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WD 2004/ 048110 PCT/ AU2003/ 001500 | THERMAL | NK JET

W TH THI N NOZZLE PLATE FIELD OF THE | NVENTION 5 The
woheEfad1b nvention relates to a thermal ink jeper/au2003/001500

printhead, to a printer system incorporating such a

printhead, and to a nethod of ejecting a liquid drop

(such as an ink drop) using such a printhead.

T NOZzei bl ATE

gas or vapor bubbles in a bubble formng Iiquid. This
principle is generally described in US Patent No.
FOSSD GF THONGCENeN 15 There are vari ous known types
of thermal ink jet (bubblejet) printhead devices. Two
typi cal devices of this type, one made by Hewl et t

r ect |

THEGPLE i1 8 & A0 ot p PR 5 B by
inoorpotatiag sﬁﬂﬂd‘lpmhhéﬁld?&ndtﬁ arﬁ&h@i@ﬁe ing aRuEBdrbe Guch as an ink

nozzl e & ‘lirh is a separately fabrl cated item
digp)iusing @fani cal |y secured to the walls of the

chanber . In certal n prior art devices, the top plate

20 is made of Kapton TMwhich is a Dupont trade nane
BACGKGROIIND Q@ EHE INVENTION has been laser-drilled to

formthe nozzles. These devices al so include heater

el enents in thernmal contact with ink that is di sposed

Tﬁeipxegeaﬂmvet@mmb@ﬁh EREtidEeH ihi erdpd By Wl of
bubbl es ?njét he i nk “’E’e gas&gugﬁ'{iﬁpé/gasorvapor

or m ng
bléﬂ@hf@waﬂ ‘%!P le Sermingsliquids Fhisiprikeciplais grrprallyidedenied in U'S Ragent No.
Uggq&&@ the nozzles. 25 It is an object of the
presen nven ‘on to provide a useful alternative to
the known printheads, printer systens, or nethods of

Tlg,éqecu dro s of |g§. and ot Eer@bﬁé‘?gp}%ﬁq%ds oo

type aleEl%cEWﬁMQt%\é ’3&891%% Hﬂgfe@lei‘tlf kit aﬁﬁr | ‘r:]ott%é} é%ﬁop, have ink

Invention therg I's provided an ink Jet
ejeatiopmiogzlesyand chambers for storing ink adjacent the nozzles Each chamber is

jﬁ
B
G

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

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

SUMMARY OF THE INVENTION

According to a first aspect of the invention there is provided an ink jet printhead

comprising: I3




WO 2004/ 048110 PCT/ AU2003/ 001500 2 a structure being

| ess than 10 microns thick; a plurality of nozzles
woneaymgriat ed on the structure; and at | east OR@r/AU2003/001500

respecti ve heater el enment cprresponding to each

nozzl e, wherein each elenent is arranged for being in

thernmal contact with a bubble 5 formng Iiquid, and

each t at |east part of
t he %%@ %lgsg%#gllgrﬁgxén%tﬂ% enper ature above its
boi | apgnqdﬁynfnﬁzzle‘smmrgﬂﬁobﬂwhﬁcmaﬁdn thereby to

causeth? ectign of a drop of aneectablellqwd
t he AJSEY QRC FEERCHER BT e pOrERSPRdipg reach pozzle, wherein

According to aea%ﬁ%%gan?fs%h &f fol B&n% VRBR @oﬁtgﬁrvﬁgl Zbubble
provided a printer syste corpora I'ng a printhead,
5 the pri nt freméhglapid, |aadng a structure being |l ess than

on the. st uct ik ofietpod s o degd 10 eafetTeae BT 0B Buble orming

heater el pgEato £RMRERNRELEE: HLbdTRE pdIREE ism M’E@sflﬁibﬂle therein
each element is arranged for being in thermal Contact

with a bubhisreby tq equae g ejgcion of a dieg of ae kjcetablediquid the nozzle
configure art of the bubble form ng
liquid togor}eg% rga@hﬂfl%%a oe\l}g its boiling point to

10 form a gas bubbl e therein 20 thereby to cause the

ej e n of a drop o an ejectable liquid the nozzle
AGHFDE oA 810 FPePR hma ERR hote SoPaYEE B Briter i

in@8ipBFdting Bp}ﬁlﬁlehdl\{ﬁ‘élﬁmﬁﬁee{d%@g]lsﬁl rovi ded a met hod of

ejecting a d op of iquid froma
pri n%ﬁmmlrebmagﬁﬁssﬂtahdédmmpﬂusk ng a plurality of

nozz| 5.| east .0 ective heater el enment
cor r%ﬁ%{) & ﬂgnngl%égjfﬂrpﬁfwazt%‘pén {bleﬁﬁ'“%rt hﬂ?ﬂpcon'pri si ng

15  the gtileRsomd resgetvd libiaitd elehfenPédrit gtb Rectdzal #skein
havi ng a struct ure which is | ess than m crons

thi ck and whi c¥#¢ ﬁ@mepﬁﬁaﬁe%geﬁépabmmltb@mahm with a bubble
forming liquid, and

each element is configured to heat at least part of the bubble forming
liquid to a temperature above its boiling point to form a gas bubble therein
20 thereby to cause the gjection of a drop of an ejectable liquid the nozzle

corresponding to that element.

According to a third aspect of the invention there is provided a method of ejecting a drop of
an ejectable liquid from a printhead, the printhead comprising a plurality of nozzles and at
25  least one respective heater element corresponding to each nozzle, the method comprising
the steps of: ’
providing the printhead, the printhead having a structure which is less than 10
microns thick and which incorporates said nozzles thereon;
heating at least one element corresponding to a said nozzle so as to heat at least part
30  of a bubble forming liquid which is in thermal contact with the at least one heated 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
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heati ng at | east one el enent corresponding to a said

nozzle so as to heat at | east part 30 of a bubble
wbendWoagithi quid which is in thermal contact V\Aiaérlhhgoogﬁmlsoo

| east one heated elenent t® a tenperature above t

boi Il i ng point of the bubble form ng |iquid; generatl ng

a gas bubble in the bubble formng liquid by said step

of h / 0 150

caus it 85 YELAABE AR Db el G $ 10 gomesponding
td the atilphsttone heazectélememruyessﬁcst@ dfgendratiddeoRtbubbiest one

heat ed el enent by said step of generating a gas

bubble. As wi |l be understood by those skilled in the
ARkl bRRAGHREH b oL sBIE RN, ttﬁ@e;ﬁétﬁ) S Bop B¢ thb Hbkflnle

descri bed herein, 1S cause enera i on O
hqag@s dpsebibehéreinais loasist by tHeogenmragoﬂl oﬂzuvzq:or bhibtdéin 4 Bubble
anme, bo

fOé}ﬂ BT t‘ﬁl&*&uﬂa e o, b Snerions P LG &b e ectable liquid.
Thé GERARE] bbb @85esI8 ihdeb BChRMuR: e?éétdttie m@tuﬁ hvrﬂlai f2Ses the

the dro t hrough the rel evant nozzl The

etxyletifmt nezze afherlgbble i gmated by IﬂUéermwng\/nf g heater

Frimert e it oM R

1stqf ibriefdhurytidrg $3§)1¢aﬂ§ ibesg tmQrakanendds. Duetd fosl Gefdn BRAlquid, the

t he | th b ds f f
s B it Bl e S ns o Ao v
chte Ry 2Ll apmRIonaes, OO A0 il g

col'l apse. The
dﬁtmlh@i bjythadyaniia tntiﬁqplaa[wf dferfinand suafaenidnsion 6fthe ink. In this

of .t he n ecif
sosSitReth, ety Lo el Pied el B o flopia s B ol e
bubble 15 The printhead according to the invention

corrprlses a plurality of nozzles, as well as a
gad Aceording to fheryaating geraprises @ménalsty@ﬁ nezzlgsoamivellas a

cHafhbeR el Q¥ nfore E@at& e?éﬁrléntso%n%sm § g{&%‘%}% Eagh portion of

pertaining to a single nozz

the |pr1nﬂnesd pértantﬂng m a sifigle heiAd, (e ¢himbdrene it oASotmoté ldments, is
In t, s s eC|f|cat|on where reference is

20
é‘t?eerﬁ]élr"’tsé |n thermal contact with each
ot her, this neans that they are positioned relative to
each other such that, when one of the parts is
Inﬁblétspcblﬁttaltlonswmmmfﬁen@:fls tnade topprts fheingtil ﬁtermairmntaewnh each

ot%%gs : Cm%an% &ﬁq&t éliqy’ aﬁ% Iﬁc';e? ﬁe%{ithv& 0 %aéh ontﬁer su&a that when one of the

parts is heated, it is capable of heating the other part, even though the parts, themselves,

might not be in physical contact with each other.

Also, the term “ink” is used to signify any ejectable liquid, and is not limited to
conventional inks containing colored dyes. Examples of non-colored inks include fixatives,
infra-red absorber inks, functionalized chemicals, adhesives, biological fluids, water and
other solvents, and so on. The ink or ejectable liquid also need not necessarily be a strictly
a liquid, and may contain a suspension of solid particles or be solid at room temperature

and liquid at the ejection temperature.
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25 Also, the term"ink" is used to signify any
ejectable liquid, and is not limted to conventional
woRbd/0adnhai ni ng col ored dyes. Exanpl es of nonp&pheb®9oo1so0
inks include fixatives, infra-red absorber inks,
functionalized chem cal s, adhesives, biological
fluids, water and other solvents, and so on. The ink
YRR L qui cal. o car .
OBt i 2R SRR e 0 hhest oL e iccted n
theqietiddip #atfl¢ of @emearts.be solid at roomtenperature and
liquid at the ejection tenperature. WO 2004/ 048110
PCT/ AU2003/ 001500 4 In this specification, the term
DO HEHGRBATON BFPLAE IRAWAEEENt of a type
reflected In thelopl)\rerlo Ic tabl e of el ements. DETAILED
DESCRI PTI ON OF THE DRAWNGS 5 Preferred enbodi nents
of. the i.nvention.will now be descri bed wa f
et G i invem ot LS, o fieeoech i Ay op ramlo only,
withRERAANE R the Astompheyifls AptdaRatiiR, AR afdviRek R§ described as
follows. 10 Figure 1 is a schematic cross-Sectional
f b@&ﬁfthrough an ink chanber of a unit cell of a
print head according to an enbodi nent of the invention,
at a particular stage of operation. Figure 2 is a
Fipoteehistal schamaikorem e dtivnal viewakvolsi vk chi@bérdf aaintreB of a
Figure 1, .at another  stage of operation. 15 Figure 3
pringticpdopirningth o pobadizieet Ploha Invehiap. b BATFlirasater gt operation.
chanber Figure 1, at yet another stage of operation.
Figure 4 is a schematic cross-sectional view through
Fighee 3 isla schemndfisrcrgssgectional viaw througtathe 26k ¢hantbleeFigateaat another
rat.ion. Figure 5 is a diagrammtic
St%é%‘%%&%%??‘onal view through a unit cell of a
printhead in accordance with the an enbodi nent of the

i nvention showi ng the coll apse of a vapor bubble. 25
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.

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

printhead.

Figures 7,9, 12, 15, 17, 20, 22, 25, 27, 29 and 31 are each schematic plan views of a mask
suitable for use in performing the production stage for the printhead, as represented in the

respective immediately preceding figures.
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Figures 6, 8, 10, 11, 13, 14, 16, 18, 19, 21, 23, 24,
26, 28 and 30 are schenmatic perspective views (Figure
wdQodarifigo partly cut away) of a unit cell of apcr/au2003001500
printhead in accordance with an enbodi nent of the
i nvention, at various successive stages in the
production process of the printhead. 30 Figures 7, 9,
12, 15, 17, 20, 22, 25, 27, 29 and 31 are each
schematic plan views of a mask suitable for use in
Fip@e B9 Agthehechpiafe érkpuetios age dfalie intitcddl diRiAGad0 sAGwn with
represented in the respective imedi ately preceding
the neprierlatewmiieh4/ 048110 PCT/ AU2003/ 001500 5 Figure 32
is a further schematic perspective view of the unit
cell of Figure 30 shown wth the nozzle plate
Figumie 38 eid a sbhdmagicrperspactive vacve,qlaetiyadut awpy rof pewniticel off & rinthead
ar.t | ut, away, ,of . a unit cell  of rint head
acEQraBiedP e IFUITRG AVPE AP ISR et pERtet glogent.
enbodi nent of heater elenment. Figure 34 is a schematic
pl an view of a nmask suitable for use in performng the
Figme 3dds & sthemstiaglanfviaw ohiempsk ntitablsdonisein genferndag therproduction

f ori t.he h r el nt thergof. 10, Fi e 35 is a

stigd ok BF pB Gl kS S Ll B head Bl e, 0%,
cell of a printhead according to the invention having
a further particular enbodi nent of heater el enent.

