STHGYeE et hict f ifthermal contact with
#RRR AN g fhe bh%l@?orﬂ‘h@é@di\dd lid Hods éiﬂﬂidmmﬂex(tpﬂﬁ) is rased fom

yet anot her mbodi ment it is of boron nitri

téﬁ@mtmem@omthaﬁ ofitheboibiag peiat efthe inke Mall e éhé}ﬁ'd\?br\ghef than these
h
L e

tl%?ﬂd% ccﬁiﬁhcﬁ% aitehdls Thamatine mosdatesdtomoma extdns tthatotal ?Biss of
and ich, in the typical manner, has then been
easeriab FaEad] tg 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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coated on one side wwth a CVD material, designated 76.

In contrast, the coating referred to above in the
w@emgesili nst ance, as reflected schematical |y PaT/kUge8/001499

56, this coating being designated 77, involves,

conformal |y coating the elenent on all sides

si mul taneously. 10 However, this confornal

oat .l
nigrideain anothgeembediment ¥ il dizsondylalee Garb th@[é}r)e?f%df‘ ymmothef
is a structure isolated from
m@$(@m8§f?gc g?égﬂﬁﬁﬁe . in the formof a suspended
beam so that there is access to all of the sides of

t he el t to b t ood that whe
Rﬁféﬂmgég Faginis Yoans Yo hebrAr6 T §TETAN g PRERugnS AEf prior ot

r %ﬂ:me]lf 1MHat B Jﬁi)? 5% fBHﬁaﬁl\xﬁé%&' Q§ 81sEJ§§e@£B$% CB‘ut Wlhfbh has been

enment suspen ar e j oi ned tO
d@lomoddrmrbeslbiﬁataﬁ’ 8iand Mnaﬂledl the a@rcahmnn@ahasyhmbeﬁn genfermally

I n ot her nmeant con
c‘?f‘{?éitanﬂj’ets Vglvﬁﬁ.giﬁ/tD Eﬁﬁa&ﬁ iﬁﬁlggqt%de@/ Ig cogtggsér[ﬁ? %(%laltmg referred to
aboRaiin the§r&b@B&RAndeSas reflbited SUbmOtCHIean Bigutd156, e f:@eftﬂﬁg Ibeing
coating along the [ength of the elenment. 20 The

d@rgmdeamvahﬁag@f@tﬂn lyrepatinghe glegsat omyl sides sealtaneously.
ngézg{%nt%{s cogfm r{Y}Iapgoaglﬂg gh%g %d&sg\”cﬁor{lgfgg é%g%ﬁed mﬁ&%%leﬁlent 10,

wheheM el coatedais agrutture Bohpd! freel othehetnaitired + ad. én e form ofa
which the heater elenent 10 wa

deposi [
syspeneed Peanfsodhatihery 15356essite all egthﬁﬁedeé Bgﬁﬁeﬁéff%‘f t he
el ement on the side opposite the conformally applied
coating. The depositing of the conformal coating 76 on
Ittidwe Heamtlenstodd tiedt evhen refénudis aadie 49 ccimfomllry, cogtingpthe elethent 10 on

ISQ}FI%SE S%[rﬁ?%{ S §0 ﬁ-&? L%l?sﬁglfrsp a 5 t{%ia'{:‘ﬂ'{1rejoined to the

el?ﬂ?d’d%s X 'aéjf?ﬁlcﬁqu di’iéi‘z?rﬁm‘dﬁ@h@l%hﬁ thlu?e S'P'Iﬂdﬂﬁi wofdsgWhat is meant by
orm or where | am nati on may occur. Indeed, In the

cardisrnadify cohtmgtéaﬁbmenél(émnﬂ sides ief esmrxg@llz,sth&th@ﬁams@ is fully

e BraonpEmgaei e el PedGRANE Bebleelf e 7o

bel ow, so as to render the elenent in the formof a 30
suspended beam |ngress of liquid or h droxigq i ons may
Thepuinaty adyartagerfisghfosmetly peatiagithy eatex may be undestood

WRRASTRE oo it Sl el on £ B R Bb4P s T

cddtidg MBtieipplied, the sibsaaed 8ab10Nl&clﬁ thecheatat eimnnnlm Omvasrdeqbesued (i.e.
or di anon Ilke car bon f%) @g suita or use |
h

f‘trﬁ@d):‘%ffﬁ‘:%}?’%lco%%lé'ft?%@e ?9&1% ﬁleé‘éeé‘ﬁi’nf qPpRSied ¢
%t{)xlllx?atl gygﬁe aﬁhgt’:ﬂge dé&sﬁiﬁlg of ﬁletc}&‘ﬁf(fnng?&iaﬁﬁ b oh 'tlg.hleater

erma ucti v t hel | evel em cal
element m?whl,ch ig idturihesuppartedtanghe stﬂuegrata 78, @B\dtstm iasedrhy9 being

%‘8}268 us(éﬁtn'lg %g ﬁgﬂc%?t?thei?g\%ag&ggmp\g %rF Irog{iief, Sni%tbvr un%esuable

pfIdube Wi Bhil fHn (¥ Hete @élarﬁﬁltaééd My 88&#. Th@éed, 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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the coating 77 is inportant in relation to achieving
the desired performance characteristics, materials
w@een4ginan t hose nentioned, where they have seCT/abRm®3/001499
characteristics, may be used instead. 10 Exanple
printer in which the printhead is used The conponents
descri bed above formpart of a printhead assenmbly
Thfth&tBrials hehtibibd dbdvé!E@daluiihudn RitHidd @fdlﬁﬁﬁﬁcﬁﬁke irlgon (DLC)) are
printhead assenbly, 1tself, includes a nunbe ?
supable forarsd lmﬁxgwpe@msl@oamrge%%oabg presentapenteg éﬂ lyggated in Figure
w,, 15 Ref [
Soqfis3t et STaTK M ikl H i I Tt alhertess,
an(nBY fashOuthey Wetelecttidall non-assdusti v, SAnotiter viitable rhterial, for these

puBaRes i PO AR HLEEE ETRPNEBEPOGHN B6 RIRIE PRgerial used for
thé chaté{géeﬁ g %&Em? ghglahgﬁ) toVXc:thﬁ:v'fr%f {RE BBGRA herfhintiAke Sharstteristics,

In an expl oded view and a non-

mexphlo dedr thaauhose aspeonddy whyre theyf:havn tshidable chatastezistics, may be used

assenbly 80 which includes a MEMS printhead chip
mﬁ%@’errbly 81 (also referred to below as a chip). On a

typi cal chip assenbly 81 such as that shown, there

are 7680 nozzles, which are spaced so as to be capabl e
Exidmplp printériig whiitIhtha prisshdadtis wredof 1600 dot s per inch.

