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WO 2004/ 048103 PCT/ AU2003/ 001507 1 THERVAL | NK JET
PRI NTHEAD W TH HI GH NOZZLE AREAL DENSI TY FIELD OF THE
I NVENTION 5 The present invention relates to a
thermal ink j et printhead, to a printer system

i ncorporating such a printhead, and to a nethod of
wpeoiowegom |iquid drop (such as an ink dr opPCUAURA3/001507
such a printhead. 10 BACKGRODUND TO THE | NVENTI ON The
present invention involves the ejection of ink drops

by way of form ng gas or vapor bubbles in a bubble

AL N RN AT O
b nthead devi e, TeO REATERERSIEY. o175 e

one nmade by Hew ett Packard and the ot her by Canon,
have ink ejection nozzles and chanbers for storing
MELBAPRTEH INVENT®ON es. Each chanber i's covered by
a so-called nozzle plate, which is a separately
fabricated itemand which is 20 nechanically secured

tThe bfb@emﬁivleﬁtlcﬁl‘ relahse td:hmﬂihﬁﬂ inkljet peimtttead, o ppiimer sgstem

dev' 9% gfﬂv rinea ’faﬂiimaa %gﬂfﬁa“'@g@?ﬁ@wmg& gﬁsaﬂink

us:h@&ﬁ:ha‘iﬁiutﬂe&ﬂ to formthe nozzles. These devices
al SO include heater elenents in thermal contact with
ink that is disposed adjacent the nozzles, for heating

%ﬂﬁ%]ﬂﬁbqRyT&ggﬂﬁﬁﬂNTﬂ@ﬁ bubbl es in the ink. The
gas

| es generate pressures in the ink cau3|ng i nk
drops-to 25 be ejected through the nozzles, is an

t f
et S O RS gt e
dubbiet 1h(admbbié fapeug liquid. dPapprinsiple rslgemrdlsodehmbeti B Iéﬁ B@tent No.

[ L QU i ch, have advant ages as descri bed herein.
N300 IR RYS e aB0037 001507 2 | |

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

typical devices of this type, one made by Hewlett Packard and the other by Canon, have ink
gjection 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
Jaser-drilled to form the nozzles. These devices also include heater elements in thermal
contact with ink that is disposed adjacent the nozzles, for heating the ink thereby forming
gas bubbles in the ink. The gas bubbles generate pressures in the ink causing ink drops to
be ejected through the nozzles.

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

which have advantages as described herein.
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SUMVARY OF THE | NVENTI ON According to a first aspect
of the invention there is provided an ink jet
printhead conprising: a substrate having a substrate
surface; 5 a plurality of nozzles, each nozzl e having

| e _aperture opening through the substr, _
@8:}%‘@&1"? P%trﬁmzm{sg(mm

he areal density of the nozzles relative
the substrate surface exceeding 10,000 nozzl es per
square cm of substrate surface; and at | east one
respective heater el enent corresponding to each

SEMMARYQEF BHE IBYENTH N er el enent is arranged for

bifink d is rBviBPR! 18k §&@ pithRgad
?gﬁ?ﬁ?ﬂ%%gﬁig%%dﬁgg%gg&%mgﬂgﬁ?iﬁégggnfigurid&to heat
avmprsgt part of the bubble forming liquid to a
t enper at,u bove its hoilkng point to forma gas
bubbl %S&bF{ﬁ%Fg?‘ﬂngﬁgbe%gefucl)'fag%use the ejection of a
dr op @pheditedfrvizzbd, eadhingilehdvivpoughazletabetmoapdning through the
cqorrespondi ng to that heater el enept. cording to .
al?t_ssgets e s?reafcgflw o ﬂ%?éﬁ%ﬁ??ﬁgﬁﬂ‘éﬁfsjfﬁ?%sﬁﬁf%%‘m ogeoeeding
20,000 BdzzRY PbOfuark BRQTBEYsBh B@fRe; I Nt head, the
printhead conprising: a substrate having a substaﬁ%F,

sur f agideasbonsTamapiveyeEPT lespent euTesRARNE R $39h OREG: ST
nozzl e apertur g, te Gl emBAQY B Rnb B0 Beifid BSthE@a® contact with a
surface, the areal density of the nozzles relative to

t he subst rtabblefomiing Bqésgeddi ng 10, 000 nozzl es per

square cm of SLEQ(Q:’& ﬁ?% o eI%Eﬁrelfltqg gonﬁg&qg% héa?éﬁ&aspﬁkﬁ't of the bubble
respective heater element corresponding to eac

nozzl e, whiorming ligaidho hémiperatet eboynits beiliag peintjtodofmpp gas bubble

being in ther ontact with bubbl r _—
P autd " artiosd e daues Heselon f o gf ff G dibe fguid tbrough
heat at | efashopds doreépohtieg bothiteatef elememg |iquid to a

tenperature above its boiling point to forma gas
bubble therein thereby to cause the ejection of a

ARdRf 8 sbRE PRt Bf thie ifirehbrt thére ugltovitlhiba pO@E Wstem

corresponding to that heater elenment. 30 According to
noprpraging 3 paptheast thepsintheadepnisisioghere i s provi ded a

et hogs kb feihd Isibs4tORurRibe; an ej ectable liquid, the
nmet hod conprising the steps of )

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

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

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

each heater element is configured to heat at least part of the ‘pubble
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, the method comprising the steps of:
providing a printhead that includes

a substrate having a substrate surface,
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providing a printhead that includes a substrate having

a substrate surface, W 2004/048103 PCT/ AU2003/ 001507

3 a plurality of nozzles, each nozzle having a nozzle
aperture opening through the substrate surface

wherein the areal density of the nozzles relative to
MO2084/148108 at e surface exceeds 10, 000 nozzl es REAYAU2003/001507
square cm of substrate surface, and 5 at |east one
respecti ve heater el enment corresponding to each

nozzle; heating at |east one heater el enment

correspondi ng t gphraliezad wzses, whhemeEéW@taﬂo%ﬂétaperﬂ@é pening
of a bubbl&r@g%n%wl iquid which is in therpal contact

with the at™® S SrRge Whiaein die asvab Arnstly pbthg nozzles relative
tenperatur &)ﬁ@%&&t@@u@&elek&gdsqw@b nBfz1dsher Q#qﬁ cﬁb substrate
formng |iquid; generatlngagas ubble i'n t %e

form ng Ila‘i}‘faéew said step of heating; and 10 causing

a drop of the eét?&%?@ieqegp%&fuegﬁét& e?e%ine?l{ @o%eggonﬁh Cf{)" g%;h nozzle;

t he nozzl e correspondi ng east
heat ehegingatlienst bye h@iezi ekept wirespondingta amg)zale gaas to heat at least

S G e R R

dmattesanén ada fempenaﬂlre mve Medeiling yoinh6f theBEsbis foﬁﬁn@thﬂid

vapor bubb) eln bblel rmngll ui d,_ which

enbod ST 1?‘*’1’5 lﬂ’gai?% 3é§?14 fiep theaimg: and

ej ect aﬁisﬁlghl cﬁd}ﬁ 6 the dibQaKIE DGEALEEL éj’ébbs?ﬂ' tRroBHHDHE ﬁo;?di]e correspondmg
[ ressure iin ejectable Iiquid, which forc

ncrease in
it 4 €855 P ResiEQ PR eI e by i e o1 Eonersiies BeAsBIEbIPS
generated by Joule heating of a heater el enment which

is in thermal contact with the ink. The electrica
A Vel bgrs‘pdqra;tao&by thee skilled & the iae, the ejbetionfof o drogtaf dire, ejectable

B R ek e

onsring biqrad orehich meﬁmltddendmsagsethe pulededy of liquidathe tfectalds liquid.
BF 4R B ey b BERAIE BRS e T okl Mg whifR e e

ki;mt thﬂ)ugytha Ielevannttcmz]pl Ehe bﬁbb!leﬂl@ ibricPated e Meﬂﬁ@tﬁag of a heater

_ Ege {Jlgol? lgfnéﬁ’lméuaﬁt% tﬁ%t “fl ’ﬁg ﬁ‘bf Sipoti Eﬂ? Pg%é glgph@ﬁ tq thg heater

beukminef d&ﬂnoﬁh@pﬁéﬂﬂ%&&ﬁ& mﬁ@mwiﬁs t Dud fo&tdrBVRRE inQfe liquid, the
i ses raljty of nozzles, as well as a

BRI SR aads oD v pcisp s e ieR RS 1 BEReE5E ioh the vapor

6018 ABcordEkbE reshitial nplﬁfbﬁalecﬂellégse Tﬁ@bd%lembhgﬁgs to a point

pertal ni ng tO aS|n |l e nozzl e, its chanber one
getermped by interplpy pfinertia andsupfapatensiopofihe u:m in this

§1§‘éciﬁcat10n, such a pomt is referred to as the “point of collapse” of the bubble.

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

referred to herein as a “unit cell”.

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

might not be in physical contact with each other.,
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30 In this specification, where reference i's made to
parts being in thermal contact with each other, this
nmeans that they are positioned relative to each other
such that, when one of the parts is heated, it is

apable of heating the other part, even thou i
WU 5ol ves, ni ght ngt be in physical %2:3%@8({3/001307
with each other. WD 2004/ 043103 PCT/ AU2003/ 001507 4

Also, the term"ink"™ is used to signify any ejectable
liquid, and is not Iimted to conventional inks

contai ning col ored dyes. Exanples of non-colored inks

| . .

Al S 10 ¥ B o WP G RBRAIRR b ot tipied 0
fcbtwretitionalvinike toraaining cﬁibi:edrdys:) IEmn:ptes ofinch-edored inkd nglude Kixatives,

Qr.ejectahle.liquid.also,n ot .necessar.i
dnffg- ﬂ%so?faf qlﬂafﬁia& aﬂareﬂ»ﬁg sile.atfsiespienr SfjicGwter and
lwiek Q%p@{tg ?1?;& RSon0 I'I;hE m&@t qsétaatetuq@malgcamae nefrst@sardyioe a strictly
|qU| a e ejection erature. In
predamasbwnt%%s‘%saw}ﬂmgg B9 tﬁonaém‘é?Séﬁé?ﬁ ﬁ@hdr gy tepperaiure
%H%Fgﬁg? ¢ Sfectfonlt¥R g%&ﬁﬁgected in 10 the periodic
el enent s. TAI LED DESCRI PTI ON OF THE
DRAMVNGS Preferred enbodi nents of the invention wll
e&ﬁ??%{oh btﬁg tengy %@é elﬁéﬁ’s'}élf&s % Elnyeleme]n%of\é &ﬁge reflected in
nce 0t Acch npanyi ng representations.
dheepﬁrmgmt:ﬂxl@oﬁ:m:nﬁnmed as follows. Figure 1 is a
schemati c cross-sectional view through an ink chanber
of a unit cell of a printhead according to an
DEPAITED DESCRIPFIONVOR THIMDRAWENGSr t i cul ar st age of
operation. 20 Figure 2 is a schematic cross-sectiona
vi ew t hrough the ink chanber Figure 1, at another
P FAeDdmbARhatd The k1o will nSwde Aedteibad, be Way of example only,
cross-sectional view through the |%§W anber gure 1,
atithyreferenogtofhe AP ERyRES BFFSHHERTY | FYReT &e despdbed as
ati ¢ cross-sectional view through the ink chanber
Figure 1, at yet a further stage of operation. 30
Figure 5 is a diagrammatic cross-sectional view

:l*hﬂéﬁélg 23 ?ﬁ)ﬂ%ﬁéuc%?lsg Fgémgalﬁé\ygﬁ?f%g aisl %{ﬁﬁ'ﬁ%‘t‘é’bﬁ Bra

poibthegbecofling ty apenbodimbitiof the invention, at a partmular stage of operation.

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

stage of operatidn.

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

another stage of operation.

Figure 4 is a schematic cross-sectional view through the ink chamber Figure 1, at yet a
further stage of operation.

Figure 5 is a diagrammatic cross-sectional view through a unit cell of a printhead in
accordance with the an embodiment of the invention showing the collapse of a vapor
bubble.
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WD 2004/ 048103 PCT/ AU2003/ 001507 5 Figures 6, 8,

10, 11, 13, 14, 16, 18,19, 21, 23, 24, 26, 28 and 30 are
schemati c perspective views (Figure 30 being partly
cutaway) of a unit cell of a printhead in accordance
with an enbodi nent of the invention, at various
wacwesssie st ages in the production process aﬁnwhﬂmnmorm7
printhead. 5 Figures 7, 9, %2, 15, 17, 20, 22, 25, 27,

29 and 31 are each schematic plan views of a nmask

suitable for use in perform ng the production stage
frqg.nem spm i hendy RR1E, QDfﬁS%‘tzﬁdzcs n8lRE30 51%§ﬁ1%ﬁ15.ﬁé’ferspecﬁve

i medi at el %/ﬂe precedi ng figurés. 10 Figure

fvu@WSr@rgu& bring mart@e@t@ pe@y) iof @ unif esll anrinéheadnntac@edanc@mthan
Ui oSO SO k6 bl s o

axmyhead)f a unit cell of a printhead accor di ng to the

i'nvention having another particul ar enbodi nent of

heater element. 15 Figure 34 is a schematic plan view

HigiBedTHOK1E, usr Bbbe, fzfzgzi ﬁs £29 dnd ?ﬁ raf‘egéamfl @%ei_nb@c plgnsvx?ws of a mask
ion | e or e printhe 0 [ gure or
f%ﬁ%ﬁhé’r PT'F‘emrP Iermerhe REdpchomestags for the piiptheadmsiepregented in the

SeREBlimnRBtRETbicdicMg8is, Partly cut away, of a unit
cell of a printhead 0 according to the invention
having a further particular enbodi nent of heater

E?; isa iﬁi’tﬂéf &eﬁﬁubé x?pe%ﬁ%eﬂ@&/ W8 ﬂfél gl'l Sﬂﬁgﬁre §O %% with
su table for use 1 n perfiormng the production
fthe nazals phate omitedd of Figure 35 for forming the heater
el enent thereof. 25 Figure 37 is a further schematic
perspective view of the unit cell of Figure 35 shown
\Higure 33 liea pdembiic pirafeetivervidw, @drtlyfeutwway, 8 wtt cll of a printhead
sche tlc erspect.ive vie pays t C a of a. uni
SRR S Fr RO g chh e G PR REESH i
a further particul ar enbodi ment of heater el ement.

39 |§ a schematic_pl an vremr f a mask surtable

lslarﬁc RHGAAIECY et PrUEThle For use Wge Plarrmsﬁéproduchon

Fé;l?ag@ ?Ji@l%j%r\%fthegﬂ OFF 3fre fofudin, chidf el@ﬁ@ﬁt@ﬁeré%k’ enent.
t her eof 2004/ 048103 PCT/ AU2003/ 001507

Figure 35 is a schematic perspective view, partly cut away, of a unit cell of a printhead

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

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

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

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

the nozzle plate omitted.

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

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

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

stage for the printhead of Figure 38 for forming the heater element thereof.
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Figure 40 is a further schematic perspective view of
the unit cell of Figure 38 shown with the nozzle
plate omtted. Figure 41 is a schematic section
through a nozzl e chanber of a printhead according to

an 5 enbodi nent of the invention show ng a <

Va2M040480%r el ement immersed in a bubble foﬁl@ﬂgﬂ&(ﬁ%bm

liquid. Figure 42 is schematic section through a

nozzl e chanber of a printhead according to an

enbodi ment of the invention show ng a suspended beam

Fegref0 isladwiier schewptieparepegtiveriew ofithe paip ok of Figyeri38 dpwa with
bbl e _f ' iquid. Figure 43 is a diagrammatic

%#Q%ngg%&g%&%&%nit cell of a printhead according to

an enbodi nent of the invention show ng a nozzle, 15

Fi.gure 44 is a. di agra ti,c plan view of a.pluralit
Sicli L s aapheatige SR AP g PRRe g of borigheet Secolding to an
RGBT (RS inV ok INGHihE 8 Bushbraiel Bgand hedtdtleRirichyindiersed in a
nozzles. Figure 45 is a diagrammatic section through a
bybble rmimegsr¥d.- not in accordance with the invention

showi ng a heater el ement enbedded in a substrate. 20
Figure 46 is a diagrammatic section through a nozz|e

Fientyé) isiseheanatio seition throughte nerzle ehavdur pempriniead pecording to an
Gl dpfﬁﬂ@wv%ﬁ sﬁ%gg s@g@ﬁ@g bedd) nbdi& eteﬂ:{em ﬁfs?eﬁded at the
suspended beam I gure 'S a diagrammti c sectlon

tidy efiagtodp ofiobatibée ohammgdiquidf a prior art printhead 25
showi ng a heater elenent enbedded in a substrate.

Figure 48 is a diagrammatic section through a nozzle
Fhuid4d isiardieannaioylen viewlf annit estbefdi primitteadiccbliéng to an

i nyention s omﬁn%,a Eeater el enent defining a gap
[FEAEERR R RSB IOR ShOEPR ABAFES. 30 Figure 49 is a

di agrammati c section through a nozzle chanber not in
accordance with the invention, :show ng ﬂ tg ck nozzle ..
pigred4 e dasmapmatician viey cgpheditnehusgteellso I@mﬂ?a@ieccordmg fo
of oAb ENARRATIR iheriBh bhnk RpRiAHly G MpziRd e chanber in

“accordance with an enbodi hent of the invention

showi ng a thin nozzle plate. Figure 51 is a _
gﬂlﬁgé; m?ﬁﬁr@ﬁﬁ%%c%cﬁ&rmgx Qn%éh@tm‘ﬁmﬁf ackdldance with the

invention showing a heater element embedded in a substrate.

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

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

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

showing a heater element embedded in a substrate.

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

element.

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

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

a nozzle chanber of a prior art printhead show ng two
heater elenments. 10 Figure 53 is a diagrammatic

section through a pair of adjacent unit cells of a

Pia 200446893 accordi ng to an enbodi nent of the PCT/AU2003/001507
i nvention, showing two différent nozzles after drops
havi ng di fferent vol unes have been ejected

t heret hrough_ Figures 54 and 55 are di agrammatic

SEiglre 50 4 disgrugihatic fRAbethr@igk AR6EzlOthambe th 86colahce with an
print head. t% re 56 | S. a dduégram’ratl c section through

saiwFhaaResthisperlsplaticcording to an
enbodlnent of the invention. 20 Figure 57 is a
di agrammatic el evational view of a heater elenent,

daawe sl éck diagrammetie spgben threveh & nprdlqwehamber laewrdimmgwman
aéﬁh ?éi’l't BERL Iu‘ngnt‘i eshb@ g%%vb ﬁgater.%ieg&éﬁ . 58 | S a
schenn

tic explo per spective view of a printhead
rmdul e of a prl nt head according to an enbodi nent of

W OB PRt Rl Rl aRRn f s BEShhdGa

lﬂhewhigoﬁ}eﬂeat&egaﬁ@ts% is a schematic side view, shown
partly in section, of the printhead nodul e of 30
Figure 58. Figure 61 is a schematic plan view of the
Wikt Bs ach dRebhe a6 seEh&M!hﬁ) a pLPLEA48E @SS of a printhead
PCT/ A1J2003/ 001507 Fi urue,éﬁ& IS a schematic P
BepPTdme do Frymbnsimen @f Gﬁeéweaﬂwnasmm erewaogzlpypfiepdrops
Hhyin@ AR S Blan h&x)%%eéﬂ‘éé@&&d BBeihfdh@lire 63 is a
schematic further perspective view t he printhead of
Figure 62 shown 5 unexploded. Figure 64 is a

P s R R b R e T

Firiptireed.62. 10 Figure 66 is a schematic bottom view of

the printhead of Figure 62.

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

to an embodiment of the invention.

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

of a printhead according to an embodiment of the invention.

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

according to an embodiment of the invention.

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

unexploded.

Figure 60 is a schematic side view, shown partly in section, of the printhead module of
Figure 58.

Figure 61 is a schematic plan view of the printhead module of Figure 58.
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Figure 67 is a schematic plan view of the printhead of
Figure 62. 15 Figure 68 is a schematic perspective

vi ew of theprinthead as shown in Figure 62, but shown
unexpl oded. Figure 69 is a schematic |ongitudina

section through the printhead of Figure 62.

