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WD 2004/ 048107 PCT/ AU2003/ 001513 1 THERMAL | NK JET
W TH CHEM CAL VAPOR DEPOSI TED NOZZLE PLATE FI ELD OF

WA R40MIENTI ON 5 The present invention rel at eBCT/AU2003/001513

thermal ink jet printhead, to a printer system
i ncorporating such a printhead, and to a nethod of
ejecting a liquid drop (such as an ink drop) using

such a0 CKERQUND. 1O | T

o csend EBITAL 18 JET W TR C FEC ALy ABor
by way of form rigﬂgéls or _vapor__bubbles in a bubble
formng |iquid. OSITED NOZZEERBLATESscr i bed
in US Patent No. US3, 747,120 (Stemme). 15 There are
vari ous known types of thermal ink jet (bubblejet)
FIEID QB THERINYVENTION typical devices of this type,
one nmade by Hew ett Packard and the ot her by Canon,
have ink ejection nozzles and chanbers for storing

TRKprasind e Rhtibh 11678 la8Bernfad flk j6NRIHIRSd] ® a HAUE SSteRY

a so-called nozzle plate, which i's a separately .
mgonporaiing queh epriztheadihndtte 4 wethod p eisatingaliquid deap(sech as an ink
%ro fhsenvvgalchsa c%{ ﬁehfl chanber. In certain prior art

Qb1 ¢ Y el?élﬁ ate is made of Kapton TM which is

a -Dupont trade nane for a polyimde film which has

been laser-drilled to formthe nozzles. These devices
BALKGROUNP HAKRE INVERRIQN) n t hernal contact with

ink that is disposed adjacent the nozzles, for heating

the ink thereby formng gas bubbles in the ink. The
Thspresdi iregntienavalves theegtion of ink drbyss bywayxafiformingigak or vapor
drops .to 5 he ejecte rough . the nozzles. It is an
'alﬁa%if‘étm afbuﬁhlék%mgg ﬂwgin \L)hé’fﬁ TRl lsp%faenahaé Sgscaibed i OF Patent No.
BK861N3bh Y@elnthd)N€ known printheads, printer systens,

or met’hods of efecting drops of ink and other rel ated
liquids, which have advantages as descri bed herein.
%gerg@rezvg%%{lg ﬂr?olvxcl)rz tyIF))gsT c/> t grcr)n% /118(%%‘(5 (Jb%bblejet) printhead devices. Two

typical devices of this type, one made by Hewlett Packard and the other by Canon, have ink

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

which have advantages as described herein.
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2 SUMVARY OF THE | NVENTI ON According to a first aspect
of the invention there is provided an ink jet

w@eooapksaad conprising: a structure that is forerEdUbyw3/001513

chem cal vapor deposition (XCVD); 5 a plurality of
nozzl es incorporated on the structure; and at | east
one respective heater elenent corresponding to each

R IRVENTRIGEr el enent is arranged for
SW%@WE@% contact with a bubble form ng
Adcodirg toarfitstempéct oé dtecnvertiomtlndre issprovdéd guinkdettippinthead
at l.east part of the bubble 10 formng liquid to a
CPERPER8t ure above its boiling point to forma gas

bubblag EGS it s el dhemi@abesot BepaitRatcvD)ef a
drop of an ejectable |liquid through the nozzle

cor r aqbamliiyrd nopzlehiacotperatast onsthe sweturepgsbr ding to a

second, aspect of the invention there . s .Rrowvi .

o1 nRbIAOE arspeatySeeY et s P ety Rl SRS wherein
printhead conpreash Réhiterdldihdnt &l dif@géd 1ok beinighwthieadallpntact with a
chem cal vapor deposition (CVD); a plurality of

nozzl es i rbblsdpramiag lighids #d st ructure; and at | east

one respective h L. e i

nozzl e, wherei nea‘glgfé%at?{é’g%@gesl C&%éig?é?g&gé# gtn%gsé T)?lg r%fthe bubble
bei ng in tibeniAgliqadtoacempératuraabo@ its bbiling port o fogm a gas bubble
liquid, and each heater elenment .is confi gﬁ#red. to 1hn?at.

at | east phereindherebtonagen tBe erestion pip fiog o an giscigble liquid through
t enper at ur | il d | emb@r m a gas

bubbl e tr;[ger gg%yef%der{%%%ﬁ t?ggés%gle?&ﬁre&ej E@{i on of a

drop of an ejectable liquid through the nozzle

correspondi n o that. heater. el enent. 2 ccarding,to

ACROHR GRS I5E0R] SOt o PURoB LR By OV Gep A GO E Bl

i &chggagﬁmkadz%@p&m&d%mpﬁgmgi ectable liquid from

a printhead, the printhead conprising a plurality of

nozz|asruatude tiat islfemsed pndeméenp waparvieporitiane(C\dPk nent
f (r)]rer glf ﬁ]glﬂb? gf r%o%zl%g fnlgopp%%zﬁtlaf on {hlgestrungttupe? gmf onprising

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

each heater element is arranged for being in thermal contact with a
bubble forming liquid, and
each heater element is configured to heat at least part of the bubble
" forming liquid to a temperature above its boiling point to form a gas bubble
therein thereby to cause the ejection of a drop of an ejectable liquid through

the nozzle corresponding to that heater element.

According to a third aspect of the invention there is provided a method of ejecting a drop of
an ejectable liquid from a printhead, the printhead comprising a plurality of nozzles and at
least one respective heater element corresponding to each nozzle, the method comprising
the steps of:

providing the printhead, including forming a structure by chemical vapor deposition

(CVD), which structure defines nozzle apertures each forming part of a respective nozzle;
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30 providing the printhead, including formng a

structure by chem cal vapor deposition (CVD), which
W@ 20mos19e defi nes nozzl e apertures each form PQI/AERI03/001513

of a respective nozzle; WO3R004/048107

PCT/ AU2003/ 001513 3 heating at | east one heater

el ement corresponding to a nozzle so as to heat at

| eas X . O . ot

o Rk AR AR TR g et
peit effe bublile farniiegiquid twiich iawtherthileohtaict witly theait teastafne heated

t he bubble form ng |iquid, generating as.bubble in ..
heater derBentdo £ SAPSTRIUTS %’Gi"%l ﬁﬁﬁﬁogg}&f%@té)é %bergbh}s%gﬁ‘t ﬁgﬁal,ngéwald=

5 caysing: I f: @] | 8 -hind hqd; bestiRdine: and
Chr g Te Fa R Bl O B Y o] Qb1 2R g nc
heat eausiresthe dray efegertabbey/ligad tb bt gpcted thyeughrthe herylecogresponding

bybble. As w Il be understood .y thgse skilled in e
e ore e Beviea Rows e By ol ‘djecns abe S hbi
as described herein, is caused by the generation of a
vapor bubble in a bubble 10 form ng |iquid, which, in
Asridichernmndesstoaddyttheseskitted o the asts thei ejgstign g€ 2 drap of the ejectable

ejectaple.liquid. . Th t ed bub !
LR Bt s PR PR B BRI PO g e
foieing GGeR, WhlcAumlentitiirnelts s saae Bbéy oflivid ubihk ejectble liquid.

enerated by Joul e heating of a heater e|lenment whic
The geperatgd PHDIe €a4969.21 IR IHRECSSHIE 10 ?mtaéleém@ &dich fbrees the

ul ' h [ ' '
YL B8 Sl ey OG0 s
ol éindnld &/hlidhd itithetthal cbbtabinbith thedulnafikselbarica pubseapplied to the heater
.mcroseconds affer the heater pulse is turned. off. o
is pEbre] d8FatiopJypisally fess s A duifeesecons sHpe F%@Oﬁeﬂ B i tiquid, the

b‘ggﬂ]{eﬁgﬁﬁlds e fPhldo %ﬂ(ﬁfréﬁglsthﬁz ﬁ,eﬁexpﬁigig is ‘u%ﬁ&c%ﬂj A8éhe vapor

ynamc interplay o Inertia and surface

coeRsit ecvonderisés résukinglim btibhle coliapec i Thecubibagolkepssh teia point

oint is referred to the "point of coll.apsg; of t .
B bl Gl e PPl RASERSEne Ty s
s@ﬁaﬁemﬁ?mﬁhr&' pidli toferRld t5@E RleePoin® &f ¥atlapse®ofahe bubble.

anber and one or nore heater elenents correspondi ng

to each nozzle. Each portion of the printhead

B niliired s ™ MY SvaRES luplsS (BT orPa s, By MRt asa
G8hber andnkdr bitré heRaWdh&ad t@fesporiiigtoreatieneste B h portion of

made tod%:lrts being .in thermal contact wth. each

the hntheadpestairing to 2 single npzaje. dschppbenand A Pne oF MOrg gemgnts, is

each .ot her. such 1> When one of the parts is
rﬁée eggﬁ) H?er 10 ag%c‘g%g%%lé ‘of heating the other part, even
t hough the parts, thenselves, mght not be in
hysi cal _contact with each other. .. .
this specification, where reference is made fo 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.

Also, the term “ink” is used to signify any ejectable liquid, and is not limited to
conventional inks containing colored dyes. Examples of non-colored inks include fixatives,
infra-red absorber inks, functionalized chemicals, adhesives, biological fluids, water and

other solvents, and so on. The ink or ejectable liquid also need not necessarily be a strictly
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30 Also, the term"ink" is used to signify any
ejectable liquid, and is not limted to conventional

WO p0g/0¢8301t ai ni ng col ored dyes. Exanpl es of nonPCDATG2®E/001513

i nks include fixatives, infra-red absorber inks,
functionalized chem cal s, adhesives, biologica
fluids, water and other solvents, and so on. The ink

oJ R R B oo Ao R PP TR o ¥ R pBimperetre
afAd tquidyt theryjetion éenypesgreresi on of solid particles or be
solid at roomtenperature and liquid at the ejection
tenperature. In this specification, the term "periodic

i a i IRilefCdfRtybdireflected in
S i e e SRS
tifeFpetidei DRYbRESnensf er r ed enbodi nents of the invention
will now be described, by way of exanple only, 10
with reference to the acconpanying representations.
DEEAN.BY PESCRIPTIONOF H3tE BRAMINGS'S. Figure 1 is a
schemati c cross-sectional view through an i nk chanber
of a unit cell of a printhead according to an

enbodi ment ..of fhe.invention,. houl

Fiiere PaRodiRpalsat gl FhioR S Bonheh Mo bitild 8wl BBl ooty
Witlefdriice g thet ddCorhpdnytiizaebesenkitidus. eTHe dratvirgs atdduscribed as
stage of operation. Figure 3 is a schenmatic

feM@%s- sectional view through the ink chanber Figure 1,

at yet 20 another stage of operation. Figure 4 is a
schemati c cross-sectional view through the ink chanber
Hringsnds 4 schinayie cras-séativhiledews ttageghodn iok ehanhberof a24it cell of a

Figure 5 is a diagranpatic cross-sectional .view .
m&wg@ Accodiag to wusmd ﬂmsnt&fitfﬁ inepiionnat apatigular stage jf pperation.
the an enbodi nent of the invention show ng the

col | apse of a vapor bubble. Figures 6, 8, 10, 11, 13,

Figyre 26s a $§¢hembéic cREs-s@Biondiew yroagh the inkadhamber Figure 1, at another
schemati c.perspective 30 views (Figure 30 being
SB@FPEEPQ%?Ihmay) of a unit cell of a printhead in
accordance with an enbodi ment of the invention, at

various successive stages in the production process of
Riggare 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 yeta

further stage of operation.

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

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

printhead.
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print head. WO 2004/ 048107 PCT/ AU2003/ 001513 5 Fi gures

7, 9, 12, 15, 17, 20, 22, 25, 27, 29 and 31 are each
wa@elveitidT pl an views of a mask suitable for BPGEAUZN03/001513

perform ng the production stage for the printhead, as

represented in the respective imedi ately preceding

figures 5 Figure 32 is a further schemati c

%pﬁ (bt 'lf 85 V;? 8{22 tﬁeZV g%ll '@ré’éacﬁ' %ﬁ%&i@%laﬂ\ﬂ%s of a mask

the™noz ate’ om
sGRiRERIriuse mq{@mﬁﬁing\tbe pxroducuqn&ntatge)fomﬂle pawthyad, a$ represanted in the
cell  of a printhead cording to the invention having

r@%ﬁ’é‘t’tﬁ@rm%ﬁdﬂt%lﬁlpﬁl"e‘@% i¥8nt of heater elenent. 10
Figure 34 is a schematic plan view of a nask sui tabl e
for use in perform ng the production e for the
Rigira8h majﬁmﬂwﬂogmnetlsﬁerspnctw@wnwm@ thehlml tod IFigire A shown with
her e 35 is a schematic perspective view,
t%\?‘lez&lﬂ of a unit cell of a printhead 15
according to the i nvention having a further particul ar
enbodi nent of heater elenent. Figure 36 is a )
Riguredatis @ spheamntigipevspedtive virys paghi qupvay,fof e ungeell af a printhead

per f.or t he producti on st
oBroyiie Raatibrer G g eiinpE i Mk th bPhFA Yfent
Figure 37 is a further schermtl C perspective view of
the unit cell of Figure 35 shown with the nogzzle
Fgure 84dm sehematiFplgnricvael 3 magk wutgbieder wepe pesting gre production
t ead
SRR el AR o Al 6 R Mo RS
enbodi mrent of heater element. 25 Figure 39 is a
schematic plan view of, a mask suitable f use .in .
Higwedpiis # heratis P%fanf&fwe lov DA eV aL R LSEp Rifnthead
al t.
O o g o B B RRler hernen
the unit cell of Figure 38 shown with 30 the nozzle

BRI A0 i L —
s@atg%me BfinfieR b HiBERA 5H6LRIMiNRANE Readt 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.

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

the nozzle plate omitted.
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enbodi nent of the invention show ng a suspended beam
heater elenent imersed in a bubble formng liquid. 5
wWOo-r@unes1d?2 i s schematic section through a nozzpP@r/AuU2003/001513
chanber of a printhead according to an enbodi nent of
the invention showi ng a suspended beam heater el enent
suspended at the top of a body of a bubble formng
L auid.. Fi .43 i . L vi ]
Fipte Sy S Bpid liin Buh AU AR chEpBLET iyl dcording toan
eaiffodihhent of thefinvdndon stweving e suspendddrigam eater Flemeht gumersed in a
44 is, a d'ﬁ,ag,rarmati c plan view of a plurality of unit
bubbledorging ligiidnt head according to an enbodi nent of
the invention showing a plurality of nozzles. 15
Figure 45 is a diagrammatic section through a nozzle
Rigaerd2iis svhematic section thaeugh amozhletchambennfermnringiead hosdrdige to an

o TS DBt PRSI ae B e leBipe B dba ac the
té‘%@f’ég@dmam%tile%rmﬁg’@iqdidﬂem of the invention
S

ow ng ‘a heater elenent in the formof a suspended
beam 20 Figure 47 is a diagranmatic section through

Fapas e BB iaiaau bt Yalis8 oEp BRARead AU B an
HRdiRERT tie iaesitionshdwihgd@bzdenozzl e chanber in

accordance with an 25 enbodi ment of the invention
showi ng a heater el enent defining a gap between parts

. | q .
e 38  SO B By 8o Sy S AITEBAL 2 OR aconting
anrensbodiraent of evihvintian showikg aphrhktypif abezle30 Fi gure 50
is a diagrammatic section through a nozzle chanber in
accordance with an enbodi nent of the invention

fg%%é"ﬁ%gs Qd%g%a?%ri%&etﬁgaicm tﬁkﬁlglé\f‘ﬂo%ﬁg %g&ﬂ@é'f(?ﬁ)t int accordance with the

003 [ Is a diagranmmtic

Fi gure
isedanttionshewingadieatar dlomehteenateddésbin 4 subsitater dance with an
enbodi nent of the invention show ng two heater

el ements. Figure 52 is a diagranmatic section through

Bt i8a ahariaghatRf sedtid thRfughatnoRzle Rh&EBEt 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.

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

embodiment of the invention showing a thin nozzle plate.
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5 show ng two heater elenents. Figure 53 is a
di agrammati c section through a pair of adjacent unit

w@edoum48167 a printhead according to an enbodi NBCIE/AGL003/001513

the invention, show ng two Wifferent nozzles after

drops having different volunmes have been ejected

t heret hrough. 10 Figures 54 and 55 are diagranmtic
AL 5P Rl R SRR o G RO bhaRE xR dapce it an
embodinient ofithe ynventioe shdvaag 6vo béaereltmentsor ding 15 to

an enbodi nent of the invention. Figure 57 is a

di agrammatic el evational view of a heater el enent,

P‘f%ﬂ@ 65§ £0aihOrafinfiics08R% throdkh 8 nBE18 thARAGkr ¢ & Pridt &Y pFifithead
anh enbodi nent of the inventron. 20 Figure 58 is a
sbowmingawp heatep¢lonients.per specti ve vi ew of a printhead

nmodul e of a printhead according to an enbodi nent of
the invention. Figure 59 is a schematic perspective
N&e¥ss iea SabRhheard seedil tBrodbh Eipgi#of a8f8c&l @i cells of a printhead
unexpl oded. 25 Figure 60 is a schematic side view,
aseradme e an ppbpdimsatef the inventiarh shoyvingitwe difforentoezley after drops

Fi gure..58.. Figur LS a ' an view of the
hﬁ}’ﬁ%ﬁtdf‘g‘gantﬁ@hgﬁees%gg %h?%uer]%&%g&%%sﬁ@lgur e 62 is a
schemati ¢ expl oded perspective view of a printhead
according to an. enbodinent of the invention. V\Q )
Exgugy pharoy petisgppnaliowetians thepugh @Eweéteeéemgn%? a prior art
Seheggtic further perspective view of the printhead of
*Figure 62 shown unexploded. Figure 64 is a schematic
front view of the printhead of Figure 62. 5 Figure 65

.S a_schegqnatic rear view of the printhead of. Fiqure .
Figure 56?s a 1agrammatfcl> sect%on through a cogf:orma y coatecI heatel lement 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.

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

embodiment of the invention.