Figitgdp ds serhematic permparstive ¥iew, arrtlyicatavyry, af aranik callpfampinthead
A e A

thereof. Figure 37 is a further schematic perspective

.view.of the upit, cell of Figqure 35 .shown with .th .
Fifis5 908 emIBPlanale™ St etk muteBs (FOIsE Ty BHGRE Ge production
stAPRTSNAE bliMBed S¥igR3R5 | fr orhindWhd healdr chembit thefk| of a

pri nthead according to the invention having a further

particul ar enbodi mrent of heater elenent. Figure 39 is

Fifhuf AT bR mbnie s B CTRH T O @B RE 23 Sygon with
thEh@ieplate@niiféd.f orm ng the heater el ement thereof. 25

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

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

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

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

stage for the printhead of Figure 38 for forming the heater element thereof.

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

the nozzle plate omitted.

Figure 41 is a schematic section through a nozzle chamber of a printhead according to an
embodiment of the invention showing a suspended beam heater element immersed in a

bubble forming liquid.
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the nozzle plate omtted. Figure 41 is a schematic
section through a nozzle chanber of a printhead

wossRfdMme to an 30 ermbodi ment of the inventigdrap2003001500

showi ng a suspended beam heater elenent inmmersed in a
bubbl e formng Iiquid. WO 2004/048110
PCT/ AU2003/ 001500 6 Figure 42 is schematic section

PGl L08 sEhBAE BBy e A RE 86 BRIl e o mn
elabadiimeriadfahe Rivertii showsnendrperdd blen heaier dément BeGenddd at the
a bubble formng liquid. 5 Figure 43 is a diagramatic

topod g b Rt & bubble farpingliquids a print head according to
an enbodi rent of the invention show ng a nozzle.
Figure 44 is a diagrammatic plan view of a plurality

Figlradl is ackdgranmbtiapian ivivvhebausicedlr afiapgintlead aocording to an

e di ne of the invention showing a plurality of
e‘ﬂg%mégtoryfbeﬁva% Qo SHEWINE SNFZ&Rgr ammat i ¢ secti on

t hrough a nozzl e chanber not in accordance with the

i nvention showi ng a heater el enent enbedded in a

Fioutest4ianaliagrmyuptc plenivievaolns plyredishefiunit eslls of aprintheast aghording to
a npzzle ¢ er_i.n _accordance wth. an .15 enbodi nent
o B En 0 Bt R el BB 1 T he Tor m

of a suspended beam Figure 47 is a diagrammtic

section through a nozzle chanber of a prior art i
Figure A s adliamwampe sectipe thravehda rozglerchambernpt in aoeoxdance with the

ix R BbinPhdat Ut B olnedied IPHEATRE! C Section
through a rfozzl e chanber 1 n accordance with an
enbodi ment of the invention show ng a heater el ement
defini.n ap between parts of the, elenent. FEiqure
Figh 8 9 fasiifafs FER00 BEbUh Lokl oD 2 corrin ah an
eMlBédiinBnidsIGRs RS n¥hblildChealk? elefieBNtnl (RS forf @V Spedded beam.

thick nozzle plate. Figure 50 is a diagrammtic
section through a nozzle chanber in accordance with an

o - s he . | .00 show hi n-.nozzl .

RPE) 95 Ghas b BN oSl SO0 (n Bl O HF aft prpeac
slowing Z heateruldrheit eimbeddedan daisstratel t h an  enbodi ment  of
the 1 nvention showi ng two heater el enents.

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

element.

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

invention, showing a thick nozzle plate.

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

embodiment of the invention showing a thin nozzle plate.

Figure 51 is a diagrammatic section through a nozzle chamber in accordance with an

embodiment of the invention showing two heater elements.
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WO 2004/ 048110 PCT/ AU2003/ 001500 7 Figure 52 is a
di agrammati ¢ section through a nozzle chanber of a

W@_rzb(gymgairlg pri nthead showi ng two heater el e”%’ﬁ;&moo?mmsoo

Figure 53 is a diagrammaticysection through a pair o
adj acent unit cells of a printhead 5 according to an
enbodi nent of the invention, showing two different

der draps hayi ng.diffefent vol upes. have .
FREES 2 il hoRleRE Recs R 0 P Bl B YRR i rinthead
shbveigp amorhtdier edasdit@ns t hrough a heater el enment of a
prior art printhead. 10 Figure 56 is a diagranmtic
section through a conformally coated heater el enent

i : : ' of . 1. j 0V L.on, yFlLgure
RS n A R H et ol REERE i belly P bfntcod
agloedingto, ancombyelitent df theelneattivnghewinglisvoodifferept hdriziee afler drops

according.to an enbodi ment i nvention. Figure 58
EﬁY tﬁ(?é‘gl&i ew of a

r f.th

hPGR phumes Slsated there
printhead nodul e of a printhead according to an

enbodi ment._ of the invention. 20 Figure 59 is a
FiguresPdtand S ersdiagratoumticisestions thrprghra eated ehosbut &f sofrior art
PEE%&kF 58 shown unexpl oded. Figure 60 is a schematic

side view, shown partly in section, of the printhead

nmodul e of Figure 58. 25 Figure 61 is a schematic plan

view of the printhead nodul e of Figure 58. Figure 62
Figure b8 pahagrammalis pestien thsenshreeonformally eonted hegter element according

| s g&ﬁh #£0 an enbodi nent of the

Kﬁ%vgition?ﬂgg iggérhglto 3 is a schematic further

per spective view of the printhead of Figure 62 shown

. . 2 110.P 2 1
F fJgurrﬁeXSO/J 8 %%?agr%mat?g e é\?ﬁ%ngloweﬁlf a ea(%grségncl)en?,oc%nnescted to electrodes,

of a printhead according to an embodiment of the invention.

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

according to an embodiment of the invention.

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

unexploded.

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

Figure 58.
Figure 61 is a schematic plan view of the printhead module of Figure 58.

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

embodiment of the invention.

Figure 63 is a schematic further perspective view of the printhead of Figure 62 shown

unexploded.
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Figure 64 is a schematic front view of the printhead

of Figure 62. Figure 65 is a schematic rear view of
wbheospusab head of Figure 62. 5 Figure 66 is a f@f}gﬁ%%msm

bottom view of the printheagl of Figure 62. Figure 6

Is a schematic plan view of the printhead of Figure

62 Figure 68 is a schematic perspective vi ew of the

ex pArl 3%83&5@& tg& VJ:%QHé §H§Eﬁa§f&g ! ‘Pa\é\?nal

section through the printhead of Flgure 62 Figure 70
js a bl ock diagramof a _printer systen1accord|ng to an

F Tariehomatidear view phibeintiead SEHENRE. DESCR! PTI ON
In the description than follows, corresponding
reference nuneral s, or corresponding 20 prefixes of

Figofectitein aschmmaticaiotiof view of the ppiathesd of Fighe: 62ef er ence
nuneral s appearing before a point mark) which are
used in different figures relate to correspondi ng

%afetﬂ is Waslitndti g1 o viek f SR pRARARAF PRy & | xes and

iffering suffixes to the reference nunerals, these
indicate different specific enbodinents of

: 25 Oy t tE
F R A BB e R RO R DR Gy PR B R
shovguunesplbdéd 4, the unit ceII 1 of a printhead

according to an enbodi nent of the invention conprises
a nozzle plate 2 vvith nozzI es 3 therein, the nozzles

F%%%%%gﬁa?he ﬁ%gl?e plate |ﬁe no e%iagéﬁgﬁ?gﬁﬁyﬁ.
pl asma etched froma silicon nltrlde structure which
S oshted, ..by way of. chenjcal vapor ion

FigBssry0PIS§ e it B p Brnder SRReEH fosp g tor cBmboOdmEN of the

insetipaquent |y etched. WO 2004/ 048110 PCT/ AU2003/ 001500
9 The printhead also includes, with respect to each
nozzle 3, side walls 6 on which the nozzle plate is

7 defined by the walls and the

I)%ozz ektngﬁgfsgj , anmulti-layer substrate 8 and an
inl et passage 9 extending through the nulti-I|ayer

substrate t far side (not _shown) of the
ndfip deseapton fﬁmgﬁ coaTesPRIding TRiEnee nEmeralsnor cogrepponding

iy« ol
poitionark) which ang esed én érﬁ"eremnﬁg!hxamrewb tosgostespondivigiayts. Where there

ard E:o&esﬁ)gncﬁng }S‘ﬁ'ﬁ%@s ansc‘l Jlﬁ'renng su%xes to %:lltel}g re%cg hl?merals, these indicate

different specific embodiments of corresponding parts.
Overview of the invention and general discussion of operation

With reference to Figures 1 to 4, the unit cell 1 of a printhead according to an embodiment
of the invention comprises a nozzle plate 2 with nozzles 3 therein, the nozzles having
nozzle rims 4, and apertures 5 extending through the nozzle plate. The nozzle plate 2 is
plasma etched from a silicon nitride structure which is deposited, by way of chemical vapor
deposition (CVD), over a sacrificial material which is subsequently etched.
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process which is described in nore detail below Wen
the printhead is in use, ink 11 froma reservoir (not

wohgmisigmt ers the chamber 7 via 10 the inletp@PagEass001500
9, so that the chanber fillg to the |evel as shown in

Figure 1. Thereafter, the heater elenent 10 is heated
for somewhat | ess than 1 mcro second, so that t he

somewhat | ess tf
TSR putl il rBuPes s sl lodo s g S S pilhiy B nocat
plateris agiponed, i dhb@beikddibel by tiitewahatii ghe HoBR fltal, MaRi-layer

the element is heated, this causes the ?eneratl on of
upsiige 81908 Bn daletpassage P eatending thewg i mylij-lavensubstiate tothe far side

(nt%E ) O? 4 fiR sﬁb%lr?até) ug ?%c@ﬁ%%@g% ﬂehé%i-'élg?a {é 5 Sushetdi84Pithin the

mat1 on I oxXI ma
claimben§.eodhat thé tlemenyds ar the fam ctifa suh@nﬁhd?bemh r,Ijlltti @inthead as shown

t hat the bubbl ust th .
is e E e B 1oE NS S e hish Stforel by AGthographic
k@%s@sﬁﬁéhlbﬂe%hﬂ ffmbie defdfl befRy.Mm of a pulse, all the

energy necessary to generate the bubble 12 is to be
supplied within that short tinme. 20 Turni ng briefly

win srbpingieis rdfeyink it RORF SR red SpeP L Sbpfeer 7 vi

the hﬁﬂﬁﬁ%sake 9[ &F iy 186 chntRb 6Ue o the levieDgs sholinlif F@h&ph | Thereafter,
process, as described in nore detail bel ow As

thﬁ&éqterl@ementdgéa heaed foF panegehap logs Byan 1 4nicrq yesongd; aeﬂxabﬂae heating

Y04 Dol LSRG A SR Do

thewfiad cemtaet voivh thieiinih11 m thelelnmitfey 7 vathad whep dretelenadnt idteated, this

heat The h ctrode
o B EOATIoN O AR oRblre U s ks Asort sty th inkyjd constitutes o
BB EKfoiRingd ki@ M%qrshswm%%nﬂ&mﬁ%%ﬁmedz ?pxbsamtd%aw

parts designated 10.34 of the nmask oper ati on

mmaeag@ after gensrration of theshermah pulee, dhat i ns; dﬁé@n 115 hubbleds gust

c flow.throu enent .
it b€ 0 o o o P etip oapficdin e
fotia @ a OBRE, 4f the BAergP nelegatyf toGRheraRIhShibdEe] 1 18 tPbOMIpPHEd within

b the el enent. Thus, nearly all of the power consuned

é’é‘i“‘atl ng the heater 14 is dissipated via the
eI enent 10, in creating the thermal pulse referred to
above. WD 2004/ 048110 PCT/ AU2003/001500 10 Wen the
TwhingdnieflyGo Figuredd, ditras shewse o indask 13 fonforminp e hoatbibl 4ofliRe

f al ong the. | el.e t hi s, bubbl .
iR (PSS heneef insfi e Slemet] B rertR d o vesciig ¢ inogaphic
prf)@é&ﬁ, 23Wed®ed in more detail below. As the mask 13 is used to form the heater 14,
the shape of various of its parts correspond to the shape of the element 10. The mask 13

therefore provides a useful reference by which to identify various parts of the heater 14.
The heater 14 has electrodes 15 corresponding to the parts designated 15.34 of the mask 13
and a heater element 10 corresponding to the parts designated 10.34 of the mask. In
operation, voltage is applied across the electrodes 15 to cause current to flow through the
element 10. The electrodes 15 are much thicker than the element 10 so that most of the
electrical resistance is provided by the element. Thus, nearly all of the power consumed in
operating the heater 14 is dissipated via the element 10, in creating the thermal pulse

referred to above.
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portions, one for each of the el enent portions shown

in cross section. 5 The bubble 12, once generat ed,
wo2bEPIs@P 1 nCrease in pressure within the chaﬁ@ggUimymnﬂm

which 1in turn causes the qpection of a drop 16 of the

ink 11 through the nozzle 3. The rim4 assists in

directing the drop 16 as it is ejected, so as to

R 8 AR5 8RB BT 8581 39 o e e emtof
thpelenient,ehis pabislagppedring it thetdieds-sedeondDvipwad Fifuge YaMour bubble
generated within the chanber, on heating of the