W8 2PW043108 ook di agramof a printer system aci)g’?g‘&wg’ Q1S07
an enbodi nent of the invention. DETAILED DESCRIPTION

25 In the description than follows, corresponding

reference nunmeral s, or corresp prefjxes of

ondi n
(Rigure 67 ise sehematigiesplodedpersppetive ng’rpﬂflﬁ’éaqf wredingde an
6&&&&8@@@&&&&% before a point mark) which are
used in d erent |gures relate to correspondi ng
parts Where there are corresponding preflxes and

bkl D% G R BB ribbEeE sonn

aﬂkm@smﬂndlng parts. 30 Overview of the |nvent|on and
general discussion of operation WO 2004/ 048103
PCT/ AU2003/ 001507 9 Wth reference to Figures | to 4,
tIEEu.rH Bl §s acﬁhémduccffon@w%|o!ﬂ§ﬂ'é§>@iﬂﬂfé§&6ﬁmglﬂ962 0 an

odi nent of the invention conprises a nozzle plate
2 wth nozzles 3 therein, the nozzles having nozzle
"Hife 85 i \haRA btk SRw ofid AT of BERAMEH, the nozzle

1%§g %he nozzl e plateﬁ?%s agnaéggched froma

S|I|con nitride structure mhlch i s deposited, byway of

R S S NG R S A T

al so includes, with respect to each nozzle 3, side

AR R e s P TR

a nulti-layer substrate 8 and an inlet passage 9

B G5 RGPV et B BriatiEsd 3 o U Eune 62 b
q&@@gg&g,nﬁaler elenent 10 is suspended mnthln t he
chanber ? so that the elenent is in the formof a
suspended beam The p' thead as shown -~ is a

Pig 06 Fs“ats'bﬂé%ﬁ inA et HlEMthe SlfthGH O Bignih 6 h

ormed by a ographi c process mhlch IS
descrlbed in nnre detail below. 15 Wen the printhead

%11'9 76 R% bléuﬁ}'ii@e!géim bF £ PRifter 55t6H 40 i R an SRBBI AP b LS

mventxon

DETAILED DESCRIPTION

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

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

different specific embodiments of corresponding parts.

Overview of the invention and general discussion of operation
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the inlet passage 9, so that the chanber fills to the

| evel as shown in Figure 1. Thereafter, the heater

element 10 is heated for sonewhat |less than I mcro

second, so that the heating is in the formof a

thermal pulse. It will be appreciated that the heater
WOSHMSI08 is in thermal contact with the i MCTIAU20¢3/001507

t he chanber 7 so that when fhe elenent is heated, this

20 causes the generation of vapor bubbles 12 in the

i nk. Accordingly, the ink 11 constitutes a bubble
fWithrceferehéeciu Fipuresil goidothd usihosiis] feprinthendddcondingfio an embodiment

byhbl. d_af
e Bt B e F lftats S rGEREAGS heroinyfhe Aorkes having
HobHk eintdals andtpbrturs!s basi@EeL tafbugﬂ ﬁaehl@é\zl %1at%l Q‘H@H&z%l ate 2 is

It will be apprematedthat as is applied in

tHesmaregihesd fpmep sinon aitride ttrchée @hléh @f;ﬂ%&@% &4 Wwﬁ chemlcal vapor
IRPSERECVS), M@ta%nh&at é‘cgl éj
r|ef y to I gure-3

that short ti ne. Turnlng
is shown a mask 13 for formng a heater 14 of the

PhERAA, L EANCO R Lok OISR LR 1 HAETA, O which re nozae

e isi soppbried, axhambetet deifinedby thewals ardrtke mask plde 2,% msléidayer
t heater 14, 30 e S h i 0 it .
Rt e SR PRt e e S e St e et g far side
r(ﬂak;hd\ﬁn) gy ﬁf)ﬂlfa& A ébél; slofgdiS Bdatth cle@bRI 19116 SusPdhded within the
mg to Iﬂ%§£ ) vari ous gﬁrts of the. heater 14. The

¥ 7P eflbpen dxfadha g of suspedad hegm: olheraingigpd as shown
des hisrasiedrotecifical sykiB® (VENSs3ruc@Rdwhich %ﬁﬁe@&ﬁ‘iﬁﬁ&gaphc
10 correspondg@g¢to the parts designated 10.34 of

PEARSS WhC Cbmswsdﬁf@tbﬂwoo:e/ 001507 10

operation, voltage is applied across the el ectrodes 15

to cause current to flow through the, elenent 10. The
Vet the pathed ininasenindhl  fomlegeservoin(natishovet)enterst thd Chagaber 7 via

AR, B 6 85 8l B BB S BRIt

dtﬁdleater plgmieitd Ohielntated fdlesomwﬂhtslssis m]adnddnmoaset:dml s thaﬁhé heating

cre he, t ul se er,red
i b RoER R b bt it e pbueyed e s 0 & in
lﬂldﬁhhl&:oihﬁctf withthe ikarngn Hib&:hb.ﬁlﬂ@ﬂ'bo&ﬁat wheette! eﬁﬁﬁlﬂt is Helte§ this
bubbl Cr.QSs- sect onal, vi ew

t
B e ZEbaon gt angh BAHREs Jogh bighle, AEmaly Tesiok  ponsitutes o
blikble FaARl iR, (FigRe 1 SR thé ForBkRSora®abblen? sdfodiffitely 1

bybble 1 once enerated causes an increase in

presePad g FIeaAB O a8 a5l ulser bas, When CiebbIg hotist
hﬁﬁeeﬁé@&{ ﬂt@ Hea‘t?ér eRofthRA 0] @t V@ifll YeiBprleifted that, 35 R4StV Epplied in the

nozzle 3. The rim4 assi st
form of a pulse, all the energy necessary to generate the bubble 12 is to be supplied within

that short time.

ere

Turning briefly to Figure 34, there is shown a mask 13 for forming a heater 14 of the
printhead (which heater includes the element 10 referred to above), during a lithographic
process, as described in more detail below. As the mask 13 is used to form the heater 14,
the shape of various ofits parts correspond to the shape of the element 10. The mask 13
therefore provides a useful reference by which to identify various parts of the heater 14.
The heater 14 has electrodes 15 corresponding to the parts designated 15.34 of the mask 13
and a heater element 10 corresponding to the parts designated 10.34 of the mask. In
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in directing the drop 16 as it is ejected, so as to
mnimze the chance of a drop m sdirection. 15 The
reason that there is only one nozzle 3 and chanber 7
per inlet passage 9 is so that the pressure wave
rated wthin the chanber, on heating of t

§EEﬁ%%F8T5 and formng of a, bubble 12, does ﬂquUmmymuﬂn
ef fect adjacent chanbers antf their correspondi ng
nozzl es. The advantages of the heater elenent 10 being
suspended rather than bei ng enbedded in 20 any solid
pReretiom Voltage iggppliersansess e egirogysddrie sause syeens tosfryiihraygh the

|
o PR b 00 S HESERA B BB RRER 108 gt o o
lzlebtrical ré@stgremeds proeded by thh efemenin d‘hlue, nearlyalbefthe pavwdn consemed in

resuélrﬁj\a% a é/rﬂ%gsegxgnt t%@igﬁvgseil E{o'é)d]?h the tgogzl e;mﬂﬁe
refedédto3boves det erm ned by a conbi nation of t he

inertial dynam cs and the surface tension of the ink
11. The surface tension tends to mnimze the surface

A RS elehBR 10UPRlaRd12 a8Rrib&Rdbov) Yhd hibld l'IefoﬁnsQﬁéﬂgéthéﬂength of

amount of |iquid has evaporated, the bubble is

dleslomnend) thip bublgr am@zyw inthe crphesqcﬁ@rraé yiew qfFigire by far bubble
:ﬂhﬁf&h@ 05? ﬁor%gm %881% ﬁ%&%ﬂﬁ%ﬁ ctodsebtoP Ut
rough the nozzle , a

so pushes sone I nk back
t hrough the inlet passage 9. However, the inlet

p@é gﬁ%&e 2%1 d)ncea Eeg\rﬁ cg%.?egi%fl ? a%ilmfggssﬁgegf?@ﬁ the Qhamber 7, which

dh Epetaakes thiegedion bﬁﬁ drapsl 6aofsheliak ah thra;hgh\)thsnmzb 3d Theyrim 4 assists

a resylt, t 2004/.048103 PCT/[ A
37 st i cren 1ot s op i Yot ComumAo o SHRACL PR BRfinection
7is to force ink out through the nozzle 3 as an

ejected dro rat her than back .through the

§ g that P%ﬁ%vw%eﬁ.aa%?wer?we% H%Sﬁ%gaélf»gothatthe

$hewre @Ev@gei%ﬂa{eh Withirt !B@ chahie, et inSs 8RS IBkentI 0 and forming of a
oper ati on, which the ink drop 16 that is bein

byiehle £ dpes eqi@ﬁﬁppt adinpany chamberspag fheirorspnesding Beszlise
the drop breaks off. At this stage, the bubble 12 has

al ready reached its maxi num size and has then begun
{Toe ediahtageseofitimizentds elementydibeingshspeodddapther than being embedded in

t Fi S. 10 Th
ﬁ%“agé’?a%%“% ?%él%%%beqb#’é’&llznt ol/vgrtrjg t he poi n? of
coll apse 17 causes some ink 11 to be drawn from
thin t le 3 i id 8 of t d
St 703 SBRE Sacl fof 1 G Sosh et sy og b of me
gﬁﬂmeﬁis i dtfaﬁ H&@édﬁ&hﬁﬁh&lﬁiﬂb&p&%enéﬁ&ﬁ ﬁﬁfhef lagd hetee %L’ows? with the
rawn in is r he noz .
FesHAh B NaRCSRA PR 1 e feoad 1t herk Hppg ?féﬁ%‘?%lellé as it

@fdvx@,r astsBown in Figure 3, is determined by a combma’aon of the inertial dynamics and

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

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

microns in diameter. Hence there is a substantial viscous drag. As aresult, the
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its breaking off. 15 The drop 16 requires a certain
amount of nmonmentumto overcone surface tension forces,
in order to break off. As ink 11 is drawn fromthe
nozzle 3 by the collapse of the bubble 12, the

di aneter of the neck 19 reduces thereby reduci ng t he

WRAMHO4YP3 t ot al surface tension hol ding t he RffTA2005{01507

that the nmonentum of the dﬁgp as it is ejected out of
the nozzle is 20 sufficient to allow the drop to break
of f. When the drop 16 breaks off cavitation forces are
mﬂes@naa%effeet ofbe presdyye tiseen amercbambeﬁ d.is t;)sforqahﬂc Gt Bipdregh the

L e

V|C|n|ty of the point of coIIapse 17 on whi ch the

obRgRonRd B St Hhe st apBLCUTh b Saset

. dphratict, RewBich eRank iRy 163he HREHs BRIt i9§hdwieiurd, gns ‘necking

|nven£|on ar e nom1descr|bed with reference to ur es

@hass” beforetas dpp brrgks off pAGsstage, thebyhble 12 baslprdy Foached its
%a‘%ﬁﬁu:ﬁ 8zt h&f‘h&ts%éﬂwéu@tosdohkﬁgfbvﬁaﬁﬁ%é ﬁ&ﬁt Moﬁéﬂgg 17 s reflected

being a portion o et” print

immeradetiilin Fimrade in the producti on process WD

2004/ 048103 PCT/ AU2003/ 001507 12 thereof. This figure
relates to that portion of the printhead correspondi ng

tIhe gollapsing ofihk bibble Th @whedsdhé }p]ﬁlitt(mlf collapsé &7 causes some mk 11 to be

B S PP 05TET gt s (P hirond grereiiefe ot fom

ttﬂitﬂhlet eBsape Orwesardsithd pdde ol pgllapel Ni6st af telitlk 1 Lglewefn this manner

ace ni | s of mhlch t he mhol r|nthea
4% gy the Z@fﬁ fermpnggnangplesnack 49 gb &eﬂ%lé prior to
3&eﬁﬁmggbﬁng t he manuf acturing process, after t he

conpl etion of a standard CMOS fabrication process,
including the fabrication of CMOS drive transistors

@ﬁ@ Hro%h@‘i‘é’@un‘e@a E8:if EHAR oﬁ%oﬁn@ntﬁllﬁgo 59&5&15@51@'&99&%1&&01‘%3 in

and t he npl etion of standar I nt er connect

|oa§¢et0é>r@$ ok s p@ls 1] ipairavorirom jhernozzle 3\hyrthmeplinpse of the bubble 12,
lﬂ[éddtﬁﬁét&%f B nek: %?9 gé%%b&%% {éb&?&&%g?%&ﬁ&ﬁ&%ﬁ gk’ to¥a1 surface tension

interconnects the transis

boldingithe droy,ab $imat rﬂttztmsthcxmm ofithe dtdpenslitiatefected Ioewrthe nozzle is
I PN z Guard rings 26 are forned

SRR A el ot %ﬁbrs% q

e i nterconnect |layers 23 to

prevent i nk

When the drop 16 breaks off, cavitation forces are caused as reflected by the arrows 20, as
the bubble 12 collapses to the point of collapse 17. It will be noted that there are no solid
surfaces in the vicinity of the point of collapse 17 on which the cavitation can have an
effect.

Manufacturing process

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

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

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

being a portion of a Memjet printhead, at an intermediate stage in the production process
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11 fromdiffusing fromthe region, designated 27,
where the nozzle of the unit cell 1 wll be 15
formed, through the substrate portion 21 to the region
containing the wiring 25, and corroding the CMOS
I reuit di sposed in the region designated
ﬂorzgéjwé@éae after the conplgtion of the Cl\/tf)S21)%‘”1;'{%03/001507
fabrication process consists of etching a portion of
the passivation layer 24 to formthe passivation

reces .29. 20, Fiqure 8 sho t he stage of ~oducti gn
st (his %%%7%839 Hhagorfifyt %E%mfé&aﬁﬁaw@% tog gt cel 1.

f Pl NeaRipRBE BE A8 mdufaliBn S RS BisHthaBRIIbWs Will GIAFERAHIS a unit cell 1,
the ink“inlet passage to the chanber ¢that wl|

be

f dthaesh it wilbbe anprecipiediheidbaprocesswili bp appliadio appitugnefl adjacent
sé a9 . ' gg {@J ing of a hole 31 in

t he g&%é%‘?%?g&gp%ﬁr%ﬁ n fdgstbg%ﬁ%%gi tion where the

nozzle 3 is to be fornmed. Later in the production

.0Cess a further hale (indicated by the das i_ne

T e R e g e e
t dvenpiation of astandyed CMOS Bibritatioh pidtesspinvluling tHedalirivhon3df, CMOS

to.conpl.ete the inlet passage .to the chanper,. Thus,
L SRR Gt FhoTBn i Ba pohE e R h L ) e
f $oR1PIdiBE 0P bthRIard CHEOSRitREonhte1a569 28 bad SashiPition0iye2dA. t Wiring

the |l evel of the_interconnect [ayers 23. If, instead, .
tingicated oy the doghed lings Joeclentricalbyrintgroonpeds (g {ransisterp and otber drive

[ r j : 2.

B R e e e e

region 22, the hole 32 WD 2004/ 048103

P , . nav X . .
CSLLYRA0H BORRALS e PO O BB i
al sfinir éiffusing frngthe régiog idesdgnettd BY, winze foe momelQdfjthé writ cell 1 will be

etchinng in uraci es. But et ching .of .t hol 1
g oo R R BEHEE oot 2L PancisBp oS ik g 2 and
I @solihg e GUOStEieitydipoleddd the begidtodasigdaed 22reans t hat

a lesser margin 34 need be left, and that a
substantially higher packing density 5 of nozzles can

tTHeSir Btag 6 B &\ BSconil Skt e NIORFabritaticd BeeesOonsists of etching a
production after a four mcron thick |ayer 35 of a

etianiaf ghepassiyationdayen & tafeum the @asseiatigyresessesyd- | ayer
24. This layer 35 fills the hole 31 and now forns part
of the structure of the printhead. The resist |ayer 35

i Bgurt 8 shasygobs etegswimodustiomifier Pretetabingsof thesintpgeonnect layers 23, to
r ) L Fl h2) I
(G4 2 Gl 5 Tl Sp BRI ERU hobhule GULE o lgy R chamber
fthatvell be foroded tatertintespréess.t he el ectrodes 15 of the

heater element to be forned later in the production
process. The slot 37 will provide, later in the

rigee $& shofwarthé tege of production after the etching of a hole 31 in the substrate

S

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, thé hole 32 were to be etched all the way to the interconnect layers 23, then to
avoid the hole 32 being etched so as to destroy the transistors in the region 22, the hole 32
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formation of the nozzle walls 6, that will define part

of the chanber 7. 15 Figure 13 shows the stage of

production after the deposition, on the |ayer 35, of a

0.25 mcron thick layer 38 of heater material, which,

‘*5 thF @Tesent enbodi ment, is of titanium nitride. .
UL shows the stage of production aft ePCI/AU2003/001507

patterni ng and etching of tHe heater | ayer 38 20 to

formthe heater 14, including the heater elenent 10

and el ectrodes 15. Figure 16 shows the stage of

proglfheye nbegtehed agmentdn distaneccavidyi frinpthatregiomns o dsdy eav@®suitable

1 3 t hi n ded 2 bgure. 18
R0k GhicHR b sty 54) 1R o R R s Bl o Bk e s hote 31
Giforrhithe tagrofitled subbtedte pratiorhzie and the pﬁﬁhltdnfe@ortbﬁbdalepm@&‘ l&feﬂﬁﬂ: 32,
enbodinent, this.layer 40 _like the first. heater | ayer .
SRS egret iy 2 BTt e her pecyediensity
OndAes cahthwsbé Iihsevegcond | ayer 40 of heater materi al
after it has been etched to form 30 the pattern as
shown, indicated by reference nuneral 41. In this

iFtdubS 1T HotvaBhe &@e%f?@ﬁﬁ&i’oﬁ%ﬁ:er_éﬁ icARGSIIOR %egﬁgdgqucﬁaal '

heater |ayer element 10, and in this sense
ERsist lags begm denosited) antthe lapgs\Rdy/Blis layeri 36 filla gherhobsf 3 Ihesdnew forms part

! o ) . . : ¢ |
Pae b i heTiplit TheFREEIDS53 el FRoR A oerEhn patiers as
opegsentedby theasask ehwavgn Figire 1) safore réogssed36 200 a slot 37. This

3: PCT/ AU2003/ 001507 . 14 el ectrodes whjch
B B R S e oL g cleioy T S P Bt o e
@rmah g latTreﬁ fleqtrodoeti@sproces. The Ibliet BTBﬁﬂE}j’rgﬁh@ ﬂ%«ﬁtiﬁ tlibQ)éodSeEb, for the
e dual . heat er enpa n ustr in Figure :
%H’é‘ah%no?f}tggﬁ%iﬁ vﬁaggl‘sg&}’énfw‘i](deg%gar&%ea‘?hﬁmg eater 14.
5 Figure 21 shows the stage of production after a
hird layer 42, of sacrificjal resist, has been
g’@ﬂﬁé@%sg‘e‘.”s e stage of pradvcties afterdliedeppsitions pr the dgpisr 3%iof p 0.25
B80S thidk 18ydr B8 of REHE: nibrhR il intt{i?@gre&ﬁlzéﬁ%d @S 6f fitBnium
be fornmed later, and hence the 1 nner extent of the
e aperture 5, the height of this |ayer 42 nust
be sufficient to allow for the formation of a bubble

12 in the region designated 43 during operation of
Figareddishowe the stage ofrgduction afte ipetisning endsdtehimez affthe heater layer 38

PG L RReLl e o el b RBIPE R S honrl &

plate 2. Instead of being formed from 100 m cron

IRl AR el bt Mol RBE2H Gbl Bt il hSiol 538, fove 1

micron thick, has been added.

o)

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

micron thick titanium nitride.