Figure 66 is a schematic bottom view of the printhead
of Figure 62. 10 Figure 67 is a schematic plan view
w@bootles1pT i nt head of Figure 62. Figure 68 is aPCT/AU2003/001513
schemati c perspective view®f the printhead as shown
in Figure 62, but shown unexploded. 15 Figure 69 is a
schenati c longitudinal section through the printhead
r P
E t'62 :Igis 2 %rélraﬁug h%glregP%gpécﬁv@V@l)vonggflﬁa&Ih@Q hed (ﬁfFI%JIC 62 shown
unexgoedédon. 20 DETAI LED DESCRI PTION In the descrlptlon
than foll ows, corresponding reference nunerals, or
corresponding prefixes of reference nunerals (i.e.
JPHIER » Nng before a
ﬁ%ﬁﬁt@@?rgaa:ﬁ‘?‘fe%%?g E{‘géﬁs%ggll n dl(%bg)rfgn f@%ur es rel ate
5 to corresponding parts. \Were there 25 are

orr pondi. n refixes suffixes to the
@FSS@H%%S ﬁ@ﬁ%ﬁﬁ“VFﬂﬁggg?HHW% ‘%&%EQFFg ent specific
enbodi nents of correspondi ng parts. Overview of the
i nvention and general discussion of operation 30 Wth
Figire 06 i@ schemafig bettem vievoolthe printhgad of Bighte 62. of a
printhead according to an enbodi nent of the invention
conprises a nozzle plate 2 with nozzles 3 therein, the
10 TFip#EleeSs HacHe@tic E&ﬁzﬂl@w bf 8 phintlead ofPigufd SRS 5
ext endi ng through the nozzle plate. The nozzle plate 2
is WD 2004/ 048107 PCT/ AU2003/ 001513 9 pl asma et ched
ffl %&@6@ i$ J?l Lél%ﬂﬁn@ g{exrst)/&(ﬁvé Me(%%igcé@ P%g%&%h?%g\?é !rFI ggﬁje 62, but
shawhivhexplededmat er i al V\:hl ch is subsequently etched. The
printhead al so includes, with respect to each nozzle
3, side walls 6 on mhlch the nozzle 5 plate is
15 ﬁgﬁ@%@ﬁ??g({lgnﬁﬁéqmﬁm Qﬁes; Stgkrﬁ{jth;hyuubs??% ?@ﬁtgéaadadn f"‘r’lé&i@ 62.
inl et passage 9 extendlng t hrough the nultl-layer

ubs rate t.he far _.side t sho f th . -
iy & bloRk AlGpBR0 EPBRIGRDERHL A BFIE B ipgntof the
lﬁm\%ﬁded within the chanber 7, so that the el ement

is in the formof a suspended beam The printhead as
shown is a micro el ectronechani cal system ( MVEMS)

20 BRBAILERESRIEUON "\ 080 ) Fore detar bel ow when
the printhead is in use, ink 11 froma reservoir (not

shown) enters the chanber .7 via
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
25  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
30  With reference to Figures 1 to 4, the unit cell 1 of a printhead according to an embodiment

of the invention comprises a nozzle plate 2 with nozzles 3 therein, the nozzles having

nozzle rims 4, and apertures 5 extending through the nozzle plate. The nozzle plate 2 is
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the inlet passage 9, so that the chanber fills to the

| evel as shown in Figure 1. Thereafter, the heater
web@resi1010 i s heated for sonewhat |ess than 1P@i/aD2003/001513

second, so that the heatin@ 15 is in the formof a

thermal pulse. It will be appreciated that the heater

elenment 10 is in thermal contact with the ink 11 in

rlehfha AT Hopl s St BB Bl RIF Blpdyled B9 ARG of fcical vapor

dépesitich (QVD), otvérea sackifididl matesial whitk & subsdsubitlyeetflmdm ng

[Tquid. Figure 1 shows the formation of a bubble 12

approximately 1 mcrosecond after generation of the

fﬂ%?ﬁ-ggj lead WisS ‘f'nclﬁ&@t Witﬁ resig@@ b L8 nBHAb F es15@§/allé"§ bn #Bich the nozzle

ed on the heater ments 10.
plate isstippdréal, & kbambexd deffiedbnthei wallsppi ﬁ]mjnqzzlemﬁ@e 2f pmglti-layer

B 455 i s S B ERERRR Yo U PTG Bt rsce
(Iwéﬂb%) @ffthsfslhaétﬂa& A Wéped, Honghildletict SleHBMTD i8 sﬁ@aﬁdeaammn the
form ng heater 14 of the 25 printhead (which

chelab@ﬁ, s that &@sel@rh@ntes iarthe formoof arsuspandedbeagn. gl prjnthead as shown

duri.n it h aphi esgy

iR pPRe R AR VRS B Pl Bty B S Binographic

P6ckeWwhibh is déseEibediantoreldetsdlielns of its parts

correspond to the shape of the elenent 10. The nask 13

therefore provides a useful reference by which to

Wﬂgrgih'e %Zﬁ }115 1 Pffrohpa?regéégﬁ“ r(th%Row%ﬂ%t&? fehamber 7 via
correspon ing to the parts

tﬂeﬁﬂ@@aﬁsage Q,&Ofiﬁatahe theenben §Ks 1B3ths levehaks sholvaah @ligure 1. Thereafter,

(G R gt 1D A D FOSREN I o L i S eRR e T e heating
ib P‘Fth@ lf&ﬁ%%?@%%rtﬁzﬁ JuleCRYAR b6 Ypprefihtell hat i dats @léﬁﬁnf f®is in

e el'ectrodes 15 are nmuch thicker than
thérmat bentesttwithOthe ikt hlain the shandfer 71se thas mden theelement is heated, this

céﬁ?és%ﬁeagq%grabgg‘grf %9%2’%@5 ?g%\/‘ge %%@ggﬁ@x e ?nrk M constitutes a
HREhALRRAZ 18D k‘?rguréq SBBRE 8ld Bt JTadBbleli dpproximately 1

di ssipated via the el ement 10, in creating the thernal
rplsl:rcseconde?tf@r g@@rztt@naif theethenired pulshethetlis v thobybble has just

ge F gﬁ)&sched g?a% é&s f(y rer% m:lﬁ] %f’ %ﬁ}grgé St[e)é %Iéaft ga% g@%\ l’r’i‘éa?{égapphed in the

ﬂoﬂn ol @ palseSal the ehdrgh AbcevdagyMoOienbiagiihe bibble$2 istarbe supphed within
bubbl e  portions, one for each of the el enent portions
thpighartitime:r oss section. The bubble 12, once generat ed,
causes an increase in pressure within the chanber 7,

which in turn causes the ejection of a drop 16 of the
Turkinkbriefly oo Bigutd 34, tigere isesh8wn Bleaski 1% fdr fosmirsg ssheater 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
operation, voltage is applied across the electrodes 15 to cause current to flow through the
element 10. The electrodes 15 are much thicker than the element 10 so that most of the

electrical resistance is provided by the element. Thus, nearly all of the power consumed in
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10 in directing the drop 16 as it is ejected, so as to
mnimze the chance of a drop m sdirection. The reason
wao bat/osdiere i s only one nozzle 3 and chamber 7PEEAU2003/001513
inlet passage 9 is so that 10he pressure wave
generated wthin the chanber, on heating of the
el ement 10 and form ng of a bubble 12, does not
r
RelrHfb dRHREETL i CIOERRLE NG AR 100D FSRAR N rpyl pulse
rbfetrod tsatwpended rat her than bei ng enbedded in any
solid material, is discussed below Figures 2 and 3
show the unit cell 1 at two successive |ater stages of
grgfh%'eféﬁiéﬁt 16 thene%%d% 'd@§cﬁ§@dj abdv'é 3 Bublsle 32 %hﬂsfh@éngttti@length of
12 generates further, d hence grows, with
the sletieatn thislbhbhe grpeating fin {he lcrm-sccnmeﬂgsnew o Figyzer 1 s sfour bubble
The sha e, of ble 12 as shown in
e R e e S TR
inertial dynam cs and the surface tension of the ink
11. The surface tension tends to mnimze the surface )
Thredwbble 12 h@cetgmmated;mauw anriaereassyin pressure wethin the chamber 7, which

1@3@@%%}1%{9 Fﬁ? i?c&gn gﬁé Sg al%?%ﬂhg gié(rlélggre *ﬁgﬁ Meﬁledgéle 32§he rim 4 assists

WdirBétthgtthe dfparesit 16 efertedpst 4 tousih@size the chandauif a drop misdirection.
through the nozzle 3, but al so pushes sone ink back
through the inlet passage 9. However, the inlet

ﬁgeﬁrg?%ﬁ tlzar‘% gl’?er@%p({ o K cfhgmﬁgtoé g%r%l@ sba{ke 9 is so that the

I'S onl¥y appr oxinmate ns 1n
ftaueiwive gdearaedtwidnie theschambetb sn hedtmglof vhes&icmmtdﬂaigd forming of a

result, edo ct of the ressy
fuibble 12 dbsscios s altapent Shitgbdrs Feck S SBEPO ARG A e
nozzle 3 as an ejected drop 16, rather than back
through the inlet passage 9. WO 2004/ 048107
FETHIAROES/ o HicSedter tlenfut H) bejng swpesietirgherthan beipgembedded in

in shown still further successive stage
%W' %EEP%F&EA ﬂ%?%éﬁ?éb?he ink drop 16 that is being
ejected is shown during its "necking phase" before

the drop breaks off. At this stage, the bubble 12 has
Figureadynd é showe dhg unit cabiak atrivim sypeessivmiaien stegesfropsegon of the

1 1528 UL L5R P BB 1 s i

&ﬁultahea@ah&éneenl 3f inkvidrtbifoulh theizsile 30f1‘}1e@hh@pcﬁ“ehelﬂubble 12 as it
causes sone ink 11 to be drawn fromwthin the

n
gopsrasshowe in Figate Jds deteqniaedipiopFombinati ¢ e P &fnaics and
t‘ﬂr @l\ﬂq’acfe 18 8on 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
predominant effect of the pressure rise in the chamber 7 is to force ink out through the

nozzle 3 as an ejected drop 16, rather than back through the inlet passage 9.
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the inlet passage 9, towards the point of coll apse.
Most of the ink 11 drawn in this manner 10 is drawn
w0 e@asdie’ nozzl e 3, form ng an annul ar neck 19P@EI/AUL®3/001513
base of the drop 16 prior tid its breaking off. The
drop 16 requires a certain amount of nmonmentumto
overcone surface tension forces, order to break

gy 0 R PRI B8 B i o

opBratienilin e&hidhithe atkydrop d6i than gs helre ejenvednis sbhéwn derdng its “necking

surf %FEW @F& on r&%ﬁ% S‘g? is sggg%f@g PEEMSH?Ih&‘ W{Gﬁgy reached its

r%&l{i{l dise %‘hfa.fs {Heh %@éurf 1 c@hh@é’t&ﬁﬁdﬁfh@@oﬁﬁ oPESIBps®1 7, -as reflected

en t op 16 breaks off, cavitation forces are
mmmedetaﬂ;lrrﬁgm@d ed by the arrovvs 20, as 20 the
bubbl e 12 coll apses to the point of collapse 17. It
will be noted that there are no solid surfaces in the

THeCoNhfstngdf théButidd 11 to¥fardxathé peigEoflcollapseitTi catisdsRéme ink 11 to be
cavitation can have an effect. Manufacturin g process

dzwmébmﬁhmmﬁm@zw?’ (rean thersidead B of thegirelo msrto pe drawn from

USRS AR PIIBE oL 1 s e

1BﬂfaWnrfM}ﬁ thiendzz @, forfhing feaelas nsélollmatah@bass of earoph6 prior to

t hr ough a silicon substrate portion 21, 30 being a

itsdreakang f a Menj et printhead, at an internediate

stage in the producti on process thereof. This figure
relates to that portion of the printhead correspondi ng

The dop! M6 tequirkd a dertaintrmoute ¢ miopianom &f o‘teh@)me surface tension forces, in

argerdo ek of s i T Ustion ot in SoRsr) RUSGGS) BspfSie Hible 12,
fak Hﬁﬁ{éﬁﬁl of Ehevﬂebi 19 ?ed%@ébrtﬁ&‘e%} Fe@u&ﬁgihetdﬂﬁ)uﬁf LB sifdde tension

eapp to a nultitude of  adjacent unit cells of
hmdmg thdtbopytso ltheat ghrel momentumi of thodiop e it.is gieefad eutef the nozzle is

nt cessive step, during the
? g‘?ﬁﬁ‘?%gﬁfﬂ% slg gl%\? er the 5 conpletion of a
standard CMOS fabrication process, including the

fabrication of CMOS drive transistors (not shown) in
When ﬂ@girmléhreahs Qﬁﬁe:amaimfatces prsrcensse apetlegied by fiiae arrows 20, as

SR IL. 2 AR5 RIRE 5, oot

JurA6Ss iR theliCiaity bﬂﬂﬂdp}blﬂt of eslpENET bis whivh thes eavitaidoea have an
ag]dt ot her drive
crrec

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
thereof. This figure relates to that portion of the printhead corresponding to a unit cell 1.

The description of the manufacturing process that follows will be in relation to a unit cell 1,
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circuitry (also not shown) and the heater el enment

corresponding to the nozzle. 10 Guard rings 26 are
wo oroaeeB1dh the netal lization of the interconnePCT/AEY®B/H01513

23 to prevent ink 11 fromidiffusing fromthe region,

desi gnated 27, where the nozzle of the unit cell 1

will be forned, through the substrate portion 21 to
oA SRk hal A L Lt agBE] o adjacent
uit.cellSofTwimich thesvhade p@etheefdlelcompesedon'pl etion of the

CMOS fabrication process consists of etching a

portion of the passivation |ayer 24 to formthe

MARS bt RAtRERSS %C@%ive@t@' ﬂﬁn th v FRairkc306cesd, after the
production after the etchin e interconnect

chmplation 282 staodard CMOB rfa‘tawabptemmgssamclum thp Eabrisgionpt CMOS
gnst i tu

degbogrpgho bl b e 2 R Rk Dol AT R

c§ Yétioh RE stah@ae OMOB itetechneenlagérs 28 ahdd pas@tv@’fibﬂil tyef 244 Wiring
e 31 in the substrate portion 21 at a position

mcheated britherdgsheddings 23 elegtrigelly igtereamnests theriranpistogpand other drive
R e L

side. (not shown) of the substrate portion 21 to join

el Bt tftare TR I i HNRh Q1S T Eomegateas Lpto prvent ink
lqt &ﬁ‘alt‘ﬁls &tﬂ]&n\ﬁ?eyr oﬁ ”&és{@ t]@El herwhdd @he Rfzz1e the unit cell 1 will be

st rate portion evel of the iInterconnect
tbmyeﬂ ¢hradeh tRO sﬂlfstratel}wt‘tamﬂl tolike feglon c@ﬁtamngtheomneg 25, and

etc ed al the in erconn S 23, then
ego %@%&M@ﬂﬁ%@%sﬁﬁeﬂﬂl ET‘%‘&H E%? dest r oy
the transistors in the region 22, the hole 32 would
have to be etched a greater distance away from that

Thedirstrstage afis the comaletion of thiet QYOS fabrigagion Pracass easisty obgtching a
p@?tgqﬂa?éﬁ%?as[sﬁgtn%{) agér% tﬁ%) %ﬁ)%%sg\%éi%ﬁ reciiles ©9€

PCT/ AU2003/ 001513 13 fromthe top of the substrate

PEortl on 21, and the resultant shortened depth of
gire 83hows ﬂ@eﬁﬁ?@eﬂﬁ aroductiensafier theegtehing afath ﬁ@é@rca@lqctewers 23,10

ggzt Iégémlggﬁ(? ggse'n?rl %e1\9/ (lte(g&ﬁ{gh %g{% grgﬁfftfé? §h§s¥ge tﬁfthe chamber
tﬁ&ta@iﬁbéffoﬁﬁ@ﬂmtixpﬂhe@fdcess. a four micron thick [ayer 35

of a sacrificial resist has been deposited on the
| ayer 24. This layer 35 fills the hole 31 and now

Ifigﬁljgsl ORASWs 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
would have to be etched a greater distance away from that region so as to leave a suitable

margin (indicated by the arrow 34) for etching inaccuracies. But the etching of the hole 31
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of the structure of the printhead. The resist |ayer 35

is then exposed with certain patterns (as represented
whyoothesinrsk shown in Figure 12) to form recesBREFABS03/001513

and a slot 37. This providés for the formation of

contacts for the electrodes 15 of the heater el enent

to be 10 forned later in the production process. The

ﬂ?inotrhe o N tlll% L%ﬁ!ﬂe %rt Jnaile Fuiui ﬁg&%ﬁ&ﬁt‘éﬁ@ﬁ&edf&ﬁtht dT8he hole 32,

ormation o define part
nehnd thet £lessebarargin 3FFrnge:dlee &8, shiahat a fvbstentéajly logher packing density

rod ctio t he deposition, on the |ayer 35, of a

noss. ‘5ﬁ?ﬁﬂ5ﬁ%FﬁF@qu dayer 38 of heater material, which,

in the present enbodinent, is of titanium 15 nitride.
Figure 14 shows the stage of production after
F;mm bl shave thcr stage @ﬁprn@udﬂbntaﬁer hfoar encnoa;ﬂerak bger 3poffapyagrificial

at e i,ncl.u ate t
L be Gradeneied B aiaPd 2ot BRkF S5 BUE MR oS Pt 8fhow forms part
OPf}fé@HﬁEﬂu%‘oﬁﬁé BAntBBAL THE resRE [aybd 39 Blthdnesipdted aiyle terfidh patterns (as
about m cron thick, has been added. Figure 18 shows

rcmesegtee@er tht mpslothormiin Figwe £2) ta farme msesseadeandipslgt 37. "Phis
h
pécﬁ%l% nﬁp % e5‘[105' ?gcrg{ﬁgﬁi)fog ?rﬁi(e%(%tﬁ)ﬁe? |i 528’ gg{tg{ 51Frgent to be

fSBned 1§teﬂfn tfe §ﬁ>du&ﬁ>ﬂ'pr6£dm Theistdt 3Tiwitipirovideilatet hethe process, for the
Figure 19 then shows this f& cond | ayer 1}?{“%@ Eeat er
formagion oif thernoggleivrally 85 thebwil definedyartias e hé pattern
as shown, indicated by reference nuneral 41. In this

illustration, this patterned |ayer does not include a
thﬁé @B sﬂl(ayﬁhe eiagereﬁprodﬁ)qtioam(ﬂteir thetdepesittan oa thealeyerds, of a 0.25

LS NI, T TN A S T

nﬁtjﬁ el ectrodes 15 of the heater 14 so that, in
operatlon | ess energy is consuned by the el ectrodes
mhrch al | ows greater energy consunption by, and

h e r M@g %% C%t{o\{]%%tels ﬁaet};@gflg %‘«i %%ﬁl%lg 70{ 81e }}eater layer 38
t& r&nﬁrﬂe hehteate ﬁn&r&i@gthmeater lbmsht 1A £ dlertbileure 38,
t he correspondrng | ayer 40 does contain a heater 14.

Figure 21 shows the stage of production after a third

Pldg% §6ts§caw§) {&gss%%g 'o{" r%'dﬁ!:ﬁo ﬂe? qutﬁ&ssa?ﬁ?&al resist layer |3?, about 1

ernDs s layer
rﬁ@ﬂﬁiﬂﬂdﬂhhﬂﬁ@anamﬂﬁr surface of the nozzle plate 2 to
be forned |l ater, and hence the inner extent of the
nozzl e aperture 5, the height of this [ayer 42 nust

I?gurlg E% Ish(gdv? Ble stade BFhRWuE RN JH2E a SOLRBYAYRP 40 bF RedttIRAtErial has been
deposited. In a preferred embodiment, this layer 40, like the first heater layer 38, is 0of 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

electrodes which allows greater energy consumption by, and therefore greater effectiveness
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regi on designated 43 during operation of the
printhead. 10 Figure 23 shows the stage of production
w@bdaoen4g1be roof | ayer 44 has been deposited, tPEI/AUS003/001513
the layer which will constiltute the nozzle plate 2.
Instead of being fornmed from 100 mcron thick
polyimde film the nozzle plate 2 is fornmed of
l J
of i SO MdpfenfEro, b Al A At 1 QB0 e 35, the
coegponding hayeCtDjoasfcoftainsa headmrl4n| tride formng the
| ayer 44, has been partly etched at the position
designated 45, so as to formthe outside part of the
F%?ﬁ@b? sHdwe t‘ﬁe sfapd §f RSB apef 4 tlﬁ‘ﬁ! lﬁﬁerdl;e_sbﬂﬂ’é@ﬁﬁéial“reglst has been
gure 26 shows the stage of production after the CVD
deposited.i Avthe rupparmd:et I off anlayeridbicamstitute the i mmy surface of the

t hr.ou 0 np. teth formati o

bt Rh7ata b aPR] BRE Hosrts Begtiet Bl b hORIF GRfaR 5. e
hefdgt SMBisIhyer 40 Mt bé Slﬁﬁcﬂéﬁtsto heew foeeveanaiontdfa bubble 12 in the
position designated 47 where it is _not required.

regiopudesigBtedHGdbringopetatige obthepristhead.i on after a
protective |ayer 48 of resist has been applied. After
this stage, the substrate portion 21 is then ground

Figi2813 blsove the ktage 6Eprodadtion2Bies thewodf lagerriddias bedndeposited, that is,
substrate portion fromits nom nal thi CE ess .of

0y ar Gh 87l EomRBl hB00A BIAGH, Insivad ORBRRE ffmed Hom 100 micron
t]:.‘ugﬁ Sﬁf&ﬁﬂfﬁg@ﬁma@l% %zzl%:] ‘Bla@é %ﬁ %%e??f &lidr nit mtﬂﬁﬁ fﬁl@ﬂ ?m%g'c.ms thick.

ept suc neet s
Then, the sacrificial resist of each of the reS|st

FigORe oA shants D6 s ALPOCHeHiom ARl BRTISH DG ABPOSSIORCP) of
Ylﬁcb{ﬁ%ﬁltﬁdé‘ﬁ%nﬂ?%zﬁl% ?ay%k M %ag beéM‘;B&i!l‘y LieH&d fi8he ?@fiﬁdﬂﬁdésfgﬁated 45, so
par

of ‘the wall's and nozzle plate bei ng
as bmfarmahe outaidapprt of thewiozklelwim Aothiscoutside parhbeing Hesignated 4.1
serves to renove the resist filling the hole 31 so
that this hole, together with the hole 32 (not shown

%4 £ DG YRGSk 51288 bF PR dactRASTRE thetVBIWisiiEoX\Bitride has been etched all
04/ 048107 PCT/AU2003/ 001513 15 fromthe |l ower sid

thé wan @r@llmt dat te qsamﬂ@t@ﬁlezfgnnajlomé theonomzle rim 4 apddo form the nozzle
58 % 5%6 nl?e ?Pt ilfcon r}‘géldegllag é@&l%ﬁjt%ggd eg%ﬁ@@gs%&ry designated 47

Vm@@quh&ﬁe@ﬁ@aess is used to produce the enbodi nent
of the printhead 5 shown in Figure 30, further
pri nt head enbodi nents, having different heater

b 55 e U R 5 b e
apphed.i 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
this hole, together with the hole 32 (not shown in figure 30), define a passage extending
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10 Referring once again to Figure 30, the unit cell 1
shown, as nentioned above, is shown with part of the
worlkm480and nozzl e plate 2 cut-away, which rer€RAB2008/001513
interior of the chanber 7. 15The heater 14 is not shown
cut away, so that both halves of the heater el enent 10
can be seen. 15 In operation, ink 11 passes through
ﬁIoHFtrl;% T&Né}'@hﬁ fﬂﬂém at® pbiiff 21118 "t'ﬁ@nc?z%pe 3, @hib Pﬁésaéerb%rving as the
en a vo ta e I's applied acrdss the
il iatt padese, $endrallyeddsipnhicd 9,  the changdferdl ectric current
through the heater elenent 10. This heats the el enent
as described above in relation to Figure 1, to

\i’fﬁ[é?ﬁt@ a¥GRProftBh %rdc@sst BRsdd 6 prbdudl thd difbddMABRET the printhead

e various possSible structures for the heater 1
sbomeinoFigutei 3¢)l;1ﬁa‘th@r piiathead emiidiments, l@sing differgnichester staypgures, are

spin G BiebcHoFietes bt - B RGohaLEa "1 mencs 10

Such variations (even though the surface area of the
el ements 10 nmay be the sane) nmay have significant

CGomireé vbinddropejecti@tt ri cal resi stance of the el enents,
and therefore on the bal ance between the voltage and
current to achieve a certain power of 25 the el enent.