P@Tl@% ARe 1oy cashriithe lpmentarortionsishown & arpss seglian. not

ef fect adjacent chanmbers and their correspondi ng

nozzl es. The advantages of the heater el enment 10 being
Thelsybbialtl] onet graeratddacaubes angnenstiseda prbssure uaﬂh;n the Ichainber 7, which

e eSS LA eh MR Gl SIS 4 i

inQBRRLAAd BB ddp 148 it ﬁre;e@ﬁeﬁeﬁﬂas th tlmﬁﬂﬂz@&e%ﬁ%{beto?ﬁtdré ; hsgirection.

bubbl e” 12 generat es further, and hence grows, wt
resul tant advancenent of ink 11 through the nozzle 3.
t he.bubbl e as, ht rows,. as shown.in
T EARAER fie WP HRAE) B0 impRtPEmBiofged i B that he
premd Wave ghyoanadasitin the2Bathber, su/héae of esddier® 10 h€ forming of a
lié,% The suyrface tension tends to mnimze the
dogs o4 eHct adiagen ghamiers andstheir gagresppyding nozziese a
certain amount of liquid has evaporated, the bubble is
essentially disk-shaped. The increase in pressure
The advantagéseofeheindater elfment 1 ipding puspéreled ratkerihamchiing embedded in

t hr 5 zzl e 3, but al so pushes sone ink
ngﬁg%ﬁ%l@ﬁséﬁ ‘?ﬁzbé“?vﬁassage 9. However, the inl et
passage 9 is approximately 200 to 300 mcrons in

l ength, and is only approximately 16 microns in
Figirepaaad 3 shwidlee unitael 1 a twio sudsessivetlntar stogesof aperatiemof the

r ressure
o] $dh o spelpathEBIRE B herla K, PR BRVoriwim the
resultant &hvanegneanofink a1 ﬂdoﬂébﬁe 10zz1¢ a1 Mae skidpanf HrMubble 12 as it

througﬂgt he inl et passage 9. 30 Turning now to Figure

grAWs 3§ i Figurs 3 & detrsmynediby 2 coppbipationof H@rmemal ynamics and

f
the Eﬁ?&ﬁc@%ﬁéﬁ)ﬁf%n%l&w&@ﬁﬁmbﬂ te%kr ﬁ}g{n?}?ls o Hffe sthf E% area of

the hulshde 1B 66 thag byltiee tine p centain kmoudtfaf ligtidt Has svaposmed, thatabble is
bubbl.e .1 as .al ready reached its WO 2004/ 048110
BT g5EsM e 001

The increase in pressure within the chamber 7 not only pushes ink 11 out through the
nozzle 3, but also pushes some ink back through the inlet passage 9. However, the inlet

passage 9 is approXimately 200 to 300 microns in length, and is only approximately 16
microns in diameter. Hence there is a substantial viscous drag. As a result, the
predominant effect of the pressure rise in the chamber 7 is to force ink out through the

nozzle 3 as an ejected drop 16, rather than back through the inlet passage 9.

Turning now to Figure 4, the printhead is shown at a still further successive stage of
operation, in which the ink drop 16 that is being ejected is shown during its “necking
phase” before the drop breaks off. At this stage, the bubble 12 has already reached its
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maxi mum si ze and has then begun to coll apse towards

the point of collapse 17, as reflected in nore detail
wbrofd/@y{18 5. The collapsing of the bubble 12 pewargdssnoisoo

the point of collapse 17 cayses sonme ink 11 to be 5

drawn fromw thin the nozzle 3 (fromthe sides 18 of

the drop), and sone to be drawn from the inlet

AR OSD anl BNEER bR R s loviRis A PPt R L7 B roectea
iBmofeodatdaihip Figuragnul ar neck 19 at the base of the drop

16 prior to its breaking off. 10 The drop 16 requires
a certain anount of nonentumto overcone surface

ThE RS HRinE ¥ B Dubl #es-ﬁ | |

dr awn frgm t heukgfz%zllzg&g%{gl?/ﬁ% e cg{flcglfg)%,eseg?c?'ﬁgs %%J%%il%lé Htobe
dmvn frem evithimthetnerzle s (fiw thesides| B ofthe dep),tahéd sehy to be drawn from
reduci ng t anount of, total, surface nsion . holdin
oAt b oee 25 S o ot oo Mo 0T eHE L dfin i s manner
istr@wh BOnOMe nez1é BEfoRRHE AR ahBulasittck 19ERE bh ot i
.drop. to bre;lk Zoff. 015 é\hen the drop fG br eaks %&%ﬁfobh%pnorto
ity breakiagiofla forces are caused as reflected by the

arrows 20, as the bubble 12 coll apses to the point of
collapse 17. It will be noted that there are no solid
Theidfopdésequirds heertiia iafiobyt dfmdhientpRitd bvertorte birdRs enbibn forces, in

ORRHITEERE Ay T 3b B4R iopa e noare 3 bThe sellapse of the bubblo 12,
tHERRAth @6t dfrth@a?oﬁpgg@a&e%eﬁbg r&]éd%&g% ag&&ﬁ d E}Ea&ts%rfﬁ? tension

enbodi nents o I nventi are-now descri

holdingrtbsrduwop; 5o thatghe mon@ntuom @fthe AfopRisfitis kjengd ot 61 e nezzle is
- there.is shown a cross-section through a silicon

Sugfgglg{ltﬁgtagogéﬁ? %83 t‘i}ir,ealngi ng a portion of a Menjet
printhead, at an internediate stage in the production
rocess thereof. This figure relates to that portion

ntiedrgp 1A brraksoEsevisatinsfarass atecansed as reflested by the &rovs 20, as

LRbI [ [ SS t f.0l | ows .
BRAbIE R Bl e BRRHAAGHMNCT, R 5350l s e 0 solia
surfalcts inghapipingty iofithedoidiaf colpsP1 Dok Shich th cd@ad@pPdndfive an

o,a multitude of adjacent wunit cells of which the
bl e printhead is conposed. WD 2004/ 048110
PCT/ AU2003/ 001500

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 pértion 21,
being a portion of a Memjet printhead, at an intermediate stage in the production process
thereof. This figure relates to that portion of the printhead corresponding to a unit cell 1.
The description of the manufacturing process that follows will be in relation to a unit cell 1,
although it will be appreciated that the process will be applied to a multitude of adjacent

unit cells of which the whole printhead is composed.
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12 Figure 6 represents the next successive step,
during the manufacturing process, after the
wo0iRleesen of a standard CMOS fabrication progesgu2003/001500
including the fabrication Q¢ CMOS drive transistors
(not shown) in the region 22 in the substrate portion
and the conpletion of standard CMOS i nterconnect

P R LD o st

compleﬂimﬁmﬁzﬁlatdﬁemﬁﬁﬁhﬁtmfpr@dws, @idhﬂmgiﬂie\fﬁmcanon of CMOS
circuitry {al so not shown) and the heater el enent

d%YFr‘i”é@ﬁB}ﬁﬂ ok stagvn) nréth%ﬁ&l% 22 g hegubstigtpporons? b and theed
pr e1 %%ﬁlt M@d ﬁm%%i‘f"@g“ Il%"’g %égsrlta%ﬁﬁ%/e? 34! Yiring

indigted hyttheld@hed ke 28 ddviricatiy ni;ercoﬁrt)d:fs&hmmmtsxmh kndlother drive
WL for ou the substrate portion, 21
°1f%“%@fﬁ°@&? e ml%rh%iqw@ & E’sm\ﬁm SoRgeRending{ thediazaléi ng

the CMOS circuitry disposed in the regi on designated
22. The first stage after the conpletion of the CMOS
Graninga 26 ere formedigshematalizaton of te dniergnaect lapers R3 o plevent ink

1 B5aPBBLAE LAY, SRl TS RSSO Bt i v o

foahbd;thiolgh tHeGbstgteoforiiBie21 Rf RE EPRLEIntdiGAE kife Widing8, and
formg{g Eﬁ%m ng 30. The qpening 30 is to constitute
@8 cpauEy gispewsdim thegnginn designated 22 | | be
formed later in the process. 20 Figure 10 shows the
stage of production after the etching of a hole 31 in
Thenrststinaet afer the qompleit'mn of theaCMOinbiitadtion prdvessconbists of etching a

I 3 t 0 n .t he prodyction
Qﬁﬁzz ephs}“’faﬁ?’ﬁ ﬁé(?r %‘gﬁ%&"ﬁ ﬁ’c?ﬂ?ﬁ%"éﬁ‘oﬂ)fe s ggslﬁed line
32) will be etched fromthe other side (not shown) of

the substrate portion 21 to join up with the hole 31,
FigereSothpive the stage of prashictiersafiay dhe atchingef thh nterepnnethlagers 23, to

fohlr%glrln%? g?%er &Wo’gtégoe&gﬂ%s 63 %‘L%Pt % V@%hqgnamber

thhheillltm\/tbi-méﬁlatehmmepﬁrcemnect |l ayers 23. If, instead,

the hole 32 were to be etched all the way to t he

i nterconnect |ayers 23, then to avoid the hole 32

FiBeNd sBOFHER sBide 3P plofudoh! in

1??& or? 2, thsg'l%ﬁo?g 3121 wou ﬂ{?}gceh&% é?%ﬁléidtﬂ gtsﬁ%trate
pogh@a_zleat achositenowheaaty nbrziesd ummtberfegn@h Later asthe prddaetien process,

BrbH i iRgieey Bt Msbabtsd g AoT Sk iofesftiorm tho by sife (not
shﬁﬁvﬁ}lbi the siitsrarfpottitn ﬁ%?&ﬂh Qmﬂ?th% 'h@Ié 331 to é‘ﬁfglét@ ﬁle mlet passage
resul t ant shortened de the hole 32, neans

to shq ehamber. Fhmgithe je 32 é@ll pet have to baetehed el the way from the other side
of TP SbA4eb @Bllt%n Bl 90 8le 187 %f' e &g&%ﬁ%t layers 23.

If, instead, the bole 32 were to be etched all the way to the interconnect layers 23, then to
avoid the hole 32 being etched so as to destroy the transistors in the region 22, the hole 32
would have to be etched a greater distance away from that region so as to leave a suitable
margin (indicated by the arrow 34) for etching inaccuracies. But the etching of the hole 31
from the top of the substrate portion 21, and the resultant shortened depth of the hole 32,
means that a lesser margin 34 need be left, and that a substantially higher packing density

of nozzles can thus be achieved.