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

of the electrodes 15 of the heater 14 so that, in operation, less energy is consumed by the
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15 Figure 24 shows the stage of production after the
chem cal vapor deposition (CVD) of silicon nitride
funning the layer 44, has been partly etched at the
position designated 45, so as to formthe outside

e nozzle rim4, this outside part
‘g@%@od&éﬁlé% 4.1 Figure 26 shgws the stage of %?3%8%003/00ﬁ07
after the CVvD of silicon nitride has been etched all
20 the way through at 46, to conplete the formation of
the nozzle rim4 and to formthe nozzl erture5

ghrtrafes srhighplomygreater yncts RRTRTYE A% o, ferelone ispepe gictivenss

'tg RendRsid: ERMeAE 3 IBALE G ReattRBIb8dirdent Buft@icd i HighfeeIS, the
I'gure 23 shows 'the stage of production after a

pruespotdivglayeryidodseophin eldatr 1has been 25 appli ed.

After this stage, the substrate portion 21 is then

ground fromits other side (not shown) to reduce the

Fuhsé 2 Bilewaalid stage of podudtion aftard thixd ldyti 42k ofseeriffial atsistithas been

00 m 2 crons, and then, as
o SrE A e et o) S v pngys B8 fnef Srfgocsf e
?gzz_ll_ﬁﬁlﬁfé%tjtﬁtb@ fende Pitéir zﬁildCH&néd t8¢ innr dm; o t?él?ozhl&l aperdite 5, the
en e sacrificial resi each o e.r

Igighi of this laygu2 myst he gnflagientitg aﬁ%%vélaefﬁ ob3 ET P in the
§fﬁ7&’e m,ﬁdéeo in Flgure 30, with
B 3 a%tg&ﬁ%zzl € p?ltaa?gwg%\/\g' Ewtaoget her define the
chanmber 7 (part of the walls and nozzle plate being

) Vesf%ﬂowsmg g héromlétion %ﬁgf IaPﬁIMthla ﬁeeﬁld\%ﬁosﬁed that is,

O renmov resi st
wﬂayw@mmmmme mﬁbmw@m am@ﬂl of b&ng fqnsneﬁ ﬁp@ 100 micron

bl S R S s 0 W o 30 3oy i

substrate portion 21 to the nozzle 3, this passage

Yo D de wagep RSB oo gy SUEh Lagpign (CVD) of

RIREH G @ YoRHiaE Gt Jayeb44) Hasibded poitigdihed ithise lﬁmnbdlda‘ngﬁated 45, 50
of the printhead shown in Figure 30, furt

85 oo S estiidscRarhon £ noRAls Fify dis PR part o esignated 4.1
structures, are shown in Figure 33, Figures 35 and

37, and Figures 38 and 40. Control of |nk dr

é‘]lm Poshowstherde of preguation afteifhe FViefsiligon @1113‘8% hag fpgen etched all
p 1c Sgﬁic}uﬁﬂ atgibo ?eté%@ tf(!)rﬁz%ﬁgn ?PEB&’ RozzleSirs AQWA tdNolh the nozzle

and nozz cut - away, which
rperead §, anﬂ@ﬁmthecmsﬂmonmﬁad@h@rmen remove&rat ghemosittion designated 47
t away, so that both halves of the
P}Nélg c1 ISé]IOPI‘e ui elélo can be

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

Then, the sacrificial resist of each of the resist layers 35, 39, 42 and 48, is removed using
oxygen plasma, to form the structure shown in Figure 30, with walls 6 and nozzle plate 2
which together define the chamber 7 (part of the walls and nozzle plate being shown cut-
away). It will be noted that this also serves to remove the resist filling the hole 31 so that
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seen. 15 In operation, ink 11 passes through the ink
inl et passage 9 (see Figure 28) to fill the chanber

7. Then a voltage is applied across the el ectrodes 15

to establish a flow of electric current through the
heat er el ement 10. This heats the el enent 10, as
Wes2004/988W3above in relation to Figure 1, to PCWAUE03/001507
vapor bubble in the ink witMn the chanber 7. 20 The
various possible structures for the heater 14, sone of

whi ch are shown in Figures 33, 35 and 37, and 38, can

rthiSlHole topethbrewieh theholg 300 sNAwr ﬁtﬂgﬁfb% 0, raeﬁﬁhea staésage effnding
of , the heater el enents

th to w

é‘%fi lgKer S(“SWE e sHbighe RoRéonA]rte frenozzle 3, fbﬁ pessage serving as the
QBEEm&p%s Be, ﬁéﬁ%ﬁﬂ?d&é"&a&ﬁ@% R ¥ndaRee7 S gni fi cant
effects on the el ectrical fesistance of the el enents,
25 and therefore on the bal ance betvveen t he vol tage

3ol r o

g e B NG s 0841 8 SR Bk sbocib oty prinhead
rsbowh ireFigomeso, ﬂlﬂhﬂ@nﬂ&bﬁ@gﬁ&dﬁ:hﬁﬁs aawhhg éxﬁ'ere)iﬂie&teﬁé’tﬁlcunes are

. f St a f, drive transistors in their
VMhB\E}n oizﬁ%ér fﬁf} n%e gr? %%ur h5|stors, for a
given transistor area, there is a tendency to higher
C rreng capability and | ower voltage tol erance in each
|c¢J ofetfedran ejsctignm 2004/ 048103 PCT/ A1J2003/ 001507
16 Flgure 36, referred to above, shows the shape, in
plan view, of a mask for formng the heater structure

dIeerhag mmwgammmgmé 30/)tke it éﬁ]lfueaﬁlv@m\dﬁbrﬂuﬁ?]da &U{réf? is¥Pown with
shape of the

n ure 36 repre ts th
ﬁ’eat ﬁ‘ V%é‘ﬁérﬁﬁ 1= 1&% PHA LAY ﬁ*@ﬂfeve?lf e dntppey; of the chamber 7.
Ttk &eaterd 4t i0 notsheks it aFE R Go tHadboth Bakvey oﬁh@lﬁ@{& elefefitl 10%an be
operation, current flows vertically into 5 the
&%t r odes 15 (represented by the parts designated
15.36), so that the current flow area of the

el ectrodes i s relatlveléllarge whi ch, in turn,
fepAreton; fkilf passesfbongh thefiniinlet passaged(bee Higue 28)dn 6l the

@Man&‘%w 8%En 2 {41GeSls %g@ﬂatd %Q)g%{h@ @fe@?&ﬂ:& ¢4 th a%iuglui Bowd ¥ of electric

by the part deS|gna
eeeniityorehghe hdater elemanrio. Thisthenis ﬂmmmnumtas ﬂencn”gedlabove in

e AR Rl o SRR s Sl B B - 33

has a significantly smaller elenent 10

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

the element.

Modern drive electronic components tend to require lower drive voltages than earlier
versions, with lower resistances of drive transistors in their “on” state. Thus, in such drive

transistors, for a given transistor area, there is a tendency to higher current capability and

lower voltage tolerance in each process generation.
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than the el ement 10 shown in Figure 35, and has just a
single I oop 36. Accordingly, the elenent 10 of Figure
33 will have a nmuch | ower electrical resistance, and
will permit a higher current flow, than the el enent

Lgure 35. It therefore requires a | owe ' _
%’%ﬁl@’% to deliver a given energy to the Ekpatyposor

e
inagiventinme. In Figure %g, on the other hand, the
enbodi mrent shown includes a heater 14 having two
heater elenments 10.1 and_10.2 corresponding to the

sHigere i tefearerto sboveyrhows the Heape, 18 piameiavs of 3 gnask fog fqrpyingdhe
t R&apisi BurB of %Q%Pgbmﬂmﬂﬁlg%ﬂ;egd ShowH ihl¥idre 35. Accordingly, as
y larger s h

correspondi ng urface 20 area. The various
pBighes 36frenrpssnisshashapd efiteyleate0clemeantd 02 f thiag emhediipnt, it is now

] il 10s.e .Qf PAl. . 1 . .
P o R BB S, Aty
ctiarizetrodés 15 replesented bgrthedaetirdesignhtedA 5i36), suitize this loatrent flow area

i ed by th | t .10.1 at_ a. g dri .
o Seohlie’ Bar i adies G it s@ hese Belhh p A4 pgotrica
Ofesibiafices i%&oﬁfras‘é&ﬁ@éle@éﬁ! hb, r%bﬁtedh@ﬂglg—e a6 byl paitaesiglated

ink drop ejected due to the bubbles, 25 Assum ng, that .
t He3@Adlrrg andibin wifh thy Wi ofifhe dgmeian @&ﬁﬁb@m&%ghﬁmg 1 micron
1haknd Brickness beiffeol2shEicropppPr eci ated that the energy
applied by the Nower elenment 10.2 is about 2X, and the
energy -applied by the two el enents together is about

. r 1. Nej
oF il O 880 B 10 R PO 0L IMET: AR e clement 10
bihtus the fel sphn T hshioivorin Eprdss, 861 has just e singleidoptIte Aooerdingly, the

nQzzl P R am- - WO 2004/ 048103 . . .
SR I8 B Fige o BpRLISS) DO positamss. g gl pormit o
Chifpa tcumay float tHae ttechintaneth) efFEgirt $5. Tt tixrefotd requires atdver drive
“fine tuning".of the exac i zing of the elenents

[ iEa oo sitin cerey g hedes 1000 £ BYELBat ar o

applied to them maybe required. 5 1t will also be

noted that the upper_elenent_ 10.1 is rotated through_’
1861815638, o8 teetherdgnd,dhg anbodiment shawn igclpdes 4 hsgis 14 having two

ShBRR Blemifts 20,1 HRE $0.b %oﬁ&ps_mdg foltRd danftl RSlERIeDnd Bf MER clements
not coi nci dent, allomnn? |nta?endent connection to

siphisdwise thd widitoasiteaother clament 10-bevitinelcarspendingbislarger surface
PRLd F[‘ﬁé‘J.sz_{011§ g@tﬁg bfRE io%ver éﬂm@lﬁ%&fa}gg nggllfoﬁy\inf\’v‘irdﬂl? While _th]pse of the
appropriate headings, are certain specific features o
eupipecelement 4 0.1 are 1 micron in width. Thus the energy applied to ink in the chamber 7

by the lower element 10.2 is twice that applied by the upper element 10.1 at a given drive

~ voltage and pulse duration. This permits a regulating of the size of vapor bubbles and

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

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

printed with the one nozzle 3.



10

15

20

25

30

of the invention, and the advantages of these

features. The features are to be considered in

relation to all of the drawings pertaining to the

present invention unless the context specifically

excl udes certain drawi ngs, and relates to those

WOLMPHY8 0 pecifical ly referred 15 to. Susper§SABAGH1507
heater Wth reference to Flﬁhre 1, and as nmentioned

above, the heater element 10 is in the formof 20 a
suspended beam and this is suspended over at |east a
pb$ﬂm@hm@d@®m§n§@5ﬂ5mim1#annmﬂ3admﬂ@dwmmbhmpmMmesmmc“ﬁne

55020 S DTN 180 1 B

| applied wulest, neydeasquiedt he case in existing printhead
systens nmade- by various manufacturers such as Hew ett
Packard, Canon and Lexmark. This constitutes a '

Sht @il hlkCBiotsl thiteh r B18hURQ0. IQHMéd@fHu%h 980°taBBut a vertical axis

present jnvention and the prior ink

tigehFolodhs lewer cteraentd 0. ddirdmeciyet their ?lﬁ‘Ft@dﬁ%hi a5 Botjcgincident,
t hRtwise: ihd ed by avoiding

t he ulggnec%glgdglrl{;é%g%@g gy%e?%ﬁg% gg?i?%ﬂ\rémt erial that
surrounds t he heater elenents 10 (for exanpl e the

nat el t he, ¢ IIsG and
%ﬁﬁﬁ?’ﬁﬁ a?lﬁgnfoqﬁeg &@2’56@" ﬂ’ f”éﬁ t akes pl ace
in the prior art devices. The heatlng of such solid

naterlal does not contribute to the formati on of

sedbslee yndep apryepiidikeatings, Besertaiy spicifia forturen pbenitgdiments
[ t
| bl an R0l BRELDYeur B A BRI RYo Hcidered in
P@IWNUE@@@fﬂ@i@@mngiﬁxbumﬁﬁeﬂgﬂmexmﬁnnmmuaﬁuﬁh$fhu@mkﬁs

ect | to.the
\ﬁleéé Gaﬁlggicfl%@%g%ea?%%?d | cgel 0 %Dsfgmtwscsgf‘?@capﬁ’éefe“ed
itnk 11. In one preferred enbodiment, as illustrated in
Figure 1, the heater elenent 10 is suspended 5 wthin
the ink 11 (bubble formng liquid), so that this
| Sugpendedshentmdismgs t he el ement. This is further
illustrated in Figure 41. In another possible

enbodi nent, as illustrated in Figure 42, the heater

SWVEN RS Mrenke t@ﬁ@ﬁ%}el 1$ aﬁdlzﬁsﬁﬁéﬂ%ﬂedaébo{'@ %e%éﬁfe?@l@m@ﬁt 1b|?§m' A& form of
(bubbleformn% |qU| so that this liquid

Gribspepdnd h%%lﬁpqné%wr trenst %mrtl@m (depigppted | 1 Bred the ink

tih %Lﬁ)blesfoﬁﬁlﬁ 1iQkd %hﬁle%%nt $0 oM %ﬁagfrng G&? !i'athe-rr ?l%n forming

enbodi nent descrl edinrelation to
(Pe 08 of bejngembaddedinh b bubstrate wh isithef @seinaxisting pmtueadfsgstems made

GE,glatlon to 3hk§§gk fgagere t%&HEQ%%? %ﬁ?jhyof?ﬁﬂumsa

b@mﬁnamﬂdd:f@bwwmweeﬁ' bmbodiments of the present mventlon and the prior ink jet
technologies.

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

involves the wastage of energy. The only energy which contributes in any significant sense
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the enbodi ment of Figure 41 is likely to provide a

nore efficient operation. As can be seen in, for
exanple, with reference to Figures 30 and 31, the

heater element 10 15 beamis supported only on one

i ) s free at its opposite side, so th
@8%2?4?0?%9%3 a cantilever. Efficiency of theﬁ’tEF}AUZR“’"&“W
20 The feature presently under consideration is that
the heater elenment 10 is configured such that an
energy of |ess than 500 nanoj oul es nl IS required o, .
e the Esngrationiod thethwblles Faeisithat S7bighd o l@d %?Oﬂb’ e ﬁiﬁ 1gﬂutdf)wh1°h is
ftQB +AURRIGE lid@ didkvbiagi K inkly1, SO as to eject a drop

16 &ink?h é hg]tgf’noz}}ztiB in one preferred
enbodlnent the required energy is less that 300 nJ,

\ﬁ,l 5 E%ng%em%gfn?\?ﬁt r{ﬁ (grgtégg%]rﬁé,m glt’ g%%gg:&t %%g%l@%éis suspended

sikithiid el ikl 1t (bebbae foriirgtliquid),ao that thisibgid as'rogadsetha Eleynent. This is

re ove oj oul s at .t t N
e e il Al o bbb oo ekl & Fbkted inFigwe 42
Ithdheatd B1Bma-10 Do#S is éulaﬁenas&atgue §t@ﬁb& sfahenk soubbletfbening liquid)
present invention_are an ord gni tude _ | qwer

tlﬁeﬁ? thp 4his i iscply ol g elepgat faéher sepundipgiits apdshese is air
Ip&oé“&émﬁé Q8 él) ?‘ﬂ@eﬁgodtﬁ@ﬁrde&ﬁ%@ﬁn' B8t 0P Fgure 41 is

snal ower supplies, .and so on, but also
dreferead a zﬂtq t;nbbtertamﬂ ifermn albarownd fhe dlemen) 10vglikein thy@mbodiment.

et R T L

éﬁlﬂwanad vilipagds iolikdhe podedenmorernfficient operatien.

especially significant in enbodi nents where the

i ndi vidual ejected ink drops 16, thensel ves,
covah bé sdef id, If@ axapple, Wil téfagndmc Fantes 30 afid 31, htm heater element 10

rint head, escribed f er helow.,. 5 cQ
6t S HOBEeE Bl i S0P @i o0t 1 SRPORIRAGR Pt orSttuts o
REGMERES that the energy applied to a heater el enent
10 to form a vapor bubble 12 so as to eject a drop 16
of ink 11 is renoved fromthe printhead by a

qggg&gibkgﬁpggm@gp heat renoved by the ejected drop
itself, and the ink that is taken into the 10

printhead fromthe ink reservoir (not shown). The

FI%?FQB] % Eéﬁﬁ?gh&e}g%&ﬁd cﬁattﬁm'?seﬁa tﬁ? @a@r%femenpfO Q%?ﬁﬁgured such

romthe prlnt O provi

- dhat alnaiergy of besk iag S0Unaejoulése(ed is mqmmﬁm banpplied to the element to

Lot su?ﬁamenq & ol Ota bu%glléllrz?n A ﬂ & a&t%%& dol'd d1%¥ §6 ¥Rk through

anozzle 3. In one preferred embodiment, the required energy is less that 300 nJ, whilein a
further embodiment, the energy is less than 120 nJ.

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

resolutions.
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. reservolr

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

drawn into the printhead to replace the 15 ejected

drop are constituted by the same type of liquid, and

will essentially be of the same nmass, it is

convenient to express the net novenent of ener as
ggq%tng(}s/omsm

¥R 2WHO4}E hand, the energ{vg added by the he
t

the elenment 10, and on the her hand, the net renoval

of heat energy that results fromejecting the ink

drop 16 and the intake of the replacenent quantity of

i Theseladvaniages of thg prasent inveetiorept aspeciallyt signieant inyerabbdimekts where

I S. ' ature, the change in.ener .
ety RlnaP SR B0 ool PRI, b 8B Aol iR Saiom of
Gheprinthéad sasalesdribkd Gathecrioreni ently be expressed as the
heat that would be required to raise the tenperature
of the ejected drop 16, if it were at ambient
tRIMR6BidI6fhe prdnthddd actual tenperature of the drop as
it 1s eected. 25 It will be appreciated that a
determ nati on of whether the above criteria are net

_ . . t .
K Sﬁufg%&%‘?@é@;lé% BV HBE ik U AP FRE o HIREE BEHER 10 0 fomn
wevaporcbubblsil@1so as torgiest atirepd 6iof itkhid is mppwedfromdhepringhdad by a
i 171, ' I t.he.i_nk.st.or . .
BLARAGb S et ferlbl b Bticole Bor 1B o Rl AP talcn o e
frintheadfromribciak resarvolr not shevi)nITht rasals slthizds Maidthe hét&movement”

357 VB o B TR B by B s
refxcghbtyncas) titegintead dods@et fkglise anytdiwe veling kiigen@Di ent

tenperature may be less, if for exanple, the room
tenperature is lower, or if the ink 11 entering the

R A kg 56 ¢j6tdd AANRE BeounY6F AR 94 af48 183 the printhead to replace the
PCT/ AU2003/ 001507 . 20 In one preferred -enbodi nent, the

siscieaidERPre songERifegivy dhe edimeafaiqeidnpwdaril esentiallydeiof iy same
has) it 106 Rnichito QbR T BRI AR08 YnefliFas! fh hBBndEhng, the

effect of the eje and replacenent —quantities
iengrey added by thedieating oflike ¢lementd Acandyn debchiner frgmd, e tee sneval of

Pl 5y B} s M B AR R M B e Kt

maseidy of ink 4 1.hAssungngthbiche replpcpmem quottityaqinok] it edipient

00 deagrees and if the, ambient tepperature s 40
et BEoCE e B L8 R Nime PR i Bl Reliboment
fquamitiehef iakrbarecunvedianiybe akpressed as thhBeat tHat wouldibe Gequired to raise
t enper at- ur e I

d.th i S.the. maxi numtenperature rise
ERIPD At of 1 opALAIED Ll 1 WoFrf ARbiont Bmperetfis, 4 tog pgual
i@y fin€ offl ehéidnep dsikislepiote@r at ures Wi thin the printhead
(other than at time of

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

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

lower, or if the ink 11 entering the printhead is refrigerated.
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ink drop 16 ejection) which are very close to the
boiling point of the ink 11. If the ink 11 were at
such a tenperature, then tenperature variations

bet ween parts of the printhead 15 could result in sone

un|g@@ﬁ§& 'ng above boiling point, wth the PCHAU%)NNHﬂW

and therefore desirable, formati
vapor bubbles 12. Accordingly, a preferred enbodlnent
of the -invention is configured such that conplete
self cooling, as described above, can be achieved
when the maxi numtenperature of the ink 11 (bubble

fRA pefdred eindddimBnatheRRiitesd ik AbsigHed #d &hfda bhipleté sélfcooling
10 degrees C below its boiling pornt when the heating

z(a)e etherrsthe oulgoing heps enesgy fuedo thm@t ﬁ%ﬁchofébwmtﬁb@déﬁplqcﬁ@ent
e & {e§ oP{n‘f(ﬁ% £ é@ﬁﬁtg ;‘:‘ﬁ{ 1%&3{ %%@éh?égrbﬁﬂﬁhéaﬁe? ﬁhggl§+tQ@§

denS|ty and for a hlgh speed of prlnthead oper ati on

%\?Oﬁéf?? h]lﬁrl na{1 %ﬁgﬁat"ﬁ‘g 0.0|.i %%Eﬁgghr%ds fﬂgléd gé%‘{vater

thasddo dink Bavihg HPoilMy Sdint dﬂappkbmtelﬁmr@giw @ganap:eme atbient
as a hundred-fold in

This can .al ] qQw as ch f S
TORTEOAL ) RS (o Hi e ATBHAITBOT PP ST Fn Derpbient
derhfethtidfcfio theqm@b&hﬁg {eBipRANARS MMahaNd £6 ilaRinhBh tdngiefehre rise that
were not present. Areal density of nozzles 30 This

fibaprinteeadcopld@ndaigent  on rel ates to the density, by
area, of the nozzles 3 on the printhead., Wth
reference to Fi gure , the nozzle plate 2 has an upper

JtasfladwabB0o awnid havieg injtemppeamtumgs pibin tof printeeail (e hagat time of

ELERR R A

spee difsnclad tempetahne ahmatbmgeausmmaﬁom betweeoz piresf regminthead

&P‘?‘fs} L{féxg gogpeérggwp% Being a‘tﬁ)lys 3%13.];% hol Ztﬁ&tﬁ ﬂﬁee @%@é %nd Herefore

a:fneeslisrable,ntfsnhauoggﬁ eabs bﬂ\%&?@ m@zmﬂa@ﬁ@a pmferﬁadwﬁibgdmt of the
Q sSurrace a 1.1 e | ot her rre

SIYSBHPHS o figuped sych Tat campplete 9@1)59&0 §&s ﬂafcagﬁﬁe abgye, spke
JcHeVedSHHER 1R BMRimbih Bmpéahned 6/9E: BRI @Bumwtfonﬁ;hghq«ﬁ@ah a

density is_48 828 nozzles 3 er square cm

ertisilel pepzleshambergris AP degrpesiG Yelow aé Roiliag peigt Vsh‘fnsth‘i heating

teRnlenf] 048Gt igverive-circuitry 10 corresponding to the
nozzl e, which consists, typically, of a drive

transistor, a shift register, an enable gate and
. . . | .