RVasHiAE Bhée/gpal 0dige830, tho opivoelhl shévemds heentioned abeve, is shown with
| ower drive voltages than earlier _  versio

PR horwalisct sncazZiomleie Pt ey ah aihithpiesed! h{f“@ﬁ’éﬁe’fl"r Qfihe chamber 7.
Thbdoter Téb ot Eﬁbvﬁt‘ﬂg aWa Vo th&tﬁ)%g-?ha%é%ro? thd Blate? eBmEBN10 can be

tran3|s or area s a tendency to higher current
seapabi ity and 30 Iomer vol tage tol erance in each
process generation. Figure 36, referred to above,
shoms the shape, in plan view, of a mask for form ng

t fill th
eraﬂtgrggﬁ{ Lfemééfstntﬁf:(ﬁlgggfrﬂéé 1%% 1ﬁ/€6§2igéra?? 2 g(ls&f Figte 28) to fill the

Cﬁﬁﬁmm m&ﬁfmrtagmwah@bmqss the ele¢tragies éggseqt@msbgékwsof electric
et Sediedler sftient 16 TR Bbre e loba  pelRited bbove in

S B6R Y Fighle! i, ROfRREe pbOBubbldntBe inkf WithiA tesHat®at 1.y
into the el éctrodes 15 (represented by the parts

desi gnat ed 15. 36) so that the current flow area of

’lfhgg &ﬁlplgsc EtKE?(S)l?) Blrgsj £t lche%teXtel‘ ?ie,%gme\ggll\xﬁ@ch drd Slti i'in Figures 33,

erng a |l ow e reS|s ance.
33}’an§(3|7t KRB38, ctuh‘l ﬁ‘esﬁl|t @imbite bihg mepy esrtibadin the fatigf daen’gﬂl to width

t he part desi gnated  10. 3 l.o and_ t hin,
e haatseRlcorentkO. Shehiariations (e Db the HeCTEHg o dlements 10
IH}.}PI;C e s418) hAPhARFRESS OFRGoPihe R fiaPRSistance 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.

Figure 36, referred to above, shows the shape, in plan view, of a mask for forming the

heater structure of the embodiment of the printhead shown in Figure 35. Accordingly, as
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It wll be noted that the heater 14 shown in Figure 33

has a significantly snmaller elenent 10 10 than the
web@aesi1010 shown in Figure 35, and has just aPGI/AyR®3/001513

| oop 36. Accordingly, the 1elenent 10 of Figure 33

wi Il have a much | ower electrical resistance, and wl|

permt a higher current flow, than the elenent 10 of

F\%L?H B& re’ﬁesegfs thd'@1apE BF BchERY! &R e llocﬁﬁl'iat dhib¥&iment, it is now

iver a given energy to the heater 14 in
rafeged( mntdlsmssmgthlahhﬂ@ wltemed8, Doring brergidne curbenh #ows Nertically into

RSB ShO D U0E5, 2, Dot el OB Oy fow

of %Y@aeléﬁﬂoﬁeé:ﬁlrélaﬁvel?‘ﬁg@ fwlﬁé]ﬁ fftuel, SERNRS f thé& bRirigha loW di€ctrical
the Wwdth as the other elenént 10.1, with a

restamep Bydiontyhyy, the p@mens 10, frqzr@sen@de@ figmes 6\bwrthe part designated

s .of the.lowe
i Bt SEln B SFFRYr it Rl 16} S pefpe 1 micron
Al SHOMidkAesdibdind. 0. I hscrbike energy applied to ink in the
chanmber 7 20 by the lower elenent 10.2 is tw ce that

appl ied by the upper elenent 10.1 at a given drive

YRl % [ ﬁel":fotg&] ﬂqap tﬁesh%atgf" i%gltqgfh n-lﬂ}%%e BE R4 & igﬁlf{ Eﬁiﬁl s%a{lfég Flement 10

Srze of vapor ence e’size
thatkthe elsenj £C Islﬁﬁvrdiﬂﬁ" ipre 36 gartiliab s a sibgkUloomy6.t Aad:ordllngly, the

et 1R Fiasgs 35wilhpieta TR GHoNRE FIop HEAl SRS g oo ik pemit a
}g%he% glaélg‘@ﬁﬁv %a‘fﬁﬁ@& etentl d Sf FBBQYB521% tha@fhré uf‘r@sea[ W¥ver drive

y the't ements toget her 1s about
vohags®, deliker eegwergyneagjpﬂm thdh@dhﬂrM inaigiveartingd. errent [ s
operational, is zero. Thus, in effect, two bits of
information can be printed with the one nozzle 3. 30

INFidBe 38R Re bier R, Ble BBV YR iBRI e @hedlér 14 having two
achf eved exactly in practice, some "fine tuning

of
Hehter elxmntséﬁzh ang 162 cdreesmreimtoéhqsﬁnle wtiticellol. zOn@ef these elements

(it e B8 b oteters FEBobEH oty SR el qurfce

&S Thb @astqﬁtﬁsrmhé IBWeH aamemel (ﬁzrmtz hRrdnsiis “ﬁahawmb those of the
t hrough 180 about a vertical axis relative to th

ummfﬂel@ﬁ@rﬂ@n]t arg(. ipicrorhingvidth. Thus thaenergyppplisdde ﬂrrl@aége chamber 7
a

b ~the low 'Io e@% e%'t TG bqf R}%we ’gﬁ l\l}g)\i\fg@? q.gﬁ%g&%ﬂ%?tulroels ata n%ven drive

ﬁiﬂmg@&ﬁg@ﬂsﬁura&m | THi$ pémﬁt&b&égﬂﬁﬁi@f%@ﬂms’é@hpbeb@bles and

under _appropr.i at e headi n%s are_certain specific

heage of the sige of ikglpmaiseisd aus ta the bPBRIeht i on, and the

advant ages of these features. The features are to be

considered in

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.

As the above factors of energy output may not be achieved exactly in practice, some “fine
tuning” of the exact sizing of the elements 10.1 and 10.2, or of the drive voltages that are
applied to them, may be required.
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relation to all of the drawings pertaining to the

present invention unless the context 10 specifically
We@@Hoda87 certai n drawi ngs, and rel ates to thoRE&I/AU2003/001513

drawi ngs specifically refelnfed to. Suspended beam

heater 15 Wth reference to Figure 1, and as nentioned

above, the heater elenent 10 is in the formof a

X1
IEHAPAR S G Mot MRgrbY Jirh yr A0S AR PGlICIS 306 abertial s
rélative togthé loyeer dlemefin£0.2] EFhisnis sdlthai theip elecirgdasdd argmatispincident,

.rather than formn art of, or being enbedded
q\ﬁg?’/"l%@ R %téog?"{?%n %@Bgﬁ@&\fﬁ cg%ngs“ ng pri nt head
systens nmade by various manufacturers such as Hew ett
Packard, Canon and Lexmark. This constitutes a 20
Eiagvies nnd nivagitdges vEporgclor ermdndigrdpédi ment s of the
present invention and the prior ink jet technol ogies.
The main advantage of this feature is that a higher

B sséEndyw GaidePsHpasiti ey R didigs, a¥O bétangspetifie features of embodiments
unnecessary heating of the solid material that

of the wuertion; prd the advantages piihese fegfures o A ho feafiyresgsp b0 Pggonsidered in
i i al i : :
SUPBLTH] TG e R0 SR B RiiGhall e contex

dpbeifipaliyoexchides ckerircdrawinpsearidaalatesgo tioss diabvirgsispetifically referred
material does not contribute to the formation of

t9apor bubbles 12, so that the heating of such nateri al

i nvol ves the wastage of energy. The only energy which
contributes in any significant sense to the
Sispendetl ibeam dbatehe bubbles 12 is that which is applied
directly into the liquid which is 30 to be heated,

which liquidis typically the ink 11. In one preferred

Wit QierERBE to Bigure!1l, ¥8d AAh8MidnBd Bb@K fhe heateh&lem8@! 1®is in the form of
el ement 10 is suspended w thin the ink 11 (bubble )

# spendgd beayu, atl this és suspendeéh peerat tpabtcr pautiewn(designatp@11.1) of the ink

I t.. This..is 2004/ 0 07 PCT/ A / .
iR Sorb LG EP gD ' ey 8 e o 02 i forming
SRS b B g erfSeddbd S bisabgatd 43 iF@Wase f2xistihp priftbeidystems made
el enent 1&§bean1|s susgfnded at the surface of the ink

tbvasione nragrfartaers suphiag Flewlatt Packardy Senemmangd Laxgiarlg This constitutes a
L.y bel ; i na | L
Tt g grl8 SRR o Baats U orRieh BNl PG ink j

ReeMident described in relation to Figure 41 is 5

preferred as the bubble 12 will formall around the
el ement 10 unli ke in the enbodi nent described in

’glg% %éénﬁg\e/&g?gén(g}ﬂhg f%r\é@%ﬁt 4 Righ&WeRLiBndY dah b8 kM eF RBP 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
to the generation of the bubbles 12 is that which is applied directly into the liquid which is
to be heated, which liquid is typically the ink 11.

In one preferred embodiment, as illustrated in Figure 1, the heater element 10 is suspended

within the ink 11 (bubble forming liquid), so that this liquid surrounds the element. This is
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t he enbodi nent of Figure 41 is likely to provide a
nore efficient operation. As can be seen in, for
wezaapisap7 with reference to Figures 30 and 31, PCTiau2003/001513

heater element 10 10 beaml8s supported only on one

side and is free at its opposite side, so that it

constitutes a cantilever. Efficiency of the printhead

fgu:;ﬂmepi‘l?usfttﬁéh’ i oRFEHE Yo RS ss RN GhBIRIAEA O ill8stiadd in Figure 42,
e heater elerent 10 is configured such that an

thriedaty eteinene $6 bednars sif@ndethat]tbeiswrfice ntheiigk thabblierfemning liquid)

e applied.to the elenent to he il suffici.ent] .
BBl k35 T e et S S BAFRL, Yy v s
oliQhé’gpﬂe? Kidk Bf Re@emeht. "PRZ Ebedimet RBEtRASH esl4tsh to Figure 41 is
enbodinment, the required energy is less that 300 nJ

puéfictred astha bulsble i Bavill &arboal] arewnd thelskensant 1 §ynlils indhesembodiment
han 120 nd. 201t wll.Db |
A T

the SMbsBmeNEST FifurdU ¢ ililely ®Sprbwidbeaiort bficine opsthtion.
sufficiently to generate a vapor bubble 12 to eject an

ink drop 16. Thus, the energy requirenents of the

resent_ invepti r fr: '
A G rshl R Rt 8T RAN M1 HoiRbier lement 10
RBANY Yurported ofllyioaona kidewad Rbfréecatdts oppasitatsidegsocthattit constitutes a
snmal | er power supplies, and so on, but also
caplleEes cal |y sinplifies printhead cooling, allows
hi gher densities of nozzles 3, and permts printing at
hi gher resolutions. These advantages of the present
Efficienty ofthapenthegici al |y significant in enbodi nents
where 30 the individual ejected ink drops 16,
t hensel ves, constitute the major cooling nmechani sm of
e fegfrgs%ﬁ ufder 465G ddrARA if Hiat HRMelet S8eMA0 is configured such
2004/ 048107 PCT/ AU2003/ 001513 19 Sel f-cooling of the
thati anteermy of kiss than 400 nenajeulehe)) isvegnited to pe appligd $o theplement to

t he. ener a i ed.t eater. el.enent .10. .

PR SO DRS80S nE 5B 80y DT e o
4 forer Thoadptdiardd dniddaaehtDhe feduire® ehdrppisilegs thdt 30D@J, while in a
heat renoved by the ejected drop itself, and the ink

further ensbodiment, thaererghis legsithan K. from t he i nk

reservoir (not shown). The result of this is that the

net "novenent" of heat will be outwards fromthe
wiibbegstecittod by thoselskifled inathe anetiat priooat devices \denlarlly require over
5t Ql?cigjoules 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
Jower 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.

These advantages of the present invention are especially significant in embodiments where
the individual ejected ink drops 16, themselves, constitute the major cooling mechanism of
the printhead, as described further below.
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ci rcunst ances, the printhead does not require any
ot her cooling systens. 10 As the ink drop 16 ejected

wa@pa4pksaoanount of ink 11 drawn into the printPE€RAU203/001513

replace the ejected drop d4%e constituted by the sane
type of liquid, and will essentially be of the sane
mass, it is convenient to express the net novenent of

€ : ne hand, the energy added by the
SEl ol St hEBrihiied nt 10, and on the other hand, the
net renoval of heat energy that results fromejecting
the i nk 16 and t i nt ake of the . repl acenen 1
me;pdfﬁﬁg iy s Sen eLE ey ARPHE Y AGEHE gement 10 to form
tulbB1e0f2 dont td djebtSa dbpaBRIFR 1118 @Bﬁ&@dlﬁ&n thdYtinthead by a
nge in energy due to net movenent of the ejected

Camblﬂaﬁpﬂl afthebnat removert byt the sjecfed |dn¢p itseH, arshihe mlethet iy taken into the
iﬁg tﬁ? Hﬁg%ge?\g (?1%‘., gloé?lé &V}@d u& bo% ﬂu§ 1sdt{1£t\%lelér @éts‘?novement”

o@ﬁ@a\taﬂn be@URerad #6®thé Prithendaed ’wdetf STRESAHY ®olihg t Uader these
drop as it is ejected. 20 It w be appreci ated that

circergstenges the ponthedd mmnteﬁeqwn@almb@ copiingsysiEmdr e net

depends on what constitutes the anbi ent tenperature.

In the present case, the tenperature that is taken to

Aeht ik @OPil 6 8fectcd MpE Bat daichint 6 inkel 1tdeapeimé thegratthealiteteplace the

ink 11 enters the printhead fro e i nk_storage
o e e L Skt 8 3186 e of e sme

L R SR sy kbl Bessancn B o e

chbigy nddsd b;ahb iheaﬁngtoef m]mselemelttd 0, avdd arhthe othes bad, yhe net removal of

heger it oty Le P (¢ Hiogrom i e ipthge Bk feblacement
C%l%:ﬁﬁc? oﬂ B | BssumPPthat tBE répﬁac%ﬁ%nﬂ qinildy o‘f et 1 3Gt biBient

Is refrigerated. 30 In one preferred
taﬂbﬂdﬁum? tie, chiahge iprenetgyalad ta setdmegmeﬂoiitbe m@hﬁeéa@d replacement

n{?{l et g e(liag c?)ﬁgenh@?ly@%feégrtes%,a tlgeg’%t t ﬁ%e rgqaﬁlred to raise

tﬁ@&hﬂﬁﬁdﬁﬁ%ﬁw@é&éd dr8p 18fif itR¥erd &t drﬁm@tﬁltah pératutd) €0 hieaictual
energy added by the heater elenent 10). V\D 2004/ 048107

tearARo03ho 01pis it iB@jeBiedway of exanpl e, assuming that

the ink 11 is the bubble formng liquid and is water

based, thus having a boiling point of approximtely

Iﬂ-@ﬁl H@&’Sp@&ﬁa‘c&i thang detbrotineti@ndt vetidther tiengbenattitesiaiase #6t depends on

Wh} ;gquq@ct:%%g Zg]b}el;]lﬂe%ﬂe?ah?re n?ﬁ({hg%rrgsglt cgge ?ﬁegtrer%pera%ure 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.