10

15

20

25

30

of nozzles can thus be achi eved. WO 2004/ 048110

PCT/ AU2003/ 001500 13 Figure 11 shows the stage of
woherAwssen after a four micron thick |ayer 35@fa82003/001500

sacrificial resist has beqm deposited on the [|ayer

24. This layer 35 fills the hole 31 and now forns part

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

is then exposed with certain patterns (as 5

represented by the mask shown in Figure 12) to form

Fip@redd saswtheatie af flodiiction affeh b Fourpiioiondbik IQkr 896f a sacrificial
formati on of contacts for the el ectrodes 15 of the

repigichas bow) deppritedian the laypid4rddis layes 85 ifHls thrdqle 3t aied iy forms part
TR —
repﬂemt&d byt thel efaisko ghqvat in Rifuroe) wifanh escesies 10 guine3 1 3This
SIS e i o reduetign arie Vhedeposlt lon, on,
foﬁﬁ@d Bfer T8 ﬁ)hﬂiuctlﬂﬁ‘bﬁ)eess' ‘Phd 16 ﬁ\ﬁﬁleﬁﬂ)wamﬁ’tgf #EhE Pro'c%s, for the

of titanium nitride. Figure 14 shows the stage
fopmatitmonf] thﬁmcm‘zteemlba&, thett mitkh defamecpact afliharchagtbet e heat er

| ayer 38 15 to formthe heater 14, including the

heater element 10 and el ectrodes 15. Figure 16 shows

Fiphte 18tshows e sRize wg todactic dfRf tRnRpoetions a6 thd lagdradls, of a 0.25
resist Ia er 39 ut 1 nmicron thick, has been

ick @fef:ﬁ&ef hoake ragierial, whish.dn shepresenb epbreimients is of titanium
m-g.fdtegr a second |l ayer 40 of heater material has been
eposited. In a preferred enbodinent, this |ayer 40,
like the first heater Iayer 38 is of 0.25 mcron

hi itapiumnitride..F 9 then, shows [
Filihe g ahp i e TRaC oF biodictio et Geteayina S piomps 5 et laver 38
to Fo5 A Heftef 1, 'ﬁicl@cﬁn%ﬂﬁ HReaet SlEMemS] 05MA Whctrbdddiigat ed by

ref erence nuner al In this illustration, this

patter ned |ayer does not include a heater |ayer

iR IB bty e R ot iy e Bt 9 gpont 1

mideesthRiksh&thebadd@duci ng the resistance of the
el ectrodes 15 of the heater 14 so that, in operation,

| ess energy is consuned by the electrodes which
PR S04 SO AP Qg e A AP s e
depus1teﬂe1nchmbfei‘reébmbo¢mntj ithie ktyer 44, ﬂxke thetfask heateFlayer 38, is of 0.25

i g corre %ndlng | ayer 40 does contain a heater
5‘%?% B PCT/ AU2003/ 001500

Figure 19 then shows this second layer 40 of heater material after it has been etched to form
the pattern as shown, indicated by reference numeral 41. In this illustration, this patterned
layer does not include a heater layer element 10, and in this sense has no heater
functionality. However, this layer of heater material does assist in reducing the resistance
of the electrodes 15 of the heater 14 so that, in operation, less energy is consumed by the
electrodes which allows greater energy consumption by, and therefore greater effectiveness
of, the heater elements 10. In the dual heater embodiment illustrated in Figure 38, the

corresponding layer 40 does contain a heater 14,
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14 Figure 21 shows the stage of production after a

third layer 42, of sacrificial resist, has been
wdemnauégd. As the uppernost |evel of this | aygérMichdosoisoo

constitute the inner surfagge of the nozzle plate 2 to

be fornmed |l ater, and hence the inner extent of the

nozzl e aperture 5, the height of this layer 42 nust

RGPS BB s iR p R B0 TR B s onc AR Rt has een

deguaitet. muhempenﬁoguém aBihi ey will eosstiqge ﬂﬁfmﬁtﬁ@ﬂﬁ'ﬁeldfﬂle
that 1s

:ﬁieer tg;e ro er 44 has been deposited, ,

nezzle plgte tOJaﬁ ﬁﬂera@aﬁé@riqe@h@npﬁe%%i of thegozgle aperture 5, the
hél@ﬁ(.t cﬁ%ﬁs ﬁyep«?l Ex%st{\l%r s'ﬁ?ﬁjm%rft ‘967%11 PmaﬁJH dé:é%rbubble 12 in the
polyi m de"fi | e nozz ate ormed o

ragidn designatied A3 danng umratﬂanmfcth&)plmthekaldck 10 Figure 24

shows the stage of production after the chemnmical vapor
deposition (CVD) of silicon nitride form ng the |ayer

%ﬂue TBshoha e ﬁé’g‘etdfbrc?d&ﬁ&gaﬁér tﬁé‘x%op&%rt 40MsBesd @%@& that is,

, as to formthe outside part t he nozzl
the, lasteh Wblcawéh cgestutetthdeqzaly nas2g m@d mfb@mg @rmeglfmn P@0 micron

R WA A0 Slref 2t RipRabEa i U Pl S

conplete the formation of the nozzle rim4 and to form

Ihef zle apertyre 5, and after the CVD silicon

Fignre 24 shops shastage of presdpstionattar fe Shemital gapol depesitiond €V of
RS | e

S B I3 Dt e PRy PnePa MRl e 45, o
attadouse the outsids pasichf thé nezle drnd, thisodside part beihs tesignated 4.1
portion 21 is then ground fromits other side (not

shown) to reduce the substrate portion fromits

Figee 765hoth teias o plodabest afftd hed T DYTSilictn nﬁﬁ@é‘ﬁas%@@n etched all

m crons, and then, as foreshadowed above, to etch

the 3yay thypbgtriietonte eonmietp he foraation of éheanqzébtrhn duod ta ﬁm the nozzle
L3105 LS 17 By b SRR b} Rignare 47

whenbMviedotsiuiged. oxygen plasma, to formthe structure
shown in Figure 30, with walls 6 and nozzle plate 2
whi ch together define the chamber 7 (part of the walls
Figh 2R0B3WE tHal s o ngﬁiﬁc r & Bhote @iV Yayer ehéf gﬁeéi%t 1§ been

noted that this al So serves to“renove
applied. Afjer this stagiecths Substraterparti @2 1t i |ﬂmnjmb1md frayg ék lother side (not

Sh\élgélg g&gg%%?qg%ﬂ'}%ﬁgs gg)tpgfﬂlﬁt #tg L @éc?ca%dstq% ﬁou'%%oﬁ‘ microns to

ab@ubmamto@mﬁpm t88n, 33 férestaBewaPARNE, 13 etchihShd@ 38 2¥Re hole 32 is

seryvin
etched to a%epth such that it meets the hole 31.

Then, the sacrificial resist of each of the resist layers 35, 39, 42 and 48, is removed using
oxygen plasma, to form the structure shown in Figure 30, with walls 6 and nozzle plate 2
which together define the chamber 7 (part of the walls and nozzle plate being shown cut-
away). It will be noted that this also serves to remove the resist filling the hole 31 so that
this hole, together with the hole 32 (not shown in figure 30), define a passage extending
trom the lower side of the substrate portion 21 to the nozzle 3, this passage serving as the
ink inlet passage, generally designated 9, to the chamber 7.
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ink inlet passage, generally designated 9, to the
chanmber 7. WD 2004/ 048110 PCT/ AU2003/ 001500 15 Wile
wbhesakeye production process is used to prOdUﬁ§”khﬁmymuﬂm
enbodi nent of the printheadgs shown in Figure 3
further printhead enbodi nents, having dlfferent heat er
structures, are shown in Figure 33 Figures 35 and
VA 0 38 AR 0308 PO ol s
slowbd mIFlglh‘e\Bfﬂ fuathenpritithead @chbalionehts, hﬁvﬁ@@iﬁéréﬁt hébterR@udtures, are
of th ]% and nozzle plate 2 cut- amay whi ch
showpuizy égFﬁ gaies 3¢ 2pd 3THad FranesaS ard 40The heater 14
is not shown cut away, so that both hal ves of the
heater el ement 10 can be 10 seen. In operation, ink 11
Cougsbyf inhdonpdiedtiom i Nk i nl et passage 9 (see Figure 28)
to fill the <chanber 7. Then a voltage is applied
across the electrodes 15 to establish a flow of

Refe@eig drite aBAlh i@ Pigubd 300 uamhdt 1l hes‘ﬁbﬁ'ﬁ Al Iﬁélﬁﬁhedlgoovy]b Shown with

heats the el enent 10, as describ above I n
pabphibe Biglls 6 apd gozde nlatet?ocwt@rwm,awlualpmveala bitg!i mtennr ¢fithe chamber 7.

t,Qi. ous S
Theealte 19 Lo R0 Bl o BAolE OB AT RortisBlemaagt frcaa be
séen. Fi gures 33, 35 and 37, and 38, can result in there
bei ng many variations in the ratio of length to width
of the heater elenents 10. Such variations (even

I KR! im% 13 3;%5%9 &I@Ii@qh?{nktiﬁl%t @stgdé%@téee]ﬂgﬁg 2859 B the

t he same ma have si gnirtil cant
chamber ¥i Then a E@I@eamm)llod atrbes thé eleeinides 15 snebtdbitigh & flowenf electric

A [ AT R T S,

rebdtiof 6 Bigute T, Q@ﬁ.&ﬁﬁm@o} Biisb14 B the S Wighih Whaﬂbéﬁ’?
vol t ages than earlier 25 versi ons, with ovver

resi stances of drive transistors in their "on" state.

T

35:amaaﬂi bad 38, mo reshnmmemmmtp&a?mmgn % 1886 B longth o width
X ST Rk me—

mﬁf‘ﬁe th% Qaﬁl@)aﬁn% haVe! sﬁ%&ﬁ@aﬁt Sectd tﬁg@lgl I g %su‘?&fmcleg? the elements,

pri nt head 'shown in ure 35. Acc
allﬂah*vl‘éf@r%@'leﬂ?tGéalahee bﬁup@l the voltezehad cerent Itcemimﬁveh(beﬂﬁm power of

th%:E%%n ﬁp‘oodl ment, it is now referred to in discussing
eéater el ement During operation, current flows

vertically into

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

lower voltage tolerance in each process generation.

Figure 36, referred to above, shows the shape, in plan view, of a mask for forming the
heater structure of the embodiment of the printhead shown in Figure 35. Accordingly, as
Figure 36 represents the shape of the heater element 10 of that embodiment, it is now
referred to in discussing that heater element. During operation, current flows vertically into

the electrodes 15 (represented by the parts designated 15.36), so that the current flow area
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the el ectrodes 15 (represented by the parts designated

15.36), so that the current flow area WO 2004/ 048110
wESdd1AAYP3/ 001500 16 of the electrodes is reﬁ@f%\ﬁﬁﬂo&omsoo

[ arge, which, in turn, resyjts in there being a

el ectri cal resi stance. By contrast, the el enent 10,

repr esent ed in fi gure 36 by the part designated

offe Bl BRSNS
rebigiangs. Q3}250ﬂﬂi'a§tf elenfent 10,Weprescnted Fiedred 6y th ?aﬂﬂ 8&iBlated
14 shown in Figure 33 has a si gnificantly smal

1,36 Alone 0d thin arith fhe eidthiok fhe clamens s erpadiment t@Eg 1 micron

ﬁfi‘ﬁ:n!i ejfth @ op 36. Accordingly, the
argll enent %5% %ﬂglé&f%%gw Il have a much | ower
el ectrical resi st ance, and wll permt a hi gher

£ han the el 1Q_of Fi 35.
L & P s gt ¥ Pt 1924 b ety sy dement 10

t
0 0890050 S8 85 L 4 s,
elﬁmcmtd@eg Figume 33 wiill hﬂvermudglomelemwecsmmmﬂl@eﬂrmt a

d 10 j ell 1. e
g bt 5o, g Setiad g1 5eR 5, Mabsrebte fengiesalomer arive
voHaga®idelillr d giveh tdergy 1©Qhé RGRENAIiNE lsHehdkger surface 15
area. The various paths of the |ower elenent 10.2 are
2 mcrons in wdth, while those of the upper el enent
' i L4 ]
g, 3l i S I ERBE 0 b v
hdatm‘ clentehtst] Oalpqnidl i3 a1 &:I;tr&jmldmgta rtheedagrrenniit ckfl. 11 (e of these elements

13 i’sgfﬁéﬁd he Higth s i} s 1Dt BlemB ﬁib%@%ﬁ%&%@gﬁe it soctace
ar8d. ThB QaSh1&Sats dritke 19&%1%@&%@ A9 rhilr ghly %(QLH%P vﬁ:ﬁle e of the

Assum ng that the energy applied to th
uppphdementdelnare 1anicrangn Xyidtht Thsl the erergsaqnplied toamkdn tHea:hamber 7

ol ST R B ASohiFhy BB a3 28

voltageirtiesuldesduritivnl TI6 pechits @ véguliting BE HRABIW vaiﬂﬁlﬁusaes and
when_  nejither elenent is operational, is zero. Thus,

hepge off the sige of 1k dson gjegied dusrtarihmbutbiescan be 25 print ed
with the one nozzle 3. As the above factors of energy
out put nmay not be achi eved exactly in practice, sone

Asshinmeg thetuthe agergpéppied teetha dik sy this ngperfeletdiat ed) & risam ®will be

apllol%cﬁte%qgat]ﬂqé gﬂerg ap%ﬁiec& g? thderlén\ﬁ;eer e é’n'aén"’%%% isa out X and the ener
gy

applied by the two elements together is about 3X. Of course, the energy applied when
neither element is operational, is zero. Thus, in effect, two bits of information can be

printed with the one nozzle 3.