‘SaIlFl)lg %%%tl[ %%?:Ft}ﬁ/é&%f tﬂé]feﬁﬂufecﬁbgeﬁﬁy Sddat FisCls&ibi! ahl Yis PRHoul Ehb&timents,

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

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

and the temperature criteria mentioned, were not present.

Areal density of nozzles

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

present aspect of the invention relates to the packing density of nozzles 3 on that surface.
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identified). Wth reference to Figure 43 in which a
single unit cell 1 is shown, the dinensions of the 15
unit cell are shown as being 32 microns in width by 64
mcrons in length. The nozzle 3 of the next

C ' row of nozzles (not shown) i medi at
f’k}jﬁ@a}gé‘ég this nozzle, 2tlhat as a resul €C§%303/001’07
di mensi on of the outer periphery of the printhead
chip, there are 48,828 nozzles 3 per square cm This

is about 85 tines the nozzle areal densi

t
t\ipresaecifiqalB theare] densityof fhe paraes Spn thagu ?fywéﬁ |1§owob0,000

-t oPBiss fer SRz Gh 6 @hfdd adensi ty of a piezoelectric 20

prlnthead The mai n advantage of a high areal density
is | ow manufacturing cost, as the devices are batch

0 8 0 b VAL B RS T s o

ssqrfmeeSOcan&aoﬁvhﬂmh&imﬁlb@re&hai embodimemzhé asalaimsif@xceeds 40,000

fabrlc ted in a s bat c ich. t |c N | Sts
GRS B Pate Sho I DuEtg SHinat bt gl Gemeina Hirozades 3
eMeuagfoal, of the type used in the prlnthead of the :
present invention is, to a sonme extent, independent of

the nature of patterns that are forned on it.

WBEEkRESd b thdiRed? %ﬂsﬁ& %Eck?ﬂo%zl@ 9 | ok MBIV S AR ti:e dive-circuitry

rel atlvely | ar ge nunber of nozzles 3 30 can }
iceErwpaeding iprhe negzlepwhichsensistro typically, ®f anddvmmwtor, a shift register,

008 ATy o AT She0)

déentified), The cost | s directly proportional to the

area taken by the nozzles 3. WO 2004/ 048103

PCT/ AU2003/ 001507 22 Bubbl e formati on on opposite

SWifk sefartndeda Figtreel3dnevhichAchmptedinitgell 4 i MiRywi 8 dithensions of the

h h ater_ 14, is confi d so tha e
8 57 e b e 3 etomn o T 5 (B ES0S ARG The nozze 3 of
|th€1mﬂxd§ucc¢sbwé EIWIBE 2z180nbt &bﬁﬁﬁnﬁﬁeﬁ&ﬁyﬁlﬁ@ép%ﬁes Qﬂu@ﬁ@ﬁle so that,
%f ferably, it forns so_as to surround
ﬁéaf t oF Wrdipension f fheouteperiphetpnoh thepsinfhead HEP: ﬂpqs@ #edp.828

FosA ﬂl&p@&lﬁn THIE & dbSht BRI tQf n&zl*éléﬁlai Gendity &% 9L

si des heater el enment 10 as opposed to on one
éh@ealdnk ;ﬁt prztheadeandraeghiy 4Wdimgstthe nazklerassat density off apigasslectric
%ﬁn&@éﬁ.% In the first of these 10 figures, the

eater elenment 10 is adapted for the bubble 12 to be
formed only on one side as, while in the second of
;[g@?ﬁm va {) = oé‘ali]?o%'l %&{fﬁ&tm ?’s 1&9 %gangﬁac E\/nor uring E:cr)]s 2 Hag%e\efices are
batch fabricated on silicon wafers of a parucular size.

=y

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

directly proportional to the area taken by the nozzles 3.
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is no solid materi a

In a configuration such as that of Figure 45, the
reason that the bubble 12 fornms on only one 15 side
of the heater elenment 10 is because the elenent is
enbedded in a substrate 51, so that the bubble cannot
on t he partlcular si de correspond

g’ﬁk}g@(‘gﬁg contrast, bubbl e 12 can fgg:r#Aq}ZM}%Ohm
bot h si des |n t he conflguratlon of Figure 46 as the
heater el enment 10 here is suspended. 20 O course
eretheheMerelamm 10|S|ntheformofa

s dormptip R ) geterglemegt in relation to
F| gure 1, the bubble 12 is allowed to formso as to
surround the suspended beam el enent. The advant age

f
tAveondirtgisb &emea‘emrﬁwtn@ n hepterH 443 ehafigpmed ﬁm%lahwbqﬂ@rbubble 12 forms
ef fi ci.e h

4 s A D PR rpip B RURR bffoth Y bEmEGudrRichent 10.
rPadferably] i formsisb @s towunbmidithe lndatet blembsialtlewhest drelemeni(s in the

i ch.do notﬁigntrlbute to formation of a bubble 12.

%%%Ofar?s?‘?nfi ¥dted in Figure 45, where the arrows 52
i ndi cate the novenents of heat into the solid
substrate 51. The anmount of 2&3@ | ost to tq5 substrate

eé@&@ﬁ@% obmbyikle 121 bash sidesoh thediertst Flgment 1P ARORAgFYd o on one
@mfe%m] a%l H%funﬁgx@to%li l@ﬁt&tﬁ'@f@l%néeecb @tguve@, 45Qnk B8t mahe filEof thise

be water based t he t her mal

dignreadhe hfpatte,r e&tnemt(bts aflaptedebnthp b@‘?@le 1Dt berfproeedioglyipn one side as,
f e

(ftite 18 e sbchiq 08 oe e EURRERE pd B colo RS BBRAIS bo formed

20 GoH0sAB:R B sBGTN.A1J2003/ 001507 23 Preventi on of

cavitation As descri bed above, after a bubble 12 has

been formed in a printhead according to an enbodi nment

@it abhtﬁigﬁfeﬁﬁ)ﬁ Bhich a3\t iof Biguretdls sthb rdabdrethatcthé ydbes] 2t fomas efsonly one

ﬁw’é tﬁf{;&tﬁ%@ﬁ&?xﬁi@ﬁ%@eg@ 2 LS %51%!:5{]3 %ﬁ‘i‘%ﬁﬂ%g‘l %gtg 51, so that

R BuibBl Rfndt Be &'&&féﬁbﬁ@n@éﬂi&f@ﬁ side ccﬁfbspdﬁﬁﬁngttb ﬁwp;ﬁbsﬁfa& By
of coll apse 17 tovvards whi ch_t he bubb]. es CO||

speirast, thsdmbbledA<as formen Boitbhdes e theeap 312 46 as the

Iﬁgﬁg@glagéﬂ(,lotlgl%lp%Pgﬁg@d Is configured so that there
at such points of collapse 17. In

this vvay cavitation, being a major problemin prior

I
oo AE R A LSRN 03 4 KA Sy RNATRR Bl
labartedin relhtiomen tr«‘mm,ethebxﬂobm h2ga alédqucto foranse a5 4¢ yusrogad the
whi ch f| ne (represented by the arrow 54), and
tS%Spfeorm e%)eg% ‘es 12 so that the points of collapse
17 to Whl ch the bubbles collapse are |ocated at such

g[% advantage of the bubble 12 forming on both sides is the higher efficiency that is

achievable. This is due to a reduction in heat that is wasted in heating solid materials in the

vicinity of the heater element 10, which do not contribute to formation of a bubble 12. This
is illustrated in Figure 45, where the arrows 52 indicate the movements of heat into the
solid substrate 51. The amount of heat lost to the substrate 51 depends on the thermal
conductivity of the solid materials of the substrate relative to that of the ink 11, which may
be water based. As the thermal conductivity of water is relatively low, more than half of
the heat can be expected to be absorbed by the substrate 51 rather than by the ink 11.
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advantage of this feature is that it substantially
avoi ds cavitation damage to the heater 15 elenents 10
and other solid nmaterial. In a standard prior art
system as shown schematically in Figure 47, the heater
elemrent 10 is enbedded in a substrate 55, wt

WO 2848193y | ayer 56 over the el enment, and a BFW@E‘{"F’/@@"”

| ayer 57 over the insulati r?(:’; | ayer. When a bubble 12
is formed by the elenent 10, it is 20 fornmed on top of
t he el enent. Wen the bubble 12 coll apses, as shown by

Preventionoficadigtion al | of t he energy of the bubble
col |l apse is focussed onto a very small point of
coll apse 17. If the protective |ayer 57 were absent,

mhd&mhhedzhaﬂﬁaﬂbcabdﬁi&t&hasstuﬁmnwwhﬁa@an&maiaxmnﬁmgaﬁan

t f t he f th
S bamGR ot e iRt iryentiop e R ey By gyt phepliEpse 17
head:ging € &ﬁﬁ‘é&ur& 9reséﬂﬂg% BE addrBdsed, ite IRy €6k eds Waﬂéb@nﬁgured
|caIIy, such a@%rotect ve

%igt A g é Bi2 %%W@taﬂlamm f ellapia Hi towards whichthg butbles gollapse,
Qﬁra@ oéumﬁgrs a%a 'ﬁ@ﬁttﬁé M&@fé&% dﬁreﬂaaﬁﬁe prﬂfﬂela@mnﬂgmd s0

novvn materlascan f ul yreS|st he fects of
dhatihergtis B solidmaterial phsvch beints pé mlbtpsedw §h@u$ waypeavitation, being a

R e SR

as to 30 effectlvely repalr t he tantalun1pentOX|de

aye t he t ent ncti o
RS Se A FLAREA it B BeliPiet P BER Bha RE O ey gptigured 1o
hate payts 5% mchl&ﬁiw@ps @eprasentediby ﬂfblaifwa??ﬁandﬁlﬁ)rm the bubbles 12
i gnj fican age.i.s. t in.effec
S BB oBea R b oY bales YIfss FeJOcaIfg o fish gaps. The
Edkféhﬁgé ofMBislfai@e iDhatinabbtagtially bidiekERRationHinGsd RthdNeater
the reference nuneral, 59) nust be heated in order to

elempate 49 andrethersglid meterigher gy into the ink 11, to heat
it so as to forma bubble 12. This |ayer 57 has a hi gh
thermal nmass due to the very high atom c weight of

rignart gystene hs sShop achesutically ia Figues 4 thp heter dlement 10 is
bgRdadbd %Trhs{‘u ubktrat 3 il % i BRES 1 ag ?6 e fh]g %f%%ehp find a protective

anount 'S reqU| t he
e X roeverttie ﬁgulabng hyge Whene bubbipd R.at formediry thkeletmentel 0 it is

ﬂﬁ&,&& Qﬁ{ q)f %9 e%elfnénlt Cbﬁ@{, jl:h\é hhgli’lg ?2 n&?esl stsho b?g:k e arrows 58,

SO res Its in a substantl ' 0SS
plll efthe erergshe thie bubbld wiispse mﬁommm a vérg saall puist Gflcollapse 17.

se disadva ot be prese i f.the
R T 57 e w6 e ueBiemied et due g son thet
W@ﬂd@mﬁlf@ﬁl Dy féduesiflf GBS hetgy toal€poibilof cdllapse 17, could chip away

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

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

effectively repair the tantalum pentoxide layer.

Although the tantalum pentoxide functions relatively well in this regard in known thermal
ink jet systems, it has certain disadvantages. One significant disadvantage is that, in effect,
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According to the feature presently under discussion,
the need for a protective |ayer 57, as described
above, is avoided by generating the bubble 12 so that
it collapses, as illustrated in Figure 48, towards a
oint of collapse 17 at which there is no solj <
?%?@ﬁ?q3and nmore particylarly where thereb?gAPﬁgymnﬂn
gap 54 between parts 53 of ‘'the heater elenment 10. As
there is 15 nerely the ink 11 itself in this |ocation

(prior to bubble generation), there is no terial
vivaelly taiwhole reotertive laver & (yvinge et eyt B it B
I&ﬁyﬁfﬁ SRl %glfea@l H:f H8e0 bhstQ th SRR Rerky intd B 1HIEEL o heat

nman usands o egrees C, as Is denonstrated by the
itise notoefom a bfibbls h SThaniaper SFiee a hichitermpl tasp desite thvy high

the.ink L.s_at t_Dpoj ,

i PRt arur e R reqibeibe R s B e Rot ouly
Sﬁe_sﬁlﬁa Er%créah@i_he tf6urd @S hdatiwhichris Efll_.lr:lfﬁ at thle loehisigaated 59 fo raise
this volunme is nof. sjgnificant.. The generat of ..t
sSrorSs el oo i S SEA T 30 S resus
&G04 hdBERal thenBANGs 1d RS Flabsine &EfkclichsiRti@tdddly thamrdwes 61.

achi eved using heater el enments 10 caqrrespondin éﬁ

These disadypntage fosld nptbanresepiif thegatguelement ﬁ@ Wﬁa?%f Fipported on
[ ' 4 I tsed is 25

b BurFlcd Hﬁc?grﬁs? not zg\%ﬁﬁslﬁrar{ﬁﬂ%ﬁo{e%m@ﬁ% 580 IS

symretric an e represented by the
reference nuneral 63 at its center. Wien the el enent

I,S  heat ed . .
R B B LSRR QL b ROk 57
tibsetibed dbove ddavoided By pepeniting thretivhible (18 s fiahit £y llaphespes illystrated in
illusfrated,by .th sh l.i nes .64 and It
Fiatects s Hhoit B reREmeL s PR 4Bk AR oS wlenB Bl more
ghtjtiblﬁﬁirl}v\ﬁvh&e e iv 8RQEp Shdttweort patstBef thelhohter eldhent 10. As there is
ubble 12 js. thus. substanti all i, sc- shaped. , 30.\Wen , .
meregb{ip gég]elsuse{% ﬁléthbsgpcpagﬁg fpriac t%?‘?b(l?iet @E}erg@ongsthfrg is no material that
Bl B ErdddtHRR tyUhd FeBislof B5ViRAoS UTHeMBéritgre dt B poith bk eollapse 17
12. This involves the bubbl e shape novjnhg towards a

gebi avarle many fhepwndsof degiees(S, asds degaqnsiratedy thy Phghomenon of

hi L AR IqURH thelink Sombdhehid bithat Rtk Hoveler, th
: eﬂ%ﬁﬁﬁeﬁéﬁ%‘ﬁgpse \%S)%gg%ﬁ/ 048103 PCT/ AUZ003/ 001507
26luiveiof grtieme thwperaigiea thefpoiti of pedlapsety igso spall hatfhe fesgpetion of

e he I ere is no solid
{rf%tcé" F’%&ﬁ%éﬁ gg@#@%%elfo\g@%@%t represented by the
part 10.31 of the mask shown in Figure 31 is 5
nfi qur.ed L e a,skmlar f
3ip B E0iEh of Be PRl of ik Heaogly Bifss Bhinfof Papse g7 where
greek it A6 seled Mbtetfl canbd apiered asinghater elometim b lcerresponding to that
hol e .67 at _t he

EIPERIGHES DTG PHOAY-64 EReRERk SR I BEuHt clleRlerp b pisputed i
$nB6riedl, 4ddchab B fikle $ERMNENted bY tH@UERreBbe hubnedd] $A at its center. When
the element is heated, the bubble forms around the element (as indicated by the dashed line
64) and then grows so that, instead of being of annular (doughnut) shape as illustrated by
the dashed lines 64 and 65) it spans the element including the hole 63, the hole then being
filled with the vapor that forms the bubble. The bubble 12 is thus substantially disc-shaped.
When it collapses, the collapse is directed so as to minimize the surface tension surrounding

the bubble 12. This involves the bubble shape moving towards a spherical shape as far as is

-

permitted by the dynamics that are involved. This, in turn, results in the point of collapse
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~ 10 configured to achieve a simlar result. \Were the

el ement 10.36 is dinensioned such that the hole 68 is
smal |, manufacturing inaccuraci es of the heater
el ement may affect the extent to which a bubble can

such that its point of collapse is in the )
ygﬁ%@%&ggpined by the hole, For exanple, t hePérpifE2003/001507
maybe as little as a few m éfons across. \Were hi gh
| evel s of accuracy in the elenment 10.36 cannot be
achieved, this may result in bubbles represented 15 as
19e1ng;in the regigneof therholg s at thprentes of the heaten glemenichp, whem tere is no
bsvidihastgd towards a point of collapse within such a
small region. In such a case, with regard to the
heater element represented in Figure 36, the centra

I t ' b i t t hereb .
e ol 1 e e A uaT Lo F it Shomed B o1 s
ofonfighted ps mc_:hirfvehlshﬁh:u bésh]le, with the biisdld gen&@ti%ﬁih?i@éted by the dashed
U B B IO B B bl oo el Bt 7ot e
t deheghtheRenitag zl € pl ate 2, the nozzle plate thus

constituting a structure which is forned by chemica
vapor deposition (CVD). In various preferred

eniROetatie Blefhent 1@%@3&@@3&3 agghse%_la_ﬁilgg offnb Eﬂgagl?s o%sjtnlhi.{é FiHire 36 is also

di oxi de or oxi-nitride. e advantage o

nopfpareg foachiore psinilgr fesvlirdlihery theweBniest 10k isidtménsioned such that
f i i t.hout - i t
6 5o, BAAE a4 S SRIHE HEVBRL ol o e o

assenbling t
aie vileh a rbiblescag be fornied suchi thatdis lpbind of chlliysse issin e region defined by