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

quantities of ink 11 is equal to the heat energy added by the heater element 10).
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5 tenperature to the ink boiling tenperature and that
is the maxi numtenperature rise that the printhead
w@owka4siptdergo. It is desirable to avoi d havi neCT/AK2003/001513
tenperatures within the prigit head (other than at tine
of ink drop 16 ejection) which are very close to the
boiling point of the ink 11. If the ink 11 10 were at
such a tenperature, then tenperature variations
bet ween parts of the printhead could result in sone
Byewyoolexhmiptyg assboneg thei the nk Plois ihe bukibldhforiing liquid and is water
uni nt ended, and..tfherefore undesir forqati.op.of .
bsedoftun B3 DOSMEREEY DGRPRIDSTE s 00 R SrBial g Ambient
t&fl]i)efrgt‘ﬁre s RYRREILNC] thef Btd §URskimUATN O q1Pdeof RN £618 the ambient
sel f-cooling, "as descri bed above, can be "achieved )
tevhperatuteetorthx inkhoilingtpepeatwreant thatie thevaximunbtemiiegature rise that
form ligud),in a 15 particular nozzle chanber 7 is
%Pla%g e@%@lﬂ@ﬁﬁﬁ' its boiling point when the heating

el enment 10 is not active. The main advantage of the
feature presently under discussion, and its varjous

Ieividesirabbatostvoid kavingnk temperatanes within theprigihend other than at time of
. i t | § i i Al .
PBB5 FGoh T hes S8l PR BERL AR 1 PR e 1

W€ dlieiﬂlbhfa@erﬁpcf,im@ﬁfe{,] &d:nEa‘gbérﬁltgré Wrﬁdﬂﬂéb‘@aw%n patisafeind prirghead
nozzl es fromwhich in rops 16 are bejng ejected.
cphidgerdinngpmswegEiensRine 2oV Boiliamaois wish tho wteggé» g therefore
Lglﬁéﬂagleo ftilalgn GERRE ¥ulilan Wﬁécgrcﬁﬁ%l?,he?p&?e?&d'e‘}nbgﬂﬁﬁ‘ent of the

eature, and t tenperature criteria nentioned,
iwesngion i cqnfigamdtsuciPfhatecomapletd aelficogling, andesztibsl dttoive, can be
feature of the invention relates.to the density, .by.. .
ashiguct S e T B RSeDgRRET o G ik hGER i itid) in
PR RIRREE, 1L ChdrhisitF78s 10 dbHBes OB iR BiBngZpd1AGwREh tHE Bedting
surface 50, and the present aspect of the invention
clehent &6 it wottakevepacki ng density of nozzles 3 on that
surface. 30 More specifically, the areal density of
the nozzles 3 on that surface 50 is over 10, 000

mzrﬁéiﬁ%d%ﬁ%%%%ﬁﬁeefeﬁtm&;ﬁreﬁﬂﬂﬁ/ AR @erali RAssiNDard B4 #B4&kQmbodiments,
PCT/ AU2003/ 001513 21 I'n one cﬁr eferred enbodi nent, the

isthanit alews farya high aezrde gamsitpantvz 2(high epdef Bréifhead apgration

of urface i ' . f.er. e .
e
adljdeeiit t6 AuRiles oM whiclBinRIdedmr Icede beihg djeoredt Thik ben ali@abs much as a

densi tfy IS 48 828 nozzles 3, per squar? cm )
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.
More specifically, the areal density of the nozzles 3 on that surface 50 is over 10,000

nozzles per square cm of surface area.
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5 When referring to the areal density, each nozzle 3
is taken to include the drive-circuitry corresponding
W eoottle81omzzl e, which consists, typically, of BCOAU®3/001513
transistor, a shift registét, an enable gate and
clock regeneration circuitry (this circuitry not being
specifically identified). 10 Wth reference to Figure
43 i . . . : , ,
et CyPoloh e il chcb RSB s e g s oo
suifade G0réan whild it asmthd prefemedersbodimienty tterareal density zx tesd$40,000

of = the next successive row of .nozzl.es t sha

nFEtA BERGHAP GRt dp dSEEoTH] ETBRUTRE, Hegre| QeSO 14828 nozzles 3
p&gﬁﬁgﬁcgﬁ the dinension of the outer periphery of the
printhead chip, there are 48,828 15 nozzles 3 per

square cm This is about 85 tinmes the nozzle areal

ensi .of typical . thermal jnk.]jet I d.. . .
e o el neith 391 Bl i sl it aB¥eircuity
cBir6pBRYUIAE td iHe nobFle WhHieR donsidh typacdllyasivadii wotearsfstar, Mstgh register,

areal density is |ow manufacturing cost, as the .
ag evatie gata pad clpok meereratiomeirainedhis sirswiiry shbeiag spesifisally
hg)g@ﬁ%%cular size. The nore nozzles 3 that can be

&Y dated in a square cm of substrate, the nore
nozzl es can be fabricated in a single batch, which
typically consists of one wafer. T cost of . .
%ﬁcﬁfar@mﬁtprfggtae AR whichs mbs%r«%fl &% shopa, thedimensigps of the
uhft b GrddhbhiE %gingfﬂ Rroim gﬂ?ﬁlﬁtﬁﬁ‘% 64 WYiSRfnk ensth. TeRozzle 3 of
some extent, 1 ndependent of the nature of pattérns
thdwadxt aniceefsivenmd, ofaziles (1ibh shiosfn) immietiatdly jyxdaposesthisamogzle, so that,

relativel mal |, a.relatively |ar nunber ,of. n | e
aga resyl 03@43 GiEieueibn Ot i Lles PPERReRB e Rpagieed Saipo e are 48,828
ol 165 ?Eéﬁgqﬁ%%%.t Phib & JFROHE PG 8 nb@Fle aFABIGRITR of P Bpical

an 1nh a cases where the nozzles had a | ower areal .
tirmal ink jetvmtlonds andsoughily 408 tipep thepreleaneal density wéa piezoelectric
ar ea éaken by the nozzles 3. 30 Bubble formation on
P&S&% te sides of heater el ement WD 2004/ 048107
PCT/ AU2003/ 001513 22 According to the present

feature, the heater 14 is configured so that when a_ |
Thetaie advantageref a high arpal dengityzs lqvpnigppri@ciusingicesy, as the devices are

blf.t?%l#atgl)watédtog S5 Rt p?ﬂ‘t%ﬁﬁu Qfzel he heater el ement

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

directly proportional to the area taken by the nozzles 3.

Bubble formation on opposite sides of heater element
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Preferably, it forms so as to surround the heater

el enent 10 where the elenent is in the formof a
waempessied beam 5 The formation of a bubbl e 1PCDAURWBM01513

sides of the heater el enen2210 as opposed to on one

side only, can be understood with reference to Figures

45 and 46. In the first of these figures, the heater

Ag%%o é‘tge eﬁré?e%g fhed t{lﬁlliefa?é?q AU bR iuled doqhdi8yHeRraBREble 12 forms

e as, e in the second of these
irf thgimles] (Hubblechamingtliquil) st fopine dnfboth sides di disbheater glemsnt 10.

be, f 10 bot h si . .
PGPt O R P dhe Bt Gt A ReRdbs glgmgpy i in the
fﬁﬁ%f&QﬁPgﬂ@@bgmgz forms on only one side of the

eater efenent 10 is because the el enent i s enbedded
in a substrate 51, so that the bubble cannot be

or.ned,.on t.h rtihcular side o '
Thg R o AHuREe 1 5Bl S ftor T AGRE RIS f dlsed to on one
siIRloR1yS CAESe itk iGo R refereadd t0Figired Yatide4e) Analse filseof these
heater elenent 10 here is sus course where

ded. O
ﬁgnppshtéghgatereeplgrngrﬁtl O1ig) aqlag)tqdr{[bf ﬁgrl])pgblm 1gfto Qe §Q}'§}§g 98bPn one side as,
T

oalpesidaedadgamnel ement. The advantage of the bubble 12

formng on both sides is the higher efficiency that is
achievable. This is due to a reduction in heat that is

SO B gL et A il n e
sfderofulic lesaten element: b issbetuse The ale@éntiisembédded ima substrate 51, so that

AT B s B S AR =
BERst [ 1RSbubitle 18arS RS 0ndoth SdeABRRNELM{IR0ratibR of RRILFEAG as the

conductivity of the solid materials of the substrate
heaten¢lementt 1§ henaiis suspenbed.i nk 11, which may be water
based. As the thermal conductivity of water is
relatively low, nore than half of the heat can be

O dRRFeFhekOthb BedtbssleRest 10yis idhe Forasbf ahdpéidet dedinas described
than by the ink 11. 30 Prevention of cavitation WO

abovRling Bt toPkTErR 2 dioahubblestlals allewed tofosmsp B tp wboyad the

af ter. b I has been forned in a printhead

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

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

Prevention of cavitation
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enbodi nent of the present invention, the bubble
col | apses towards a point of collapse 17. According

wao oootthesideat ure presently being addressed, theP@EAU2103/001513

el ements 10 are configured23to formthe bubbles 12 so
that the points of collapse 17 towards which the
bubbl es col | apse, 5 are at positions spaced fromthe
| DEARhER according t
ARy fiineR oORE bfen TR LR, PLAK bl Rrfih 1t PERRbEA accordingfoan
emhoditﬁerm bf thelprapsteindehtiohythe bu%lmqllapaw towtide @, pobngiongolbapse 17.

maj of. pro min prior art t I et. devices, iS

A S oSh o B S b oIl 16 e e

th Tcﬁ%r?ﬁrlé %leﬁgppﬂéd"@lﬁ‘@ the bBﬁt%ﬁﬁ 8l W&rﬁs #BichtBe bubbles collapse,
onfigured to

10 have parts 53 which define gaps
afe gpositiens mcﬁyﬁomethaheabw ebetentsa rRfeferablys tha nrtmhe@dbm@g‘lgured so

e Do RSB R B SRR 5 Ga il Hiation, being
REYBRbBRA @fprio bt tﬁe@ﬁhlhﬁlﬁ jdtdevioad, id largelingindifibtedl | v

avoids cavi tatl on damage to the heater elenents 10
and other solid nmaterial. 15 In a standard prior art

t.em, as. sho sch F 4 t
ST T 5 DS Bt T YR e 050 Shra
Haﬂé phrd Smhicﬁ)deﬁnégap@ ‘(&prdsétﬁecebﬁme krowad¥), andpo (ﬁdsmcmle babbles 12

a er 57 over the i1Insul atln )& V&n a hubbl
soghat haveints pf cpléapse éﬁﬁwhlfb fubples cp gredpcat tépch gaps. The
e n

R T A B B0 g B D e
d@hémps@andothacsotid athteidlo a very small point of
coll apse 17. 20 If the protective |ayer 57 were
absent, then the nechanical forces due to the

Iﬁ%‘é‘tﬁnﬁﬁfd iok Iﬂﬁts?/ﬁéﬁ’ﬁ Uk Shdves éﬂh%mfaﬁ@dﬁ‘ytlﬂ €iJuBCHB $hdBealr element 10 is

hi's ene e point of collapse 1 coul d chip
mmbaz;zldecbm aeiubsteate b, vlvnﬁaaremselmme}ayerlﬁ owebﬂ)@\ﬂéqmem,mnd ajpgotective

ted, b t I
5o FgE « R 3 b Bl a0 i
ﬁ)ﬁn&%ﬂ%@ of Vel B, FPhdrae butle 1 20618dpHes, REsHoMAI ethe arrows 58,
(Ta205). "Al t hough no known materials can fully resist

alhef the éricsgy of the bukhie celtapsnis fogussedeonian venyismablaeinof gellapse 17.

%g}egplgg egtﬁvc{;lnaye? %Z &qrma%sggﬂ rﬁueé?he% ﬂ;%chaﬁ%\ﬂ fo}?&%érs] gﬂ tJ @'Eavrcatlon that
WeilaresuR Froas tHeGoc8bihg OF thieénergyepahs pdlheoﬂc@ﬂhpﬂeum could chip away
pentoxi de | ayer. 30 Al though the tantal um pentoxi

e b Boate] R 9. mWevwnﬂtlwsg»r?v@ea@fl vithe RfﬁEﬁ%VG Slayer 57.
thermal 1ink jet systens, it has certain

di sadvant ages. One signi fi cant di sadvantage is that,
Typiedifiyeaich a protettisel 1hyer SAds wftantelupr, sthiclt dxidizéstpdprnd  very hard

i B R TR P AL oM TGS Gy [y rsistthe

éztgég % /J \f%ﬂf%ﬁgﬁf %éu%gg%gﬁdg%&ésh&lﬁi hedtippd® 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,
virtually the whole protective layer 57 (having a thickness indicated by the reference

numeral 59) must be heated in order to transfer the required energy into the ink 11, to heat
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24 it so as to forma bubble 12. This |ayer 57 has a

hi gh thermal mass due to the very high atom c wei ght
wo@toothesivant al um and this reduces the effici ePCHATGR003/001513

the heat transfer. Not only4 does this increase the

amount of heat which is required at the |evel

designated 59 to raise the tenperature at the | evel

. [ [

ERELA A B PUEHCY 3] R i NG et b R vory high

aﬁdrﬁtke;vel ghttofi éhedbumtelnitr, and thisctidoads dlk d{fﬁctehey afithehsat &dnsfer. Not only

COFS FRHCEGS 8 SIS NetiaRBFh BaoBHFeL ti Py AR to e

tﬂﬁfen‘pi% Y8 dt B 1$Jéﬁd&‘i§fa€‘éatdovs%fﬁ<§éﬁﬁfy t8 ﬁeat%&ﬁkQ'ln%tt19also results

ature presently under discussSion, the need for a
ip lacsubsiantmbtheayd loB 7o taks plae @I@ﬁl@rdmbet@bna bmi;eated by thegitawd 61.

'm/qsgg &g? WOQ@] Iggggp%en%fﬁg%gﬁngaggr elﬁg? t g assgrgefrislg su%ported on

alstirfke ¥4 &;Qs Ad1RbRerbEbyheRbtbcliveaaRE 52l . and nore
particularly where there'is the gap 54 between parts

53 of the heater element 10. As there is nerely the

éc‘écr%tfig% of 5% lféatttﬁg P%egé lyI Sy it 19&15&1?1[1 tﬁé Pée @PQE}O?%c}iga (li‘ager 57, as

no nateri a can

&é@étﬁoeﬂ)ébb&@ iefoatet Hykneratg tk babble TR o tiefientipses agillustrated in
t he point of collapse 17 15 nmay. reach, many_thousands

Rjguig gy s, a Bedntios calinsn 7 Phy Bigh Bhere isKEAGRARIH 9 more
fﬁ?@&hzﬁ VOE&S ?eh a;ﬁtﬂép%%p\rl]!t% ﬂe}_ﬁé\@&%ﬁ? QUMHF 'iﬁ%ene'a% elemfent 10. Asthereis

conponent’s the vol une
actyetire 1rﬂ«emweﬁ’um tis Ricatidre(ppior totbubblecgeintation), hierd is neanaterial that

I 50450 s Py g PTG S vty RS SERBR LT L PPt ollapse 17
gﬂéa@h ﬁq%ny;&ohmhs bt defg%ésm&fs &%g@ae@wme%emmemn of

apse where there is no solid materi all can be
smoblueniechonsi Thidredk lnnaledi@meﬂlesnlqoompmee@ptbﬂm pejnt. dlowever, the

t hat resent ed 0..34 th

Y ep b PRtoR3 omRtratife el P AR 8 % syl ek ffRstructon of
AR doMBSnehtd Al iRis VERERSS Rbedghificdnie ref erence nuneral 63

at its center. Whien the elenent is heated, the bubble

fornms around the el errent (as indicated by the dashed

D G br BE Dby e Gutepf o P B30t PRleBle 17 where
ta=edo kolERatehalasad b@ ﬁbhlbﬁediﬁﬁfgﬁhehhﬁ elehesno doﬁeépa)d'dfmg to that

the hole 63, the hal e then be| ng., filled with th
spRysPatechi b 9RTE O S BisBRE SRYB inBigoHes% o TheelpRE represented is

Laph! ﬂ'ldl Q'hﬁ E@Q&f#ed 3)/&19 Pefélten&eoﬁt S8 5t il Qenter. When
Bl LRI

apse’ | s o m ni sur
ﬂhe remm:dnt Sl]feaiﬁdl,ﬁﬂe bugbblé furmb Lahhulné tHeZelerﬁbmts{as indivhted :bytﬂlmedashed line

bubbl e shape no tovvar he | shape, as

o and then FRVHHQ el aflwé eiph ah e douehnd Shapgiog g Sfpstrated by
thBidSshell Tinkd'6Nand 65 '1’t| dpiind fhe blttnenPinkiuddis thOhbRBIEthe 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
being in the region of the hole 63 at the center of the heater element 10, where there is no

solid material.
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being in the region of the hole 63 at the center of
the heater elenment 10, where there is no solid
woraioeish7 WO 2004/ 048107 PCT/ AU2003/ 001513  2BCT/AB2003/001513
heater el enment 10 representk&d by the part 10.31 of the
mask shown in Figure 31 is configured to achieve a
sinilar result, with the bubble generating as
OB eyl e Raa At 1 B BRI ligure 1 s
caﬁﬁ@rﬁmoaabhﬂehea sioslar essubbf witlh thediubblergenerstinghas indisated by the dashed

enent Oreres t ed fth

SR e e PR e R AR S S e 7 e
gktheggég . Wiere the elenment 10.36 is di nensioned

suc

at the hole 68 is small, manufacturing
i naccuraci es of the heater elenent may affect the

’Iglathﬁ%ce]bqlereg} gﬁg%r%equ%b S eg[?qrftegf3 o%th ?l{;bvsl{l]%xtﬁg&r% 36 is also
bRt Sired @ acRieRER kinildr R&sul oWl erdle BRmR AL 10 3a ithrﬁSn@orfequch that
m crons across. Were high |evels of accura

theg laote A8 isismadle menwiaeiuring ingeeiraciegol thﬁh@at%?}emf‘élg ey aifﬂqct the extent
YRR Rt hUetp PSRBT g ety

tiOhd1é. Fol ex&nbleAns ﬁowntefyl e Uikl & sfenl hict@giaoross.| WI&rm]lngh levels
a case, with regard to the heaﬂer el enment

oF ARt U1 ATE 108 ARt PO ST ot HAY UG fepresented
0

O e

collinizle ®v1thﬁ;n suzhfazhiall regioe. rrimsaich wapss, wWithpregrrd exitha d)zatbleelement

rglggég%tﬁqﬁg %@Felf n@r%]ggz(%%%a logjtnl ig Sgﬁwt OZ%%E%a Ien,rg? Ute or§1tpe]:1 thereby

ihd€: E]ngtﬁé PbAg retOh I\Whick ARSIdiAtWiicBlaRe 8F fHéBubbIR is to fall.
V\ﬂ T gcz)r rregl byggc hem cal vapor depos@tl on (CVD). In
various preferred enbodi ments, the CVD is of silicon

The
_ Plate. 2 %P5 med by CVD is
that it is forrred in place V\/lthout t he reqwrerrent

for assenbling the nozzle plate to other conponents

Bheatezals apérbire 5 ofigadhaingt astl 1t axsenda throwgh the nozzie plats % thgnozzle plate
or t d f

RSN RS SIER RS ST UMt eV, m

kbl refdret @nbbliedntsp ik CVD ib oFsiliveh nifrifepsilical dipxide or oxi-nitride.
conpl ex. i ssues. Such issues include the potenti al ,
m smat ch of thermal expansion between the nozzle

’)fﬂ?gdtd%a&agen& tﬁ@ﬁoﬁ?erﬁlétebooe‘f@ foinkd by eWishEa: 358 $0HRle@dn 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,
and so on, during the curing process of the adhesive which bonds the nozzle plate 2 to the

other parts.
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difficulty of successfully keeping conponents aligned
to each other, keeping themplanar, 30 and so on,

walevodmggivhe curi ng process of the adhesi ve whi BCT/BUZ®S/001513

the nozzle plate 2 to the 260ther parts. W 2004/ 048107
PCT/ AU2003/ 001513 26 The issue of thermal expansion
is asignificant factor in the prior art, which limts

”fﬂ%q%sﬁb of the%%l' e&éa.l# ?Jérlrsle 2 C%}f%&?&ﬁ@to ?‘ﬂce ?I bt 5, Clzvhlzﬁ‘ lithits the size

ecause t ent of
df el jetsl thehoana bs imanufactonek rThis rsrbeeawaﬂleedlffarence:ilnethe coefficient of

o5 Bhabe ghd-2 BUESLESE S A0 MCR LR L ROEEL S o which the

n%blzl'e ﬁ)@d@e islcOnfdétdde wﬁbhlés’th@ Rbs¥ate i8 o@@i‘ﬁ%&ﬂ H@ﬁﬁl{e\’subﬁ’c‘e(ﬁial as
di stance as that occupied by, 1

ay, 1000
Gmmc[uestly,torver asainzallj a/distan¢ecasithat oempmedsb}o 13ay, HQP0 nezzlessthe relative

en the t h ted
LR LB VPRt R rrop R Euliar S BERE i blfme
dnfHie ¥REHRGuENS tRAGrIgliapériRie regaited RABSAdIA HePRAS kelther, can
m smat ch of sig nlflcantl¥ greater than a_whole nozzle

qassep dimemsips misipirly obdsritiganthy sreaten thanie hpleaeeale lgngth. This

\ b ddressed by the
eugab)?gé“ ‘}‘ﬁﬁwﬁé&’q@@%@f@a Qﬁc‘r?ledseg{rﬁe?y under di scussi on,
at least in enbodinents thereof, is that, in pri or

art devices, nozzle plates thz% need tfo be

Apotheyapehl %rplagdqeéi?ﬂr‘i’é{t%feahﬁ? qife W@ﬁ‘&?%?s%ﬁ T d1scuss1on at
184kt Qﬁ@(ﬁhﬂﬁ@ﬁ? EheF QIO ttﬁ ggltn(r) &rurt @Eﬁ&ésvl%%i 1915 #ak B8R to be

IS Can result qn break esira
asi&fmhlaharie @eserolly lahenat&d oiﬁv itlceemaiihler dtgho $r1nihngi uiider henditions of

RN A e o FIFEITE bt B E3g

RReNt k88 0Phetrldgz1k RIS bO TVIRY érﬁe&i lefits of th t
deé?rbodl rr][tleér{?ésilroyit1 %Peoenla F ? hei r gorrpatrl1 bili tn)];1 vmstoh © presen

mxevmmnlagméethls;onductor manuf act uri ng processes. 20
Depositing a nozzle plate 2 by CVD all ows the nozzle
plate to be included in the printhead at the scale of

A SHHRY adidntape 01 MRl REseRf Retuedsioffhe MSbMBNPIAERS ELSENbodiments
nor mal | used for sem - conductor nmanufacture.

tEmegﬁ istheir n@mp@nblhtwmﬂwmﬁrngtsammoed]let@r woryfaggring processes.
e oglrtfng G522k ?Sa%éjﬁ By &?%ﬁre nt%%ﬁ: gga td %e 1ﬁ?u{fﬁﬁ?ﬂ tfie printhead

Ion p eres.

d ﬂi@éc@leﬂif abgsal 2ilicon swfé‘r pﬁi@mcﬁeﬁ usiigy focdsisinetnilyy lﬁ‘dﬂ),for semi-
then to withstand such pressure transients,. a
condasterinanpiagtiieckness of

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.