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

It will also be noted that the upper element 10.1 is rotated through 180° about a vertical axis
relative to the lower element 10.2. This is so that their electrodes 15 are not coincident,

allowing independent connection to separate drive circuits.
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applied to them maybe required. 30 It wll also be
noted that the upper elenent 10.1 is rotated through
wodhspkoys a vertical axis relative to the | oMeFAU2003/001500
elenent 10.2. This is so that their electrodes 15 are
not coincident, allow ng independent connection to
separate drive circuits. WO 2004/ 048110
PCT/ AU2003/ 001500 17 Features and advant ages of
particul ar enbodi ments Di scussed bel ow, under
Fequpres pnd atleanegdi ofgarticalsd entbotlbhéentspeci fic features of
enbodi nents 5 of the invention, and the advantages of
these features. The features are to be considered in
Dfs@%%é%?a?mﬁ% o BeaigS e BEAPSREE kP Bl embodiments
¢ invention; end tieradvardages gﬁﬂlemﬂatmﬂsaﬂhs featuredars éo be considered in

r.aw, n ecifically referr Suspend beam
refpRt a0 o S g el oY it ian i RS Himer v
spRBig¢aly d:efudas adriin Bla®iRR] anliQelates itd) tHoQ@dlfa%gs @.f)emﬁcally referred
suspended beam and this is suspended over | east
toportion (designated 11.1) of the ink 11 (bubbl e

formng liquid). The elenent 10 is configured in this

way rather than formng 15 part of, or being enbedded
Suspendedbohatheatee as is the case in existing printhead

systens nmade by various manufacturers such as Hew ett

Packard, Canon and Lexmark. This constitutes a

V\ﬁﬂh&@fefén%é‘% Figdlfel 18 bAN5EMBRINEE chﬁ)éb@x@ hEReL élerﬁ% nt108s in the form of

present |nvention and the prior k jet technol ogi es.

a SEpided redm, and\his isspepaied bvar af I@astwrlmmtm (dasignadedhl lgheof the ink

1hae SRS Rl BECOSHRE 1B R eineli ' Fipggather than forming
ALt ontidiles éﬂ‘i@edhe@ﬁﬁ b sEbseaRHs $s the chdedh ex@ﬂﬁ@pdlﬁhéda@ystems made

solid material form ng the chamber walls 6, and
bstariont manmgotrras sushas HeadedbRpskard) Copnneandd ermaris| Hégconstitutes a
sfulfiod ffer Lk bEENCEE EiodiEn3P by BYE R Gt By prior i et
tevtaphugidsubbl es 12, so that the heating of such materi al

25 invol ves the wastage of energy. The only energy

whi ch contributes in any significant sense to the
TEEAShAH ARl ofihie féaaﬁmsqﬁ tla%n tei—mﬁ 'c&hbé sehdRRl b§yoidi

directly |Erlﬁégothe (1 v |rs e heat ed, V\h?g};m e
the popgcasspry hepingof thy se hbnatnnalma,t surrounds the heater elements 10 (for

example the solid material forming the chamber walls 6, and surrounding the inlet passage

9) which takes place in the prior art devices. The heating of such solid material does not
contribute to the formation of vapor bubbles 12, so that the heating of such material
involves the wastage of energy. The only energy which contributes in any significant sense
to the generation of the bubbles 12 is that which is applied directly into the liquid which is
to be heated, which liquid is typically the ink 11.

In one preferred embodiment, as illustrated in Figure 1, the heater element 10 is suspended
within the ink 11 (bubble forming liquid), so that this liquid surrounds the element. This is
further illustrated in Figure 41. In another possible embodiment, as illustrated in Figure 42,
the heater element 10 beam is suspended at the surface of the ink (bubble forming liquid)

11, so that this liquid is only below the element rather than surrounding it, and there is air
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In one preferred enbodinent, as illustrated in Figure
1, the heater elenent 10 is suspended 30 within the

woRbosblsiepubbl e formng i _qui _d), so that this ll,¢ﬂMUg)03/001500
surrounds the elenent. Thiggis further illustrated in

Figure 41. In another possible enbodinent, as
illustrated in Figure 42, the heater elenent 10 beam

o B HRRESH Bl 3o Bl el ARG LA

prefeerednt };}Iedidbble ]12hﬂl}lll fotih ald fmﬂnﬂ the dlemertd Otdﬁlﬁk@lﬂ the 6mbod1ment
WD 2004/ 048110 PCT/ AU2003/ 001500 18 on the upper sid
desfripedanaelatinio Figwe 48 wses ‘?%%%bei% 9 PRl dommbslaibe elament. Thus

thE %nﬁib@i‘:ﬁéﬁt 8iriotire Lﬂrﬁﬁﬁélg %j%nl Id&@%&‘é@?ﬁ&eﬂ%g(#aﬁ&n form

around the el enent ei1nt
descrlbed |n relation to Figure 42 where the bubble

A8 oy o e ofeep i Fe SIsRER Pty b Hoa gt clement 10

bAAREK Shbgtitted 5;11%501:{3&{% SRR 228 erbdlat ifsQpp6EiRER-leCso Ml # constitutes a
reference to Figures 30 and 31, the heater el enent 10

capileves. s supported only on one side and is free at its
opposite side, so that it constitutes a cantilever.
10 Efficiency of the printhead The feature presently

Effieibacy obtheipgathead on is that the heater elenent 10 is
configured such that an energy of |less than 500
nanojoules (nJ) is required to be applied to the

T ﬁﬁﬁfg ;i)rE&nﬂ? QBderichbnstikchtich i8 Bk Mlgtﬁéa{ep %1%?&’1%9' ﬁn:%ur such

In the so as to eject a drop i'nk t
thaﬁanacnnwzdféess thanr506 rmenqjodf:sa(nﬂ)aﬁ requieditorbeappliel o the element to

e S i en IR P o BRI 2 B R4 oune 0 i p o 16 i throngh

a Nézzle ) ena@p HesTeméRanindithf Sl Sdauire endrly Ish@Ss ahdt 3008V, while in a

prior art devices generally reqU|re over
futherresplndiraent; the gaesgy sHessdhasni@nlsuf i ci ent | y to
generate a vapor bubble 12 to eject an ink 20 drop
16. Thus, the energy requirenents of the present
It vy bey appraciaeé bathoss skdlledin theg tat giod v dsvidel gencrdlBire@lire over

known i her ink jet stens, This | ower energ . .
> W%JBH%F Feoon e ashent SHEPteBE gt Eper bubple (2o eject an ink
drBP6! TR &Ry e@%ﬂ] BR.of B p %ﬁ%

g?rrpl ifiés prlgrj{?h goolol ng, r@%eﬁ o I g ﬁlérﬁgﬁ?flné%gmtude
lowtr then fad gf@wahtherpeﬂ irikjst gystentsi Hggs kIde|eg¢rgy consumption allows
Ioargfc'ope%atm tDists, smaller power supplies, and so on, but also dramatically simplifies
printhead cooling, allows higher densities of nozzles 3, and permits printing at higher

resolutions.

These advantages of the present invention are especially significant in embodiments where
the individual ejected ink drops 16, themselves, constitute the major cooling mechanism of
the printhead, as described further below.

Self-cooling of the printhead

This feature of the invention provides that the energy applied to a heater element 10 to form
a vapor bubble 12 so as to eject a drop 16 of ink 11 is removed from the printhead by a
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These advant ages of the present invention are

especially significant in enbodi nents where the
whhgliaksty@l €j ected ink drops 16, thenselves, perau2003/001500

constitute the major coolinRg nmechani smof the

printhead, as described further below 30 Self-cooling

of the printhead This feature of the invention

oSBARohed BTh 2ORUAL -8 U7 o
prodthéadkirdril thesink esseimed (hotaotwhy THd rekileethie)s thad¥he net “movement”

004/ 048110 PGT/ A132003/ 001500 19 conbi nation of the
ofheat wibbe owaply fome thejpsiathead.de sppvidesfor putomatic eonpdingn knder these

o8 AR O S Sl

net "nmovenent" of heat will be outwards fromthe

i nthead,, to provide for auto ic cooling. Under
AR GBI 550y 14 et st ) R Grotd o i rtig g replace the
ejodtid BlopQlke SaRlifRA BIMES 8hFe type 68liddIE dnlkyid re%m%zﬁly be of the same
ej ected and the ambunt of ink 11 drawn into the

mpss; Hiheryerientte gkpress theaet g vestoatiotimsrgyaascorciba ohe handg the

t of .1 i gui d d wll, essentiall e of
ety AeTBT R leeé Bnlon R ed b neBRRE B e et Frova of
heratgamgyd . lﬂ:lamfesﬂﬁei‘c?ly eﬁsﬁl%g]?ﬁiﬂl@dr@ﬁl &6 ?i&gl-g}e mtﬁﬁe oﬂﬁte E}@Yacement

adde e heating o e el ement 10, and on the
Q%Pﬂwrofﬁ%%ﬁaﬂ Afumag %ﬂ%ﬁhﬁmlac‘&membq%w ofp bl it gmbient
tefBEMNS, thE PHEngh Bl hido b nd ot 05 B8 §1cbE abd BfRpment
quantitiesayflink eanesoinvepientlyi tieyexpfessedias 1He hept thht woidd detrequired to raise

Y in. t t t
PR i RO e S PoBSers fdhe arual
te@PeMaRe 6Nhle YirditasakRieRe®dd as the heat that would be

required to raise the tenperature of the ejected drop
16, if it were at anbient tenperature, to the actual

3 he .dr 1§, 15 epected. .1t wll
e RSP P b 00 A oS5 B b pent n
Wit @uestituted theiambiine teffleratiae £ Rothe Preseiivate, GRt&hpérafuSthat is taken

ﬁjhe ambj ent tenperature. In the present case, the

to éﬁ%%%%s?fée?ﬁa‘ﬁmr%ls thadempergirp at Whieh il legnters the printhead from
, i . e S s

b BIRASy 08 DALl S o, o

the frdetrprssageschod the puintheat elypidaily theuimbiéntdemperature will be the room

R asg e weichis pREHE B SRER S Bl 11 be
the room anbient tenperature, which is usually

r oughIﬂ\{ 20 degrees C (Cel sius).
However, the ambient temperature may be less, if for example, the room temperature is

lower, or if the ink 11 entering the printhead is refrigerated.

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

quantities of ink 11 is equal to the heat energy added by the heater element 10).

By way of example, assuming that the ink 11 is the bubble forming liquid and is water
based, thus having a boiling point of approximately 100 degrees C, and if the ambient

temperature is 40 degrees C, then there is a maximum of 60 degrees C from the ambient
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However, the anbient tenperature may be less, if for
exanple, the roomtenperature is 25 lower, or if the

wb Bosblgigpt ering the printhead is refrlgerateqxghguﬂﬁﬁmnﬂm
preferred enbodi nent, the pginthead is designe
achi eve conpl ete sel f - cooling (i.e. where the
out goi ng heat energy due to the net effect of the

ed of ink 1 |s ual
tep R QI 15 B e AP o B ol Plnd ot e e
thByritveliead toeld an@irge. assumi ng that the ink 11 is the
bubble formng ITquid and is water based, thus having

a boiling point of approximtel y 100 degrees C and if

Itfl?&eas%)kz ?%\Fﬁl% fitRad g&‘{érﬁgérﬁt&é‘e%r it n‘?lgg}e'é&“ fcf%'lﬁ‘ at time of

inRQDdy D@%Eﬂﬁbm&@ﬂoﬁﬁ@@&ﬁ&ﬂﬁé @0the Iﬁllingrppﬁflt af theanlt 01.t ifehe ink 11
i nk boilin tﬁture and t hat he ma
it

WERAT SYChk o el termp @ Ee Vﬁ%@aaﬁ%%maawé thfoprinthead
cduld E@'ﬂt PR fo Oﬁygéﬂ% QI?:W eqﬂﬂh{éﬁgﬁlﬁ% ﬁie%ﬁed&eh,l therefore

the printhead (other Than at
urgjeemhl@ rfyropdtion lof aalmr\beblg/les:lbsécctoodmgig, Pptiefarmed epﬂmdﬂmeuf of the

i RIS it o e Sompine Bliofing et gns oinBe

adhidval herfl theoBalithubeRm E&rahﬁe SPfie inlepl @ﬁﬁbl@%rﬂﬁnglﬁ@ﬁi&) ina
bgiling point, with the unintended, and thereforé

pasHerlas nogalechamber is 18 degyres G helovhitshiling nont when the heating

IORER @ 99hYacti@e Pr ef erred enbodi nent of the invention
I's confl gure(tj1 such that conplete self-cooling, as
descrl bed above, can be 10 achi eved when t he maxi mum

em ture of nk 11 bubleformn jquid) in ,a.,
TR S et ity fader itsmigtash Snd sty pgodiments
ishmdthd aﬁ%w@%ﬁ hlm ﬁBzﬂé‘&erEﬁ?Eu&cPﬂ)r a?ﬂl Bd rin%éﬂ&to eration

active. The main advantage of the eature presently
withoigreqhiideg elahosate copling metheds fooprsventingdindesired boilib§ in gozzles 3

al,l r. L. zzI .densi t nd for, a
oGt G poZeieC¥Sim ek st aft BiSE SRtk 5 et gy much as o
neidediofodd ictasy mmﬂzﬂebﬁkﬂﬁﬁg dedkitprhen SRuid e He 688 if ®dh a feature,
b0| ling in nozzles adj acent to nozzles from which
diie tpmpsEaturs CﬁFeélaB'@?WQn » SOEERPt Preseat- can al | ow as nuch
as a hundred-fold increase in nozzle packing density
than woul d be the case if such a feature, and the

Areahybensiy of mozzlest eri a menti oned, were not present. 20

This feature of the invention relates to the density, by area, of the nozzles 3 on the
printhead. With reference to Figure 1, the nozzle plate 2 has an upper surface 50, and the
present aspect of the invention relates to the packing density of nozzles 3 on that surface.
More specifically, the areal density of the nozzles 3 on that surface 50 is over 10,000

nozzles per square cm of surface area.