[ t because e assenbly of the zz| e
RS A B0 RS B 8 o PR o WREZ b v
ohffat:c::wwy_tinﬂ:m a@éﬁmct%mehmamq a%lﬁlé{/ééi?ﬂ};fs()n@%tﬁﬂ{ iitnf‘fbhilsbles represented
C i,ssues. issues_include the potentia )
B I 3 By b ot et s ot of
ploHbese Avithitsuch @ spall tegidn0 ehdhh dabe, WtH kékaRBro ISR 8dment

ulty of successfully keepi ng conponents

%Eﬁ?ﬁﬁd Bafdillg ‘I}W 6ot epntral wgi Kot theelamsnbepgsimpipbe _omitted, thereby
20664s8R0S-EF SN2 34 QAWM. pif @?\ﬂ}a@ﬁe (ggl'rxle d@iﬁ?}kegg to fall.

the curing process of the adhesive
nozzle plate 2 to the other parts. The issue of

IRk 8NP A5 homofh AN HIERM AAGHEL 1N the prior
art, I C [ S € : K jets that can be
manuf actured. This is because the difference in the

LG & f pansi.on be en, fo ,
9 A% Sl of UALTH o8 SRR Ml Blia o sl
W@hnﬂhwingm?bwreFVMtbisifsrmnﬂlmeﬁémﬁgl V@iﬂ&fc%pf)sﬁiﬂi@l (CVD). In

r i silican, s .quite substantjal., . .
&Hlﬁ(i&es Cﬁéﬁ% I’%S/ ?n?%o\glgnl;lenéss %ger%@ 15 ofgiliqon ngééed §1thp%§homde or oxi-nitride.

occupi ed by, say, 1000 nozzles, the relative

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

parts, in being heated fromthe 10 anbi ent tenperature

to the curing tenperature required for bonding the

parts together, can cause a dinension m snatch of

Lgni £ tl reater than a whole nozzle |el ; '

‘a%gﬁ%kﬁéégigﬁi?icantly detnhgnmental for such ggp%%sghé507

Anot her probl em addressed by the features of the

i nvention presently under discussion, at 15 least in

enbodi nents thereof, is that, in prjor_ari devices
#8959 & Frangede PHRE Heses ¢ B ianctuuhioh binds 0ZAEPfa 3o the
gtk patsed onto the remainder of the printhead under
conditions of relatively high stress. This can result
i n breakages or undesirable deformations of the

. L T |- . 3 X :
(e SR el SRR 08 sl ARG R i dth M) the e
20ink jéts thah ean tedreanfaagecdo fThisHe bprawd differncr ipdhadoeffiont of

i.nvention, .a east. i n enbodi ts .thereof,, | their.,.
R BPphER T PPl BorT R el o s shibebh b the
giaimclév %ﬁﬁe llif J:dmgec{wﬁpms&elrﬁs su’dlgﬁ‘fteidt dﬂsggoﬁ, i lquzizel wbpm?ﬁ 2
a OWs e_nozzl e e 0 . | NC I N .
eRCRER, ST o FlL G EncsAS Fist oRenpios Piat 1] ageilch, e reative

R E MGk ARion4Bdt BEcuR! GRS ABe RSB Partd S8 Beinghef€IHrord the
conductor manufacture. Existing t her mal ink jet or

pwbisntemperagyeio dascusing domrerriere srauisd for bRAiRg thempds together, can
i . . bl.e 1er-Aat i .

ok b o I OIEN e R 08 Gan R ol et This

weonbl besidnifantyda@ibentalfonsuch dewiecdsst and such pressure

transients, a substantial thickness of 30 CVD nozzle

pl ate woul d be required. As woul d be understood by

tAmother mioblelnaxddiesset] bg tiaer features ofthe invientkoresesestlpnder discussion, at

P SHEoUE N LGt B0 TEOB0 PO Bt need tobe
Bésibled @R3eaedBpldminktedriito B adfiddigder bhthe phhibkabaglerafonditions of

nitride sufficient to wthstand a 10Q atnosphere.

mlaég@fyr $iresy. @%@Eﬁ%&eﬁﬁwﬁaﬁwmﬁﬁ%@, eé’%ﬁﬂﬂﬂ?ns of the

AL GERNThe Wfk)?ﬁlﬁ% b£ihe R6£14 PlafciBYCEVE %a eMbodifeth 6fe Bresent
a

unit cell It Is not in accordance with the present
iyyeetian ayaids 848 whi ch has such a thick nozzle plate 2,
it will be appreciated that such a thickness can

‘result in problenms relating to 5 drop ejection. In

Brighaadesntapeef the prasentifbrterenefibe iventinny ftdesst irembpdiments
He%o?! gﬁthtg{g %ﬁﬁ@g&g %&yexisft ?gséﬂﬁéﬁdﬁc@ ﬁxﬁn&é?@\ﬁé{ggx&éséé.

€] ec ere h resu I'n significan es In
Deepositing a nozzle plate 2 by CVD allows the nozzle plate to be included in the printhead

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

conductor manufacture.

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

below.
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efficiency of the device. Another problemthat would
exist in the case of such a thick nozzle plate 2,
relates to the 10 actual etching process. This is
assum ng that the nozzle 3 is etched, as shown,

»ge endlcular to the wafer 8 of the substrate

PU3198 or exanpl e using a standard pl asna R 2A¢5/001507
This would typically requﬂ’e nore than 10 m crons of
resist 69 to be applied. To expose that thickness of

resist 69, the required | evel of resolution becones
dFdrfexaople, thethinkhess oénitride stffieient to mdthstaaqba hO®dtmiokyhere pressure in

dt ose Lk
P BP R b i s LR R gt S 49 which shows a
et 1tt1mt $s ot ireatRoidaste Riith (B4 preat BiterBdn kiid Rehich Had¥iih a thick
this costly process. A further

ul d.be relativel
pt%te ?ﬁa |aapr€%ﬁf§§ thﬁ{tmhgtteﬂmasswewtt gyprpllems relating to

Pdrep Gjeation Nindhis 38R, A6 ﬁ:te‘i‘mllgtessrﬂf%B%e pRateck tﬂe%ﬁﬁic &g exerted by
n|tr|de wer e CVD dep03|ted on a silicon substrate

vide aezzle Seasithmink 12 ds jected theretrongihresulisin simificantilopses in the

tgfg& o?th‘%%@%'c@n bet ween the CVD | ayer and the
as well as the inherent stress of within

t hi ck deposited | ayer, the wafer could be caused to

b h e eeth furthe the

%thetrg o%ﬁe%n ﬂ:t%’cr \g%lgé Semst Se Cog l,sr%rhI %Eﬁ,cg %Plate Zﬁ{%es to the
aachmyﬂchnﬁg)probém Tidxziz bﬁumhgttmt ?neaﬁ)ztlb Bak eta}Sed;l& sHow, @B@endtcular

resent entio whil e ssi bl e,
P Ry ot e GES v, GresrBRle s pPURL P BERe fipiag. This
Mesgld @plcmtz,ezre?ﬁke 66 tRInEIOLrhieRnSleMesis: 63G6 BE dt 0o 00 that
t he present i nvention, the Dnitri

erpodi ment o
ﬁg}% gss %{:}gqlg_ 6pat§1§ Fequirpdleps) p§regolmgybgqgmpqﬁ1@$@ﬂt to achleve as the
Tioed aés 6f thé Stepped| Hﬁt & ud@ag e&ﬁUsQHﬁl?eéﬁ & RRAFLP sdall. SATRRbgh it

partl cuI arly significant and is therefore not a nmajor
@begpossibledo expseibismlsvans depth @ffresmtett@hlsmgnferaysaﬁ@s windd be a

G@ﬁh§i &ﬁﬂféﬁgéé required to etch nozzles 3 in such a

nozzl e and the stress on the substrate wafer
8, will not be excessive. WO 2004/ 048103

Z’FIH#I} Q3R M %uldzcgus? Wih gll?clh%t égztl%?lg 23.}%Zéllcase h%tt‘eea 10

'S Tnvention I's ena
g ditiedlayer of hh:ad&:wera‘ﬁ]é/FD depbstedroln)a stljton Gubysirate &lafer, lis that,

not t nos res as | rior ar
e R T e Bnt o a5 08 briioed ti GV P pbstats, a
whelicds tedilicréd lsltr@ss bpwithia tistlg@dpbéited Ndyef, 8B whfePddbuldbe caused to bow
ressure tr n s t
o such a degree er steps in the lithographic process would become impractical.
Thus, a layer for the nozzle plate 2 as thick as 10 microns (unlike in the present invention),

while possible, is disadvantageous.

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

and is therefore not a major cause of loss.

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

nozzle plate 2, and the stress on the substrate wafer 8, will not be excessive.
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required to eject drops 16 in this system These

include: 1. small size of chanber 7; 2. accurate

fabrication of nozzle 3 and chanber 7; 3. stability

of drop ejection at low drop velocities; 10 4. very

éﬁy&ﬂJ¢&ﬁgc and thermal crosstal k between no%ﬁﬁﬁﬁﬁ%ym”ﬂ”
. op{lnun1nozzle size to bble area; 6. low fluidic

drag through thin (2 mcron) nozzle 3; 7. |ow pressure

| oss due to ink ejection through the inlet 9; 8.

sel f-cqol.i operation. 15.As nmeniioned, a e in ]
> Bhdiefefey i SOBIES T s B it s B Sribe s Eeperated in
t e JAambel @ is &ty AhphekiMbtelyCatrodPhere@nd hét 10 aﬁ%ﬁh@eﬁs@& frior art

l ayer 2 involves two relevant stages. One suc st age

i devistenas mepdoned@heYey of the regi on designated 45 in
Figures 24 and 50, to forma recess outside of what

will becone the nozzle rim4. The other such stage

i Hlveot sre snaay fagtarhwhich contribi@etol the $ipeficang rednciibadh greatuesitransient
46 1.0 qFi e nd .50, . whi-ch ac L1y forns the

n%g‘%‘?eéi tgglé‘?tt%?éq@ng[ﬁgsyﬁeﬁ' sl%gsse ﬁg&fi m 4. Nozzle

pl.atmall bizekhdamber 25 As addressed above in relation to

the formatjan of the nozzle platg 2 by CVD, and with
t?le"‘cc \ Hepbon igwf%ea&dic ! ]??52 regard, the nozzle
P3.ak@bilityofldash ERA RE loW 6 Ndlatiedf € thinner than in
the prior art. NMore particularly, the nozzle plates 2

at-e Ve daw finulic ang thermaksressial; Repweenmqzzlessd; pr ef er r ed

esTb gt hoz 10§78 RARbBle BRIl € 2 of each unit cell | is
l'ess than 5 mcrons thick, while in another preferred

efrb B Preidic drag throyigh e (2 migronpndzzle Ir ons t hi ck. | ndeed,

i ' .e plate 2 is 2
zcﬁ)gvn@%tgﬁlﬁg%gé g]r&%&%é%{en Oggﬁglrerqr% tzg%’n di f f erent
| &y selfconting 0fetAtid48103 PCTI AU2003/ 001507 29 Accordi ng
to the present feature, there are a plurality of
heater elenments 10 di sposed within the chanber 7 of
eAacinentivntd aledve irdlrelatios ttel pposeii desciibed whieths aff Fgdres 63 1hthe

the.lit aphi c ,.process, as, descri bed above in :
' dihins A SEAE il EER S a3 it of o eaiiages One such
| stage finsvolvles the dRdh@fgadiiiackeGion aekigiamrt 95 1@Bigaie M and150, to form a recess

Figures, 38, 40 and 51, the heater elenents 10.1_ and
ou lijde: of what will become the nozzle rim 4. The other such stage S)nvolves a further etch,

in the region designated 46 in Figures 26 and 50, which actually forms the nozzle aperture 5
and finishes the rim 4.

Nozzle nlaté 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 présent invention are thinner
than in the prior art. More particularly, the nozzle plates 2 are less than 10 microns thick.
In one preferred embodiment, the nozzle plate 2 of each unit cell 1 is less than 5 microns
thick, while in another preferred embodiment, it is less than 2.5 microns thick. Indeed, a
preferred thickness for the nozzle plate 2 is 2 microns thick.

Heater elements formed in different layers
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10.2 in the chanber 7, are of different sizes relative
to each other. Also as will be appreciated wth
reference to the above description of the |ithographic
process, each heater element 10.1, 10.2 is fornmed by

at | east one step of that process, the 10

VO2RW§Y&8%i ¢ steps relating to each one of t F&T/AU2003/001507
el enents 10.1 being disti nct fromthose relati ng to

the other element 10.2. The elenents 10.1, 10.2 are
preferably sized relative to each other, as reflected
Shdeertiatg to diel present fedteregthagrazma plfiralitygifiheatd blensntsH Ot dispbsed within

s ghaRBC 26 R Y VIR RB Lo R 35 SRR Rt

irddesy B escribed\gioye Wetelifibe b Fighrd BBS 31, ardforneddeie k@Pective layers.
through the nozzle 3 of the particular unit cell 1.

The achi evenent of the binary weighting of the

#)f%d%ﬁ:\b%ﬁ'ﬁaehﬁkasdéh%ﬁ nilﬁorin%s SeuenLm 5E %ehiéafep @lements 10.1 and
ative sizes of the elenménts 10.1 and 10

re

FiOgip dheschamberel, arecd differen sizesgelabve theagherthes| ement 10. 2

in contact with the ink 11 is twice that of top

heater elenment 10.1. 20 One known prior art device,
p‘ﬁﬁ@ast\eiﬂ Heyapizciated wathdefietehomstp rilat @dvsd:dsai;ﬂioh oftheyithagraphic

ure 5 eat er nts 10.1 10. 2
RS et pso Sl Ao df o r B HrEteg Ry TRRS B S o B oo e
oz} @apﬁﬂc ﬁps i:elathfgﬂd g ofle 0Pthe Elemehts M0 ibeiag Mistiectdhinethose
vol urres) el egﬁgts 10.1, 10.2 are forned in a
JPRAEREO) to each other in the nozzle-
chanber 7. It will be 25 appr eci at ed that the bubbl e
12.1 formed by the snall_ elenent 10.1,_ on
r e slgmeaisyl Oslwi@ g are nmﬁelraélw%é rejaiive tg acheﬁlews fqﬁecqe%r ge
%ﬁéﬁﬁ%aelgﬂn the d?&Eréfm of Fight .‘ﬁt 0GR kbat {héj'r % acﬂ—i'%% HHQ@'v@mghted ink

gener at by the conbined effects of two el efrents,

viliemnvaliyags, thakissotthattleay cas pavse m&@méﬁ)havms diffeang tinasgweighted
Notumne a-{c%@a AL bRk eg{e)hoﬁlﬁggf Hm@g)m‘?i%ﬂgﬁun}@c il L’Jl‘&%%rhel%vement of

cause e e] ec e respective
1iRe Wipary zveghangl oﬂihe Soluf%l@s bf thwﬂkl dréps 16 ppdetariniicd byttherelative sizes

t Sj ze t-he v
no%?he rele 1 é) 1 ettngelg?gln e 51 Iﬂ'%ha?ea (f(%%“]:g bggglgxgl% ’tﬁxe et 10.2 in
ejoriaéti vﬁfh thé inftriapstwhite ﬂm/oﬂnqp labafek elemedt 19i1zes or the

ej ection of useful conbinations of drops. |Indeed, the
bi nary wei ghting may well not be represented WO

2ABHAMBHS pHor M@m&@@aﬁmmmd AneEEEsdheditidallg in Flgure 52,

area of the elenents & 2 thenselves, In sizin
a3

has Wypdrelsr glgments Togandip? éw%zaefﬁwh?ﬁé RS9 gized on a
?J&@@y VRISUDE $o ploliod drbpsictwithBiha§ WeldhflliveRnted). TR dMEnts 10.1,

10.2 are formed in a single layer, adjacent to each other in the nozzle chamber 7. It will be

appreciated that the bubble 12.1 formed by the small element 10.1, only, is relatively small,
while that 12.2 formed by the large element 10.2, only, is relatively large. The bubble
generated by the combined effects of the two elements, when they are actnated
simultaneously, is designated 12.3. Three differently sized ink drops 16 will be caused to
be gjected by the three respective bubbles 12.1, 12.2 and 12.3.

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

of useful combinations of drops. Indeed, the binary weighting may well not be represented



10

15

20 .

25

30

generation of bubbles 12, the drop dynam cs
characteristics, the quantity of liquid that is
drawi ng back into the chanber 7 fromthe nozzle 3 once
a drop 16 has broken off, and so 5 forth, nust be

nsi dered. Accordingly, the actual ratio of
g@rzf’%‘goémﬁ?eas of the elenents 10.1, 10.2, IP({}E%UZOM/OOI:M
performance of the two heat’ers, needs to be adjusted

in practice to achieve the desired binary wei ghted

drop volunes. Were the size of the heater elenments
Taeciselyltyy. the qrea off thedomenris Whés 1.2 themseévqsO Inpgizing gierclements 10.1,

L85l R BRI 08, A AR o

t geaerslnqmmf)bukfaiést ]ﬂgﬁm diap dylmemiosmharh@erfsnm the Huagtity aﬁhqmc‘s that is

be a.ch st' t he ur,ati on,of e

Saf e b Sig . BbS | Bl herels 3RipoS A aPp 16 B broken off, and so
tibith, &nt&ﬂbé@n%éi%@ Accord@wBy @ie actaPraft bﬁﬁe WirfHcB Greafoithé elements
exceed a certajn anount of i me, becau ﬁ ce a bubhbl e

191, 482 Ry dheperiosmanse phibe &y beats. geedsio By gd la}@rafﬁce 5 achieve

k@eé’esuédlﬁﬁa@% Wb PRbIRhePul S€ Wi dth 15 after that
time wll be o ittl'e or no effect. On the other

hand, the | ow thermal mass of the heater elenents 10.

é} tsﬁ%g]f\thtg hQ er eﬂ&%énbﬁ d.p I?B%qg ﬁxe ﬂdXNl%yé ﬁg L‘Q&o drliRir surface

tenper at ur are formed and
\akdiag fs th@tcfopsﬁxbé the mlmve sizesjof riddairepsel 6rmeayi hmdjusted by adjusting

PR Pl Bt bl T By Rl ol it e

Riucatios e£the d Seraﬁdﬂ@ulﬁeﬂ oftheeleteste 104101002 i Be. thaimpulisedvidthk.y

it 3 e o

10 hds nucle%ed%hmwfacﬁmre&n%t 16.he10t2)Mheh @fy @irtion of pulse width
el enents 10, are connect ecf totwo r espect ive

zﬁerorhatxﬁénecwkhmoﬁgttwrnmeﬁ%eugh these circuits 70 may

be identical to each other, a further adjustnment can
be effected b of these circuits, for exa

| e by
i pfheriandhelow ek masot fisstetos Rlomats dBntb? Blpwsshem to be

ggﬁe& &%&C}l eﬁﬂ&lﬂ% %&%ﬁm}ﬂg}gﬁﬁ et%{flh%}ﬁtng)'bgﬁ é$ glger f5fthed and at which
Srapei fircldectied. Whilefthe maxiamph éfecuheplﬂsﬂ witdihvie llmwdrlerths onset of

t pect | el .ene 1
t%%]go\i%a cqeah% l?ahlg%drl §8 R anS| s Sogleé%m%% B cwdt't\nls
Tithited onkyblydick dvmlattﬂmcdrawedmel sttt cuti@nttensityl thattcg be wlldryted by
e.twce th | of the drive transistor (also no
&?&ﬁ#}er%]emf:rﬁ%lﬁ,d@%.t 70 connected to the other
el enent 10.1. WD 2004/048103 PCT/ A132003/ 001507 31 In

the rior_art g crlbed in_relation to Fi gure eg
Shewn i Bigwe 5§ thetwo bepiproelempnts 0. L 10.2 are Connect

dnve circuits 70. Although these circuits 70 may be identical to each other, a further

1o two respective

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

element 10.1.
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in the sane | ayer, are produced sinmultaneously in the

sane step of the |ithographic manufacturing process.