For example, the thickness of nitride sufficient to withstand a 100 atmosphere pressure in
the nozzle chamber 7 may be, say, 10 microns. With reference to Figure 49, which shows a

unit cell 1 that is not in accordance with the present invention, and which has such a thick
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CVD nozzle plate would be required. As would be
understood by those skilled in the art, such

wao hiogkssasses of deposited nozzle plates woul d BCT/aURG03/601513
certain problens as discusged below. 30 For exanpl e,
the thickness of nitride sufficient to withstand a 100
atmosphere pressure in the nozzle chanber 7 may be,

né%s\gl]a% ILCEANSe q\ﬁ'{‘écli’atﬁ(?ﬁﬁ f &6 8 thilkddsg Uéxﬁreﬁl%t mvitl'bﬁlgms relating to

uni't ce I's not I n accordance Wt
dtdpesjeotieaeknt thisrass ety the ﬂdckatess:dnf ﬂmzle@mh 2 athe Hiuadic Wag exerted by

2004/ 048 AU2003/ | |
i R0 Al 56 L s@eckdinaarpugh ek i SeREEHT o i the
eﬂﬂnaﬁg%kﬁﬂﬁkﬁﬁkatlng to drop ej ection. In thls case,

due t0 the thickness of nozzle plate 2, the fluidic
drag exerted by the nozzle 3 as the |nk 11 is ejected

051 PRt S5 ok e L SR PR B D, e o e

a@ﬁ’tkﬂ Slcifig pfockdd. Thig i€ asembip thatGhe Aodd Tis dicted] & shb@heperpendicular
relates to the actual etchi ng%pr ocess. _This is

t@ﬁ@mﬁfﬁl'gg efithe subsiratppoztien, for exampisiesing hstaadasdplasma etching. This
t f

vﬁou (F %Bgcaﬁff re%fug)? él‘?n%'% 4 u‘g@ r%‘ﬁircgo%ss?)ff réc?a g§ V(F r@h%d To expose that

tHibkigess woOrekidt 69 pheljhiyed leq¢1|o|f eesﬂhmenﬂ)heo’méimfﬁcmttam ac}néve as the

resist 69 to be applijed. To expt}sle that 10 .thi ckngs

fogal denth of thogtenprrthatig ekl xass theesisbisapigtivey spafloddboveh it
Vsjdlﬁ(i bé ?J)gsﬁl@toa&lf)b&v is rafvidi€e %tthﬁ‘%smq %Qtd&m%f £aB€ this would be a
steppe Is*used to expose the resist

relatiwdly vadtly goaeiss.. Al t hough it  woul d be pOSSI ble to

expose this rel evant depth of resist 69 using x-rays,

this would be a relatively costly process. 15 A

A it ?ﬁro@[éﬁl? ﬂﬁf‘%ﬁfﬂt exVRWith Bk 8 thi¥t AbzRais1Bte® fnhi Gle where a 10

nozz pl ate in a case where a 10 mnicron thick
Ihlalymrthm‘k layier pf nhmdnewere@ﬂ) demﬁd enl agilican sibstratswafer, is that,

SRR P i B anah RSB Sy TR b,

walbs! thétreredbstreds bf wﬁﬁm&hﬁkﬂ@?@it@& layst, ﬁl@éﬁaﬁf covldl Be Baused to bow
thick deposited |ayer, the wafer could be caused to

theveh a dﬁgmmafafuabgrsé@smhﬁte lithegrarhic Brosps Wenld hecome impractical.
’ﬁﬁ% éar%h {* ﬁae 9513 (teé/\% géz Hﬂ“‘g{e%ﬁ??% gﬁq‘g 3&1%1?11&‘%& ‘th%&rf%ent invention),

mwpyggb(eyﬁldlmvam@d@as present invention), while
possi bl e, is di sadvant ageous.

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.

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

devices, as mentioned above.
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Wth reference to Figure 50, in a Menj et thermal ink

ej ection device according to an enbodi nent of the
w@e@go107 nventi on, the CVD nitride nozzl e pl aP@r/AEY®B/001513

2is only 2 25 microns thiek. Therefore the fluidic

drag through the nozzle 3 is not particularly

significant and is therefore not a major cause of

| oss. Furthernore, the etch tine, and the resist

thi ckness required to etch nozzles 3 in such a nozzle
Thegtaee thany fdtdrh evhidhreeatribote tohibe siphificard redustibein @esswid transient
not bhe excessive, . 31% The reLrgtiv.eIi; thin nozzle plate
requingd f,eigct doRmtq Wrihis SYRemb ITaESeARCPdR pressur e

1ge§ﬁ=£1 1?90{'&?1&&{’0@19 7chamber 7 is only approximtely 1

atnosphere and not’ 100 at mospheres as in prior art
2d eadicuenss; fahdcationtaf anezle 3lod ehami®r 2004/ 048107

PCT/ 001513 re.many factors which
coﬂ?ﬁ%’ é{r‘?ﬁ)e]?f]‘}leonsar%g pfo@a‘f?? FiGuction in pressure
4 f@é}ﬂ&ﬂ*ﬂmcﬁ@mﬂ ﬂh@ﬂn&l@r&bﬁﬁdhe@{r&&&a&ﬁlew this system
These include: 1. snmall size of chanber 7 5 2.

SaCQpImmmnbaﬁﬁlstzaMbmbbéqfarﬁ@)zzl e 3 and chanber 7; 3.

e Mt s BRER AR s8R Detveen novzl es
3 lowgpregam‘é WeERlRAhle ejettich theoulgh ki ialeapea; 6. | ow

fluidic drag through thin (2 mcron) nozzle 3; 10 7.

8. osplbeandivgoperalies. due to ink ejection through the

inlet 9; 8. self-cooling operation. As nentioned

above in relation the process described in terns of

A3 @uitkmed abovedih, reliah'm thetpa:dsdemgdesérihdde'n Zermisef Gigurdsi clo 31, the

nozzle | ate | ayer 2 involves two. rel evant stages.
it &be Bgierohiniskoel sl Rt g Sy R 1elyghees. One such
B I
Sg%s%%?h%ﬁgftnﬂﬁor Fiég@@og ﬂes?%{gi ted U5 15@1@&&@@aﬁrﬁ5m$§form a recess

econe nozzle rim4é
omxtsm@er ofswit vell hgeoratheinoesle sinf 4ir Theothet sish stage inviebves a further etch,

L BB BREL s 0 SR8 0 Sy R E el ern

ddRrfshedBeNag 2l € pl ate thi cknesses

Nozzle plate thicknesses

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

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

Heater elements formed in different layers

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

process as described above in relation to Figure 6 to 31, are formed in respective layers.
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As addressed above in relation to the formation of the

nozzle plate 2 by CvD, and with the advantages
walemaosdied in that regard, the nozzle plates iPCT/AB2003/001513

present invention are thind2r than in the prior art.

More particularly, the nozzle plates 2 are |ess than

10 microns thick. 25 In one preferred enbodi nent, the

nozzle plate 2 of each unit cell 1 is less than 5

mcrons thick, while in another preferred enbodi nent,

Ih préfarrddegnbddiraent®. &5 shvwn anBighies R, 40 axdled thecheater elements 10.1 and

preferred thicknes r the nozzle plate 2 is 2

16 %indhe chapmbek /- HE 8L é«fpeé?néﬁléﬁ%@f%?ﬂgaa QREET £ er ent

| ayers 30 According to the present feature, there are

a plurality of heater elenents 10 disposed within the

Alsandbwill e qurgaa;thd wnthtrefwlnbe tD. tha higovel depaziption Qﬁthe\mlqunaphlc

Pg{ﬁ%@% %H}Fl?e@?%te nf 5)6 :l; g{?gsr}lnglgﬁe}%g&?e (Etr th% process, the
lftﬁ§$§ﬂﬁé ¥Bpd RIBINE to YWeh2AL 6f Brt&Iden?CI. ALRIAS 3{sBAt o those

referred enbodi ments, as shown in Figures 38,
rakatmg@tb@_otheheleh@aﬂé}fzel ements 10.1 and 10.2 in the
chanber 7, are of different sizes relative to each
other. 5 Also as wll be appreciated with reference to

THelahaite16les.2 pleipstenblytsidIrelutiagioanbh 6thep aordksted
each heater el ement 10, 1, 10.2 is forned by at | east

sshematicaly ¥ the Kiagrasn oF Eiggre 31 such thatr{hgy eaifchicxs kigary weighted ink
c%lgé ?{)I ttHat‘??%E i ?he?zfﬁzng st Hﬁ!‘&%ﬁé 1 é‘ﬂ?]v’}mé’gﬂ nt bmary weighted

S OM’t hos & ting to tnhe ot her
viblures td ®e Ejeetedl tRivaph ﬂw]ﬂbzﬂlﬁ 317 tle parcyiaraingiraetly Eeaehﬁevement of
refl C

ative to, ea er, t hemat i cal in. .
t{lﬁj@na];'y\ell‘ﬁ?lghﬁﬂ%ﬁ 03%115 plimisn of i d dRBY f ﬁéf?t%gl?fle'ééér daetdlve sizes
&"tﬁ@é%m@ﬁh 964 Qﬂd'l@lﬁ IHrF‘Péhré’ 91 YHE Brea BP&E boftom3feafeP8bment 10.2 in

they can cause 1 nk drops havi ng di fferent, binary
asstaghiwishl theviok U ristwice thet @ﬁ tep beatertebenoengAOtlhe nozzle 3
of the particular unit cell 1. The achi evenent of the
bi nary wei ghting of the volunes of the ink drops 16 is

O &I rkAYt debRe! Shatéd 8y Chdons adbilRbtrdtfPsRbMAREHIS in Figure 52,
10.1 an In ure 51, the area of the bottom

dhssehag twe ﬂueatemlements 1 A and dALefor caghmizalpeand dkesg ard also sized on a

btéll\{\ﬁa(rglgg @t %p%‘f)glﬁciehdgo%ssﬁ o ﬁgﬁxaér ‘%91 %}ﬁnfeg)o%e&rél&ﬁents 10.1,

HCh@REbinsel ih¥ shr[glé:lagw &djbeént toadask othesint the nbedd efamber 7. It will be
el ements 10.1. or each nozzl e, and these a

apeoEa habablodd 6|fﬁlam%¢ e mall clemeppl Oy} & relatively small,
%?é;ﬁatlﬁ.%&ﬁwﬁ )M 1MR HMEH 159! LTS reldRREPlafl e TRObbble

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 gjection
of useful combinations of drops. Indeed, the binary weighting may well not be represented
precisely by the area of the elements 10.1, 10.2 themselves. In sizing the elements 10.1,
10.2 to achieve binary weighted drop volumes, the fluidic characteristics surrounding the

generation of bubbles 12, the drop dynamics characteristics, the quantity of liquid that is
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10.2 are forned in a single |layer, adjacent to each
other in the nozzle chanber 7. It wll be appreciated

wao bat/osd1e7 bubbl e 12.1 forned by the snmall el eneit/AL003/001513
only, is relatively small, 30while that 12.2 fornmed by
the large element 10.2, only, is relatively large. The
bubbl e generated by the conbined effects of the two

[

T B0 R R bR ThS U RS Ln b e o
foith| mtxt be aoussdbréd Acberdajoht ttl&dacb;al tah)m d:ﬂt]neasmrfaes peas ofithe elements
bubbl es 12.1, 12.2 ang 12. 3, etﬁﬁp reci.ated
10nlatl 0Zner e perfRpmange obihe Gih bestars feed 9 SfedppEAclieg to achieve

ry wei ghted to cause the
t@%@%ﬁ?@ﬁ{o gﬂmdhgnﬁgaﬁﬁg@dlfferent sizes or the
ejection 30 of useful conbinations of drops. Indeed,

Whgetherse nifbe feterdanate (b 1 Sisdteg a8 WEBRHE o of their surface
FORTEBleMBSre x8d,3hE fél‘agwte@f-‘ze@ bf—‘é]'@&&& drbBs 16 m ?y@)e% djRted by adjusting
achi eve bi nary wei ght drop vol unes,

thé surpmdyt ecrltages toshstwa dgmdmtﬁgThh@an glsnbe a@hle‘rﬁddw aémbne the

na cte t.he | t f
QiR et el B 5 B8l B g SR gl
M5 ReveRn &h@ﬁ&lke Widtes éalﬂﬁotcd?(@é'ééﬁf ceftafn @dunb ef ﬁm&,zﬂ)eaa&e@ﬂe@a bubble
a drop 16 has broken off, and so forth, nust

1@chesingeleatad opshegugfiasqpian dlommenydPilal 0-2 alhpw 2w d‘%fhféon of pulse width
r I e s 10.1, 10.2, or the
a;f%é Eh%?ﬁ%l%ggﬁg)fe%?#&t%gwﬁeg%?{ers needs to be adj ust ed
i n pr actice to achieve the desired bi nary wei ght ed
p volumes. 5 Were the si f heat el e ts
q@t@ ottey bangahg lowceanil %épét%@%@atﬁra? erers 1. ﬁei Fallows them to be
r
L R el BE SRR R M08 10 RIS i
droppl 6/are @jectede White thh mabumumleﬁiaﬁnteqnulsﬁhvﬁﬂma hingtedpbibthe onset of

PR B te b oo MEGhL0 R kR BRE! pheiae
thHEdsnly B9 tOWBN 16 cﬁr?&lt BHYS Snd¥he Chiget ABAGEy (BXCAR @e ﬁ)lerated by
certaln amount of time, because once a bubble 12

the beatet adements 1hé, Hdface of an el enent 10. 1, 10.2,

then any duration of pulse width after that time will

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

Ao inmagse 81, thbevdBedi@s eRhRARNI0S!, 10.2%are &&m%ctaﬂ kOWRo respective
themto be 15 heated to reach, very qui ckly,

drévesarcaity Y@ Atthqughdhess gispuitss’ Opagbeidenisabp ek Oﬁter a further

e Sher 585 A5 By TSl SR8 P BV gg e e

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.

In the prior art described in relation to Figure 52, the heater elements 10.1, 10.2, which are
in the same layer, are produced simultaneously in the same step of the lithographic

manufacturing process. In the embodiment of the present invention illustrated in Figure 51,
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bubbl e nucl eation, typically to around 0.5

m croseconds, the mninmmpulse width is limted only
whyoothesiavai | abl e current drive and the currenPtCOan%108/H01513

that can be tolerated by 8he heater elenents 10. 1,

10.2. . 20 As shown in Figure 51, the two heaters

el emrents 10.1, 10.2 are connected to two respective

i vaycfhga!t r§ HlieﬁéntZQO.lAgé.Ef’éé%?rﬁQﬁ & aldveCitk ESmtdd FRURE: the other.
I denti ca a t

to each of her, urther adjustnent can be
Inddedcasadbstrybeday thefprodess Blusiratediivith referamcesoalfighres byo 31, the material

sizing the driye, transistaqr. (not shown) cgnnected t

1 e Bustoraans b s A3 tean oS teRETH TR e pabSess,

WhE ORI o SAGIREH 1dyBA%D LsRRPoGRABR%SSEE tha di&iferdPRfAMthen the material
element 10.1. If; for exanple, the relative currents

fior theiothe eteonenht0.1 éirpositedesodhas femtasrificiahlayerds between the two heater

dBRrEen- Fo° lare Tbero B HeRERat D afthel B g it hndigantic
s, 68d tHRQacrii i ayef 39 Rereiole transistor (also no
shown) of the circuit 70 connected to the other

elenent 10.1. 30 In the prior art described in

S Rl S 5 SPLPheBLSARRL 91 b

Hédflonbaaeesthys had thdwlvaneage Siaeip endblésitire bletbogtapékieed so as to
manuf act uring process.. I n the enhodi nent of _the

ashicye prultinle.dmmary e ghteddrop velgmes fepyepeaiogile 3np

2004/ 048107 PCT/ AU2003/ 001513 31 the two heaters

el ements 10.1, 10.2, as nentioned above, are forned
longll 8¢ tppreditited dtahevhere inntipdeldropsothmsssicat bl achievedeand especially if

rocess illustrated wth refe t o, Fi Lo 31,
PeAtred Y ‘.?(Flgil{e ’ &18? ml?tﬁgf aphig :‘}ggl?tg f@l‘_? be %) gl{glgg glgllllp glamg fewer
[\%\lﬁged Jotl B8 B3 Fo‘ik?eiipﬁﬂt_ fel@utidd, hogr aphi ¢ process,

reafter a sacrificial layer 39 is deposited on top
of that element, and then the material 5 for the other

| ement 10.1 |.s deposited so that the sacrificial_ .. .
afHERpre. Wulen L SR S TP HUED dhEheE PO A s FLEY apfisved. Thatis,
haesd oBfistidRtifL 688 8of 1818 thehOwitin fo tiedRs2z10)3 @ reRL, AR equivalent
lithographic Step, and the sacrificial layer 39 is

ofemey/tany, oRBtesrdrpprymight be eigeted Assuming thtithe peailableirofald speed of the

of . heat gr ..el esren o an . '

Sggle T & M HERL Sl il v e oD Y s Eiles faster,
Bhebeadttevicd. Bepattiihemeas thonoAtdvefileintamvill typieally be a limiting
blnarﬁlmplghted drop vol unes fraom one noz fe 3. .

factor. In this case, the nozzle 3 will take slightly longer to refill when a triple volume of
drop 16 (relative to the minimum size drop) has been 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
partially emptied nozzle 3.1 is larger than in the case of air bubble 72 that has formed after

the smaller volume drop has been ejected from the nozzle 3.2 of the other unit cell 1.2.
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It will be appreciated that, where nultiple drop

vol umes can be achi eved, and especially if they are
whemwanys1oei ght ed, then phot ographic quality canChau2003/001513

obt ai ned while using fewer 315 printed dots, and at a

| ower print resolution. Furthernore, under the sane

ci rcunst ances, higher speed printing can be achieved.