In one preferred embodiment, the areal density exceeds 20,000 nozzles 3 per square cm of
surface 50 area, while in another preferred embodiment, the areal density exceeds 40,000
nozzles 3 per square cm. In a preferred embodiment, the areal density is 48 828 nozzles 3

per square cm.
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Areal density of nozzles This feature of the invention
relates to the density, by area, of the nozzles 3 on
wbh6soRéiipt head. Wth reference to Figure 1, t
plate 2 ﬂas an upper surfage 50, and the 25 l{)?ré‘gg@t%&gmsm
aspect of the invention relates to the packing density
of nozzles 3 on that surface. Mire specifically, the
real. density of the nozzles on that surface 50 is .
%Fefiré'ﬁé@bﬁ‘eﬁbez\kﬁ"é@%&ﬂg%% & Brinlesn 1o {pcfude dhedréve-ciycity
coPREpAIRIAD HRA B IROGHILE Wbnsidt) 8y RESR! o CERBVan§¥EP G0Rhift regi
20,7000 r%gczzl es 3 per squ%srle Wo@ 30 surface B ar e%fegmter’
anyimable gate aad slack regenehibon eitcudimbbis wreniiry nbisbedngsplecifically
iddetgfiﬁy exceeds 40,000 nozzles 3 per square cm In a
ol eél‘red enbodi nent, the areal density is 48 828
nozzles 3 per square cm WO 20041048110
PCT/ AU2003/ 001500 21 WWen referring to the areal
Wit yeferopce waligug @3 i @hiphj assingle unit eall | isshowe, the dimensions of the
[ e Cl REAYA ndj I i£h
e SeH RO b 33 ERAG B b o1 BBRE B! gt fozate 3 of
the agrtstatessivamwertablzeeg@ioesiama) thoeliatebgjantibades Gils nozzle, so that,

oS ¢4 s Sigh oF Pk BRGRhoRoo Hg BIEA ST prefs, 28
no¥REb %ay{aiugr&%.l THis isSboRO¥ timbd e ﬂbﬁ@%&%ﬁ@t #Abecypig%

unit Cell are shown as being 32 mcrons in w
thedoaal ovkgjet printiegads dnd Fhghln 400 timeBthenozale erealedensity of a piezoelectric
S ccgssi ve row of nozzles (not shown) inmmedi ately
prﬂ%'}& pboses this nozzle, so that, as a result of the
di mensi on of the outer periphery of the printhead
chip, there are 48,828 10 _nozzles 3 per square cm_
Theypainjadvanirggiof g high areal depsity ivlos| manyfecipringeest, g5 thefdeyices are
WP, A j ' i , and roughly 400
ba%l m@%@%@%@‘g#ég{o%g%c@%ﬁ?ga pi ezoel ectric
printhead. The mai n advantage of a high areal density
is | ow mgnuf acturing cost, .as.the devices, are 15
Thspets nPZgFs BBk e R g o s LEalf: e more
n03418€ can bR d iR 25k R e BardH) ¥hiGAYpRALAGRSRRRE @ﬁi@afeﬂ ‘Phe cost

square cm of substrate, thé nore’ noZzles can
of regpufastiring ai GMESeilnMEMS wafer ofithedypetyspd athe privies] ofttbe

et B b o £ EnG R, BuaP R AR i nali Bt e formea

onit. Therefore if the patterns are relatively small, a relatively large number of nozzles 3

can be included. This allows more nozzles 3 and more printheads to be manufactured for
the same cost than in a cases where the nozzles had a lower areal density. The cost is

directly proportional to the area taken by the nozzles 3.

Bubble formation on opposite sides of heater element

According to the present feature, the heater 14 is configured so that when a bubble 12 forms
in the ink 11 (bubble forming liquid), it forms on both sides of the heater element 10.
Preferably, it forms so as to surround the heater element 10 where the element is in the

form of a suspended beam.

i
E
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20 present invention is, to a sone extent, independent

of the nature of patterns that are forned on it.
wobsluRkfne 1 the patterns are relatively Smi'ﬂcw?m 03/001500

relatively | arge nunber of ,npozzles 3 can be inc uo?ed/.

This all ows nore nozzles 3 and nore printheads to be

manufactured for the same cost than in a cases where

he nozzles h ower,. areal .density. Th ost is
The PR S5 RS s Beth SeRBoc fE Bosetniaeriey 108 omspsd tnon one
side oRy, Bt déiodl iWiditefRenRB RPBchRs 45 d8$ 401 INBaKS of these
el ement According to the present feature, the heater

figares,henater glement boistadapt ihebublisbl Ztobe formadsonly en one side as,
V8 g £ T S T 910 e

Sides 0
ofl bothsides aashéwn.surround the heater el enent 10 where
the element is in the formof a suspended beam WO

2004/ 048110 PCT/ AU2003/ 001500 22 The fornmation of a

|nby&9{ﬁgmla [ % of
oppose&d ?gﬂﬁ&%zhég?g onﬁ? fﬂfeclg%%ggﬁaﬁﬁﬁ er stg%)eo v?/lilltﬁ%011 only one
side bBihe heatert ederfiérg UOdsbetBuseritle démetiris tinbedded $1 a sfibstrhiesd, so that

fi es, th eater el enent .10.js adapted for, th
e S St Be e onite Ty i e EnpRtig 1 Bipaate, By
cddt@st 2eBbIeN1 2 tche find drUbULR Sided MEhELQHRItatiofl oRERRESE as the
for the bubble 12 to be forned 5 on both sides, as
hegtslemenh 1Q hess is sugpended.on such as that of Figure 45,
the reason that the bubble 12 forns on only one side
of the heater elenent 10 is because the elenent is
O ntarskdwhlere thecheateb slemaire] (bt in the foinabf a sudperdilst besin eadeetibed

be forped on_t he tjcular, side corresponding to the
ahayg g feiﬁ@!l infisiee ﬂgﬁ? fﬂﬁ%‘-’, {% B BYYB‘EFOJ%YE S@ ah tor yEiRpchthe
sRPédlcd bElRs elethehfie configuration of Figure 46 as the

heater el ement 10 here is suspended. O course where

the heater elenment 10 is in the formof a suspended

T g ST bt LR e Pl St B ehhihe ey i s
achits/a61ad Ftisie a ©laeeBitition THRead haR AR Edah hedim el hidtekials in the
formng on both sides is the higher efficiency that

S
vigisity of tisiheaterslpments! O waichglosnof eenitbute o fonmpéen ofiatabblesl2. This

. iz ' ' i ' i N of

B DAL S ke O o
sdlidrsbdtiatenS 10T The dondoint ef Hedt lofhtoshe substrate 51 depends on the thermal
conductivity of the solid materials of the substrate relative to that of the ink 11, which may

be water based. As the thermal conductivity of water is relatively low, more than half of
the heat can be expected to be absorbed by the substrate 51 rather than by the ink 11,

Prevention of cavitation

As described above, after a bubble 12 has been formed in a printhead according to an
embodiment of the present invention, the bubble collapses towards a point of collapse 17,
According to the feature presently being addressed, the heater elements 10 are configured
to form the bubbles 12 so that the points of collapse 17 towards which the bubbles collapse,
are at positions spaced from the heater elements. Preferably, the printhead is configured so
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20 is illustrated in Figure 45, where the arrows 52
i ndi cate the novenents of heat into the solid

wodhaiifhe 51. The anount of heat lost to the ﬁ]ﬁ)ﬁbf@ﬁlﬁow%

51 depends on the thermal sgonductivity of the solid
materials of the substrate relative to that of the ink
11, which may be water based. As the thernal

[ I re_than
R b bl ool & euliBpdi s BE bt | Bt R st Ayion. being o
mtafve psolidert improrstt thadnked tnk Jba&evtbﬁs,tih Gargal¥X ellthinaf¥d.
Preventi on of cavitation As descri bed above, after a
bubbl e 12 has been forned in a printhead according to

R%férm?g”ﬁ e a8, ifa griterbd @rﬁﬁéﬁlmleﬁ,’ ﬁﬁtﬂeﬁ’t%s elteﬂg%tg 4B %eeconﬁgured to

col | apses tovvards a point o
hayeqerts 55 grbich deffiac et (bepeespnied byltlieyartmv ), antthoesse the bubbles 12

eat e gur e to form
s {4 PE B0l & cBlTRERe 17 R wBlsh B TsP S ot Catem sweh gaps. The
advahelge bhdifehibleSs 1160 it'sﬁl@s‘iﬁmall? BRoidd cRRBfid @SagdRE AR %eater
fromthe heater elenents. Preferably, the printhead iIs

elemyints §(aed| other sabidzo@enialag110 PCT/ AU2003/ 001500 23
that there is no solid material at such points of
collapse 17. In this way cavitation, being a major
T stimdand priorpart systemrets shéwei miemiaﬁkallyﬁﬁ F@g"th‘é: tﬂiiﬂle héater element 10 is

e eiE Yo isu AP Heltit ot HeulAiay by eri AR s clenatcind a protective
1aG& Y7 EkF B ihRilatRsIBNE %&ﬁ%kﬁ@ol@‘i%? 91?1 ﬁfﬂ%%?%nebnblm itis

regresent ed by he ar
8% taphnfithe ¢lempati fWhendhe b‘dbﬁlaib% collips¢spasdhionin Hyttke arrows 58,

TN orh et r e -
If ah/eoprﬂ&c@%/lay@tiﬂ Gierél ARSI tHe Hd B edHRBICAT forddk BHBRY the éz@maﬁon that

g%wrer solid material. 10 In a standard prior art
Wg‘a feswtfrom thsipcussing pithivencray tp shemajuiref coltapse A2, dould chip away

OfFARITEL b R0 A0 &, B B 0 1 e el Bl 7

| ayer 57 over the insulating |ayer. Wen a bubble 12
is tornme fornmed on top of

b h 0,
Tymcally Séﬂfrgﬁ@¥°tt9?¥’gfﬁ?%3f%g?€tl&9}ﬂt@1@%HMCH&%@Z@S&% fogpcArerp jard
1a$(éi'l%f Bk NR p'é&omd@l(T Cf@;) t RRhRRR Enghearrltnliﬁm i 3&1!11?11113{ resist the

Iapse i § focusse onto a very sm
effagts| sg‘etawn, if thejtantalhen mmdﬁahveldlbawhlppﬁd away éue to the

h I t
oo ARL theb SR RabO wEERRTDERt pothh PTG hBelieSirnigh. gp asto
effeotisely repaiy thd @ntalién ﬁ@ﬁ@hd@fa &0l | apse 17, could chip
away or erode the ater e emant 10. However, this is

prevented by the protective |ayer 57.
Although the tantalum pentoxide functions relatively well in this regard in known thermal

ink jet systems, it has certain disadvantages. One significant disadvantage is that, in effect,
virtually the whole protective layer 57 (having a thickness indicated by the reference
numeral 59) must be heated in order to transfer the required energy into the ink 11, to heat
it so as to form a bubble 12. This layer 57 has a high thermal mass due to the very high
atomic weight of the tantalum, and this reduces the efficiency of the heat transfer. Not only
does this increase the amount of heat which is required at the level designated 59 to raise
the temperature at the level designated 60 sufficiently to heat the ink 11, but it also results

in a substantial thermal loss to take place in the directions indicated by the arrows 61.
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Typically, such a protective |ayer 57 is of tantal um
whi ch oxidizes to forma very hard 20 | ayer of

wbabisalssiip pent oxi de (Ta206). Al though no Knownperyauz003/001500
materials can fully resist sfhe effects of cavitation,

i f the tantal um pent oxi de shoul d be chi pped away due
to the cavitation, then oxidation will again occur at