The chip 81 is also configured to eject 6 25

different colors or types of ink 11. A flexible

TR dom ket destribed O5yv@ fomiChart 8Pa pﬁntﬁéak‘dsﬁemmy Iv@hlch in turn, is used
connected to the Chlp 81, for, supplying

mmtxmsast@@ {Te peinthsad Fesembly; ﬁseéfvr}@%%hae ﬁ#fd’“athead modules

clAld tee %EB yer sheet 83, so as to
v@ Ség&%ﬁég?e aesc ﬁ%d@? 84 etched in this sheet. The

chip 81 30 |tself is a mJItl-Iayer stack of silicon

whi ch has i nk, chan eIs not. s %/Q int.h.bottomh thead
R«efasmg bttt Figdhe Y e el e 1 gisapreg pBdhe prpihea
Cl‘hﬁ glﬁ@s@lth%vx\@a&qg&/s O 3A1shifP QHM QA3598A 4R shoi®),
appr oxi mat el mMmMin wdth and 21 mmin

mbmdgd bn thErsamel chipy Mﬂnlqhsredtute$ themumber bfconhectigng requised omthe chip.
field of the stepper that is used to fabricate the
chip 81. The sheet 83 has channels 86 (only sone of

wteﬁx' efer&Hce t¢ P@Mbs%% ahil @td aRerdd stown, Wharcékpioded in@\haﬁﬂ 2 mm

e undersid the sheet as shown in ure 58

e)qﬂmdededlw,sesmmw agsindieahmodplessyanzhly sw cbelﬁeigd%ﬁq MEMS
pisthehd eésg%ptygkrf(af\%‘f? AU By B L DRBEGn Qo bhib isembly

eren onhes of "t

8 Fguch-ﬁb €hdt Gh®%n,8Here ke 1680 Iﬁozz’lés gihiohi dré sploedisedssto®8 capable of
ower
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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| ayer 90. Each channel 89 carries a different

respective color of ink, except for the last channel,
wolemitgesated 91. This | ast channel 91 is an ai rechanmeBb/o01499

and is aligned with further holes 92 in the md-I|ayer

88, which in turn are aligned with further holes 93 in

t he upper 10 | ayer sheet 83. These holes 93 are
The chindd wmmoxxm@tqlmh aym imwidsh aad 2F ma isylenggl,. This length s
d%tlexl%l 1 g% b%ﬁ%é%ld g tﬁ%féélg%g Flgk?e:ingfn{ tﬂgtgg ?égi\rﬁ& Yabitichte the chip 81. The

sige2t831 hasCehatutels 86 (oaly sonee ¢fl whicthane thbwﬁ) as hidden dedaib) azﬂﬁch are etched
by the dashed |line 97. The | ower aﬁé’leqr 90 [%8886 hol

o M@fsi%oéthwe%tﬁéﬁh‘é‘l"% lrsblga%ﬁ o e sbnngl3 56 extend as shown so
th%lg Eﬂ%{reeiasgl ]%hJ)lE éﬁ‘ﬁx a?ﬁﬂ’ﬁxa'iblﬁéx%ntsdh% 6£¢hé eﬁamels 86 align

own) ent anne rough the rel evant hole
wath, dlffmimt dres) oﬁzhs beks 8fr Jbg hoheh 87 linihes, Hiznarith Bnueisi89 in a lower
Int

sl id |ay th t ..83 and, t.h
1550 E Eah e el G s o ipestteunsey S ST 91T RRTRPH oS e o
Ch:'ﬂ{nel H&eg@altéaen%n@; labtht@afdy] D1 lsaeﬁﬁaeﬂ&{annéi hind iy DiEh¥ QAR further
forced out, at 100, through a nozzle guard 101

hms 821 incthe anid-layien 88, el #sturm @le eBgpedtwith fuether kadescd3diarthe upper
d
R R RSBl s 8Bjn s o

cBihnel 1By& J6h& tBrneRlitne? Part@ne alifedd with)aad gh:réfefeﬁﬁ ﬂﬁ)idﬁﬂow

hol es 87, then_ al on es ective channels 86 in the
compwpication withythe aig § e indagatsgcbyghe dashed lighd7-
respecti ve hol es 84 of that sheet, and then through

the slots 95, to the chip 81. It will be noted that
Thbéovecrdayer PUiB4s 18}13&5&98 qfenmlgentbmhceehaﬁﬁelk R9 tulvbcHaonel91. Compressed

| ayer .90 one for ol.or of and one for. th
ﬁéts%%g (ﬂw fow%l Ww@ﬁaterﬁqtﬂae Shapngh 91 (iEough ¢ Eeaant hole
98 Oanmﬁe sBes %ou%}h@xe hBtes b@laﬁs odli hﬁ& QIB%CbSt fth the ﬁlﬂfa%@r 88, the sheet

nozzl es on the c gure 60, ch a side view .
8dfand the tpp clnmlhéddyenﬁdme@eass@mm 1samemblowngmoetbe sige QA @f the chip

S, Schema wreferr d tQ,
oSREmELT ST 0T Vs b i 9 B0aBiG  Foeaif gt 49 LR nich covers
thRz8lel 18 k&@&ﬂe H@Zzlés%‘ﬁea@ eﬂpaﬂaeuﬁst apsfisbmiyesblsted ks 11 (not
C|rCU|trt¥lr di sposed. The top layer 30 of the chip

‘shevemabs/thraugh éhe hadess?§ afithelpwen tayan into Hipghgnnels 89, and then
t}gggéﬂ r%ﬁ%ecg\ge{ ]fhdlcle 87 glfje &g gsc‘q‘:égt?veaéhrf&ﬂé?? g\ﬁmdt?%é ﬁﬁ&e‘?gdé Of the upper

w}epmem ﬂdo@gmembnwlhdlys Sy ofthstishekt) andehgn Khhﬁgh tled slots 95, to
paper dust. 37 WO 2004/048111 PCT/ AgZOOS/ 001499 The
theo«m 81.aljavill bpgoted thyt there aredust srgn o4 dheihokes A§an e lgwer layer 90