[
ﬂﬁgﬁgﬂﬁg oy rvht[ﬂl? o the gﬁe' b{ﬁ%bzé 7 glugﬁ’lt% g%?ce?ﬁq ldfeQLEts]lﬂ a¥ihter surface
terwmwﬁt@nﬁhlclofendsn& drhwd)he ink 1tl hfrem the cqfidl prsspge Sdewards the nozzle 3

SN G SRR 1, 3 Y8 Py ARGy 1T EeRESe o  shorter efilling

?h@ A< 1R chzfiﬁ%ér hqri‘éﬁn@ i 1@5611@9 a stdBe, tdésfgﬁit@@ 71 | WRSe the condition is
ster, be achiéved. In practic€, however, the

sumﬂad te tlnae fin thle atljapentwinitcelf i haﬂhiwcoméltmnl thmchamger 7.1 of the unit cell

%&%ﬁ f}ué’ F@ﬁﬂs ?}n%ﬁ%wr%icg }:Eirl]igi%)é f&rg;’;’ &ﬁ% tetfora rr%cﬁlci% hfh1¥ results in

tﬁé Pé V\%p\é&i §19wtdgeiomnruvey PAovkE St ¢HiS Bthgd) 3eh R S8 cOABEHER reached in
en onl Ez M ni mum vol une drop has been

tbﬁitemtte?@tll 1He othmcbmgcthe@éambervfw’ 1. withgts apspetatedsmpmentum, has

as t e S 25 9 I

i PSR RRrEe N bt B o ey e gomoccs
filnthe Ehambéref, Badd ﬁtgzzIeQS.FErgw #£tifd wheh @lieait BubbloWhis present than from
schematically pair of ad{h%cent unit cells 1.1 and

swhep the pendiégn 740k present eyen 1 vpéwe@érﬁrﬁﬁ@ect ﬁéhfﬁ% simeg larger, it

d}ﬁ%h@tﬁﬁlf nrﬁ'{l%l ds tﬂt%ﬁ 'tm:%s ggngg# ?)g‘reﬁg tlgfc;h . o%gl’e 3.1.

vol une has been ejected. In 30 the case of the Iarger

ble 71 that has,

leaterol : Lelements ,Wl L low, aiomlc-numbers
Iarger than in the case of air bubbl e 72 that has

formed after the snmaller volune drop has been ejected

Thin featuneinvolves thehetenélembats d 0 heingfoimedeed solid nimteriah) at least 90% of

004/.0481Q07 PCT/ 003/ 001513 32 .The hi gher, curvat
e e AR RE P ORI DECO e oo LG ffbfic number
HHARRALE! ISdplehsRd chidddinfht tHY £ & Bhitie Bels w30, hhawid Adther
ink 11, fromthe refill passage 9 towards the nozzle 3
carhpdiment thehaombweight i¥ belowa23. i ndi cat ed by the arrow
73. This gives rise to a shorter refilling tine. As
the chanmber 7.1 refills, it reaches a stage,
Tesddghabgdoowliehi ﬁulﬁfbeﬁ ordattthe Eltohﬁ oF tlsit Makettal h&ve a lower mass,

that in the adjacent unit cell 1.2. In this condition
aidherpfRrmlers epengyds ragutreq, i xaisedig tempel:@tlirg of hetheater glements 10.

I
'flﬁg is lleggls%hnﬂ \751[168 aﬂ?«é@iﬁ)ﬁd ﬁa?h X Srg g]]gllfllgﬁ ﬁgmggg thlla%rﬁ égﬁtﬁre of an
aiﬁtﬂte iwaseentiallp udited &t the lefate dtm@xeammh eﬁthb muslecafithe bioors.

reached in that unit cell flow of Iiquid.
Asouingle 1 wallprgure MOTG PRGEEY tosraeg eps@%r?eﬂtlﬂwbmaéuce such a

19.1%&%0 Erg)tﬁf@flﬂleht? gféjma-gﬁﬁl WHE Ldkls H:éfvfng‘}feaﬁter fltil & that it B&faterial having

t onger to conpletely
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 hafhium boride (for example
used by Canon). Tantalum and hafnium have atomic numbers 73 and 72, respectively,
while the material used in the Memjet heater elements 10 of the present invention is

titanium nitride. Titanium has an atomic number of 22 and nitrogen has an atomic number
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refilled is three tines | aBger, it does not take as
much as three tines longer to refill the chanber 7.1
and nozzle 3.1. Heater el enent s formed from rmtleri aI.srart
§P1 st HhRAIDheREREBARSsiMiifidantlylighter g dhose AfRS Flevas Prio

I’S Teature involves the heater elenents 10 being
flevicenoaterfalssol i d material, at |east 90% of which, by
wei ght, is constituted by one or nore periodic
el ements having an atom c punber. bel o Riufhinum,
Bogdnend ebméwrivg dihiehrforng pat 9&8%?\5‘“ w@w‘g’ﬁ%@%‘étow, 30@; "
whi |l e i.n.an QRN i gendlo Nilewaver, gletdensty j9e fagigium
Z%SPGC%Q?}Y"}%S%gé%?}a%e of ‘a %ho,vv, at ond c. H'ps%aﬂilﬁnirgﬁ&ce of
thadefsaBB gifm’ while traitaf tifaunaiipide AVghIAtuge R ng o
t her.ef or ess # baisd @itHlufradinide hisad deesitytod approximately
t"é‘ﬁﬂlé‘l‘%’tsgrég gZ‘fmt‘ ﬁhﬁégt’e? el enment s %’% This i§ ool fhree
EfeaEEs thasondid titarien oitedss Swaiem Hyide HELAwEs pRmat Y%’qén y
art, the tenperatur 1id@" Ak GlIEbd wndesmed by alpergon skilled
riEnelessFneigy {Eﬁ?a@’%tgmé ‘rzrigt\llj.enent of_the nucl @jﬁe of reb{%?ented by
o0 iR - th2Girdearin irgdyyin aimataxial 3t tye GHFCFRt IFBPERNS Gy T o
raise the tenperature, and thereby induce such a
nihe flez s , in a material with atons having
heavi er nuclei that in a material having atonms wth
lighter nuclei. Materials ¥y xysed for the
heat er el enents of theﬁ‘nﬁp‘%%f?&’%{) g}%’gtems i ncl ude
tantalum 30 alumnumalloy (for exanple used by
Hewl ett Packard), and haf nj OFi shedifiEran@bscity, VOL is the
useret\T ©H S.tz‘el'tgﬁ’ﬁ’ﬁﬁa ‘i}ﬁgr%héa%fn %% hsgve. atome . .o
ng’gg‘%{esm}ﬁﬁ’ 201 dbsity beP ewtdrivie| Atthougththe densiteis Rt dqrgired o0
u I'n e Menjet heater, el.ene LR, Ak Q&R is strongly
i Moy et dtamic mgmb@rs@%lmslfﬁﬁomft‘?‘i“a% PP§§%3%33%33 %@i@ansv%t gig;p%ct of
nunber af %w Riinb &g 8Fthb amtesials atvolvied, and hesse iSAtseY
Zd%%eﬁ‘ifg% : KUZOOS/ 001513 33 of 7, these
mathefentatesundpredisoUsiA. bei ng significantly lighter than
those of the relevant prior art device materials.
Boron and al umi num which form part of hafnium boride
angov Aedtelmass al uni num 5 respectively, like nitrogen,
are relatively light materials. However, the density

of tantalum nitride is 16.3 g/cnB, ile t £ solid
t | fRE Fdatirdtint olivasahg haaiet plemprts ugé%ng ?Wﬁ%}fﬁ‘ﬁé“,cﬁ ﬁ%f gﬁfg mass.0 .

er element that is heated above the boiling point of the bubble forming
bles 12

material of each heat
liquid (i.e. the ink 11 in this embodiment) to heat the ink so as to generate bub
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

30  picograms.

The above feature constitutes a significant advantage over prior art inkjet systems, as 1t

results in an increased efficiency as a result of the reduction in energy lost in heating the

MJT007 PCT
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tantalum is 5.22 g/cnB. Thus, because tantal um
nitride has a density of approximtely three tines
W0 b@i/0egf10T he titaniumnitride, titaniumnitri dBCTAUR003/001513
require approximately threé4 time |ess energy to heat
than tantalumnitride. As will be understood by a
person skilled in 10 the art, the difference in energy
doflid FndiB ¢ %Pttle ﬁt':at%ﬁ’@?rﬂﬁtg 6. e@ﬁlstf@dm% rlééﬂéiofeﬁ duR to the use of heater
represente oW ng equati on:
dlam@nm\mms ha];&ng/\lmw denéifies,afue és thetrelatinaly s:aah sizatod t}fe elements 10,

A eSS gL SRR W S S BBES fel l Se

e%ﬁé@l@é’rgﬁl 3th& HEBSAL s '11§5us‘ﬁﬁ§eddﬁ>? %ﬁeﬂh}{ﬂ@ Gn@bite 10Y t h e
atom c nunbers as it is also a function of the lattice

constants, the density is strongly influenced by the
mat er i

tom unbers,of th |SI ol ved d, h '

5,3 s0RUR e 8PS, frPeR Y- oF o Aurisk 105 (ompiing e hell Sfrytire of the
AERIdRT iR %eTﬂliﬁhéaﬁ%hWﬁ i Pisate/33s Aldderdifdy, @k FeduedBNtdpresents the
10 being configured such that the mass of solid

shapeof the h@artere%@neméaﬁ thas eebedimenh At is F@Wéf?@‘@é tsbdigcussing that

SO e ALy LA Sl 5 i 34
158 jist atsihglieloep 49 evhichoib Rasiciohs twide end0.29 ndavoaethack. i Iﬂhas a 6 micron

drop 16 to be ejected, is less than 10 nanog&;
e 1pdins and ad nupiondnnas srdivg. e fptalhepter massisy e&lcozrams The

: t
A e S e PR
I ssmass off 23% 6 phagradiind3Bat Ji0cemesemed birefeadnwe @uinesd 1086 in

onstjtutes a s %lcant advant age over prior art
llglﬁﬂljeeglﬁ kgg P1eogZ@8Yi ts in an increased

eff|C|ency as a result of the reduction in energy | ost
in heating the MT007 PCT WD 2004/ 048107 .
W mm@mm@m 192 repressoteddn Figueesi ), 39 and Bhfoheranenle, are used in

i oS et heeielpLeAd R B GRch & ibderifodtnct wit
thBenkl Bll @kingehd/bsibié for@imeliqtid fhBiseinesvanhent] that isafidedion

to the heater elenents being in the formof suspended

tgeaemstuin plavedha of ghe kodliegipriat oftheinkewilhbe élrghélwénglws than these
xjngésgss ISt gﬂmeﬁ% 1ﬁ)%%rc%51%d Vhﬁl eﬁl eqwtgca}ly insulating, chemically inert,

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

material raised to the higher temperature.

Conformally coated heater element

This feature involves each element 10 being covered by a conformal protective cdating, this
coating having been applied to all sides of the element simultaneously so that the coating is
seamless. The coating 10, preferably, is electrically non-conductive, is chemically inert and
has a high thermal conductivity. In one preferred embodiment, the coating is of aluminum
nitride, in another embodiment it is of diamond-like carbon (DLC), and in yet another

embodiment it is of boron nitride.
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5 Figure 34 shows the shape, in plan view, of a mask
for formng the heater structure of the enbodi nent of
wWa b@4s810t head shown in Figure 33. Accordi ngl ypCE8U2003/001513
Figure 34 represents the $hape of the heater el enent
10 of that enmbodinment, it is nowreferred to in
di scussing that heater elenent. The heater el enent as

‘%5‘% QY54 ﬁdf’%g g&gege{}wgﬁ&ﬁﬁ séhg &c % ré:sb&%lﬁﬁms?b;}‘ rﬂﬁ’ior art

aSJ single ons W
Ikalb elenmnbt&thahlsaiot cdrtfoﬂm%lya:oétemas dmuussedjatmve;lani wthgch has been

%@gﬁraeggp&m g (s)trr]aﬁ:] q)pv;%écéldl p Th e g)lt aﬁgl ?ﬁr},e %et ennl?ese% ciogformally
Q| A dn¥ sIRRVIBSE @Wnﬁi’erira? fd@ﬁgﬁbﬁ@d 76 "B Rhirdd, tﬁ@ cbaﬁmg referred to
Figure 39 has a mass of 229.6 picograms and t

abepe gsthn pexsentyingtafoer m@ﬂeﬂcﬂmhamati l13én thure}:ﬁ@mlme C%mg being

g6 77 oiprola B mo TR s il g i B P hneousy.

BsReR) Shistoffodmalcdating PV @ﬁl’all%ﬁles tdifordlpba bclﬁ‘éh?e‘él ipfhe element 10,
materi al of each such el enent. which is in thernal

woen being sq edated; ise stiykture isplgtad fepma pehep siistwes ok griim ghe form of a
e b T TROEHTREL (Ll I SE e,
ink, will be slightly higher than these 20 masses as

the elements will be coated with an el ectriycal ly
It it bsnderstoed it Baer fefprsase is madgde enfrimallyifeatitg the element 10 on

iy a‘% s exbRids ﬁféaetn!dg gf fh@(é{ 3 usée%décﬁﬂ&g@@lﬁ@ﬁ areﬁgﬁ‘ﬁed to the

mass of material railse
dlenipdeat Liasindicatetl dlamdrhmaﬁ@ﬁaltye‘lﬂ Fippad &F. Ie bﬁnewbrds?_ﬁrhat is meant by

T B S S B T GRS
REBAn @RI 186 cbiBFoRhdl c%h al@tflg B SerRMESBAL clement.

si mul t anéously so that e coating is seamess. The
coating 10, preferably, IS electrlcally

n- conductive, | aII ert hi gh_-
PR FaRY Baknt e oS R Bnating BRonBh Sembat Fishy B pagerstood
Wil bdfer@ndes ofde dlaltdFigured 84ahd 55 dAs chilb@BsdhN®@hen the conformal
embodi nent it is of dianond-Ilike carbon (DLC) and in

speting A6 istrppliediirabsivete78 ongviieh theenenglemprfel 0 w deposited (i.e.
SRR MBI AHRANRE 00AR] Sor 2 RAIRL b B8 IR dioBUlIce

ere are s represen
@hf@mally applésdicoating. The depositing of the conformal coating 76 on the heater

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

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

The materials mentioned above (i.e. aluminum nitride or diamond-like carbon (DLC)) are
suitable for use in the conformal coating 77 of the present invention as illustrated in Figure
56 due to their desirably high thermal conductivities, their high level of chemical inertness,

and the fact that they are electrically non-conductive. Another suitable material, for these
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heater elenment 10 that is not conformally coated as
di scussed above, but which has been deposited on a
waegssede 78 and which, in the typical mannerpPCTas2003/001513

then been conformally coaBed on one side with a CVvD

material, designated 76. In contrast, the coating

referred to 5 above in the present |nstance

;Lugédsgg 1 &6braf RRABL 'a%lrg%rﬂe@ 1d hiYE eA?tﬁou g cﬁ&@é bfWaterial used for
ng deslgnated I nvol ves con y coating t the

thé evating 7Gris ahportintimsetion kd mhmug the destiedpedormanie sharacteristics,

FHRER s OB OAIHORS meniBr, BRPRJISENSa AU sigmagleitics iy be used
igdtedict ure isol ated from ot her structures - i.e. in the

formof a suspended beam so that there is access to
all of the sides of the elenent. 10 It is to be

nde to.o% n reference is made to conformally
ié‘&”:i‘t R'REH 5”élw e LB 44T 15¢8) des, this excl udes

the ends of the el enent (suspended beam which are
joined to the electrodes 15 as indicated S )
esqpponents dedcriped sbave demepstof g m@hmasmhix whighain fumn, is used
nfor
1%3)g§1t$§yst§r§8fé[ﬁ %P{h\éacf ?s%&#lgls'hltt&? 51 5 L %b?l‘n ot%Itgthead modules
$MVﬂﬂ%@ﬁ@ﬁdﬁﬁn&mﬁmﬂﬁﬂmekﬂal coat i ng along t he Iength
of the elenent. The primary advantage of conformally
coating the heater elenment 10 may be understood wth
' Fj
AR NERny MERUANAL e ffty o BRAS %O?@qzﬁét’?%&&?ﬁ%ﬁ%%d
cﬁm;betot glicavnjBwith dvikie trhnshdtash&ateeshfetegrsmm at@ sovas (not shown)

OROE] g 2 PRk L St 315 8E b e Bt i

conf or rral |y applied coating. The depositing of the
conformal coating 76 on the heater element 10 which
With referenoe tD Figuupp 68 aedi 59 rtherhds shobwt maaneexpB®ded s ansl 4 mon-

d, T 7 ti.t
FoldtFyiew FAgiveboPRaGeA oG R aroelmubRy P ghetdtsh MEMs
ﬂi{x@t@éaatcﬁlpnsgaﬁbtwt TALsOfefWRRI 8 beRIALE 4\@ip)0 @ﬂ@i%/gﬂﬁpélﬁp assembly

I ndeed, in the case of the heater 25 el enent

# eh @sﬂmslmdl gsre s dp80 é@zﬂﬁSnyhmb agoTPaerst oastt be capable of
rﬁrR%r at olﬂggﬁ §f é%JoedI)‘? otger i Thé gh %"ilt %15190 g(glﬁf ?e@ to eject 6

OW S 0 ren

dlﬁerehp@m@for@pesusmended beam i ngr ess of liquid or
hydroxyl ions may result, even though such materials
coul d not penet rate the actual material of the coating

X (i’lexf%'ie ﬁrmtt:&] Slr Uiftoba m ]ég% i3 gle&%ﬁal%&gﬁrs@tk d(;@? %félﬁrfﬁdfor

sﬁ,@pl@)r)g ‘tmtlepowen dndlalatn tb tb]tte cie The chipel icis bbodatednte o atairmdeys-steel
77 O sent invention as l.us ed, .in Fi

Gpeggin oS 5o arde v e rgh of hIFra! iR iadiis sR4H-cihe chip 81
fidaEiig o HudiLidyRY §thelodt SIRQNIvAREL hirahk BRSRels (not shown) in the bottom
layer of silicon 85, these channels being aligned with the holes 84.

The chip 81 is approximately 1 mm in width and 21 mm in length. This length is
determined by the width of the field of the stepper that is used to fabricate the chip 81. The
sheet 83 has channels 86 (only some of which are shown as hidden detail) which are etched
on the underside of the sheet as shown in Figure 58. The channels 86 extend as shown so

that their ends align with holes 87 in a mid-layer 88. Different ones of the channels 86 align
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and the fact that they are electrically

non- conductive. Another suitable material, for these
wOD0200816048107 PCT/ AU2003/ 001513 36 pur posesPCT/aU2003/001513

boron nitride, also referré@d to above. Although the

choice of material used for the coating 77 is

inportant in relation to achieving the desired

st .
é@fe@ﬂ?ﬁ@%@i&é}lg 3675 t’ﬂfésho% g\'%t g{; #ufﬂé% %ﬁ B hifs 89 in a lower
layen QQCEa‘ﬂhI chtnred 89 nayiche d1f£ee¢’ht réspedtivadolob obindknetceept for the last

rinte whi_ch rinthead is used The conponents
s dsoigmaigd E "This D shaingliS s g e chens! SuEBABRYE with frther
HMUs D, in itk - Ryer 88, %ﬁﬁ in 'tLﬁnﬁré)JHg%@ 5V1tﬁ>1§1ttﬁéf‘hoi@§ ®3 in the upper

print head assenbly tself, includes a nunb

lgyer shéve 83l Tbehelbobes 92 caresmgnwh with thejpect parts94 orf elmsr 9Dimch top
eIo Referring.briefly to F| gur e 44 arr.ay.of .