' nt.al um net.al,, .s0 _as to ffectivel

ThAE 6Lt Ml PR BB Sebor 8wy ioported on
a harfiica budrwaendioeled by el promsivedb@risvel y wel | in this

regard in known thermal ink jet systens, it has

certain di sadvantages. One significant disadvantage is

c o f : j . i.ve: | I

ARGRing WS RE prostht Wiel ishilolt Mo Rodl 81 RB b BUEE 57,
descmteadaabo88) is ancsdediisy deaatitinl the babilerl 2tso thiat ircoflgfset, e illustrated in

TR SO A T
parBSHarfitOhre tRE MBS Yar ¥ Obktvi BerA)01 158 omeﬁﬁtate? Eltehfe%ﬁihleoétzxs there is

tantalum and this reduces the efficiency o
merelinibe ik 1 INdselfinithis lagatien (phios to hubbleggseetation)athereis nofmaterial that

t [ IS .keqpdred. at. the l.evel desjgnated 59 to
TR er MU e 3 (B8 i S Qi 1 SRR ot of ollapse 17
mayifeaticinany thoubandh epllegidrs d, BKiskbmoastiatéd bypdhs PhéRmbbnbs of
in a.,substantial thermal |loss to take place in the

sogplugrpssepee.  This will raalpdowmthe dnk epmapapents wishatpoint Awigyer, the

ﬁ%ﬁ S At DA AP BEe ¢ SRRRNTI 0] Baf Bl dBfiuction of
womporsuis iadhis anbinwes nottigrnificemt.ed by the protective

| ayer 57. According to the feature presently under
di scussion, the need for a protective layer 57, as 5

ThiasRERR6E o e babblE 32 agéqh&leﬁcdm?&@ Revad BPoihber &Mgpéezl 7 where

12 so that it collapses, as illustrated In Figure :
thergimnaigoligl paferal con be achieysd asing haetenlempnts 0 cerréspomding to that

' ' r rticul.arl re,there is .
repfaiofed A bt 1034 SRRk 3Ry Bl Reeianiit Fppstented i
syAendthienl emnidhas FRoRIrypredeated by tﬂéh;eEér&ﬁJe_fnuhférdl laB t%.t #t9&tdr OWhen

ere is no nateria

prior to bubble generation), ) I
tnf Blsmontia sl b phplaores wpuich oaiamesot sgndonted bt deshed line
oL T 1P o G5BT P
the Jashid liptseicameiésh itobanssbndbmaitrinelading thellls63ithd hdle tak being
B ETERR B B RO BEUE ol o s
Whéhn it $o4psedTld collBfte i§ HiRectRISdo a4 G hidfintfe the Bl fRRTRRRRNufounding

in this volunme is not S|lgnificant. 15 The generation
€

the pultiie: 1% ublis &nvpbves ghe wkblei shapeomodipg éasvardswsnberieal shapstas far as is
pefthitel by AR E it Gre involved. This, in turn, results in the point of collapse

being in the region of the hole 63 at the center of the heater element 10, where there is no

solid material.

The heater element 10 represented by the part 10.31 of the mask shown in Figure 31 is
configured to achieve a similar result, with the bubble generating as indicated by the dashed
line 66, and the point of collapse to which the bubble collapses being in the hole 67 at the

center of the element.
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there is no solid material can be achi eved using

heater elenents 10 corresponding to that represented
woYoddraspart 10. 34 of the mask shown in Fi gureP@ﬂAUﬂ_dﬁﬁmmsoo

el ement represented is syngetrical, and has a

represented by the reference nuneral 63 at its center

vwen the elenment is heated, the bubble forns around

15 e A e ST e e B ey P 361 o
c&xd:‘r:gumrtu taphisVeP Gindlr fdshld SWhérk ek é;wmeﬁthe Fas Hﬁ‘i’enlsioﬂ@tfsuch that

ﬁj@ nd 65) |t spans the el enent including the hole
thehole 5 & sirlloprifaguring inpecyragiesiof thecheatep elemehtmay aﬁfm the extent

td PRicRYRBLE g cﬁ%ﬂa‘ﬂﬂg{i ?uc]ﬁl ét%tsé)%ﬂlst Eg&i tg%'g thbglglf%ggon defined by

di sc- shape apses
thetihobee Feﬂempée; thechole miagrbe as liftle as W edclof Sdros. W}kl)clsre high levels

TR NI XIER Y (e
adE’ 18 ﬂlh@‘&%e Qbfm&»@ﬁatq hﬁlﬁi&ics% &Qﬁ.ﬁ%ﬁfa?mb eocll% ela tcm?éra% %gomt of

turn, results in the point of apse bein
cql)@g:;q;wtbtp suglea bobléregonatin st a:mse,mﬂnfegaﬂd&o ﬁmﬁtearer element

P th IS ol.id terjal

eﬁk’g‘", By th% a%aiéf’é’ﬁt &fﬁe ?Iﬁ@e%am Siplhe aqu#eﬂlereby
incTeading thewizel of thd @pion iBwhich tﬁ@ Sianbf @Uk; 1?.@ of theARBLRME tPfall.
simlar result, wth the bubb e generating as

i ndi cated by the dashed |ine 66, and the point of

b, [.] a eing in the

CRBnioARaol AliaEdnb R HE N EABRRBIE D0 048110
PCT/ AU2003/ 001500 25 The heater el enent 10

TR p e Satenth BEF delgbinieneR rratish e somepiaa 7iarthe nozzle plate
thﬁeedﬂsﬁtuu}i\ﬁ 8ls8udtiR viki SR brrd 3FcHemid VBRS ienRticy

that the hole 68 is small, manutfacturi'ng I ccuraC| s
vagious prefaedteatbodineents tha@YDds psiticartitristes silicon diaxidbibexi-nitride.

a bubble can be fornmed such that its point of collapse

is in the region defined by 5 the hole. For exanple,

Themviagthge afttlibgoate plate Dl RirdSoanéEYy OVEY it #GE Rﬁﬁlﬂd In place
of accuracy in the el enent .

ere high levels
W&mﬁ p@uiEcanank (s @ssopiliag theynozgls plate tomtb@rwbrnesnents such as the
si ded
W%lﬁ‘:?t’ g{;ﬁg gﬁﬁﬁg t'ﬁ%s égﬂ @{)ﬂ%ﬁ ?uv N1dgC dsr%"él(t,au ﬁjte asser 'bly of the nozzle
plate Blthqtsvmuld othierwisalodrequisaidah beelgﬁﬁoﬂli td eff@uaiai @nG@dfve
ard to th eat er, e ement esented |in
£ SSRE O hifucst SuehTRNuEd ipghids Tt potr AL msch ot ghormal

ex?hﬂﬁdmbdﬁﬁeéﬂ’thé hegie plagreb AdpdrRah SA3NY wbti@ be! a%&nﬁﬁed the
t he rgglon in which the point  of collapse o

ditfignly af sugcessfuflykeepingpasppangnts wligesd td ep@mthaukeepmgl them planar,
anfl ls@Bﬁ, du?ﬁ% tﬁ@é&n@%&éﬁ& gil i SGhesive which bonds the nozzle plate 2 to the

other parts.

The issue of thermal expansion is a significant factor in the prior art, which limits the size
of ink jets that can be manufactured. This is because the difference in the coefficient of
thermal expansion between, for example, a nickel nozzle plate and a substrate to which the
nozzle plate is connected, where this substrate is of silicon, is quite substantial,
Consequently, over as small a distance as. that occupied by, say, 1000 nozzles, the relative

thermal expansion that occurs between the respective parts, in being heated from the
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The nozzle aperture 5 of each unit cell 1 extends
t hrough the nozzle plate 2, the nozzle plate 15 thus
w6 folidgé i Ng a structure which is formed by chephémbsooiseo
vapor deposition (CVD). Injgvarious preferred
enbodi nents, the CVDis of silicon nitride, silicon
di oxi de or oxi-nitride. The advantage of the nozzle
ate 2 being formeq by CVD is that it is fornmed in
b S GempPRlt o O o PSRBT i B beBeing e fogether can
cdi9d & UBndHsfanisthaRhte Ei#m_ﬁeél%ieﬁm&? a %ofer}ﬁ)gglg 1 .SThis
6 of the unit cell 1. "This i's"an inportant advantadge
wheld hestenifieantls deimipioptabforisheh dryicese plate 2 that woul d
ot herwi se be required can be difficult to effect and
can involve potentially conplex issues. Such issues
Ahotbistoblefieaddedsedtt byathe fafi sifthOinvERBInPREsen@X BR$ HRBussion, at
between the nozzle plate 2 and the parts to which it

legs i emBedigeatsithereef; 1sithas, indwior pig devigesprozzlrpletes that nqaﬁ to be
a%%ﬁﬁl'g@ Qreg%ﬂgl‘%gﬁ 2&{1)&58%%& gﬂts Gnd 1%{113%%1’ 9tg ioﬁntlﬁggdoﬁn%gjf &{Iﬁg‘mns of

uring the curing:process
refutiivelyihigh sttvise. NThis natsresiieintoeskagespiraindesirable defoematidResT the

arts,.. The issue _af thernmal sipn is a significant
AR b oThs fenariing:af Sie Agiele ks £ AVE P BoerebretgpBtBor e preseat
inv@itontadvsids¢gs be manufactured. This is because the

difference in the coefficient of 30 thermal expansion
bet ween, for exanple, a nickel nozzle plate and a

AT B el o i Rlofioh PR erbltiments

thenebf iatheirabmp&ibiHgouienédistingeeicoadudttmhhndadihiie6 & sses.
1000 nozzl es, the relative

as. . that occupied by say, ] ) )
Demsiting2 @%ﬁlﬁypié}f%% by KD allews e Berale el therbisied in ke printhead
o RS PRI 5 R B prkd e by ysed or semi-
conduéterymumrfpeinzt ur e required for bonding the parts

together, can cause a dinmension m smatch of
significantly greater than a whol e nozzle length. This

E#Gitlgthbiendd ik el baabbleyetdited J : )
Anot her proble n(wb ad d?igég e dst%gﬁmﬁeggﬁﬁ%%ﬂﬁg&%@ the
bubhleegenpitiopplasernflup tod 0@ atnutispleares | e navzle platest2 inmuch devices

i s that, | ' .art devi .
S0 b BERR) el oo Bl BN RBRL s o
CVBmoaztegtate woald eareqiredi Aslebuldl b dideitod by €iase skifled in the art,

f relative hi gh stress. This can result

condi ti ons I I . .
s h%?@&ﬁé&@ ggd@aosmzlﬁa%qt@ Wald ghvgise fertain prokiems as discussed
bellgyi ces. The depositing of the nozzle plate 2 by CVD

I n enbodi nents of the present 10 invention avoids

this. _

For example, the thickness of nitride sufficient to withstand a 100 atmosphere pressure in
the nozzle chamber 7 may be, say, 10 microns. With reference to Figure 49, which shows a
unit cell 1 that is not in accordance with the present invention, and which has such a thick
nozzle plate 2, it will be appreciated that such a thickness can result in problems relating to
drop ejection. In this case, due to the thickness of nozzle plate 2, the fluidic drag exerted by
the nozzle 3 as the ink 11 is efected therethrough results in significant losses in the

efficiency of the device.
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A further advantage of the present features of the
invention, at least in enbodinents thereof, is their

woooPAlse | ity with existing sem conductor PCT/AU2003/001500

manuf acturi ng processes. Repositing a nozzle plate 2
by CVD allows the nozzle plate to be included in the
pri nt head 15 at the scale of normal silicon wafer

ar.mall ed for.sem -
i, L 0 S Bt WP P Byretaes o e
abubbitehifge prosysst This isaunaning e (RS 518136s bICRIS a@&iom, perpendicular
d ri eé? bqubl e generag on phase, of up fo
ﬁ’ﬁd’é%ﬂ" gkthe pybsirate DRFioR) for sKampls using g s@a@ﬁd@éaﬁm@chmg This
wRIISHR AP ﬁéq’uﬁgnﬂe Mlo tcEErthén (tglf fg%&éhﬁ)tté%g *&f T&;ﬁpose that

pressure tran3|ents ckne
glg@sseoﬁmaﬁteﬁ%ﬂwlrdqmd legliof esbluthen buaoinds Sigficulde askiews] as the

| ed .t he ch thicknesses of
AL BOMR B slob B thlid 6o R bmpsd thbacsist drelig el smal. Alfhough i
Wﬂt&ﬂb@p’ﬁ%s@& telie §$]ﬁ§rel@%hpﬂ%ptf—§f 585t R £
thkness of nlﬁgl de sufficiént to with Slgjn%ragﬁ,l%%gwouldbea
i‘%b%léﬁpfﬁcé%ﬁsure in the nozzle chanber 7 maybe,
say, 10 mcrons. Wth reference to Figure 49, which
shows a wunit cell 1 that is not in accordance with

At fuﬁhprm'eblnm thatweould exdist veittdsushiachick ﬁ&zﬁélflhte? h d&ge where alo
at such

| 1. b d
P Rl e gt e GV opbaiog o di sicon qussatecy s, i that,
b&dafisd 6fQhe differdnBl i thaS e}g;5535159 bEtgﬁegﬁ h‘le&%@]?ﬁ%fep fad {ﬁg sgﬁstrate, as

plate 2, the fluidic dra xerte nozz
wsll ag phe inferent stress @m@nﬁwcﬂcrlbpwhddn;@h theewaflet couldibe caused to bow

S50 P AR b R D615 Ao afout bspum et

Ty b thyexfos the mozle @263 @s Bicksdsald dickdhs (alkeds E;% g%s@ﬁﬁnventmn)
rel o the actual etching process. ’
W %H‘Pﬁsﬁg":l‘% ifadvAageeus e 3 is etched, as shown,
perpendicular to the wafer 8 of the substrate
portion, for exanple using a standard plasma etching.
Withi referance kalFigyrei iﬂainl yMergtitiemabink ejodash d&Vidh £EQIMb an
r@a’.st tggﬂgo be a ied. To _expose that 5 thickness of
p Nty ing pesent Pl?t@a the YD syiridenenzla nlan layer 2 drcanly 2
métirddsl thiek! ThereRtf
St epper t hat .sgﬁfgﬁ“‘?ﬁ&eggﬁé’é@? enrogﬂggéts’%p%%maﬂ”‘g‘“ﬁcm
fereynot aratajor causeloblagh. it woul d be possible to
expose this relevant depth of resist 69 using x-rays,
this would be a relatively costly process. 10 A

Fifrthetrhere, fhe eteh eiin, hiad theeesisd tauinebs r\é’gﬁfedStH GRhaokAEEX in such a

nolzzl1 Bl ate 2 in a case where a
nozzle plate 2, and the stress on the substrate wafer 8, will not be excessive.