S Each Rolok of (TRGAE o for SHORMG):es8d Sir) ik bBAGYrhrk i i

I'n the stainless ste upper” | ayer sheet
pﬂsed shthe chiPB 11 the énkv/being dméctahtd thongilamzelds an thefqhqm t he
| oner | ayer 90 as descri bed above, and then directs
the ink and air to the chip 81. The need to funne

Fidife b0Kn 3MLrd didd V1o oMR! Sirtheald IndRESLANGRbIDBO A ®igures 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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5 [ower layer 90, via the md-layer 88 and upper |ayer

83 to the chip assenbly 81, is because it would
wobdanwdise be inpractical to align the |arge npaban2003/001499

(7680) of very small nozzles 3 wth the larger, |ess

accurate holes 98 in the |ower |layer 90. The flex PCB

82 is connected to the shift registers and ot her

Tielewiértlager ( 091s FTRDIWON ah®Ba! itk chabbeldRtchb®ir 1QY’Eheleﬁ< &Mannels are
chip assenblr 81. The chip assenblﬁgﬁl i s bonded
%

fiEneovitlptho bales S4iim therstanlessaicchneper ygshipk s H}eéhPQﬁ &84 receives
1&9&@&%&%&%{}%& g@glatﬁng %%er Ijrangr od & (c?f'f ér%é%l ai)m/ez r’:l{ld then dhrects the ink

encapsu rovi
aagairyo tHe Zhipas b eTtepekd &ﬁﬁmmfthé inktahé air $ipac ehéretitie eseeivied by the

d 108 th 1 that th 106
1%‘?%] lwgang@t}{eﬁmdﬂl rgé@g up@q de? g%toet ggvpm& is because
i(\96:618 8frwisé bOIABAGIAL fo%gwtﬁqu%,grﬂm;er (TERYI ey drfiifRozzles 3

15 contam nation by paper "and and f
vn@dhahugaueﬁunmaaw}mksﬁennﬂngowerEmg&We 62 there is
shown schematically, in an exploded view, a printhead
assenbly 19, which includes, anong ot her conponents,

TRE iRk PERIS R EohRecRITE B Jhebredfitds andj&ﬁé‘rrdu*éﬁi@l[ye(ﬁ&vsﬁown) located
The printhead assenbly 19 is configured for

op dlegelaygr diOR 05 ﬁhlntaésembBOS b uThedhipassemblyB1ds bwslerlémveres 106 onto
I

t}%%/ lp(?% Zl%g r%.fn% H‘H %% llﬁgegdeggg %ﬁ]queFé% &‘gﬁé NS 1%96%‘0 lfg\étetﬁls

egtapeulatings, @ damSllﬂ)BSii p@tvﬁiedh ahiellowd Ehei epokN eoT @rb‘e @bh&i to fill the

bent netal plate, series OfB% ps _of seven hol
space Retwsen F}tfl%%bowdtth% chippgse b@S lnmﬁtéhe wirgy l%ar@ “embedded in

an%\ﬁ%&ﬂ.eénéé)thé @gcmg%l 07hfs ﬁardgﬁedd it ﬁ?&é&@ﬁw ké:’t;o?ldgff étr&nkture from

e conpress air to I p asse I es
centhmindtidn by papeobhrd dwst, dndSeni h2chaniogl comthck.nt 0 pl ace in
the channel 110. It will be noted that the hose 112
i ncl udes holes 113 therein. These holes 113 are not

RRf#sRMo Mfg@re 62 NBefRGS eloiea;&ch&nstwaﬁy in R eﬁ%&&ﬂw&@ 4 P8nthead

channel but are formed t hereafter
aspeiblynky, thlmludmaraomgmthewone)oscmm qmutteaq mtiubrasm)bhes 80 as
ho e serve a

ah Ry TR BB a5t 3 0 iginef ot et T 2t priper,

s@itadlamol hadbr UBTett&rayps alaks when the prl nt head
assenbly 19 is asserrb? are in fluid-flow

conmuni cation, via holes 114 (which make up the

LSRR S A S SO BB o i
aft(Bluctifonia ﬂﬂﬁ&ét@%éﬁh’bl PO inALR (1 dFA beAOmethhpiate0 e setikg of groups

efi nes par IIel channels 115 which extend the | ength
obfoveh BoRb et debizoREd Bghe refesence UMl 14 srejpsovided to supply the 6

dﬁgeggg :é§>lg>ijse&nf3nlk S EBLAPRSER alr1BthS R MemBRE AL AfEtruded
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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there is provided a channel extrusion cap 118, which

serves to plug, and thereby close, that 5 end of the
whome/o48ainet al top support plate 119 supports BOIAU2003/001499

| ocates the channel 110 and hose 112, and serves as a

back plate for these. The channel 110 and hose 112, in

turn, exert pressure onto an assenbly 120 which

includes flex printed circuits. The plate 119 has tabs
TéZéﬂ§g¢§h % extend through_notches 122 in

® 1d|dgtiassRaralichegnanasls 119 whigh extrad élwah%@h Oiﬂw hoge, At one end
ot gteTala) C

L oo AR e P3P nts (b AT ind R Fhosite end 117,
tH@tﬂSlS ipeonadeti2behashd] leptrggiont ¢op ldBewggch rsenyes togrug, tand dieesbtobose, that

a %@L hhead according to the present invention is an

eng} #Cmragni t ude | ower 15 than that of known ther nal

ink jet printers, there are a total of about 88, 000

nozzles 3 in the printhead array, and this is

Adpeialiep seppeiryplated 19 svpports hed legatios thewhanmsh ¥1 ®and lvae 142,@nd

o3 A b B P P 1, G AR o

arMBerthblye20Gvhich @ONdelexsriled ¢itcuits! TRYpIARET18Ha® ibs bﬁwhlch
total power _consunption will be an order of nagnitude

e’ﬁ?%@?‘“@h@ﬁ@ﬁ%ﬂ% in thedaynerasdhy egsfqnﬁmevwélsu%ﬁdhez@am@ 110, to
1&%%&1‘5{;&*&&%%%&11% cttc%‘a%ﬁ ot y, be high, even

e power consu on per nozzle will be an
order of magnitude lower than that in the known

h Th b 125 table f ,
AR BRSPS B 0Kt COPRET TS hBIT 5. A iroRGy e soskgy reauired
tol (fff%ff!ﬁe a4 #Bnthesy ag:@&%ﬁlf;tg 1R BenlR v ERTRN 1855 bMef" of rﬁxagmtude lower