Bt oy 0% 50 R e Pl o g i EBFRE, i flow

cfoﬁﬁﬁurﬁmwﬁ)wﬁﬁl\ﬂtﬁerhudéﬁaﬁﬁel fon %ﬁh&k%& by tHe desh@lidet97.
registers, and so on (not s hown) , |ncluded on the

same chip, which reduces the nunmber of connections

’l;nﬁ 8\'3/%%%&{&0 as Qgﬂﬁ %pem%g\/\{n J'ie an%Hm%PCSC% éen\% a%%%gggoégmpmssed
fHpEDAL Goiti BVdir S0REREAT ShotH) erﬁefs rchemﬂaﬁﬁa 9rmb1+¢hgh the relevant hole

assenmbly 80 which_includes a E)rl nt head chjp
%5 archibel passeg @M{ghrﬂé? RolpxQp fmsi 933e41{§1v§ Qi 92 1 fgyid lé)‘Pfa‘?g the sheet
SR 5B BE. BLo Aty S0 Ry LA SR oo ci

asfenttily Bl j firbrin rwhem it s ﬁrdedsmt at 1eMm tln‘buglﬁé)ﬂozﬂ:d Suapkt 01 which covers
nch.  The chi 81 is SO conf|

t%? PPZISEnto kegp Hrenogrles ?ﬁ@rsofaap?r iglff& meljgfpiﬂr‘féi inks 11 (not

shbivy fgg g,h{) %le ﬁlgﬁ% ds 6?@1%)10% 1h§er®beﬁﬁ<f ih% %héﬁﬁds 89, and then

conne for supplying both power
throdghl atspedtivethiokes 8 t}hcn Elbag odsperti®e channelsrfdad thmmmslerside of the upper

t - st 25 I 3 t
Bl PE RS Bl e-aee BBl 2Bl D581 R0 e ol B 5. o
thObRp 3. Tt Wil e Actedthithbre-ak M8 sevéP6tho holeh b8 aPhe MW &layer 90
has |nk channel s (not shown)” in the bottom |ayer

(9n¢ faz gacteelon Qfesleal&mfer thelsemprepsetd aineip which theniak aIld air is
Al s 1 P P AR P eB o a0 e

the width of the field of the stepper that is used to

fabricate the chip 81. The
Figure 60, in which a side view of the prmthead module assembly 80 of Figures 58 and 59

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

represented schematically by dashed lines) clear of paper dust.

The lower layer 105 is of silicon and has ink channels etched in it. These ink channels are
aligned with the holes 84 in the stainless steel upper layer sheet 83. The sheet 83 receives
ink and compressed air from the lower layer 90 as described above, and then directs the ink
and air to the chip 81. The need to funnel the ink and air from where it is received by the
lower layer 90, via the mid-layer 88 and upper layer 83 to the chip assembly 81, is because
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sheet 83 has channels 86 (only sonme of which are shown

as hidden detail) which are etched on the underside
w@bootes1sheet as shown in Figure 58. The channetBHAB®03/001513

extend as shown so that th&ir ends align with holes

87 in a md-layer 88. Different ones of the channels

86 align WD 2004/ 048107 PCT/ AU2003/ 001513 37 with

1@ IWfO{lﬁ’ cﬁﬁ%rﬁf?%ﬁo} ﬂ%)ratcﬂgi} he laﬁ;'%l @Z largg Eﬁﬂﬁﬁé&ﬁ?@ﬁ% oEVE&r\{tsH{aﬁ nozzles 3

whhﬂmelhrgﬁﬂ lesaneduese holds 98 ﬁfthﬂﬂoW@‘Slﬂ@tQ()ve col or of

i nk, except for the last channel, designated 91. This

| ast channel 91 is an air channel and is aligned with

The ﬂ&?PCB @9 l; 1§ §on%%ctb&‘ tJ e sﬂﬂe@@%{%rana%théf‘&ir%tr& '(‘th léﬁ(';\ﬂn) located

are aligne further holes 93 in the up
@h&eﬂa}@fslozr b@@@ hesembly®d. dibe chipi agmnblwéiﬂ s bcmded bn evnres 106 onto

BRBER: e Bl it Bl e SBr RRRRNE oot R ey

dritapdultitily f;i @ 10915P26Vigad. | Pils Wil dws thel Eo;éy romb%eragbhe%ﬂto fill the
as i ndi cat ed by the dashed line 97. T

| ower | aye
spase basween the depeiiiSragd ithet Qiun aséer@hla(r%leqosiheggh%mae&: kéﬁme pmbedded in

d r fr
B 5o RN BR U ok 1hr bRl bl g i R Srusppre rom
dvakninSfon WNshpehad dh@@&ﬁ@ﬂbﬂlrxﬁekgianichlecdnmces 92 and 93
and slots 95, in the md |ayer 88, the sheet 83 and
the top channel |ayer 96, respectively, and is then

I\%}fgﬂlﬁlg t0 tP?%ltrg' 52, $ha€ idhoRh sk%ﬁﬁ?ﬁ, éﬁéﬁ @)?ﬂ)&ed&&ew f emhead

ere orced out, nozzl e
a‘s@érnbﬂylléhwhmhemdudekmmh@&pmponm }pnhﬁreadmmdhle&ssembhes 80 as
ear 0O Ba r dus ntly c Iorg? i nks 11 (not
tl‘F@vﬁr}?? %"Lﬁ’&ﬁﬁ seoghgyed for& Ragheyids

s%@cabl'e'T&OAlt B?U@rl@t'ﬂé??%kiﬁ%ger and then through respective

hol es 87, then al on pective channels 86 in the
undersi de of the upper I|ayer sheet 83, through

gt Sesmedy 1 fhcfidsh B ostoV T brifradsa it lies 80, which

atrB SNRd AN 4 #bbtrst6 ¥RMnel 1 T0NR tROfoRS 078 bleht thet8l JIAEIA series of groups
| ayer 90 (one for each color of ink and one for the

Qf@nwelyd@&jeaah,rc;esmn@ted\hy the referenice Rumprglsali 1, s previgrisiostpply the 6
(%gfgrz g %o(i(gr'ﬁp tf rgk eg%llr{ge §%r%§esle(rl] %16% % d srts]gmﬁhe% q6§\n extruded

fdxible @tﬂ@hés@ﬂmzaﬁglﬁ&ﬂiﬂcﬁpla&ﬁﬁﬂbé Mlaﬁﬁequl OFiTgwliese rﬁﬁedﬁtﬁdt the hose
59 is schematically shown, is nowreferred fo.

I2ringlpdesinles g 2hesein; HesetighesalSeipngt nreseptwhen tay épse 112 is first
é’&?}ﬁé@te&% fEnd @ﬁagmgplzﬁ)l ot a%ﬂﬂm%@& 't}fer@a%épﬁﬂégﬁg pf {ij]ﬁitf‘ﬁg y forcing a hot

circurtry 1s di sposed.
wis etmidtyre (nbti shhwn))tlhsttugh lﬂheelsoléshﬂ lnwhzihdlog&sahdl sbbie, as gu1des to fix

& oo et tih (g bolee | DB an sl e d beditep b cHhcas priniiad

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 §0.

The hose 112 defines parallel channels 115 which extend the length of the hose. At one end
116, the hose 112 is connected to ink containers (not shown), and at the opposite end 117,
there is provided a channel extrusion cap 118, which serves to plug, and thereby close, that
end of the hose.
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represented schematically by dashed lines) clear of
paper dust. The |lower |ayer 105 is of silicon and has

woO pdo4oksaonel s etched in it. These i nk channel sPEr/aUu2®6/001513

aligned with the holes 84 3% the stainless steel upper

| ayer sheet 83. The sheet 83 receives ink and

conpressed air fromthe | ower |ayer 90 as descri bed
above, and then directs the ink and air to the chip

81. The need to funnel the ink and air fromwhere it
Asnataldep wepoiipldthel9 supperts bral/lecatedthe whanneh gl hamf-homy ¢t 2, and

and er. | gyer 83.t0 the ' se .8 IS
Bovadss o BasHitisto Ao e DEnEORET] 148 tip. Sisthngessure onto
& J&@éﬂ%l?q 26 %vhhdmhé!ﬁaésct?éx ﬂrﬁlt&i élgsalts hehé ﬁlraﬁéel 19UAR Bdbs 121 which
(7680) of ver nozzl es 3 | arger, |ess

ez@msﬁrthxoelgh obls 65992| ln thd@WmveédlyleaSﬂedmgdvalfr}?é dfitectmgrel 110, to

Rt TR b Bt 1St ln BB he " ayer 102 of

chip assenbly 81. The chip assenbly 81 is bonded by
wires 106 onto the PCB flex and these wires are then

Anexigeniomt Xdis Provadeddp docpterppperis dersded. 1Adthough the energy required

f Q)g)%r% %&glﬁtﬂgdgea%g&afﬂg]tg %%é Jﬁf&ﬁf ﬁbﬁrﬁ%nsggié g)r(%k' %)gﬁ%ﬁﬁip.ﬁlg lower
mamth&f latogvn th&nﬁh hr;k jasbritérs yth&d asoa tdtﬂtoftab@t\&i&()@ﬁ nb@fes 3 in the
are enbedded | the ep ox }@ctga‘t%tsﬁepoxy 107 has

m%eé@arayﬂ and i ﬂ%‘iﬂp@"tlﬁlé guappy Rfngzales thghire

] r
TAEN A A2 RRALRERE, AR 42k SR D5 R vaip may e
venlionsilnermoy fia) by contimue kgiodieigadperstioa, fe tottpearts

as S,?H,"’ﬁé%ﬂwﬁb N Sder gngrgdea@'égg% S Bel in3RIRRASH! Srintheads, and

tﬂ@ QuiRkidt Q&c{%ﬁ&&eﬁ%%ﬂbé&oﬁ%gtlys be , SWEEBoh S the Ipower consumption per
page-w d rinter, 15 suitable Tor A4 or etter

nogpls Vwﬂrb@ran OTM of miagnitededowerstbamb that rothe ﬂi@D‘M printhieadseFhe busbars

the head | es ,assenbl i es 80
st Sl e BT s SO RN i R g Bl Bfeaas 126
mdgremttﬁémpl ate. A series of groups of seven hol es

each, designated by the reference nunerals 111, are
provided to supply the 6 20 different colors of ink

TR B 171 B L8 SRS o
e
peeablis Shhéhe PEBs Y gutend fromgihe Phlgtasseeﬁﬁw f oyl the ghannel 110,
nelg'{iﬂ%lrt pﬁ%’(?/ 1 flgLﬁle @)Et?usﬁcﬁ{) MR iheska 155, 1O% p?ﬁ%{?ﬁéﬂg% tSlC strips 127

orcing a W re structure
gohthaithé cortacth b2 Sare pditiondd lelovh gind sn threact yethy éheastrips 127.
guides to fix

Each PCB 82 is double-sided and plated-through. Data connections 129 (indicated
schematically by dashed lines), which are located on the outer surface of the PCB 82 abut
with contact spots 130 (only some of which are shown schematically) on a flex PCB 131
which, in turn, includes a data bus and edge connectors 132 which are formed as part of the
flex itself. Data is fed to the PCBs 131 via the edge connectors 132.

A metal plate 133 is provided so that it, together with the channel 110, can keep all of the
components of the printhead assembly 19 together. In this regard, the channel 110 includes
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25 the positions at which the holes 113 are nelted.

The holes 113, when the printhead assenbly 19 is
wa@s®emidied, are in fluid-flow communi cation, vPEI/AGR®S3/001513

114 (which make up the gradtps 111 in the channe

110), with the holes 98 in the | ower |ayer 90 of each

pri nt head nodul e assenbly 80. 30 The hose 112 defi nes

thak gal_bk ¢b4 chpIN&khdddRduphtioh ©%te g}% 2;51'&% B8Rl 1Rl as‘t's%}ﬁbly 19 is put

At one end 116, "the hose i'sS connected

togeithar canidaarerthes tisted thivogm pppraxichately #h degnpgrooinreveghithem from
117, . there.is provided a channel extrusion cap 118,
BecHit ?%gu?'féi’ptﬁﬁélf’%and thereby close, that end of

t he hose. WD 2004/ 048107 PCT/ AU2003/ 001513 39 A netal

top support plate 119 supports and | ocates the channel )
Bylwaweicsumssary.Mith referanceste Riguse &8, the printhegd agsemplyrl9 is shown in an

t hese. e anpel 11 e 112, .. 11~E .
syt Sk ROl lSHpltd e e il o 38, power s
sBppliddeda tHell€ads 1136, abdelapl iabeoviddd thdtse frahbeall ZhipMsetiblfes 81 via the
extend through notches 122 in the downwardly extendi ng

aflae ponppgorst 1 32h d hepainthend hip asyegblic 8 hee logatedpmthgeieven printhead
it :Pglgs her. An extrusion 124

Iﬁgﬁg)fés\@)%rgglgéstég’ I{;Vggogtq gél‘é%%é‘gr Us bars 125. Al t hough

the energy required to operate a printhead according

to the present inventiqgn is an order of .magnitude. )
Yigyaiztolesrian aRIovided Keauprnbng haprinthsad asteopaly Wi placeina

Pries ?ﬁ%rasgo@n}. 9he Ieffg(gcivt% Eéﬁgtth §Bth8 %@inﬂﬁé& hs%lémﬁlf%%, th%’b?n%sgnted by the

print array, an IS 1s approxi mately

distenceuABAs jwt onaralid wilth hfien Adeage (thitdglabyutf&ofbhes).
typical printheads. As the nozzles 3 in the present
invention may be operational (i.e. may fire) on a

T8t in B YO PBuRASY, $hedld!fsi sAEwRPRh&hARAIly D&obicdtio htBiligh the
consu_ncﬁtl on wil'l be an order of magnitude hi gher than
¢

assemblechprinibéndidiforonp this thepastionzaf@ silicontstack dermaing a chip assembly

equi repqents w |l . accor.din be hi ven ouah
R lSET B Bl on GO B Yo B8 RO B RE i) Sty ose
1MRgAisb eikar tose s thbabutideat of the th@iptessivie spip M MwhidE makBe contact
busbars 125 are suitable for providing for such

. ( ower
ADERIVHB fsrisbars 25 47 delssuBiih feigwen pat o5 flge PEd Lopxtending from
) . oo i . _
o408 hig ST £ The oGO i Brechydieh, B ot 135 in the metl
piste 38D van aled bé feen) invledingahdistwifted benfidueatioddCRpr&2ented by the dashed
t he ﬁrinthead nodul e assenblies 80. The PCBs 82
lwetldAd from the chip assenmblies 81, around the channel
110,

Printer system

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

according to an embodiment of the invention.

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

printhead as it ejects ink, at 145, onto print media in the form, for example, of paper 146.
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t he support plate 119, the extrusion 124 and busbars

126, to a position below the strips 127 so that the
w@omwtaet1s7 128 are positioned bel ow, and in conP@DAU2003/001513

with, the strips 127. 25 Edth PCB 82 is doubl e-si ded

and pl at ed-t hrough. Data connections 129 (i ndi cated

schematically by dashed lines), which are |ocated on

i3 B loralond 87 Be SrpAIRER Binshit e pblr | HRIEE printhead 141
A medid piekkuprBclism M8 shronfigured towithdraivedsheetaofgaper ld6drom a
aqr:}g eggf connectors 132 which are forned as part of
el 48V {4%x itself. Data is fed to the PCBs 131 via
t he edge connectors 132. A netal plate 133 is provided
so that it, together with the channel 110, can keep
"Bl powfer sumply t4hisdorprosidiig PEeofrgawhishds astardand (ype of supply in
I}Eglget her. In this regard, the channel 110 includes WO

% /%5%8307 PCT/ AU2003/ 001513 40 twist tabs 134 which
extend through slots 135 in the plate 133 when the
assenbly 19 is put together, and are then tw sted

Theriok serpap bt bisifream dlkcagsidaesdnetshor) prd vaneallyranprs nes of
BRI WA Bl 0, 8 bk o) s e rmonpe ik

r’‘ence to ure

remaify. YTHSinfemshioms proviied visssssizhecbnsioiee]l 511 wkich istonnected to
conpressed air_are supplied vi the,hos&@llz at i)36,
psweintsrince dahpThepterfage d i ¥ consgsts ghamyabe qf butions (not

. ppf Fed Ui vaas 17n .
T e e
I8 ealdoocwatreld aanotbh &5kthavsprevidett foe ddvingiltkinedia psdaripl mechanism
3Q, ich i de .the PCBs.82. 10 Mounti hol es 137

B andaiiat [ BF Griache moeh apiror wUa s ool y 19 i n

place in a printer (not shown). The effective | ength
of the printhead assenbly 19, represented by the _ .
Itlisgteagssay T1@8he systgnysontoolter 15 hie wdentifli vdfenarsheet of aggeer 146 is moving

1 PP, S SR AR L L B i i cn e
felafedus A sh&gfic Bms R has clapiedtaiienthe hebdidpiekup Meshadifif 148 has

position of a silicon stack formng a chip assenbly )
Bakedary the eheet 9f naperskidn Prefsrablin hawewigh Paner prisos@et shonwn) is

t hr. t.he. i n [
A e A e SRR 0B 13 BB ot e
Migi redtheak esrtaiposiiion rebdiivé o tietpiintivad D45 ahe syslehbcorirdier can effect
below with the |ower part of a flex PCB 82 extendjng .
gringige. Printing 1s eftected 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
to the print data formatter 155 and provides control information to the system controller
151.



20 a the chip assenbly 81. The twi st tabs 134 which
extend through the slots 135 in the netal plate 133

W@ 20404807 be seen, including their tw sted PCT/AU2003/001513
configuration, represented4by the dashed |I|ine 139.
Printer system 25 Referring to Figure 70, there is
shown a block diagramillustrating a printhead system

Aéﬁx% Wﬁﬁlﬁfe%ﬂérﬂgpg%ﬁ&gnlzéggfag)%b%ﬁgfer&@@t%%\égﬁk leffbodiments, it will

beruppestoed bedhdsy skilied ar thewjt that the mvadivarmay@ie anipplisd ih42any other

to the printhe n i nk supply. 143, nd rint dat

forme. oy DY PRBORED T abovs cihorlizagRts esfero Hedispter FlsRents being
diments,

Ay R b0 T 1 7 B D et s Ste R gftpodin

whawmmmmpnMQllers 147 are provided to transport the

paper 146 past the printhead 141. A nedia pick up

mechani sm 148 is configured to withdraw a sheet of

paper 146 froma nedia tray 149. 5 The power supply

142 is for providing DC voltage which is a standard

type of supply in printer devices. The ink supply 143

is fromink cartridges (not shown) and, typically

various types of information will be provided, at

150, about the ink supply, such as the anobunt of ink

10 remaining. This information is provided via a

system controller 151 which is connected to a user

interface 152. The interface 152 typically consists of

a nunber of buttons (not shown), such as a "print"

button, "page advance" button, an so on. The system

controller 151 also controls a notor 153 that is

provided for driving the nedia pick up nechanism 148

and a notor 154 for driving the nedia transport

rollers 147. 15 It is necessary for the system

controller 151 to identify when a sheet of paper 146

is noving past the printhead 141, so that printing

can be effected at the correct tinme. This tinme can be

related to a specific tinme that has el apsed after the

medi a pi ck up nechani sm 148 has picked up the sheet

of paper 146. Preferably, however, a paper sensor (not

shown) is
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20 provided, which is connected to the system
controller 151 so that when the sheet of paper 146
WO e@ehed0n certain position relative to the prP@i/AB283/001513
141, the systemcontroller 4¢an effect printing.
Printing is effected by triggering a print data
formatter 155 which provides the print data 144 to
élhhmi nthead 141. It will therefore be appreciated
that the system controller 151 nust al so interact
wi th the print data formatter 155. 25 The print data

144 e t.es froman ext.ernal conmputer (not shown)
loonn Jekpripgeead SAMPTINAE be transmitted via any of a

NUMD Y st@ktudk b efs Fhim el %@&idﬁ[‘vmﬂ%osﬁﬂﬁ CaD)a USB

connection, an ETHERNE onnection, a | EEE139
conneqilimshtyfinersesmcuporatedoon the isirestitepandor a paral | el

connection. A dat.a i catjions nmodul

o SR s e R s TR R R PR R a0 bidh BRI Hfidrein
provi des cont r Qlach RéaedrBdnh i ist Brain &iﬁ)ybélﬁghﬁ?ﬂiéhﬁ@doﬁfact with a
151. WD 2004/ 048107 PCT/ AU2003/ 001513 42 Al though the

i nvent i on hubblgdempingdiguidpande with reference to

speci fic enbodi

SRi1led inthe A bster eiet“#nlt Sn?@ﬁgwgg%@éa?%ﬂegﬁgﬁgggw bubble
i n many otfbningfliguidsto al%em:axtafmﬂ@veabbhmnglpohina) folbd\aegas bubble
enbodi rrent refﬁr to the ater ele nts e}{?gi%g ..
el ect ri calthsreindhersbity CaHW g eieetion eka drpp gét Ble forming liquid
el enent s IR ere

appropri a{{g%u%ﬁ%d%?ﬁ%}gggéngCT X%ZOOS/aB%fISe%}Sém%

CLAIMS 1. Anink jet prl nt head corrpr|S| ng: a

struct.ure, s, for b on.. ...
% vy e iRt g Sl Dene poaS R bRt i B0 ohge liquid in

tB&rfHAC bRt “aﬂlcthéat legRdhe Q&?esf)&ﬁﬁﬁg?ﬁéa\/& el@Rin€ran8 k& SHpbrt the
correspondi ng to each nozzle, wherein each heater

b@lbbhéﬂmmnghamdaﬁdga@dntfe@chwzw in thermal contact with
a bubble formng liquid, and each heater elenent is
configured to heat at Ieast part of the bubble

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

printhead.