In the enbodi nent of the present invention illustrated

in Figure 51, the two heaters elenents 10.1, 10. 2 as
nmenti oned above, are formed one after the ot her .

YRR 48193 described in the process ill ustrat’é‘é‘"/wzt"?f”‘m’o"
reference to Figures 6 to 3 the material to form

the elenment 10.2 is deposited and is then etched in

the |ithographic process, whereafter a sacrificial
Ilajﬂm'prB)Q aﬂde@éb@ﬂdhtdaﬁmto Figyres2, (iedicatet @mcnts 10ahd02hwhich are

d
of BBy, xR R e P B e sfo TS
Imam&rcturmg @ioeads. Inaeesbodihentlofiihe preaént ﬁm&nﬁmnﬁsﬂrated in Figure 51,

St{x tfrst% ol ??&22 qg%ﬁsylgggtga%o%rét nograph) Ca:&ertheother

Ffﬁa&ﬂ,r&rms@ms&mqa@p:ecésmlﬁ@a@d Htﬁfe%’&&nc‘é't@ Pﬁgufaﬁ 648191, the material
heater elements 10.1 and 10.2 nmenti oned above,

i farmthe clementdven fengsited-rmd iy herm piehadan thetihograpRisPracer
Peahie a§a9n ltl r§§f§'d§ ﬂg&' éﬁ &(@g?thapél@%éﬁ’tbééﬁ'tgéﬁttﬁgmateﬂal

rop vo unes one no
dpthe othst eemerti éO 1 lsnﬁ@patmb tthaptbe sahrifivial blyemiebetwegn thetwo heater

d. ..
AU s P RO Npt m 56 30 SR Sl
fseapeandtbesacnﬁdaldmyeswmrrdm&treda | ower print resolution.

20 Furthernore, under the same circunstances, higher

.speed printing can be achieved. That is, instead of

J'Rﬁ'érflﬁfg efideiafgin ];ame difepent éizéémftﬁélﬁbﬁteii\ﬂ?ﬁibﬁ’c@ 16.0 and 1®2, as
nozz, 0Ore e equl val en one, or
t’%‘ﬁ“él@n%if %’Bge ﬁﬁlﬁ‘ﬂs t‘b“e‘“&ﬁ‘&&% at 1%@?‘5:‘&? ‘%@ e%%flfstt%e sized so as to

b SRLE ?Ieef)ﬂn&rkr ®Rbp {nﬁlﬁmem&ﬁ bfe Rodzf 300t a
limting factor Jectlon and hence printing, up

to three tines faster may be ach| eved. In practice,

I ical: .
RN apotcdfe a?tfagrv@mkeﬂl 19 drBPvonbs dalt B Siboga g dspecally if
ttheeare binggivtwejghtesh then ph@iogrephw quamnecvanépetobtapieé Wik using Efwer
gﬁg&gjdgts( %la@mko\ﬁ%rgﬁ?ttrh&lm&' mum si ze drop) has been

a mnimum volunme drop has been
ej ected. However, in practice it will not take as much

BB WS e B ARk b ol g A Thats

lﬂsteaa(bf Rat gedting gnd dropilg un®thed waltihg e thénckIR\Ito refill, the equivalent

schemati cal_l aj of ad ent .unjt eI | s
PG54, Pt o8 Bt pCmigh 1 giootich ASETEE it b VAo Frdapeed of the
Soadlé g s ridt b HEGIRMg fd&blt" ﬂlci egécnéﬁ,céﬁd bR Psin tn!i?ﬁﬁ tfhfetidths faster,

and that, on the ri after adrop srraller
vy heachiseedy é@ﬂra@jlf@ch%@vem fhe nogde gefilldinag wilkigpicallyghera limiting

Fisa, e S S M o BT et

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

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

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

Referring to Figure 53, there is shown, schematically, a pair of adjacent unit cells 1.1 and
1.2, the cell on the left 1.1 representing the nozzle 3 after a larger volume of drop 16 has
been ejected, and that on the right 1.2, after a drop of smaller volume has been ejected. In
the case of the larger drop 16, the curvature of the air bubble 71 that has formed inside the
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32 partially enptied nozzle 3.1 is larger than in the
case of air bubble 72 that has forned after the

smal | er vol une drop has been ejected fromthe nozzle

3.2 of the other unit cell 1.2. The higher curvature

o SoifoRids bubble 71 in the unit cell 1.1 res%f/ﬁUﬁOﬁyﬁnsm
greater surface 5 tension fgyce which tends to draw

the ink 11, fromthe refill passage 9 towards the

nozzle 3 and into the chanber 7.1, as indicated by

the.arrow 7 ves rise o a s

¢ Prratl e vt B 8 e e thSoole B REGBHIeT ghat i frmed atter
degisgiaBéredlufte drdpBistebGed@NEdh kihokle 32 oTiledthek @nit bt 1.2.

in the adjacent unit cell 1.2. In this condition, the
chanmber 7.1 of the unit cell 1.1 is partially

r ?ﬁé hibR& BRANE6r R Jf‘él{ ﬁ&%letﬂr]ﬁ 't&rhnft%ﬁ §. lglgﬁﬂeetg H:e{ SEALSurface

reduc&d. This results In the refi OW ng
dispsiomfoaee whiclutphds tatdravhibe n:§<t Hg&omtherefillipassagafhigvaids rthe nozzle 3

: %tt\({) ﬁ@&g@ %}] miber 7 2 T,Z;’as M&a%eiﬁi%sltfle e%trow 78 a‘i‘llug E{v&f née tc%'% rtaeg refilling

'S associ nonentu
btme. Asthabhdnsteed.] r&ﬁl& mmcl&’ls la sk, eletigndted T, s/hers ﬂtdmhdition is

CHERED e in bR AT Respl R, AR Spigho. i fpap ) prthownit co

bwp by artfellyl refilddese l&te shff@dé térs A fordb 8% thBRfeOREdel.0OThié desults in
present, even if the volume to be refilled is three

t speeblowing dewn gyradhopsh, af fhisstage. yhem thiscopgifign is reached in

t ihB@ At déﬁ 99, o HBw cﬁﬁlkﬂnh 1ﬁt9 eheCRARDS"7. 1 wikh 89 6ksHG#dd ﬁo&eﬂﬁm has
Heat er el ements fornmed from nateri al s constituted

e K S AT e AT C IO A

1S9 TR A U SR 1 i o
cwhtthe congifidny74dnpregant, woemeit ﬂsrvpbmedo dle efvféhd s theew timgs tauger, it

O%Erhgt t%% %{mch %S g19¥¥ Otmgegdongl\ﬁtop L&l grpﬁgb? ij b l:rllotzzlel'éel

omc Wwel n 4o
enbodlnent the atom ¢ weight is below 23. The

Iess energy IS reqU|red to ralse t he tenperature of
t eat er eIe s 10, This is. because, Il be
ﬂﬂ%&é v@ye @t@ lg]epqegtla 1p :l?elpg gorg}%fi 0 gcﬂjél matenal at least 90% of

WHYBIE o vt ght Q6 c@ﬁutu@érdtyy%e ot ﬁoﬁsp%ﬁﬁ&b @Hﬂén{s abahesh 4t8mic number
the state of npvenent t he nucl ei he atons.

Arekast - nig apreﬁetrewmbodt@% theeatqrpic é"%hi‘ ta}gﬁl%39 avhile in gpother
te%{ﬂ%atﬁénwtheamev&emte%w%uce such a  nucl eus

nmovenent, 1n a materi al atons havi ng heavi er
nuclei that in a material having 30 atons with

| Tlgha'ti%n [Bé%lfg tl Q@&a?{]ﬁdﬁbser fsll‘i%l]{}: %ljﬂatea{tgng% §f@ﬁé rgejtt&rﬁ:aﬁ E%vg a lower mass,

heater el
tmd tﬂtdmfme lals energy inraduiney to fatse Mamémumﬁdhéa‘g&:atde elembtts 10.

%’2@ and %&@6@%8% k}g %lf)(sg i mrH? e temperature of an

artlcle is essenttally related to the state of movement of the nuclei of the atoms.

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

atoms with lighter nuclei.

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

aluminum alloy (for example used by Hewlett Packard), and hafhium boride (for example
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33 used by Canon). Tantal um and haf ni um have atomc

nunbers 73 and 72, respectively, while the materi al

used in the Menjet heater elenents 10 of the present

invention is titaniumnitride. Titaniumhas an atomc
unber of 22 and nitrogen has an atom c nunber of 7.

Wﬂé@é’oﬁ%{%n als therefore heing significantl fCFAélﬁ?oé}rOObm_

than those of the rel evant grl or art 5 device

mat eri al s. Boron and al um num which form part of

haf ni um bori de and tantal um al um num respectively,
peddyrianpelgEmtalumeand bifaivm leivg atopgéreumbere T3 andg2, feSpecﬁvely,

IR D X AR 4 A B

titahinni mmdendemme hafan bforia ntraberf 2 amﬁmﬂﬂg@dhanﬁn at?ﬁmusnumber

ggz%@ FPé?@F@ thgy ﬁ‘:g@é’eﬁ%re?bqg%}s%%lydléﬁtﬁfﬁ%“t%ss Qf fhirelevant P?lor art

dédisd d@eridlt.t anium nitride will require approxi mately
three tinme less energy to heat than tantalumnitride.
As will be understood by a person skilled in the art,

b'afonddnﬁ BRERAGE WHlcIPREH Pt bf‘h&n&&tb%hbé hnc?tfantm\ﬁﬁl aluminum,
different tenperatures iIs represented
X&m

t@pmwlwﬂ@m@,rare ehtivelni ajaialy Howwver, éheAiﬁnSIty of tantalum
I p e e | ?@ 5 %/Jn? g%ﬁ%?{@%%%}gh%ﬁm% 111(5:ude§ ﬁt&gﬁn mplace of

tdnahme)rls 529 glrfn’t ﬂhusqheaanmﬂbntammmmdg hag dvdenditsnsf apyromately

ot det . he at. unbers_as
Dbt s e i, e ol PR Bt e
tieddss emghyto heaﬂ‘thuﬂmteldnbgitﬂdh e Aa il be undepstmrdbyaf pekdog skilled in
P a2 S Bl it B et
ﬁﬁqugvﬁngeq@hmes t he heater el ements 10 being '
configured such that the nass of solid naterial of

each heater elenent that is heated above the boiling
poi nt of the bubble fomdggxd & i e the ink 11

~in this enbodi nent) to heat tAe ink So as to generate

bubbles 12 thereinto cause an ink drop 16 to be

S itondSerk 082 1RO SHINAN. 115 0.0 Ghehc M capacity, Vovis the

mlnmg;mdm is fhe dambétheemi@g? ?rzhhoughehe deasity is sof Mnimd only
h% a?ogmf:g 8%?-, ggr]ﬁ %@35 flugcti}bgtof 81%%1{184 oo%smtbal%g,l & @etnsfbb & strongly

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

the feature under discussion.
Low heater mass

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

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

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

picograms.
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pi cograns. WD 2004/ 048103 PCT/ AU2003/ 001507 34 The
above feature constitutes a significant advantage over
prior art inkjet systens, as it results in an
i ncreased efficiency as a result of the reduction in

’ t in heating the solid materials
ﬁﬂﬁ%g%mgﬂénents 10. T%IS fegfure is enabled gﬁgﬂto(mmmnan
use of heater 5 element nmaterials having | ow
densities, due to the relatively small size of the
elements 10, and due to the heater elenents being in
the formof suspended beans which are not enbedded in
OfiSho PRt etofstit@Ss 4 é@ﬁﬁ&in@ﬁ@&ntaé@!ive? iﬁﬁmﬂr@mkjef‘systems as it
Figure 1. Figure 34 shows the shape, in_plan view of
aesnits ko fincreasedeffigienbeaseresult of¢he Tedection ingnergydostipheating the

EEHO I 3£En S o%he hlg &%ﬂg&gi ) ergﬁrig f‘é%tﬁll dls Qﬁa@)wdﬁ] a%% thg FJS? %féleater

hebaxtemt nmteﬂlah ﬂnhvﬂ@ lomf dénkdies; , @i tockh ereaidtiveliy tsmial srmwf the elements 10,

00 ok 0 S SR e e

Jéaab%&dddrin bit@timeteddls, R ABushHiSl, for &an@lepin FigRe49 which is
2 microns wide and 0.25 microns thick. It has a 6

mcron outer radius and a 4 mcron inner radius. The

k@t 30 SRR thdBRPe, 'ﬁ?ﬁﬁ vitlaC 884 A8k fof FBmike the heater structure of the
correspondi ng el emen simlarly represented by

reafbefimpat ofiheprintheaiGhagn mﬁgprg@ﬁ eAgordipgly, ag F@g@?ﬂb;epresents the
ﬁ f%étgeagg&&maﬁg oloP@lat élgb% ERSE LAY 11f3§’enre§ SR Bssing that
ral as

gure a’ mass
meaicgqslmt Theheatdn eleeieeh@rrbge@ted bo Zefm@meemw@d()ﬁﬁ in Figure 34
Ei gures .3 39 and.36., for ex I
PN Zaripost S oinich 2o B o p 5B ol (Pfhs o 6 micron
eiueaﬂwaﬁuma el ﬂmroinrinﬁeln eardfml Th@mtaiiheatemnhdss mt&iqnwgkamsl The

(bein ub u1d|nth|serrb

(P DPSipE pleinam 12 S aepIrOeh TSl ER SR gP (U h Figure 39
bak b tdags ngts pdogtdd@ dnflehat WO kdprédented bypktfdrshcbingiheral 1 h36tin
these masses as the elenents will be coated with an

S1IBEe 36 bay 4 Wass 98 2P 1P PIvEErABeni cal | y inert, thermally
conductive material. This coating increases, to some

extent, the total mass of 25 material rai sed to

H\V@ﬁ@he elemgatp 40,1408 repsenenist imFigyreg 34138 da for 3’@?‘% Age used in
c‘ﬁc% %?Jﬂdf mhéévo?wa%&afaf&cﬁ %&E‘%ﬁ%ue]lpwﬁfch i SRR ESnR¥t with

contformal protective coatl 30 coating
Heevinki§ 1 Gecime thp pilbbdelformireg liquii Mébs obbediment) Sabistraised to a

%IE i n%gg% fo(%tﬁc%?) %rbson&%?&{ '1&% v@[l be ?l?éﬂtﬁsfﬁghe}—ﬁlgn these

Nng era el ec
nna?.ssscam dmﬂen\mts Wﬂi bneh:eamd a/hﬂmn bleeﬂrmdmusulttag ehehmgdily mert,

t %&Eﬁ%%@ﬁg uv%téxllm a% ’Fing coa g%c?ga%eresr dso%g%% en net tbtai mass of

material raised to the higher temperature.

Conformally coated heater element

This feature involves each element 10 being covered by a conformal protective coating, this
coating having been applied to aﬂ 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 embodimént, the coating is of aluminum
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WD 2004/ 048103 PCT/ AU2003/ 001507 35 nitride, in -
anot her enbodi nent it is of dianond-Ilike carbon (DLC),
and in yet another enbodinment it is of boron nitride.
Referring to Figures 54 and 55, there are shown

hematic representations of a prior art 5 heate
‘%?éﬂ%ﬁf %D that is not conformally coated as &fggﬁgg@@mw
above, but which has been “deposited on a substrate 78
and which, in the typical manner, has then been
conformally coated on one side with a CVD materi al,
disday frnanethey enbadimentrit is@f tiamoh@ likocarhangDIEY) sand duly et @nother

nst ance, as refl ected
%ﬁ&ﬂn%tﬁtég;%&lgrﬁﬁﬁ{%ﬁée 56, this coating being

deS|gnated 77, |nvolves confornally coating the

T N RE L R RO AL

héatér@eneénemat i Qot conkBhalde badeds die@karhabov§ bat whlch has been
structure isolated from other structures -

flepositesk onp subgfeaiefiornd Waishyin & tyienl mepesrchas @ea@é@as@nf@nauy
@J)altecﬁn $R&iR 'vﬁﬁasa SiDthgeshiS ated 96,118 cbRird€ ¢ }%e coatuﬁ referred to

under st ood that when referenceé is nade to confornma
eeryeiimtreprasendlinstanae, as Oeflegted sehemiatically deEiguret %M@hﬁ@@mg
}igs?%?g%q %ﬁél@% ﬁ% Q%% gisg%l?egn(fgte&{%l dwés%ﬁnﬁ{ageomly
Eﬂioa/gvamlmtmn:fahhgl coatirfg ’g?lmealfﬁdes lem arilrbe amlmvdé if thhalémers 10,

SRRkt Gl PR R i G By form of

susperaied deth, By tHabtherds fegessio all @dtHeRfleabDiRg elethiend. engt h
of the el enent. 20 The pri mary advant age of
conformal Iy coating the heater elenent 10 may be

;trimrb%hﬁa&stow hBt WEdSeRNEGRe SARER t6 G@ifé‘rma!l? cEAiﬂlgrﬂ@eSeléﬂent 10 on
and, 55. can be seen, when the conformal _coating 76

L Sy itRelopfrsle e ot I aen o as ) i fomed i the
gleGroaRs 1514 M@§at9@ﬁ9§ﬂa£ﬁ?aﬁ@éﬂﬁn éu?é SR oftbf % ﬁ{ei 8 é&’ is meant by

constitutes the coa for enent on t

eppeorstally coatiag theidrarntd Olop all sidles isdessentinlly; ghat feelement is fully
ji 14 ; heat
SRR $in fonlhaf OOMAE Mty BRI AL, Bty 1021 ©

substrate 78, results in a seam 79 being formed. This

SRR T SR s MRS 5% o

with asfereaiei aive apain,ao Figured Sacedds. AL clube was,avieh ﬂ!id“@nformal

FEREABIFGPEIG (e it 150G AR the Bt S 10 S oeppaied Lo

peatd)ffedtrely cdnstithies tHeltohtin! for thS elRBlepVén 1BOsids o dﬁpbsrce the
render the elenment in the formof a 30 suspended beam

f Y BRPHef. GoAHIE o {0 ERQSHEE Of B CONRTR GoRng 7 OcRpdhe hoater
t1b@bEN 0SHE 885 Afrh AP porfRUndhdQibstREO RS, kad:8s Hheseaﬁw@emg

material of the coating 76, or of the substrate 7
formed. This seam 79 may constitute a weak point, where oxides and other undesuable

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 subsirate 78 below, so as to render the element in the form of a
suspended beam, ingress of liquid or hydroxyl ions may result, even though such materials
could not penetrate the actual material of the coating 76, or of the substrate 78.
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WD 2004/ 048103 PCT/ AU2003/ 001507 36 The naterial s

nmenti oned above (i.e. alumnumnitride or dianond-I1ike
carbon (DLC)) are suitable for use in the confornal
coating 77 of the present invention as illustrated in

HBhHesstG due to their desirably high ther l'TBéCT/Amoos/omsm

conductivities, their high jevel of chem ca
inertness, and the fact that they are electrically
non- conductive. Another suitable nmaterial, for these 5

p 0S€es., IS _bor nitride, .al so..referfed t.q.,aboye,

AP R BAGRAL gt AoVl eraltiinugn nids prdiond e Sehoh (O are
7 uitiableifeiige tncthé cdnforil adatiag 77 of the Biesstit Dyehtivy o« ¢ihisiratdd in Figure
DB s St s i 10 of il inrmes,
C TR BBl thalth&GSre SBMriRByYSELond o) AlothdOsubXRBR]aRrial, for these

printer in V\,hi.chethe printhead is used The conponents
deypese dtbaponitiideoalsn 1sfarted ¢¢ abovpr Althonshdheadhoiontf yraterial used for

| o . . . | . .
N i S R Bk
pmitetible athentbahuthes m8Riondd) ederedbpdetve swtabledbanetedintids, may be used
beltovxc/1 15 Referring briefly to Figure 44, the array of
n62%t%s 3 shown is di sposed on the printhead chip
(not shown), with drive transistors, drive shift
regi sters, and so aon (not shown), included on the

xamile printen %Wté@iaéle@prwzm%r%vsqﬁ connect i ons
required on the chip. 20 Wth reference to Figures 58
and 59, there is shown, in an expl oded view and a non-

X @dpdnantsdescribed phevel fumh part af printlidaé askemblyulidch, in turn, is used

assenbly 8 i.ch includes . pri,nt head chip.