conductive strips 1 are provided to abut
thew thas of knowasthemmal link jeuppeers; there ansa smlwuﬁ abcm‘t 88J060 hoxades 3 in the

prhshafiess ighie R aprecaegy ofl i he BHbR (BRFHehat ar

tyBRABY RIung $n BbicaPprontRéhds.NAs ettaReles 3 119 the ﬁrék%ntﬁﬁ@é?ﬁbh may be
plate 119, the extrusion 124 and busbars 126, to a

opsgasionalfi e yapY fire) ha agprtiguouy basis dusingtaperating, thototal power

co]n%@mgtr &iggﬁ’% %g | owg5 enfg gf&eor ut%on&latctg gl\éwchtalﬁ-g)wn ptintheads, and

thplcaired réduietzhts Wil @cﬁ:@lﬂ{geﬁﬂ)le(h@l, éQéh thowh thapéwer consumption per
schemmt.i cal lé/ by dashed 11 nes) ch are | ocated on
nqzgle Wil heranqqy ‘Tfé’é @aafnt\ed@éoweahsrzt@bmthe lewn portheads. The busbars

ERRL Sy SR o S A e B AR BEB B0iy 2e

soMuredto themt urn, i ncludes a data bus and edge

connectors 132 which are fornmed as part of 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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flex itself. Data is fed to the PCBs 131 via the edge
connectors 132. A netal plate 133 is provided so that

w0 go4oesget her with the channel 110, can keep abdT/afi2dobeo1499

5 conponents of the printhead assenbly 19 together. In

this regard, the channel 110 includes tw st tabs 134

whi ch extend through slots 135 in the plate 133 when

whih, iswEninajudes ajdgtads and edgstdennecters d3awichean formied aepart of the

oI RUP D BRB. B3Iy P RSt Ryt e o

the
sunmmary, with reference to Figure 68, the prlnthead
asserrblé 19 is shown in an assenbled state. an
Adpaigh Rlatedd 3 4s proxided sei st itaeether wmtmﬁmw%m@ep all of the

j 1
B8 Henlsr ARG il |RBE: 18 i Fir Fblafipg 110 inchudes
tveidigabs tivhehich lexteﬂ&ﬂlroﬂ'ghslqls 133 tethel plaké 183asbantht agsm8ly 19 is put
Yy | ocat ed. on t.he even printhe dul e assemhlie
RotherAna e el Ltged fuiabebsimalshys dreieds croFeaH s fom
bahg“@ﬂhgﬁ“qﬁgﬁfugﬁtmgl ng the printhead assenbly 19 in
place in a printer (not shown). The effective |length

of the printhead assenbly 19, represented by the

dlsta ce 138, . st O n A4 e, .
BY Ryt SEm iRy, witgblned oighteSs. ingiofhend BesgmeRoffis shown in an
af38mblel 8tate. ik STIVMpr&setEATRireGapplied via fHeBdSe ﬁ%t'lgﬂ power is
through the assenbled printhead 19. Fromthis, th

syppYpd Vigriboteads 146, w@bﬁatetsamvxﬁ@dmthgpantbmqoclm emnbyes 81 via the

(?gr:%r 0 ﬁlg‘ﬁ:‘&% Ezg #x’l[j? A g%}i cS béss gq %i‘%lgggtﬁ? eI e ev%ﬁ printhead

mbdu]saesehﬁalibheo,aﬂutmtudeihetHGBs:@mpr essible strip 127
whi ch nakes contact above with the busbars 125, and
below with the |ower part of a flex PCB 82 extending

e R R R L e
priiB8r anshmvgy. Be cffeetive lemgth oflthegrintiesad aksmrrbl}ew represented by the
conf i at.ion, repre ed by the. dashed ne,1
cigfos B4, Eufiver BB VGART A AP st Bniiis oot 4. fishes), &
shown a bl ock diagramillustrating a prlnthead system

140 accordin% to an enbodi nent of the invention. 40
Reterraeoa Figree ¢ thewmh@@msmmlxm@lly&]m -pastiph througicthe

as% aglr pn'g%g%«i‘ ?9.@}' ntt 1(se 6}ﬂe Ssifionofa. s1 con s)(acicr}ermmg avginp assembly
81 can clearly be seen, as can a longitudinal section through the ink and air supply hose
112. Also clear to see is the abutment of the compressible strip 127 which makes contact
above with the busbars 125, and below with the lower part of a flex PCB 82 extending from
a the chip assembly 81. The twist tabs 134 which extend through the slots 135 in,the metal
plate 133 can also be seen, including their twisted configuration, represented by 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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supply 142 to the printhead, an ink supply 143, and
print data 144 which is fed to the printhead as it
wepe@aitssiink, at 145, onto print nmedia in the fPCIVAUR@B/001499
exanpl e, of paper 146. 5 Media transport rollers 147
are provided to transport the paper 146 past the
printhead 141. A nedia pick up nmechanism 148 is
Shewh irgthe 8tbck diaprdrh & AW/ penthBaP{rettscRRASyY tAd&rdwPMida power

media tray 149. The power supply 142 is for providing
suRply b ta§he thend, an HIKSUBPIY G, angmeins fats hbMhidhyis feio the

i : ' N oY= upply. 143 | r j
pRERACE EGUEER: o3, G pEPRlotia bl Bty BELL e, of pger 146.
information will be provided, at 150, about the ink
ply, such as the amount of ink remaining. This
Medierdhiarbrolies % BRd5e 30 Hanspert & RaApAE 145 past the printhead 141.
AMEERR plck up PARBELISH 148 idconfighRRto WihBFAWAS ShelP
[ n_terngcé@lSZ tylpi cal Ily cor%gll%gtgwg?] a nuﬁi%)ergfoq‘awlel46 from a
mediattayd 4fnot  shown), such as a "print" button, "page
advance" button, an so on. The systemcontroller 151
al so controls a notor 153 that is provided for driving
Théfowadugplpilak isUﬂBr?RM‘tﬁ b DO volthBe Whithas WBlaldard BpefoPSupply i
drlﬁ(\)/i ng t g medi a ransggort r ol ?%rs 147. 20 It%iﬂ)g ppyn
prdeedeyigey. for the systemcontroller 151 to identify
when a sheet of paper 146 is noving past the
printhead 141, so that printing can be effected at the
Thoinkeapply il 4B is fidthsnk tariidgesynbeshowel) ahddypicalB wpieas fypés of
time that has el apsed after the nedia pick u
S

infermelian Sall be gravided, g ISRetboupthetiak simpbt sk g5dhermaung of ink
relﬁ{a‘?ﬁlﬁ% :’gltlik( \il\rﬁplgx}gﬁ%ﬂris Io)ﬁ)r‘{g%te Sfﬁda %%’Qt&ﬂ{ecéd%hets fﬂ‘“@ﬁicﬁﬁ Cé)rnnected to

provi IS C syst emcontro
a 1§ isterfachd 52Wie ittéréace 62 typidallyapesist? bf 4 Ambearibetorss (not