4, The printhead of claim 1 wherein the CVD is of silicon nitride.

s

The printhead of claim 1 wherein the CVD is of silicon dioxide.

6. The printhead of claim 1 wherein the CVD is of oxi-nitride.

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

thermal contact therewith.

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

actuation energy of less than 500 nanojoules (nJ) is required to be applied to that heater
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10 formng liquid to a tenperature above its boiling
point to forma gas bubble therein thereby to cause
wao b@4mepsaet i on of a drop of the bubble form ng PCTyaU2D03/001513
t hrough the nozzle correspdfading to that heater
element. 2. The printhead of claim 1 being configured
to support the bubble formng liquid in 15 thernal
> [
ot Il e Bl B A DB RS b AR pubble forming
ligdjdathereby sacduserthe zjeetiorBof Sivbdgopi nt head of claim 1
being configured to print on a page and to be a
page-wi dth printhead. 20 4. The printhead of claim1
gaher &iyg éﬁﬁfhe@@f Hgin®l céhﬁglﬁéﬁ"to'}bééi‘&éj@suppgf of-lfﬁ@bubble forming liquid
printhead of claim1l wherein the CVD i S of licon
atlmaintiient te@pediurd;vehepein watheldte felemeat mcmnm'ee surchtthas the energy

rml}eg?% 8% g}gﬁleﬁggt L q% Pg@ﬁgﬂﬁh %rf lﬂ.li)%%otg Eﬁll&g i uldjto cause the
cpdeEipE BEasd dib%%‘]esi thah tﬂesen‘étg@ﬁ@?\ﬁﬁd 19 iedt adlolure@sf said ejectable

ortlon of the bubble formn uid so as to be in
liguist eaaipl todhe welumeled t@/ﬁatdrdroecfrcsn ampqsaﬁum gealfospid ambient
claim1 heater el ement is configured such
t?tﬁg?ra%etogg{dﬁbgtnlﬂrﬁogner gy of less than 500 nanoj oul es
(nJ) is required to be applied to that heater WD

2004/ 048107 PCT/ AU2003/ 001513 44 elenment to_ heat t

Reat & eenreﬂﬁq@ o gl ¢ CEmMPri§ing 8 SFW%I’%’E}% BBl sy e, wherein
etaa?m?i‘%brkag E‘% Qgertdré ggéxﬁlq%ﬂ% ‘Ih gﬁ‘é{? @ur]tf&:% and wherein the

ej ection of" rop. e prin aiml

aceah flewpity ef tltemdzeleere]{ahva te thepupstate surfach akdseds FHOGH mygzles per
liquid 5 a i ent tenperature, wherein each

Sﬁlé PéP“éfISB aEBHnfigured such that the energy
required to be applled thereto to heat said part of

the bubble formng liquid to cause the ejection of

dai d "Jaleqpmrdmad of slainh & rwhehein eanbrhggter elqmen sttwo leppasitg sides and is
f t0 1
PR bl SRS ol T Rl RS KA bt of s

i ent  tenperature to said boiling point. 10

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

from that heater element.

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

wherein the nozzles are incorporated in 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
within each chamber, the heater elements within each chamber being formed on different

respective layers.
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10. The printhead of claim1 conprising a substrate
havi ng a substrate surface, wherein each nozzle has a

wmomaleiapert ure openi ng through the substrat ePGAT28/001513

and wherein the areal dengbty of the nozzles relative
to the substrate surface exceeds 10,000 nozzl es per
square cm of substrate surface. 15 11. The print head

cl-ai ! r-@i.n: . .
B post AR oF i3 R ofh IR RE Bl i, pfsalid materil
thottelihan 9056 vEehizh, bhatbmhepoportieh.areonstiged by atddashondpertodic
%%%sa%g. sides..ZOwéﬁ. TTe g inthead of claiml

¢1 havipg an gioBHF BURRFTFIORCK heater el ement is
configured to formis collapsible and has a point of
col | apse, and wherein each heater elenent is
Itonf i Thepethtlwad lof chim 1twherginieadh heptee elemeptiaclyflessabidpiterial and is
f or.med .t.her eby i.s spac fromth heat er . el t., 2
3B Kor et dess PRGID pd Esh S i R Hotff BT pthear cloment
6 e Mgatb@ f5a teiipRrabite Ab6VeARS bbillihg boint BHBE BLBbIE HEmiiAgZ ﬁgﬁa thereby
are incorporated in the structure. 14. The printhea

totheal| a4 lagstipacinfithe bubble frpingliguid tp agemperature abevgrspidrboiling point to
L I 0 a respective nozzle, and a

%ﬁ%ﬁgF%g§1%$&§§%%P%€ ter elenments being disposed 30

wi thin each chanber, the heater elenents within each

chanber being faormed on different respective |ayers.
Vo 200 myinshaad opetrimalosngin gaahihpatey slement IFﬁBbS;S%l}tﬁﬁM gayered by a

: > | . : ‘
L BoleohOPE B 3E Lo R 5 o IRARE Kokt BIEREURh applied
substpatidlliydo all iskles oftht ihtatbmaerhgnt atmbleastusinaich dlidt deki aating is
el epent having an atom ¢ nunber below 50. 5 16. The
PHPHShead of claim 1 wherein each heater el ement

includes solid material and is configured for a nass

of | ess than 10 nanograns of the solid material of

&at Aeptnter systesmineorporasinge printheed, the printheadhearaprising:

above the bojlin oint of the bubhle form iquid
t her ebSTuCHEe h’@tisgfglgmfdre"&'s‘{%e’ﬁ’é V! ?ﬁ%osbtl%lgﬂde{gﬁé:r ?n_u In g
l'i qui Aj;tylhfhliéy $RIP Ll ntbMHopdalen heistuditie i point to

cause the ejection of a said drop. 10, )
at least one respective heater element corresponding to each nozzle, wherein

each heater element is arranged for being in thermal contact with a
bubble forming liquid, and |

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

through the nozzle corresponding to that heater element.

19.  The system of claim 18 being configured to support the bubble forming liquid in
thermal contact with the at least one corresponding heater element, and to support the

bubble forming liquid adjacent each nozzle.

20.  The system of claim 18 being configured to print on a page and to be a page-width
printhead.
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17. The printhead of claim1 wherein each heater
el ement is substantially covered by a confornal

wEe@ieetldve coating, the coating of each heat ePCEABR®AN01513

havi ng been applied substamtially to all sides of the
heat er el ement simnultaneously such that the coating is
seam ess. 15 18. A printer systemincorporating a

AT TRl Rtk BARKE AIRCVD) 08 siliBrPhibdtid, ur e that
I's forme y chem cal vapor deposition (CVD); a
plurality of nozzles incorporated on the structure;

nd | east qne.respecti.ve h er el.enment. .

orr éﬁﬁ?‘ﬁd’%tcgmgggﬁv G?EI%??, E%elﬁ 8??@%@1 ‘a‘]ﬂéweheat er
el enment is arranged for being in thermal contact with
a bubble formng liquid, and each heater elenent is
Bonf i Thersystemofickam 18twheseis thes@VD isbf oxienitridsbl e
formng liquid to a tenperature above its boiling
point to forma gas bubble therein thereby to cause

24he eTiRGitem oTfcladmdiSophedéin lehiéh tates Rndedt 1¥1iA ¢hd foftdiodf a suspended
25 through the nozzle corresponding to that heater

hepmpthat is sespendeieovey gt lepst Poetion; ahthabyhblafprame liqud aqas to be in
S bubble formng liquid in therm

1%%%F%§@Ré#t‘§$ﬁ@£at | east one correspondi ng heater

el ement, and to support the bubble formng liquid

adj acent each nozzle. 30 20. The system of claim 18
Pei ngthesustegistpmd Soyheiein sachhestey @fegﬁ:at 1sgoghgyred such that an

B8 oHTuIARI nldE AP KR ined 1g be apoligd o that heater
aMreerditmhéedh chaChEaterslafiers istificentiptd forue saidBubbldhim thy bukhle forming
of .cl.aim 18 wherein the D,i.s of silicon dioxide. 5

i e 2 35 B PR OT B AR n the VD 1 <. of

oxi-nitride. 24. The system of claim 18 wherein each

heater elenent is in the formof a suspended beam
2that The systsparfetaimdBewhenein the printhegbistconfigerd threceive a supply of

tF% E&llgﬁf %q‘i‘rrnrirrllgnglllié gtua{ndam qet%%er‘ﬁﬁergt%rei, Bnd %v%g{e%aleacﬁ Q58 8ement is

configured such that the energy required to be applied thereto to heat said part of the bubble

forming liquid to cause the ejection of 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.

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

square cm of substrate surface.

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

sides.

29.  The system of claim 18 wherein the bubble which each heater element is configured

to form is collapsible and has a point of collapse, and wherein each heater element is
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10 25. The system of claim 18 wherein each heater

el ement is configured such that an actuation energy
wo@Rookess0T han 500 nanoj oul es (nJ) is required POI/ABE2003/001513

applied to that heater eldhent to heat that heater

el ement sufficiently to forma said bubble in the

bubble formng i qui d thereby to cause the ejection
oBHIARLE o 20 e o PO S AR Ao RN it 3p et from that
hbheraahaﬁe forn1ng liquid at an anbi ent tenperature,

and wherein each heater elenent is configured such

that the energy required to be applied thereto to heat

3pai d akhsi@h of BEurH 4R Qbﬁpnglﬁé '&‘sﬁ‘ﬁct’tﬂél%ui’g 1e8s 1Ak $6 nlifi®ns thick,

ej ection of said drop is IeSs than the energy required
wherdie tite mz20s smelineveparhted a thestroctuethl e | i qui d equal to

the volune of the said drop, froma tenperature equal

to said anbient tenperature to said boiling point. 27.

3The apstsesRAiof elagth T8 8mpABREIaPhialify cFhbsilE shaembeay bdtl a

substrate surface, wherein each nozzle has a nozzle
Calpieﬂppudleg @cp@ mspgcttvn nezae, anda pleslityraftsaiddaten elemeptspeing disposed

er ei
1%} Rl e fBRG i 4B L Bl YR diffrent
ég[@@a[xglgyerg)f substrate surface. 28. The system of
aim 18 wherein each heater elenment has two opposite
sides and is configured such that said gas bubble
or t {

5231 o eGP B GRSk TR Ao SRRt ol Rl ptera
ﬂmrb thaa 908 chwhizh)byhetamer prepe@ionytis lcensntmltéd by atddast boe penodlc

formijs .collapsible an as poi nt of collapse, and

clqasts hsvieg ehalmie By ?riwﬂw 50's"Wo 2004/ 048107

PCT/ AU2003/ 001513 47 configured such that the point

of collapse of a bubble forned thereby is spaced from

313h at Thlee‘»astan of lckaine 18 wisein Thch loater e}cmtht michidas 9@did material and is

e s o 5 1R 10 Pty B I3 BB O per lement

t§ bé HQ&*téH ® a Btperbife SbSeanR Bilik bt &Bth@ bipble S‘d)rlﬁﬁngi 11qu1d thereby
plurality of nozzle chanbers each corresponding a

tp ésqi@bteasﬁ@aﬁ@z” thegbubhlecforminigdiaaid foye tsmpemafuge ﬁbfa@eﬁald boﬂmg point to
causeqﬁg tejsect?oenI 0 s% {& (5)1'83 'ed

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
substantially to all sides of the heater element simultaneously such that the coating is

seamless.

35. A method of ejecting a drop of an ejectable liquid from a printhead, the printhead
comprising a plurality of nozzles and at least one respective heater element corresponding
to each nozzle, the method comprising the steps of:

providing the printhead, including forming a structure by chemical vapor deposition

(CVD), which structure defines nozzle apertures each forming part of a respective nozzle;
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wi thin each chanber, the heater elenents within each
chanber being forned on different 10 respective

WO 20010481082, The system of claim 18 wherei n eaPtT/ABA1081001513
element is forned of solid4dmterial nore than 90% of
whi ch, by atom c proportion, is constituted by at
| east one periodic elenent having an atom c nunber

bel Ap ' [

T
padnifiagubblet fomming liquidsviuth isds shdrimahcobfach mitbhdhaatd east onehieeated
solid material of that heater .el enent 0 heated to.
HiSiet gL e FRovEa TP BRAL ofhe PHRPIE famiie Hdbid

or E)nl gfletalifitlh Gad IMHRIOY thd Subbording IRAS bP@id step (cjﬁ‘ R&ting; and

f
bubble forming liquid to a tenperature above sa
boi | icagsipgthetdromof the bubhle forniveg hiwid to beicigtted thramgh the nozzle

Srontea 05 YT BO Ao BA0S RTRRn

wbblcect i ve coating, the coating of each heater el enent
havi ng been applied substantially to all sides of the
heat er el ement simultaneously such that the coating is

5 s . . i iR . Y
B e 530 R4 TPLAGG Gl RERL DR EARE P son o
conprdisiosigahebubbdd foimyingfliguidz il thernsuh dorsthct v tisthe biedter elements.
respective heater element corresponding to each

nozzl e, the nethod conprising the steps of: 30

rovi . g .
B e RO R 3 llerel e WS WA o bbffrises
faefingdise sioeairebp 03 of @8ceadtrideor m ng part of a
respective nozzle; WO 2004/048107 PCT/ AU2003/ 001513
48 heating at |east one heater el enment correspondi ng
380 a THRZALBo$Of @fint 5 PasleirAthe SRBDF prRddihg Be pRinkeR tEmprises
forming liquid which is in thermal contact with the a
fomeigg thesirugbae byl CVilkof slicasl dioide. to a tenperature
above the boiling point of the bubble form ng Iiquid;
generating a gas bubble in the bubble formng |iquid
3oy sard Héthed of clhient s Wheredtle sfep ©RPFIviding fR pim@ika@omprises
t he bubble formng liquid to be ejected through the
fovaping éhe Wﬁ@@bbﬁg’.mgf@@-mtm@eat | east one heat ed

heater elenent by said step of generating a gas

bubbl e.

40.  The method of claim 35 wherein each 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 elements are
positioned above, and in thermal contact with, at least a portion of the bubble forming

liquid.

41.  The method of claim 35 wherein the step of heating a heating element having at
least one heater element is effected by applying an actuation energy of less than 500nJ to

each heater element to be heated.

42.  The method of claim 35, comprising, prior to the step of heating at least one heater
element, the step of receiving a supply of the bubble forming liquid, at an ambient

temperature, to the printhead, wherein the step of heating is effected by applying heat
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36. The nethod of claim 35 conprising, before said
step of heating, the steps of: 10 di sposing the bubble

wo eoomiossgot i quid in thermal contact with the heBtBAU2003/001513
el ements. 37. The nethod d$ claim 35 wherein the step
of providing the printhead conprises formng the
structure by CVD of silicon nitride. 15 38. The nethod

I . .

eltrer o ShENa cleoh i chtin P hAbieleld ixlgy on the cnergy
requited do helit @xiotiane @Bsaidihibbieefolroihgdiquid edual B3hewelnmieof said drop,
the step of providing the printhead conprises faqormn
fofi s St ‘eoptartisd KmReae O S50 M TEERS et hog
of claim 35 wherein each heater elenment is in the form

of a suspended beam the nethod further conprising,
48r i orTheanethed ef dpinp}5 Whereinmin the stepaf prayiding thetreinthead, the

el enent . the step of disposi t he.bubbl.e j

P RS R LR et AR el D s  novate
apB9Ye opaiifg ttolidittheBbseafisafhceWhdieinahe hrealsdensitynsfithé Aokzles

of the bubble formng 25 |iquid. 41. The nethod of

relativerioghe ahstratesuriaee axcessls 4,008 apraiep per seuare Ay of sehsirate surface.
having at |east one heater element is effected by

appl yi ng an actuation energy of |less than 500nJ to

4ach Trahehodbisirint 35 whbeinheeh dcater3flerdéht habhevareddosite sifles and

cl aim35, conprising, prior_to the ep of heating atf .. .
Whexein, igthe ﬁ%pégene 1888R% bub(bipe th:ﬂhtgﬁgiﬁls genegat ﬁd)ogl of said sides
FURA Meald Helfer BURRLE forming liquid, at an anbient

t t tot

enper at ure, e printhead, wherein the step of
heating is effected by applying heat WO 2004/ 048107

PCT/ ALJ2003/ 001513 4 ner g 0 each such. heat er
B el et 2 otz d 3 vERSIT ieltf sfEP oL sBiNGe inice Bl sencrated
HubB1e88851%psiblLAMIHa8 d pbBit BL&11aBse/ @hd! FBzeBbrafdistcmathe point of
formng Iiquid equal "'to the volunme of said drop, from
callapsepespaced Somdheaht least ong bieataddicater elemeper at ure to

said boiling point. 5 43. The nethod of claim 35

wherein, in the step of providing the printhead, the
4y | NtTRAHthHE bEElgisn 35 SUBRIN, af BeRBY oTPr@vidinp Mo pinthead, the
surface, and each nozzle has a nozzle aperture, .
roindhead §as a peggrre trhichsig ess that 40 syeoas thighandaviich eorporates said
n%rz?l%g. density of the nozzles

47.  The method of claim 35 wherein the printhead has a plurality of nozzle chambers
each chamber corresponding to a respective nozzle and wherein the step of providing the
printhead includes forming a plurality of heater elements in each chamber, such that the

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

48.  The method of claim 35 wherein, in the step of providing the printhead, each heater
element is formed of solid material more than 90% of which, by atomic proportion, is

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

49. The method of claim 35 wherein each heater element includes solid material and

wherein the step of heating at least one heater element includes heating a mass of less than



relative to the substrate surface exceeds 10, 000
nozzl es per square cm of substrate surface. 10 44. The
woredohoelof cl ai m 35 wherein each heater el enentCTaB20108001513
opposite sides and whereid® in the step of generating
gas bubble, the bubble is generated at both of said
sides of each heated heater elenent. 45. The nethod
rbagl{)%%ﬂb 3P HANBIi8 nfhteridl of h3h@Phter SRARNRL a[‘igm%@ﬁlture above the
he generate ubbl e 1's coll apsible
Hmﬂm@qnﬁlafthaﬁubbtdﬂo&pmghqanﬂ i's generated such that
the point of <collapse is spaced fromthe at |east one
heat ed heater element. 46. The met hod of claim 35
wherein, in the step of providing the printhead, the
printhead has a structure which is less that 10
m crons thick and which incorporates said 20 nozzles.
47. The nethod of claim 35 wherein the printhead has a
plurality of nozzle chanbers each chanber
corresponding to a respective nozzle and wherein the
step of providing the printhead includes formng a
plurality of heater elenments in each chanber, such
that the 25 heater elenments in each chanber are forned
on different respective layers to one another. 48.
The met hod of claim 35 wherein, in the step of
provi ding the printhead, each heater elenent is
formed of solid material nore than 90% of which, by
atom c proportion, is constituted by at |east one
periodi c el enent having an atom c nunber bel ow 50. 30
49. The nethod of claim 35 wherein each heater el enent
includes solid material and wherein the step of
heating at | east one heater el enment includes heating a
mass of | ess than WD 2004/ 048107 PCT/ AU2003/ 001513 50
10 nanogranms of the solid nmaterial of each such heater
element to a tenperature above the boiling point of
t he bubble formng |iquid.