B3GR siptent o Gprindieat PRyl Tt ialatess sy Of Bintpad modules
t §00i Thzhe Bpédes 26 8&oHbad befolv.such as that shown, there

are 7680 nozzl es, which are spaced so as to be capable

of printing with a resolution of 1600 dots per inch.
Tk Bridy to Fighs M4, $8YrkGr 86-AR 38h6Fh iispdsed on the printhead
different colors or types of ink 11. A fl exi bl

(AR oL EBETF With A58 e e driyp Shig Tekigiets; T9aoiop (not shovm),
CRORES dRdnd &tn%eg:ﬁlg% ?)F];l.&h%%deuc%ﬂ?ag nﬁrﬂﬂ&l&f '0&913%1@ r&fHEd on the chip.

and data to 81 1I's bonded onto a
stai nl ess-steel upper |ayer sheet 83, so as to .

e 951000 % ISR g 0

vixploiedreisw] nespectinaiy) e/psinthead mefulwagsemblytdievincdt ndatles a MEMS
e Byt RS D BE 8  p RETl Mhesty

81 such as that shown, there are 7680 nozzles, which are spaced so as to be capable of

printing with a resolution of 1600 dots per inch. The chip 81 is also configured to eject 6
different colors or types of ink 11.

A flexible printed circuit board (PCB) 82 is electrically connected to the chip 81, for
supplying both power and data to the chip. The chip 81 is bonded onto a stainless-steel
upper layer sheet 83, so as to overlie an array of holes 84 etched in this sheet. The chip 81
itself is a multi-layer stack of silicon which has ink channels (not shown) in the bottom
layer of silicon 85, these channels being aligned with the holes 84.
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37 The chip 81 is approximately 1 nmin width and 21
mmin length. This length is determ ned by the width

of the field of the stepper that is used to fabricate
the chip 81. The sheet 83 has channels 86 (only sone

of which are shown as hidden detail) which ar h

Vo 2004848 der si de of the sheet as shown in Fi 5§T’2%§@.§/901507
The channel s 86 extend as shown so 5 that their ends
align with holes 87 in a md-layer 88. Different ones

of the channels 86 align wth different ones of the

He eip @} is appeoxivpisly lsmm mmdthpnd 2 by lonetth Thisdensth is
?.%%egﬁ'm@d bPUE widih ¥ Ble £ iepi) @Qﬁg uld 16 ‘%ﬁ&a?ith@ phip 81. The

ent” respective co or o except f
(slmn Bhgs ahesreimni @Edlysdme dhwkich a&tshmlvaa mﬂaﬂd&ﬁﬂeﬁaﬁ) whiclnate etched

%”%J'&S%S%f Tt o oW Bt chhe ARt o G P shown so
hﬂﬁdt €Rir®dds alignheithipper 8750 a hig-fiyest® Bliff&3nt ohbaF ehd WhhieRls 86 align
crEp e PO 86, TH80ken 87 i MR igh Huk Shspela 84 ea lower

Qé;leﬂw tath EHanndlRg cfalliiﬁ!i & tiffefont fésﬁelctﬂréjccflér%\f/mk, except for the last
communi cation with, the air channel 91, as I ndicated

annple depignated AL ﬂ"@lsslast chqnéel 9 iesn ainghannd gndqis slignstl @ythdrther
@Bﬁ:@?@ﬂl thBhf4 Hﬂ@r féq Wit I3 al : ?@%ﬁngﬁéa Beurte holes ?3 in the upper

Conpressed 15°% an alr source

ddverhpetcfat éﬂlssethvéeS&ﬁam\dign@lWﬂhﬂmugmr birts %afdvar% m@kqp

gﬁ%ntngﬂéé% B?,ﬂsoﬁ.ﬁ&%ﬁe%e {HEGIS}%Q(Q gft@gﬁ he%l ‘g‘lﬁé é{ld l% 5% m Urc lélaffllﬁd flow

tcapmohizaiivel witla \tee aiféhanned Shes ﬁndszcmlteﬁ, byahcjddshedtlhle 1®7bl own

into the side 99 of the chip assenbly 81, from where

it is forced out, at 100, through a nozzle guard 101

Wi fdwet Diyer S0 hdsiheles 98 sp@sng ihid thegPnbdle’NQEzh@tel 910 aTompressed

SRR LS i e S o LS o B g o o

96, anltl R dabiRs BheuphahShdl& 923Rd 98 BEMslofs 0% oW @k Iﬁﬁ%’y%x‘JQS Ko sheet
hol es 87, then _al o‘b&respect ive channel's 86

t'he
&5 gad e ipp Srnnel dayepYeFespeckiyely, and dthergblown e ﬂl}ﬁlde 99 of the chip
%ﬂﬁﬁlglvﬁoﬁ%ﬁe B4 Bfcel G&E atslhﬁ %rou@l?? %e Wdl‘w Hhich covers

the sl ot to the ch not e
themoezles; éo kema thewozelss dfsartOﬁ eamodm Dsffqrmﬂmdored\ms 11 (not

3450 4 PP 35 510 e S g g
\‘ﬂuoughse&phctpfeﬁmles ﬁﬁahcmﬂomqucmdcé\atm& 86on ﬂ’ﬂ:elélaﬁﬂlﬁe of the upper
J5EEAER 1 LML e Pl G s
Eﬁs chips8 1s dhwilbivd wotd Hratthavme jiss sevemof ik @bleedd intthe lbher layer 90
ARG e e S Sl Bt Mchbg0Sh

Shds€d tiotthie/cHi mﬁ 81 tBPREDing Hectddop theXys30 noﬁﬁesqfn thdgnig.hi p
assenbl y, ich constitutes the nozzle guard 101,

enables the filtered conpressed air to be directed so

8zt 0K 8PRhich 8 sTie Z7dweoHafthital 8o dhifthséeMbiFdd FMgures 58 and 59

is schematically shown, is now referred to. The center layer 102 of the chip assembly is the

ﬁ

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

represented schematically by dashed lines) clear of paper dust.
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represented schematically by dashed lines) clear of
paper dust. WO 2004/048103 PCTI Al J2003/ 001507 38 The
| oner layer 105 is of silicon and has ink channels
etched in it. These ink channels are aligned with the

‘?ﬁﬁ"%”% 4n the stainless steel upper |ayer %ﬁﬂm@%ﬁmsm
e e

eet 83 receives ink gnd conpressed air fromt
| oner | ayer 90 as descri bed above, and then directs
the inl- and air to the chip 81 The need to funne

nk,and e i received.by. the 5
Gt 1581 1 Gfs of HShor 400 ik clBmbig STohfin 4 TpSaink ghpmels are
ﬁﬁ ¢d wiltethe RbRs 84 ﬁﬂﬁ@&t}ﬁnﬁgs stdeSuBiRE BiyEieshedt 83 WDk sﬂleet 83 receives
e

rw se be jnpractical to align the | arge nunbe

BY)copprepeqd aisiiem thedewerlaer 30 asfesprified @bevay @éﬁhem dirgefs the ink
%& Wi & e BRHH8S. 98 hékﬁlttg ?lﬁl!ﬂ?lvﬂ?é ink 3% bir $8m \gﬁb?e it is%e%by the
'S conne tedtot e s reglsters an
dowmla}{er 90, (virothe sidaypr $8and tupper 14@r &htqthechlmeeﬁmhlmﬁlm because

SRR o BB U PR Rl (RN el omrcs 3

evithethslatget, dessiancuaste Rplox98 ih@he lower ]ejrér@@t this
encapsul ating, a dam 108 is provided. This allows the
epoxy 107 to be applied to fill the space between the

daed08CBIBY ik b&nﬂé&b@to&ﬁém kegisteks &l dthatcirbiigy mof. sdwhPcated
are enbedded in the ep ox Once the ??D

RathedRveg 102 pf f}:FBP%?EFE@Yth]’ue Fhip BRSRaPGdt g@é%%‘”ﬁs&@ﬁ onto

kiR IO wiRY ARAREST erdituliitatin aﬁ‘&%x& R@M To effect this
mechani cal contact. Referring to Figure 62, there is

shesarnlasingendeamn d 4 isprovideds Thisaliowd e PP (o} be Aprlin kil the

PR B 8 B R0 BB CORRONE et

Theeeppxy r@ieettic ewsw il blasmrdesedc Ulpmtgw the Wirgrbonding structure from
z%n nat onhbyﬁé%)gt S{di’dn 0 S Caﬁéita%{ US letter

?ype paper ncl udes el even
of the printhead nDduIes assenblles 80, which are

%&Jed on;:og‘ﬁf’gg éfitb\%t e nel%‘?ﬁﬁ’d&r‘]’n%ﬁ%‘%\aéfﬁ%SPﬁma‘l

a@@ﬁblﬂewmtlﬁau&y ahim 6&Eﬁéﬂﬁbﬁeﬂtb{fiﬁmﬂie§d thddule @s@@nbhes 80 as

prov to supply. the 6 25 di,fferent colors o
JP E¥®rpt asHEHhesd pssegbly @ it eandl ga&éémnag%wgifﬁ PIARer,

%ﬁa[,}é(i&dmﬂ){@sllglte@t};pglﬁ se 112 is glued into place in
the channel 110. It will be noted that the hose 112

i ncl udes holes 113 thereln These hol es 113 are not

Wﬁggﬂﬁea\ﬁ’%@&ngﬁfl ﬁ z,h? S&ﬂ%%s&ﬁlbhgsem which
ne ar e 0 a ITE y way of
pts| gluedgmtdﬁ,/mfogirrm plzpnael HdP in ﬁhp f@msqutmetal(pl@c Alserigy)of groups

I S
éﬁ%e%eigﬁ%léy%cﬁ dfgiﬁ?%tgd]‘nafos : el%%ﬁrg:% é]?&l mi}a@seﬂl %c[: iéﬁ()vfh%d to sixgply the 6
differametdled .of Tikeand dheniptSseduliveto theehipadserhblieadl. An extruded
flexible ink hose 112 is glued into place in the channel 110. It will be noted that the hose
112 includes holes 113 therein. These holes 113 are not present when the hose 112 is first

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

comruni cation, via holes 114 (which nmake up the

groups 111 in the channel 110), with the holes 98 in

the | ower layer 90 of each printhead nodul e assenbly

80. WO 2004/ 048103 PCT/ AU2003/001-,07 39 The hose
WOPPHA48183r al | el channel s 115 which extend t & T‘g{;&(p{qm*m
of the hose. Atone end  116° the hose 112 is connect ed
to ink containers (not shown), and at the opposite end

117, there is provided a channel extrusion cap 118,

whi ch serves to plug, and thereby close, that 5 end

t I at
e DS IR R0 S M FORD1S g one o
ad 6athabbse1atiecohasctddie stk coﬁiaﬁlefsf(ﬁdstmhbwﬂ)lﬁnd&m ltheha@g%ﬁe end 117,
int exert pressure onto.  an asse
R iF TR oA pal iR 1, MR eos R gty close, fhat
hagd of 8e%odezl Which 10 extend through not ches 122 in

the downwardly extending wall 123 of the channel 110,
to locate the channel and plate with respect to each

O4 BfRfal td?lsl%ﬁ{ IBAif?ﬂe‘?% fm'i%e eﬁ@éé'te@% chndePP dﬁ)ta%d%&oﬁﬁ and

bus houg nergy required to operate
asepm ast dhessl phatecior thieseg The chavacliil@ sndh hoaed\mnn tumm, exert pgssure onto

dag en}%iy Mgﬁggltuh%vfe% %gteh I&? 1{sh %? Bfa equ ?\ﬁ@sgtfagwmch

printers, ere are a
rmmnﬂ ézoleh notdhbelzmn ithet dosansl amily agtendmg:bvalhmé off he channel 110, to

ro t el 6 s the nu of nozzles that are
35% %‘F%HP é P#F‘F{’r%ﬁe&%ﬁ"tfﬁrﬁﬁﬁ’?‘ﬁ%@& As the nozzl es
3 in the present i nvent| on nay be oper ational (i. '
fire) Qqn_a can ous baS| ur|n the
?‘%{ efrusiohd S 13%?1“:? fe\ﬁppner de“ﬁ&BF@ng@ FREicfequired
hb gﬁ&atefalﬁﬁﬂkm&ccbﬁmg% helpnaum ﬁehﬁ&ﬁ@@ﬂ srdeﬁmn@@nh&hqower

current reqU| rements will, accordi ng(i(%]{(g e hi

# of keoywe thermal idiatsinies theee are g abgut 5%@0 m?zles 3 in the
it b 0 0 A 0
pymeellyifoundiio typieabprigesads. Avta nezzisiitin theqmesettdneentionmey be
| i b
B B 289805 0O SRTRERARAR' G it rover

conduagtion #41B be)an brider of| mmmhs]edmheaﬂxas tha’r/\m sudif krtolwa printheads, and

rts of the fl 2 fot

L iosf robtestenR bl e Ba g By b o FR RN Somsumption per
apsdebiill bs aderdera:ff onstitide dovedraitnahat id the lmbdwepﬁmIBMB tThe busbars
Igte 1%3 vH{g,n ion,124 and .busbars to ?
5‘8 1 itk Oawq &1oF Fysk peyer TegRirements, azf%mva?s ¢ads 126
k3ficA fefd. t i oned bel ow, and in contact with, the
strips 127.

TS0

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

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

Dat a connections 129 (indicated schematically by

dashed lines), which are |ocated on the outer surface

of the PCB 82 abut wth contact spots 130 (only sone

) re shown schematically) on a flex R

B85 ey 2008 0015Q7 40 which, in t‘ﬁ‘?’%%smm
i ncludes a data bus and edge connectors 132 which are
forned as part of the flex itself Data is fed to the

T30, i O & P At S (S0ER R 13 FICh g R fepart of he

144, 1ts€l§nDKﬁ@§’feétd thePcBhes 5wﬁ%%§@éﬁﬁﬁe&&stlbﬁ print head
assenbly 19 together. In this regard, the channel 110

i ncludes tw st tabs 134 which extend t hrough slots

18 g:re't% gfalteel 38 é?}% 8v1t|1§<ﬁsov‘ﬁ§tr1t H{é@ a!n%ef FLoPén kef:]i/all of the

t'oget rough appr oxl mat e
@@egcmcsf theprpitieaé assemhiyriOftogether. Dipithig regatdy theavhannel 110 includes

R PR L Pt BB e i3 iy B IR a2 e apgprmgy 19 s put

sth@mar,l dand are thastwevidd dcbugh apreoximalelydsiegreploassedt them from
t he hose 112 at 136, power is

ied vi
3& ‘g%nVWHhFﬂghﬂ@QH?;126 and data is provided to

t he prlnthead chip assenblies 81 via the edge
connectors 132. The prlnthead chip assenblies 81 are

| Bt wiaseef semmare with scfarenes tp Figwenes, ﬂwmtt@a%aeﬁhlmwés $own in an
%éeﬁﬁ)léd té‘ ‘iiﬁ( d3%oh seﬁ%lr alesu t\h&f‘@re g n%eeﬁz%g Y3@E>§wer is

pr ovid rmuntl t he prin asse

rslﬂntd@d ViR tlae lepda lr%eand(datatls 91@@@91 to ﬂlih eneﬁleadc,fﬁlrmssrtldﬂt}s B1 via the
% Qo%ngc!tﬁrgggf g J ot ov e Y ?.% eﬁtgﬁ’ ﬁea?# l%gatg%\ 41{ %g gelé:ven printhead

ance

(mchhlle dssemidies 80, whidh inclotethy PCBO SRef erring to Figure

69, there is shown, schematically, a cross-section
through the assenbled printhead 19. Fromthis, the
Pasisting holes 1337 & bﬂo@ﬁl@d fdracdonting tie pHnthefhvisponats s eorbil place in a

81 can cl.ear e seen, a. Ion |tud al section
R Qi ) e SR B e WOaPad paogmbl W egresitod by the

1606 138 idj hﬁ o@&%h@ﬁﬁth 6f ad AL p&R TRRES, setbbtnee Sinchéey).127
whi ch nakes contact above mnth the busbars 125, and

below with the |ower part of a flex PCB 82 extending

fﬁe@éﬁhggatoaﬁlbgg 66 thdle BSREWR) sY,he%!a:ttca[E)e a EM%SSEBCEQIP&II(;L%&

whi ch exte through the slots 13 t he net al pIate
rgembled paintheadhd. Eeqm this, Hiel neditiag of ahs;lhrcoq ok tfegning a chip assembly

&9k &H&rﬂl Beosgen, Ese&ﬁleaslgﬂétﬁqmgyset:@ﬁ tﬁﬂ)ﬁgﬁ fhe ihit AR aﬁl‘s&pply hose

112. Also clear to see is the abutment of the compressible strip 127 which makes contact
above with the busbars 125, and below with the lower part of a flex PCB 82 extending from
a the chip assembly 81. The twist tabs 134 which extend through the slots 135 in the metal
plate 133 can also be seen, including their twisted configuration, represented by the dashed
line 139.

Printer system

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

according to an embodiment of the invention.



Printer system 30 Referrlng to Figure 70, there is
shown a bl ock diagramillustrating a printhead system
140 according to an enbodi nent of the invention. WO
20041048103 PCT/ AU20031001507 41 Shown in the bl ock
diagramis the printhead (represented by the arr

ow)
. WOROO4E8her supply 142 to the printhead, arPGIHUZ003/001507
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supply 143, and print data 444 which is fed to the
printhead as it ejects ink, at 145, onto print nedia
in the form for exanple, of paper 146. 5 Medi a

t Stneyinthe bﬂmﬂcldﬂxganith?thapmt‘pwi\(ieﬂmsbnte:d ltyrthmamm)tl 44 Jeepower

RebR L Ao v PEl 14 fid mise B AP b e o me

PBflicad 46it be@ink, at RG] Ghtd bt nickS in TREfoRAWOF exatPI, ¥f pafer 146.
is for prow di ng DC voltage which is a standar type

of supply in 10 printer devices. The ink supply 143
| fledib B r&ﬁfst 14738E5rob 1Rk tcﬁ?bﬁ!}f&t 88apek Y49 d&a@l thy Pnnthead 141.

various types information will be provi

15medaimh uptm@hmmmé&ﬁ i spnfigureditosmsithdrre afisghef peperi 1k from 2
g? ngw This information is provided via a system
n 151 which is connected to 15 a .user

interface 152. The interface 152 typlcally consi sts of

nurrber of no. as, a."print: .