' i tio | at.i to t ri nthead 141, the
3@3”5’53“5%&& ittt opuosty éﬁygr%éé?ancgfbﬁmnn@n SEPT- ﬁmysﬁegl controller

154 §186EdtoRYa fbioB 963 tHADisBréNilEd fod aﬁé‘ing%é‘ﬁ%&ig Ipi mechanism
whi ch provides the print data 144 to the printhead

14and 4 motar 154 fondrizingrthe ediagmnsmirtiolldrstl4dt t he system
controller 151 nust also interact with the print data
formatter 155. 30 The print data 144 emanates from an

ItexheReRaty f6O1HR 4istém CORrolfR Mo ORI GHRE adhedt 2F paped 946 is moving
maéwbe' transmtted via any of a nunber of different
pasbihseeinthepd hilase that pentiegcan hosifected ahbecpupct tiare. This time can be

t 2] W
T R Y T e
picksdnapthe stideoofpaperlde Prbferadilyhodeser Hpspet 8dmdorthoVBown) is
2004/ 048111 PCT/ AU2003/ 001499 to the print data
Pro¥idfitk Whish Begnngeteddp dhs sstsmeenntieler 1) so thehvhem theshegt of paper

140/Rh &1 & Q&I bb&fion 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
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151. Although the invention is described above with
reference to specific enbodinents, it will 5 be
waoinaansgiond by those skilled in the art that tPer/AU2003/001499
i nvention may be enbodied in many other forns. For
exanpl e, al though the above enbodi nents refer to the
heater elenents being electrically actuated,
QYRR pEhEdtd Forlatid 1B5tAATpROY i@l QBRAISTTRM2BrEO thEs g&&%gcdx{ﬁroller
enbodi nents, where appropriate. 42 WO 2004/ 04811
1ﬁ>t:T/ AU2003/ 001499 CLAIMS 1. An ink jet printhead
conprising: a plurality of nozzles; and 5 at | east
one respective heater el enent corresponding to each

Alhzagiethe Wheneomiseiesdiibed abeve itle raiitendeZo spdoaitgatbdddhents, it will
being in thermal contact with a bubble formng

be Padﬁrﬁoo ﬁoml&d 18/t arh that @eé@\wml@m may be smll?@«élpd it many other

férﬁ@sﬁor@% ﬁﬂ?)%gf? b%v EIBBSQIH)%H ST Q) th&h er elements being
enperatur Bove pol nt or m

eltCricall y za:pmltéml aong-akctmbtby aactimaed eigmantp malytalsofbeaxséd mmlﬂnodxments,
hereby t.o cause the ejection of a drop of an

“’F@é?B%WEaWIqU|d through the nozzle corresponding to

that heater elenent, and each heater elenent is

configured such that the point of collapse of a

bubbl e forned thereby is spaced fromthat heater

el enent. 15 2. The printhead of claim 1l being

configured to support the bubble formng liquid in

thermal contact wth each said heater element, and to
support the ejectable Iiquid adjacent each nozzle. 20

3. The printhead of claim 1 wherein the bubble formng
liquid and the ejectable liquid are of a conmon body

of liquid. 4. The printhead of claim]l being

configured to print on a page and to be a page-w dth
printhead. 25
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5. The printhead of claim1l wherein each heater
el ement is configured such that the point of collapse

wobooa/oksabbl e forned thereby is at a position apcmiU003/001499

there is no solid material form ng part of the

printhead. 30 6. The printhead of claiml wherein each
heater el enent has parts defining a gap between them
Ch®dMSs configured such that the point of collapse of a
bubble formed thereby is within the gap correspondi ng

to that heater elenment. 43 WO 2004/ 048111

1 PCT/ A0k pot pidehe&l comprisengpr i nt head of claim 1 wherein

each heater elenent is in the formof a suspended
beanﬁpg'}‘?léfﬁ@gao? YW ng suspended over at |east a

por t LORa®bné REpQUDEhEatérU Fhéi chiréipbliiA®to dSh h6zZME WhRrein
thermal contact therewi th. 5 8. The printhead of claim

| wherei n eachetbdicater demersris aranged o heingda tharag! edntact with a
an actuati net gy,. of. .1 ess than 500 nanoj oul es (nJ)

i s requi rg'dﬁg%? lr%]fﬂ”il%d to that heater elenent to

heat that heat gich@legiePélbmentlif confRiitddtotheatf# leastapadtaifthe bubble
bubbl e in the bubble formn liquid thereby to cause .
the ej ect faming lignid iy aitempgiature @bave ityhoiking pripida dorgy therein a
claiml c ' e |-

ci ect abl TSI s bEUIEREHE aBoR BECIeBle, Wby o cuee the
each heat ejectdresfndrop sf anejedtaple ¢iduidubdougin ite ohzle eoreesgynding to
required to be applied thereto to heat said part to

cause t hethst Beater t@n8aid drop is less than the

energy requrr ega&%egt%@fleﬁ\eﬂﬂk WOBRkeSRICH 1k iRt 8f collapse of a
liquid equal to the volune of the said drop, froma

t enper at ubeblde fiained thesehiyds sprsed fromttbatdwatst elemento sai d
boiling point. 15 10. The printhead of claim!l

conprising a substrate having a substrate surface,

awher ghB prifielt Sd@nEl bafg SorfRarddao 3BYoUthe bala forhing liquid in
through"the substrate surface and wherein the areal
theemal coptast witheachosaid hester elementy and t suppots theeckabée liquid adjacent
surface exceeds 10,000 nozzles per square cm of

LY F St e surface. 20 11. The printhead of claim1

wherei n each heater el enment has two opposite sides and

Is configured such that a said gas bubbJ e forped by .
3t hat Thefriatheed efslaim | wherginibg babbqﬁ&rﬂmeﬁ LQ%P%#@P&&table liquid

a2 oAt S) EHERR "ﬂ% .412. The printhead of claimi

conprising a structure that is forned by chem ca
vapor

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

5. The printhead of claim 1 wherein each heater element is configured such that the
point of collapse of a bubble formed thereby is at a position at which there is no solid

material forming part of the printhead.
6. The printhead of claim 1 wherein each heater element has parts defining a gap

between them and is configured such that the point of collapse of a bubble formed thereby

is within the gap corresponding to that heater element.
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deposition (CVD), each nozzle being incorporated on
the structure. 13. The printhead of claim|l conprising

wa2®bowatiure that is less than 10 mcrons thi ckCT/AUD®3/001499

nozzl es being incorporated on the structure. 30 14.

The printhead of claiml conprising a plurality of

nozzl e chanbers, each correspondi ngmlgo a respective
Tnozz(Te grigthgagdinaim t yhereinsach heatertebement évip thesfopmiofig suspended
oG TR R 7 bR S atenda Ve et EGRBR KB buRbte Ml iauia s
ab e binfthérfRtcatact tHefeavignt respective layers to one

anot her. 15. The printhead of claim 1l wherein each

heater element is forned of solid material 5 nore

t han o . . . . ”

S onst bar Aol bEitaipcl wb S ARRORE dfln i dnfispred such thatan
aetnatidrognecgyrufiéns thanel00 wabdjouleS(n) Y iseequited ttdrbaappbied ¢d thiattheater

A TR TN TN —

113A1AQ8EREP 10audd Be Sfettich STBLGId &bp Of that heater el ement
O to be heated to a tenperature above said boiling

poi nt thereby to heat said part of the bubble formng

liquid to t r.ature .abo said boili,n oi nt ..

91 oy dbs bripBes IR RL bR o BRelte AupeiV it BR epibleiquid at an
alibidnt RedféraireClRérbnlea¥iRdatir BleaRahisheal Qire® SR ARt theSenergy
substantially covered by a 15 conformal protective

reqyired ybe anpdied dwerqto tp lsnt eaid parhwaasse e eiestien ofasaithdrop is less
f ) i .al.l .si af
RSP v BN By o R SRRy gblt o RRbSIme o e

ssiddrde $om d emplraturt B el teyaid anbienciempenatiré tvgsail boiling point.
printhead, the printhead conprising: 20 a plurality
of nozzles; and at | east one respective heater el enent

i h ' i :
1g]° T §R0BRMHHEN 6&1&%@ %%!“%ga %’M%@ft'rﬁb Ha\ﬁﬁﬁ!? sﬁb%?r&t%rs\lfmrf?ﬁ, wherein

enent "1s arrange er mal - cont act
each rivzblelhas & aozdleaperturpopeningalaiougietiesnbstdatersarfacd and wherein the
rt. of the buhb

afeg] daniy P s Pariies refatizs Gahe bR kateiies excetog §0Ad ozzes per

sRROEm P shitietshgs® N @ col I apsible gas bubbl e having
a point of collapse, thereby to cause the

11.  The printhead of claim 1 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 element.

12.  The printhead of claim 1 comprising a structure that is formed by chemical vapor

deposition (CVD), each nozzle being incorporated on the structure.

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

the nozzles being incorporated on the structure.

14.  The printhead of claim 1 comprising a plurality of nozzle chambers, each

corresponding to a respective nozzle and a plurality of said heater elements being disposed
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ejection of a drop of an ejectable liquid through the

nozzl e corresponding to that heater el enent, and each
wheaumnsiel enent i s configured such that the popPar/ATR003/001499

col |l apse of a 30 bubble fornmed thereby is spaced from

that heater elenent. 45 WD 2004/048111

PCT/ AU2003/ 001499 19. The system of claim 18 bei ng

wif}ﬁﬁ] Ed A UhSEbLOtR HRREF LletBifts butab @ch Ohathtng beingohddron different
ermal contact wth each said heater elenent, and to
respegtperlayerdio omeaoothbl. e |1i qui d adj acent each nozzle. 5
20. The system of claim 18 wherein the bubble formng
liquid and the ejectable liquid are of a common body
150f  1Tr@Wrthedd of Jiin $ Wi efch beaterelddertds frgmed of sajidraaterial

to print on a page and to be a_ page-w dth rinthead. ..
md@ ted 90Vhef E’b@g,ebﬁ YoM mpmrmmmgrnépwt%éwt st Qe petiodic

el enent. is_conf.i hat the point of collapse
dﬂ?mggﬁﬂﬂ%@%mggP%ggﬁﬁ%é%g%€SQS at a position at which
there is no solid material formng part of the
rinthead. 15 23. The syste f claim18 ej . .
ot o i SRl Henh Sl i85Sl g ana i
| ' t eRblidMmateplal Giths hehtepelement
o el (g Gy B R P o

is within the gap corres ondipg
tothe helted tche ttrperatire mbote, saiboilingepaiytdhergbyto heaksarq pagt ol the bubble

wherej n_each heater el enent .is. i -
fogmaaIEL DeBeate Sy Argeaorine el i T hugd fhejection of a
sa?&dﬂgg.ast a portion of the bubble formng liquid so as

to

in thermal contact therewith. 25. The system of
cl ai m 18 wherei n each heater elenent is configured

uch_t hat an uati i lly covered by a
1 anoT it o el ol B S hler deRent 3Setally covered by
cdMEGRN prteclive BBiting] the beaingtdfatchieatee elemieatizrving been applied
sufficrently to forma s%i d bubble in the Fgl%tgl € coating is
sbstantiaily tolailgiles of thehewst ¢lement smulianeoyshnsiicn fhat fie cpating

saild drop. 26. The system of claim 18, wherein the

$ head is configured to receive a supply of the
ejectable liquid at an anbi ent tenperature, and