DTG wBalye v e ins DG T Ags 215 2 Sfarn8 Pl pepmty
Clﬁtﬂitér(ﬂleheés 151 also control's a notor 1 53 that is
provided for driving the nedia pick up nmechanism 148
and a notor 154 for driving the media transport

rohd 8k Suphf 143 20frbih ﬁcd@ﬁﬁ@éﬁ!&t\éh&@ﬁ) dnfl etyﬁﬂéﬂﬁfﬁhous types of

controller 151 to identif en a sheet of per 146
igformgiiongvill bg provided #rliSAt #b@aﬂh&mit supply.tsHeh asldla? HRPYY of ink
C:% il éeﬁfhfs%ﬁyﬂnéﬁon e ] ?%; a syst88 codthdifer iSWhi‘éﬁ% (Qﬁnected to

to a specific tine t "has el apsed after

ma@ﬁeamtﬁrme 1. e irdenfann152 &ypirally cqpisisiead a@pmbﬁ@fbﬁé@tﬁ (110t
{?o%f gﬁchjaé Q {ngt'icﬁ%#a&% QMX&?’rbuﬁ&% ’%g @? bnS ﬁﬁ'eS steﬁn%htroﬂ er

I's connec ystem
chiitalsol cbmrolssﬂmtnrﬂ ha thaivsegmortideel fszrmaungjlﬂne pwplerpug@p]m&hamsm

AR R AR SRRl 1

Printingis ef fected bytrlggerlngaprlnt dat a
rrratter whi ch provid . .
R s b the e Bl oo & fsPat ot deo is movins

- tﬂ»m thé Emtﬁeaatmm soGRM ?ﬁﬁllﬂl@éanl)’é Lfroated at WheScriet 1B CThis time can be

with t rint data tter
relatedto a spec1ﬁc time that has elapsed after t1516 media pick up mechanism 148 has

picked up the sheet of paper 146. Preferably, however, a paper sensor (not shown) is
provided, which is connected to the system controller 151so that when the sheet of paper
146 reaches a certain position relative to the printhead 141, the system controller can effect
printing. Printing is effected by triggering a print data formatter 155 which provides the
print data 144 to the printhead 141. It will therefore be appreciated that the system

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

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

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



“30 The print data 144 emanates from an externa
conputer (not shown) connected at 156, and nmay be
transmtted via any of a nunmber of different
connection neans, such as a USB connection, an
E‘B%W gonnection, a | EEEI394 connection ot{&) 63001507
nowmn as firewire, or a pagallel connection. A data
comuni cati ons nodul e 157 provides this data WO
2004/048103 PCT/ AU2003/ 001507 42 to the print data
rrat t 5 and rov des.control .informtion to
éﬁ%ﬁ@&ﬁe Srietier 131 Diqvides G iREOTIRIGH T B syl dohtcller
dﬁﬁgrlbed above MAth reference to specific
enbodi nents, it will 5 be understood by those skilled
in the art that the invention nmaybe enbodi ed i n many

Al U ieniic ks SXABY B8 ARkl D BB Cemibodiments, it will
ebeamideistoadl by thse skalladd tirecant thhtethe investionymaydewaibedied in many other

LB R o1 A B AL g e i

cddegud dally Agtiated, auhslctiicalyhaitiafd ebensenbsshiodle wusédinesmbadiments,
Iurallt of nozzles, each nozzle having a nozzle
é%g??ﬁﬁg I513hi ng through the 5 substrate surface, the
areal density of the nozzles relative to the substrate
surface exceeding 50,000 nozzles per square cm of
substrate surface; and-at |east one respective heater
el enment corresponding to each nozzle, wherein each
heater elenent is arranged for being in therma
contact with a bubble formng Iiquid, and 10 each
heater elenment is configured to heat at |east part of
the bubble formng liquid to a tenperature above its
boiling point to forma gas bubble therein thereby to
cause the ejection of a drop of the bubble formng
liquid through the nozzle corresponding to that
heater element. 15 2. The printhead of claim 1 being
configured to support the bubble formng liquid in
thermal contact with each said heater element, and to
support the bubble formng liquid




10

15

20

25

30

adj acent each nozzle. 3. The printhead of claiml
being configured to print on a page and to be a
page-wi dth 20 printhead. 4. The printhead of claim1
wherei n each heater element is¥dn the formof a
suspended beam that is suspended over at |east a
portion of the bubble formng liquid so as to be in
é£§ﬁﬂﬁ% contact therewith. 25 5. The printhead of

i wherei n each heater elenment is configured such
{ hat gﬁimgﬁiﬁﬁﬁhgﬁhgﬁgﬁgﬁl.f | ess than 500 nanoj oul es
(nJ) is required to be applied to that heater el enent
t 0 heasubisihrate bagiagersubdtebesuriasef fi ciently to forma

said bubble in the bubple formn.n liquid thereby t

cause® Pieitly pEpiafciet b GhEHRE 3 goet ivsbii orip g froush e
fibstedta sifdceCMBTatAYIGRIt) 6f RGREZYISSs AelaHRRS ¥heQlibdthfe surface exceeding
bubble formng liquid " at an anbient tenperature,
HheQtnarziea phar smvatem ef sbstrate serfasshfndyur ed such t hat

the e [ i r.ed b Y thereto t .

e T e B R AR R REELSe oo eri
MITO04 O 44 ejemhihemendlemantds dirapedSod Rsise inlthernidh eontact with a
energy required to, heat a volunme of said ejectable

liqui d equitbbigforpimglisuiends the said drop, froma
tenperature equ ' [ i

boi l i ng point. %Acgthgaiiﬁlzélglp?lﬁh ggﬁcﬁ gc])# &{cﬁgg{e?ntt#ﬁ%ﬁfe&ﬁ ﬁftﬁe bubble
each heat eformimniuid tvestemperaopp abotesitsshadlisg @mokt togorm a gas bubble

configured such . that said gas.bubble forned.b t T
heat er el eREHT HEteps e oe Tt og0L 2dFop ols g ubBE forming liquid
that heat efhrQlg@RMh0zzR colRSpdidinY (09R4 hohteldlahnBAtL
wherei n the bubbl e which each heater elenent is 10
configured to formis collapsible and has a point of

ol | e, .and el n .each heater,. el ene LS TR
Zont O et T, RO RS oSRE e bibble fomipg iauid n
thenie dohtaereilfly cdch ssidadrewdr clemem, hhdto sippbe thehdBRITormihg liquid
The printhead of claim1l conprising a structure that
adjacenyepsl npgzleheni cal vapor 15 deposition (CVD), said
nozzl es being incorporated in the structure.

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 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.,

5. 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
element to heat that heater element sufficiently to form a said bubble in the bubble forming

liquid thereby to cause the ejection of said drop.
6. The printhead of claim 1 configured to receive a supply of the bubble forming liquid
at an ambient temperature, wherein each heater element is configured such that the energy

required to be applied thereto to heat said part of the bubble forming liquid to cause the
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10. The printhead of claim1 conprising a structure

which is less than 10 microns thick, said nozzles
bei ng i ncorporated in the structure. 20 11. The
printhead of claim1 conprisintffa plurality of nozzle
chanbers, each corresponding to a respective nozzle,
and a plurality of sai d heater el enents being disposed
wi thin each cha t he heater eI ne ts MAB@AH eac

Rl wgé}f spididaep 1d¢ fﬁé © QRerER Ff'éﬁtre avp q%ﬁé&dsewctable
V\ﬂ.\l@ B§uA ﬂ?flfé%rolurge'sof]tge sald8rdY, &okheaRth é)@fatl‘ﬁje %hﬂﬁljfo said ambient

erern each heater el ement I's forned of solid
tenoperatat to sevd boilingpoi®@% of whi ch, by atonic
proportion, is constituted by at |east one periodic
el enent havi ng an atom c nunber bel ow 50. 13. The

pri ntRagkigthedd ¢ R Wﬁér@in%a@l@ﬁéhtél%@érﬁént%h@%&pposﬂe sides and is
i ncl udes solid material and conf |%ure for a

¢m§1§u@ﬂ suels that $ragh gascbubbbd‘gﬁaﬁﬂabbfhat hesates glaneenii formed at both of said

t Lement to be heated to a tenperature
osvogﬁ\ﬁsaélhg%ﬁglelfiﬁlﬁ% poi nt thereby to heat said part of

the bubbl e form ng I|qU|d to a tenperature above sald

boi Il i ng point to cause the hectlon of a said dro
éM] TO olhe printhead of claim 1 wherein t

I
S50 96 S Bb S p e

@iﬁx&tmtng corfiparabsalch tigt dfe eachfleeldpse ofh buldﬂe formeidtigereby is spaced
Eeen applie substantially to all sides of the heater
e, CArheiPT R ousl y such that the coating is
seanm ess. 5 15. A printer systemincorporating a
&rlnthead the printhead conprising: a substrate
avi nbhepsutheadraftciainr ¢ampising fp$tmcalrf: that &t foredbeghemical vapor

GRESCERICY Par B PR BORE TR AERERE e 1 "

nozzles relative to the substrate surface exceeding

10 50,000 nozzl es per square cm of substrate surface
Hhd afhg printheaghnf cladmeamprisingehsteictusp st is less than 10 microns thick,

R R R e e mal cont act v th

a bubble form ng I|qU|d and

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

respective layers to one another.

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

element having an atomic number below 50.

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

forming liquid to a temperature above said boiling point to cause the ejection of a said drop
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each heater elenment is configured to heat at | east

part of the bubble 15 formng liquid to a tenperature
above its boiling point to forma gas bubble therein
thereby to cause the ejection ® a drop of the bubble
formng liquid through the nozzle corresponding to
that heater elenent. 16. The system of claim 15 being

onfigured to sypport the pubble form ng Liquid i 20
or e BaHbEEO AT le%(_g?re@aﬁaah _ﬁ%aé?réﬁg e Hostapiglly g vered by a
SRRl pfoh?&ti?ﬁ bbhifgl Fhrer@oﬂlgn% &b heA AGRH HEFAR been e%pglied

nozzle. 17. e system of claim 15 bei ng confi gtred

mibstantially ta alsides afithethgatse elamgaigemwltattebuslp siclht thetitic coming is
18. . The system of claim 15 wherein each heater el enent
§68m{e8S+ he form of a suspended beam that is suspended
over at |least a portion of the bubble formng |iquid

so as to be in thermal contact therewith. 30 19. The
Eysst efmpsintes[sustem i8corprpénga parthedde thearrintheageamprising:

conf i a?%b%gatﬁlﬁﬁl}l(x%)%h})ﬁ&te Qgkudation energy of less than

500 nanoj oul’es s requiréed to be applied to that

heat e4 pluedligyreNiiodztes@gh nbhdé hindad & hoedleasnture opening through the
sufficiently to form said bubble in the hubble for

Jubgiite sunfree ety 2reg! desity of fe nopdes relivefo Hesupyraly placd exceeding
WJ(gfﬁon sf}lygr %}%ﬁ eTéﬁ?oPé(j.ﬁ)tgﬁﬁk Qhrtfledh@ 15, wherein the

pri ea i gure o recelive a supply of the

bubbl & 1éast onengspectjué beaitr clementrboreesponding ¢ edchmezzlenwherein
wher ei n each heat Er el ement i.s Confi&r red such that ith
the energy requidcBaeRisT HEMEHP pragpeer & Lejtfedngﬂl grgal cotaet with a
part of thguypubi@im fqidiang | i quid to cause the

ejection of said drop 1s |less than the energy required

to heat a vol usashdrateneldmentds eerfigured tguieat @denst parbof the bubble
the volune;0of .the sajd dro froma. a I
to sara anbruie FaRfhsa it SRR hATREbdbF e BAYF bas bubble

nperatu 0 Sal

The syst emhefeircihaioby 16 case tied dectian bf hdadesf thk dushie fdratng liquid
two opposite sides and is 10 configalired such t hat

sai d gas blmie thonorele wyresprndingdgitat heptenglgments

formed at both of said sides of that heater el enent.
22. The system of claim15 wherein the bubble which
Bach Teadystenedfoimnt 15 being ndnftguraito support the bubble forming liquid in

thermal contact with each said heater element, and to support the bubble forming liquid

adjacent each nozzle.

17.  The system of claim 15 being configured to print on a page and to be a page-width
printhead.

18.  The system of claim 15 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.

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

liquid thereby to cause the ejection of a said drop.
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to formis collapsible and has a point of coll apse,

and wherein each heater elenent is 15 configured such
that the point of collapse of a bubble fornmed thereby
is spaced fromthat heater el#rent. 23. The system of
claim 15 conprising a structure that is fornmed by
chem cal vapor deposition (CVvD), said nozzles being
incorporated in the structure. 20 24. The system of
claim 15 conprising a structure which is |less than 10

or . o : , o o
201 08, SP5Cor 3R £ AL R BRI Py o
the bubble formohg houid|ae ac kableet tmpemoive 2hdodrereis pacidheater element is

iR St P P i 28 o, b St e Pect3hl Pt of the bubble
ReALRliRIEIRRLS e blcloestHhiFfRphelesdBhA %eféh%%q‘e%red to heat a

different respective |ayers to one another. e
wylume of eid ejetiabielBuivhequal to tharolumgat dre saidduopt frpm a temperature

formed of solid materia 3 re t.han 90% of whi ch,

LR SR Pli e FRGRL o ol RATHERUAED, ot 1 east one
periodic elenent having an atomnm ¢ nunber bel ow 50.

MITO0O4 O 47 27. The system of claim 15 wherein each | .
Pleat eFhetysternef qlaie Ljederss qagh heater qlementhgs fo opposite sides and is

£ 1.Qur. .
SRS oy ERAS e R HRRL AR RASRLR i o o i
saddsenfipleat Atatereclahente sai d boil i ng point thereby to heat

said part of the bubble formng liquid to a
t enperature above said boiling point to cause the

£l ect T syRfenPoSdith 8 QBereth B8 butle whicH &Bh Abatéd eﬁérﬁérg 3s configured

wherein éach heater elenent is substantially covere )
toyforn iscaphifpriblalang has @peintef edlapiengnd whereimozach hepteifelement is

RS S B B BB E RBP4 BHRBAAT Ll fom
hdagdr eldangoating i s seaml ess. 10 29. A net hod of

ejecting a drop of an ejectable liquid, the nethod
conprising the steps of:

23.  The system of claim 15 comprising a structure that is formed by chemical vapor

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

24.  The system of claim 15 comprising a structure which is less than 10 microns thick,

said nozzles being incorporated in the structure.

25.  The system of claim 15 comprising a plurality of nozzle chambers, each
corresponding to a respective nozzle, and a plurality of said heater elements being disposed
within each chamber, the heater elements within each chamber being formed on different

respective layers to one another.
26.  The system of claim 15 wherein each heater element is formed of solid material

more than 90% of which, by atomic proportion, is constituted by at least one periodic

element having an atomic number below 50.
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providing a printhead that includes a substrate having
a substrate surface, 15 a plurality,of nozzles, each
nozzl e having a nozzle aperturg openi ng through the
substrate surface wherein the areal density of the
nozzles relative to the substrate surface exceeds

50, 000 nozzl es per square cm of substrate surface,

d a ective h
2 choRaT ST G b ES BRCEUF R B8fr PRI etudes solg matorial and i
tedigurd foi a inaaséf leRahfietld finogtLiEdtthe Solidasgensli oTghdt Bedter element
nozzl e so as to heat at |east_ part of a bubble

odierhealgd to g tamapsipivtarrboye paid bpidinggping gherehyito \}W@twatdr@rfaﬁf the bubble
r
g)g%\?/ﬁ ﬂﬂl?d E}efﬁfeﬁ'%eragt%?%t%veegaﬁ :%i{% u%ﬁ?lﬁt t#)gc??ns% r;[gé e@tlljcl)n d(;)f a said drop
gener at i ng a gas bubble in the bubble formng |i qui d
e hea and 25 caysin
g%bbﬁtﬁ'@r F?Bh@}t Heig, %Wgsr%ea@}l el ?rﬁ?r%a@wdhs%ﬂ#&w@red bya

SRHTE B BRAU Y e Eé’aﬂr@eﬂﬁtco @RS Q0K h@a@éli A&nlif ﬁﬁﬁhé been apphed

el ement " by said step of generating a gas bubbl
Stbstaniallydd ablfsidsk af thezl@ateo elemiest sigultiyeously sech thatsthe poaﬁng is
heaﬁlng, the steps of: 30 disposing the bubble form ng
YU in thermal contact with the heater el enents.
31. The nethod of claim 29 wherein each heater el enent
is in the formof a suspended beam the nethod
3%r t hemethedoet geatige askrom of aoeiedieble ligpidothe mesthodepraprising the steps
Jpast one heater MJTO04 O 48 el enent, the step of

I sposi ng the bubble formng liquid such that the
heat eproeidegenprinthcad thdaclvdeaned above, and in ther nal

contact with, at |least a portion of the bubble formng
liquid. 5 32. T%%‘lt\%?tﬁ@avﬁgaépla?t’fﬂt?@“%ﬁ%r ein the step

of heating t heeﬁglu}eﬁﬁys %f 19&‘% REALR 50?21@%% a hSzzle aperture opening

effected by th tep © app ying an actuation energy
of I ess t harougblimJsubstraasirfaeoiherdie dhicearea|denstytof tB3nozzles relative

The net hod cl.aj m 29 iqr to the st
of heat  ngodhe FERERe G S0g0RRaHaR O sHTs Pyt substrate
of recei vidugfade, ad@p! y of the bubble form ng liquid, at

an anbi ent _
at least one respective heater element corresponding to one of said

plurality of nozzles;

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

generating a gas bubble in the bubble forming liquid by said step of heating; and

causing a drop of the bubble forming liquid to be ejected through the nozzle
corresponding to the at least one heated heater element by said step of generating a gas
bubble.

30.  The method of claim 29 comprising, before said step of heating, the steps of:

disposing the bubble forming liquid in thermal contact with the heater elements.

31.  The method of claim 29 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
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tenperature, to the printhead, wherein the step of

heating is effected by applying heay energy to each

such heater elenent, wherein said applied heat energy

is less than the energy requif®d to heat a vol ume of

said bubble formng liquid equal to the volune of said

drop, froma tenperature equal to said ambient

SPREL T i et BB e o
d f

B B L A L e R it f KB SRR AP oI B Rifming

lsquids of each heated heater elenent. 20 35. The

met hod of claim?29 wherein, in the step of generating

gas bubble, the generated bubble is coIIapsibIe and

s ar ll?é)l'neﬁloﬁfof Gﬁiﬂl apShereiin thel ste e %tiléﬁsttohé'heater element
the point of g@e I's space ron1t e at | east one
ineficetad hp éheeqtemfewe ng @eactmtiioneacigy ®f dfss tagisAPrbto each such

e step of providing the printhead includes
%?8#’%?6115 a structure by chem cal vapor deposition
(CVD), the structure incorporating the nozzles
therein. 37. The pethod of claim?29 whereipn, i.n th

Frep Bhe meiborl of Algim B qomnpisigagrior wehe wep nit hroting Aleass one heater

t

Al e SOBUG kel ing £ 55pot SOFE BuBbIE FHRTnG U6, A2 ambient
temipbadirefto ¢H1eapnntﬁ<91dy\ﬂwhe1e1mhe ktep pmf hﬁtthgasjeﬂﬁmwcbby applying heat

lurality of ozzI chanb
Bsriae st Siey g O SErFIn 560 STRUCATAG coergy ipfess than the energy
RE@Yd KoMt 6010k BE E‘eﬁ@gubﬂfg FO8AnP1iqdi ehyidl ¥ Bie volume of said drop,
conprising formng a plurality of said heater elenents
fremedemperiatunt equal tusaid arhbient teimpetature &0 said boiting poinh

each chanber are forned on different respective |ayers
to one another. 5 39. The nmethod of claim29 wherein,

34 t hEhsinemoalof Plai R9iwh@rdih eadi Heatch eRehenE@Swb @@beédite sides and
element is fornmed of solid material nore than 90% of .
viherein, inghe siepof eensraingraas BRbblpsthe bublle istagnergtogypt hoth of said sides

%%?gﬁwh%gjgdﬁ%@r ﬂén?en‘?' enent having an atom ¢ nunber

net hod of claim29 wherein, in the
step of providlng the printhead, each heater 10

}% egg"lgl{lq x:‘qg%ga FS 8 O|2% %@g??térgtrllg &@t%qr}gﬁ,ﬁvg;lgatelhg gatls b%ie? bhe generated
bubble is collapsible and has a point of collapse, and is generated such that the point of

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

36.  The method of claim 29 wherein the step of providing the printhead includes
forming a structure by chemical vapor deposition (CVD), the structure incorporating the

nozzles therein.

37.  The method of claim 29 wherein, in the step of providing the printhead, the
printhead has a structure which is less than 10 microns thick and which incorporates said

nozzles therein.

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

each chamber corresponding to a respective nozzle, the step of providing the printhead
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conprises heating a mass of |less than 10 nanograns of

the solid material of each such heater elenent to a
t enperature above said boiling poinf. 41. The nethod
of claim29 wherein the step of® providing the
printhead includes 15 applying to each heater
elenent substantially to all sides thereof

mul t aneoysl| otect ve cqati
gr qqu)rotsgtg Oﬁglqgg grgﬁ{y‘g&#sa ements(in eacril ham er such that

~ the heater elements in each chamber are formed on dlfferent respective layers to one

another.

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

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

40.  The method of claim 29 wherein, in the step of providing the printhead, each heater
element includes solid material, and wherein the step of heating at least one heater element
comprises heating a mass of less than 10 nanograms of the solid material of each such

heater element to a temperature above said boiling point.

41.  The method of claim 29 wherein the step of providing the printhead includes
applying to each heater element, substantially to all sides thereof simultaneously, a

conformal protective coating such that the coating is seamless.
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