Mgt S A R R R
part , LR AR 3endfes; and
at least one respective heater element corresponding to each nozzle, wherein

cach heater element is arranged for being in thermal contact with a
bubble forming liquid,

each heater element is configured to heat at least part of the bubble
forming liquid to a temperature above its boiling point to form therein a
collapsible gas bubble having a point of collapse, thereby to cause the
ejection of a drop of an ejectable liquid through the nozzle corresponding to
that heater element, and

each heater element is configured such that the point of collapse of a

bubble formed thereby is spaced from that heater element.
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ejection of a said drop is |less than the energy

required to heat a volune of said e ectable I|iquid
weooeoalo4giol t he vol ume of the said drop, from a PCT/AU2003/001499

tenperature equal to said anbient tenperature to said

boi l i ng point. 46 WO 2004/ 048111 PCT/ AU2003/ 001499

27. The systemof claim 18 conprising a substrate

1918V i FsemstolAhe ssidgaonfigiee teipporalsd bubbizfoemingdiqaid in
nozzl e aperture opening through the substrate surface

race .
themak] whrgacsivith éach said deaterglensentyandsto sERPOFGRS Fisstaple|ighid adjacent
tp the substrate surface exceeds 10,000 nozzles per 5
cagq &t ?Zze'cm of substrate surface. 28. The system of
cl ai m 18 wherein each heater elenent has two opposite

sides and is _configured such at a. sagid. gas pubble .. .
26.or ek wytemreficlaimalBeyheris i puble oanimaid B he gipctable liquid
a@%kgg%g‘?gibﬁgygp uigl ement. 10 29. The system of claim

a structure that is fornmed by chem cal

vapor deposition (CVvD), each nozzle being

i ncorporated on.the structure. 30. .The system.of, claim_.
2h 3" RS Clpisy AR @fiEied FRPTIRGE: SR A1p b s B wiarh
idh&lg; the 15 nozzles being incorporated on the

p ! ) o

structure. 31. The systemof claim 18 conprising a
plurality of nozzle chanbers, each corresponding to a

espective nozzl.e d, a_.pl ur.al | f [
247 enbit v¥Bal f i o gadeR et fm Rl LoRRBAE such that the
pOIBAS 11858 BE B bEbMIE fdthied el tbycis anbpositie atgviich teck iono solid
different 20 respective |layers to one another. 32.
niftesiakfpemingipart of ithe pAMEadher ei n each heater el enent is
formed of solid material nore than 90% of which, by
atom c proportion, is constituted by at |east one
2per i TR ¢ystepr] efhataiin Mawherginamaclahenirelamemib bas pratsalefiBing aZBp

& o SR T .
is?%igiiﬁﬁgé a%ag?gré olAing Y daBh&terehmenel i d material of

ment~ to be heated to a tenperature
above said boiling point thereby to heat said part of

t he bble forming |liquid to, a. tepperature, apove [
2toi 1 Thesytrmet it BbyhEEnesSbbdrEarates g R o3 Gusbended
béeﬁlil,danqﬁgé& for being suspended over at least a portion of the bubble forming liquid so

as to be in thermal contact therewith.

25.  The system of claim 18 wherein each heater element is configured such that an
actuation energy of less than 500 nanojoules (nJ) is required to be applied to that heater
element to heat that heater element sufficiently to form a said bubble in the bubble forming

liquid thereby to cause the ejection of a said drop.

26.  The system of claim 18, wherein the printhead is configured to receive a supply of
the ejectable liquid at an ambient temperature, and wherein each heater element is
configured such that the energy required to be applied thereto to heat said part to cause the
ejection of a said drop is less than the energy required to heat a volume of said ejectable
liquid equal to the volume of the said drop, from a temperature equal to said ambient

temperature to said boiling point.
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34. The system of claim 18 wherein each heater el enment

is substantially covered by a conformal protective
weomtiossy1l t he coating of each heater el enent hB@I/AT2003/001499

been applied 47 WD 2004/ 048111 PCT/ AU2003/ 001499

substantially to all sides of the heater el enent

si mul taneously such that the coating is seanless. 35.

A nmet hod of ejecting a drop of an ejectable liquid

froma printhead, the printhead 5 conprising a .
27p| urBieisystemfofiglaim|18 Sompasiag a| S@h@fat%b?én?ge%ﬂé?é&?ts gurface, wherein

eater el enent, co ' t ;
e B P R ORGS0 ot yhcrein b
arb AbNity Vf EERIzzIeOFel #BRAC iRGubsirate izt ex@edal),0@) tates per

at least part of a bubble formng Iiquid which is in
squirercmrudf substtaie sufdceh the at | east one heated heater

el enent to a tenperature above the boiling point of

t he bubble formng liquid; 10 generating a collapsible )
28yas hedyktem dfavdimd Savipeveinteadtf hentsr lckgpaent hastwornppptitsisides and is

; . Liauid b \ ; _ .
cop@Emed ot s DuEhE ERned by Aty ol Binek 1 both of
Saﬂf@&%g%qggglte%eg{.enent; and causing the drop of

e] ec Iquid to be ejected through the nozzle
corresponding to the at | east one heated heater

el e t by said.st of generati
2§ Ry B Bl YA ARt RaR TP et eat vapor
de?&;ﬁﬁpﬁf(cb_@a,téjaemnoizl%esﬁgemao@bfatemsmestmgumhe bubbl e

0

rmng liquid in thermal contact with the heater
el enents; and disposing the ejectable |iquid adjacent

3 ng'?gez%yg{eeﬁi ofiTaith/18 %r{gﬁi Arffur€ ik 19188 tH‘Aiﬁf(ﬂnEbr&ﬁL?hick, the

rmng 11 qul e ejectable liquid are o
nérzGRHeg ikatyoratkd bh the struc®Be. The nmet hod of claim 35
wherein the step of generating a gas bubble conprises
generating the gas bubble such that its point of

ol | ' b kdHiy b1ez81el chaBers2éach
3601 i §RE Sstem %Clg{‘p{)‘ﬁ%&%@?}ﬁ%%u Ay The nethod of . .
carta3ponding whetespectieandzzlecat arpletabityerfisaiddwaisnelements being disposed

defini pg a gap et ween t hem and t.he st.e .
WitBHEgash g%“ rgrgg E%gtﬂ?eén%gw}tﬁ X c}bghnaéébae? P%glg tf%réneél on different
PRRE 10,8HTB ohbaothdrs point of collapse s within the

gap corresponding to the heated heater elenment. 30
32.  The system of claim 18 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.

33.  The system of claim 18 wherein each heater element includes solid material and is
configured for a mass of less than 10 nanograms of the solid material of that heater element
to be heated to a temperature above said boiling point thereby to heat said part of the bubble
forming liquid to a temperature above said boiling point thereby to cause the ejection of a

said drop.

34.  The system of claim 18 wherein each heater element is substantially covered by a

conformal protective coating, the coating of each heater element having been applied
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40. The nethod of claim 35 wherein each said heater
element is in the formof a suspended beam the

waoredohoai1iurt her conprising, prior to the step BET/AU2003/001499

heating at | east one heater elenent, the step of
di sposi ng the bubble formng liquid such that the

A A T T

sk@alets.a portion of the bubble formng liquid. 41. The

nmet hod of claim 35 wherein said step of heating at

| east one heater elenent is 5 effected by applying an

ctuajgi of |.ess nJ t.g .each _such :

SR5et o gLt el o RSt Ao i gl RS SPAMEC, the printhead
comprising apduraltyiod hotAestand atleast odk rébpaitivetheater Elemsiit cofesponding

heater elenent, the step of receiving a supply of the
tepacRmeptle, the misthed compgising s weps afenperature, to the

pringp  at ' ' [ f

appl yi %g ae g&@%ﬁig ?‘S %/tgfts%@{gg@h&grﬁ %ﬁ)%iw & axﬁ)é?‘]; 3? é%r{e?ﬂ}e?yat least
paitt of e bnbldafatmapgliquad whédlt is énthegyaliconfaeiswith thent tdast one heated

ener required to heat a ol.unme of [ j ectable . .

e e e P Rer e e 01 e R odghe NP tarming liguic

t enpgesmdr i i

poi | Lot SEUMRLsible BuS BULHIETAlIRE s PORTRELAEE i BeBb e

formang ligwd &y spidotepdif heatingpsuchithasdle pdint oficollhpsd ésspacedifom the at
bst rat n_ whi.ch sai d nozzl es are disposed, the

leéﬁosnterh%fugdE‘S@Fﬁweéergerguﬁ’%t rate surface, and the areal

dens causinf thé B pUT7cRB1d 1R]udd toVie djectdd irdigh hd ®iz8le corresponding

surface exceedi ng 10, 000 nozzles per square cm of

tecthea lesstons fested Beatar slemant byadifl 6P OF genexting35zanhublde.n

each heater el enment has two opposite sides, and 20

wherein, in the step of generating a gas bubble, the

36ubblThe netigdndichin g Sabmpeiihgpbeforisdidstepast he@ingg @ehiteps of:

heat gr heat&rq eée nt. 45. The nethod of c]aim 35 :

conpfisBPse thedulble forpring hgid dn thyrmacoptachvie the heater elements; and

i ncl gdi [34] : : i cal vapor

depoggt)aig%%g {h@e ){&glteﬁgﬁs({ ﬁ%%&f%lg?ﬁﬁ%%%or ating the 25

nozzl es thereon. 46. The nethod of claim35 conprising

he ep qf .pr.ovidi the prin includjng.a . .
3Lt udhi PepdRER T 3P e Hie DI tomeite HHidiR dhericctable iquid
Mfg@o}rﬁwm&@&‘ﬁguiaai d nozzles thereon. 30 47. The

nmet hod of claim 35 wherein the printhead has a

plurality of nozzle chanbers, each chanber
et

g R R T —

ur t ReF “conpri si _ j _
gderdting eRelgdsbubbldistich ther it ptanteofRoNARE id M afosidh @t WERh Here is no

el enents 1 n each
solid material of the printhead.

39.  The method of claim 35 wherein each heater element has parts defining a gap
between them and the step of generating a gas bubble comprises generating the gas bubble

such that its point of collapse is within the gap corresponding to the heated heater element.

40.  The method of claim 35 wherein each said heater element is in the form of a
suspended beam, the method further comprising, prior to the step of heating at least one

heater element, the step of disposing the bubble forming liquid such that the heater
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49 WO 2004/ 048111 PCT/ AU2003/ 001499 chanber, such

that the heater elenments in each chanber are forned on
waoledotessant respective |ayers to one another. PSI/ATH®3/001499

met hod of claim 35 conprising the step of providing

the printhead wherein 5 each heater elenent is forned

of solid material nore than 90% of which, by atomc

elpments ate positianed abost andiindlerimgl eantdop wvith, afdeaspepomdigh of the bubble
fele nt.?aving an atom c nunber below 50. 49. The
Wﬁ%ﬁgiﬁﬂﬁ‘ cl ai m 35 wherein each heater el enent

i ncludes solid nmaterial, and 10 wherein the step of

heati ng at | east one heater elenment conprises heatin .
4h nadhesnethedef claimgdd wheraiareigrsigpsoidreatingatdenst pe heater element is

BB AR 1L ) R T e

conprising the step of providing the printhead,
i ncluding . 15 applying to each heater el enent,
43ubs (rnathod of Al 5, SoRBESIEE QiS5 o B AiPioA Heringiay leagt one heater

e‘g@gﬁ? g{spgs{tepgchE&%ihg & sy bite SjeehbleNRiuid, Afart 8AbieMDerhBerature, to
the printhead, wherein the step of heating is effected by applying heat energy to each such
heater element, wherein said applied heat energy is less than the energy required to heat a
volume of said ejectable liquid equal to the volume of said drop, from a temperature equal

to said ambient temperature to said boiling point.

43.  The method of claim 35 comprising the step of providing a printhead that 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.

44.  The method of claim 35 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 heater heater element.

45.  The method of claim 35 comprising the step of providing the printhead, including
forming a structure by chemical vapor deposition (CVD), the structure incorporating the

nozzles thereon.

46.  The method of claim 35 comprising the step of providing the printhead including a

structure which is less that 10 microns thick and which incorporates said nozzles thereon.
47.  The method of claim 35 wherein the printhead has a plurality of nozzle chambers,

each chamber corresponding to a respective nozzle, the method further comprising the step

of providing the printhead including forming a plurality of said heater elements in each
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chamber, such that the heater elements in each chamber are formed on different respective

layers to one another.

48.  The method of claim 35 comprising the step of providing the printhead wherein
each heater element is formed of solid material more than 90% of which, by atomic
proportion, is constituted by at least one periodic element having an atomic number below

50.

49.  The method of claim 35 wherein each heater element includes solid material, and
wherein the step of heating at least one heater element comprises heating a mass of less
than 10 nanograms of the solid material of each such heater element to a temperature above

said boiling point.
50. The method of claim 35 comprising the step of providing the printhead, including

applying to each heater element, substantially to all sides thereof simultaneously, a

conformal protective coating such that the coating is seamless.
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