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

devices, as mentioned above.

There are many factors which contribute to the significant reduction in pressure transient
required to eject drops 16 in this system. These include:
1. small size of chamber 7;

2. accurate fabrication of nozzle 3 and chamber 7;
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mcron thick layer of nitride were CVD deposited on a
silicon substrate wafer, is that, because of the
woi2bdsauengse in thermal expansi on between the GMEX/hdY®REwo1500
and the substrate, as well2g8as the inherent stress of
within thick deposited |ayer, the wafer could be
caused to bow to such a degree that further steps in
t phi rocess woul d .become inpractical. 15
3TLES€§HIIIK&I?’?g{/@rej?"glpgtaﬁ@wr%% Ivéoﬁpﬁ%e 2 as thick as 10
4mverplosy fuidicidsg thetmb@oddt-H B&tivebd NPl 3N) ,  While
possi ble, is disadvantageous. Wth reference to Figure
S5 (PPLpmyneazy gze to hubblaiareahk ej ecti on devi ce accordi ng
t . ' f . nt, Lnvention, the CVD
6'niq?‘r§:}1 e‘ﬁglg%%%%gé'%?’én {j;l%eo?&g%?%ﬁ%;i y 2 20 microns
71t HowlpresFire ek duetd iak ofeotiblittoudhale inhet 04gh the nozzle 3
8i sﬁ&ot articularly significant and is therefore not
a SHejBPURGEQREFNGR | 0ss. Furthernore, the etch time, and
the resist thickness required to etch nozzles 3 in

such a nozzle plate 2, and the stress on the
As giyotipnadeabans mrreRfiomitie] prowsss descrbedds $énms of Figuféses to 31, the

ctb g bEYE ok Rt P Bl e e o Qs such
stagdl invelpey th eftBinglof the r8&ioR 4B aeda¥in FdurdO8k and 50, ao form a recess

at_gDsPhgr es_as In prior art devices, as nentione
OuipigG a1 Whet willdieeorag thepargle rigrd.ofke oWhensuck siage inyotves & further etch,

s ot I L en
i tHE realcANebighbd 46 BERENCR 26 s B0 SIRU Sl RN g ozl aperture 5
andrfodishee thelrimdyral | si ze of chanmber 7; 2. accurate
fabrication of nozzle 3 and chanber 7; WD 2004/ 048110
PCT/ AU2003/ 001500 28 3. stability of drop ejection at

Nb& slbRRhéRhR6dst | €s; 4. very low fluidic and thernal
crosstal k between nozzles 3; 5. optinmum nozzle size

to bubble area; 6. low fluidic drag through thin (2
j e 3. 5 7. | ow pressure lass due,to _ink = |
ALME Bk BRRELE oo o AR S S 2B L it it e
adopstagdsidescribes inhat regae dha hoxge %lﬁteé &l 1%% ipﬁéeﬁthﬁvdﬂﬁ@ﬁ Qthinner
e

described in ternms of Figures to 31,
than in the prior art. More particularly, the nozzle plates 2 are less than 10 microns thick.

In one preferred embodiment, the nozzle plate 2 of each unit cell 1 is less than 5 microns
thick, while in another preferred embodiment, it is less than 2.5 microns thick. Indeed, a

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

Heater elements formed in different layers

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

process as described above in relation to Figure 6 to 31, are formed in respective layers.

In preferred embodiments, as shown in Figures 38, 40 and 51, the heater elements 10.1 and

10.2 in the chamber 7, are of different sizes relative to each other.
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etching of the 2-mcron thick nozzle plate |ayer 2

i nvol ves two rel evant stages. One such 10 stage
wonalo4grot he et ching of the regi on desi gnat edpdiaiuiuos/ooisen

Figures 24 and 50, to form2a recess outside of what

wi |l becone the nozzle rim4. The other such stage

i nvol ves a further etch, in the region desi gnat ed 46

Morols 5 ich.,actual | forrrs t
At S5 PP ARG i relefi B e e s SifSon ol BifBaripnic
prdvessy earhdestede endtl 1061 4 0.24b @il '&yfaﬁieéétloﬁﬁ sfef of ﬁﬁt rocess, the
formation of the nozzle plate 2 by CVD, and with %
lm@&g%@sa@%ng ioeach pnq ofabe plegants 10 eingslisinet ﬁbmtthese
rélfidde (Y S& Wedi L gpbl on are thinner than in the

prior art. More particularly, the nozzle plates 2 are
| ess than 10 mcrons thick. 20 In one preferred

AR . S AT, SRR b
seiEBRELAIBTh thd diagréml dﬁ‘@gﬂr@ an sacl'r:’thﬁi @159 &cme‘?rg blﬂaﬂﬁﬁgi%hted ink

a preferred th| ckness for the nozzl e ate
deﬁPcWOém@?St thakis, soHibattthey eanepasetik ﬁmpﬁéd havmgl ﬂfffmmmmmy weighted

VEIRAES B T Bl i S Bt Bl . i eflegement of

ﬂxel'bamdnyeweﬁghoﬁg efibb volintes of tHe idk drbps 16 hﬁ!@éﬂrﬁneﬁ%y m@t&athve sizes
g@ [511{ rredl&b])é the |ithographic process as describ
oLPE Gements dolp-3. Jinfiigire §1.5he atea of therhettpwrheater clnment 102 in
cArRE R4t tHE ik A 9§ &N‘lcg’ﬁljl% gﬁ&%&ﬁ &%ﬁﬂ%q' ments, as
, the he

shown in Figures 38 at'ér elenments
10.1 and 10.2 in the charrber 7, are of different

' l.at | t her. WD 2004/ 0
OBE s S A5t eatss 5365 o Chrionnd Mggiealshichematioalivin Figure 52,
alsehsrtentRatePelbienta oy Qanﬂelﬁ‘?rtbp&dcﬁ @Loﬁle talﬂﬁ tlllé Lhe eﬁ ona
process, each heater elenment 10.1 . or nme

biggary|basis {i.cotredrodege dseps lﬁamtlpbmmﬁ@lglluthé VOthn’teBDO@heqalﬂements 10.1,
f t.h t 0.
163 ReTobldth el £1a68 JuRR ) eob] Sipf ATl simet 7% wil be

apmecmtecsthmhe bulstieh2.$ fafnecll bykhe dnall eeest 9 BRhY, & réRfvely small,
as reflected schematically in

I Ve h ot her
W’éﬁ Sa tmet %Eﬂ@}a@egkm@a Eh2¢ oy, 18 redafivelyrlarge HiThwbble
é%f&&!
S Thoy %ﬁ%%%%ﬁ?%ﬂﬂfﬁ%%@ﬂ% RS i Bl
sm@ltg:}qap@sjy, is designated 12.3. Three differently sized ink drops 16 will be caused to

be ejected by the three respective bubbles 12.1, 12.2 and 12.3.

It will be appreciated that the size of the elements 10.1 and 10.2 themselves are not required
to be binary weighted to cause the ejection of drops 16 having different sizes or the gjection
of useful combinations of drops. Indeed, the binary weighting may well not be represented
precisely by the area of the elements 10.1, 10.2 themselves. In sizing the elements 10.1,
10.2 to achieve binary weighted drop volumes, the fluidic characteristics surrounding the
generation of bubbles 12, the drop dynamics characteristics, the quantity of liquid that is
drawing back into the chamber 7 from the nozzle 3 once a drop 16 has broken off, and so
forth, must be considered. Accordingly, the actual ratio of the surface areas of the elements
10.1, 10.2, or the performance of the two heaters, needs to be adjusted in practice to achieve
the desired binary weighted drop volumes.
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vol unes to be ejected through the nozzle 3 of the

particular unit cell 1. The achi evenent of 10 the
woOiznewousMmei ghting of the volumes of the ink drepgsat®obsorses

determined by the relativessizes of the elenments 10.1

and 10.2. In Figure 51, the area of the bottom heater

element 10.2 in contact with the ink 11 is tw ce that

of top heater elenment 10.1. One known prior art

devi ce, patented by Canon, and illustrated

Véehetiwisizealf l:he HeateFtlghests 30,1, 10.2 iafisd dasvi@HReMESF their surface
el ements. 10 and 10.2 for each nozzIl e, and these are

argps 1§ tharslore @Hﬂ‘ athepplatiys signssi &jected dropsd Spnaychecrsliusted by adjusting
th]e@ugblfy Q‘Oﬁﬁé@:@ ko fg‘é%g RRniO! éﬁa als-g Ii)gsaglélgl?f%g tditg%ﬁg tie

are formed in a single
deratien of uhe Dp@ramnzmﬂms (Dlﬁditdxéasméhts 1@ 10, 2 be memaﬂm:waﬂgd

chat t be 12.1 G\%T he smal |_ el enent 10.

SHeyes S FipiohSIoPEd 2 Gt ARHEN. Of s, bespRE@IBRa bubble
12 hﬁ riu%[&%d%'n&ﬁ@ i0S1. 18bay

bubbl e 20 &energ{{fgggg?a%agﬂngngnlbolslnelglzepl%ects "Ig?ﬁ&ﬁ)fpmb%m‘ﬁh

fear dhas i, ftmﬁ/oramee%t uated sinultaneously, is
deS| gnated 12.3. Three differently sized ink drops 16
wi Il be caused to be ejected by the three respective

Ohuibbdther hhﬁd,lihe Iodv ReAndl nlads 3f thethedYet dleddBnta PON eFO 2L86Ws them to be
that the size of the elenments 10.1 and 10.2 t hensel ves

hegted th geachevfy Augklyp ef@lwéa%newaw@ohaughhewzm formeseand at which

r
G561 A4S, St 08l 5 R S RSD Do
bqhbichlmmghypw@lyrtaymmﬂ 0. 5vaicrdsecorelpy ths ﬁﬂﬁlﬁﬂlm pulse width is

area of, .the enents 10,
(R QR Y 080 S e iR o gt Yl i e tolerated by
thabbdtevderhémary,1 v, pht ed drop vol unes, the fluidic
characteristics surroundi ng the generati on of bubbl es
12, the drop dynam cs char acteristics, the quantity of
ck [ e chanb
4 s 57 000 BUAOHREKG' 1010 DS RANEEL: £ LM v

dﬁwrmmmtmmm@ough itisdsel eitﬁﬂts 76&3@53 iagitital tbfeacta@ﬂle&ah further
at| o of sur ace areas of the elements 10

“Eem&r“*ﬂ D5t Hianeldhete cimuits, ey cramplery, Slm’&s drige
&eﬁﬁlsﬁﬁkﬁb‘itsﬁﬁvﬁ)rbo &dd 16 %hd BX’%%%?‘S‘%@H’? S SSHs rtl?edhlgjjl Offeht

wei ghted drop vol unes.
el@uﬂrxt,d@met)@m@msommea@d Whihe eippérelanant 104, Ifh[br bemipds, the relative

0.2.is fixed f
coftefT R A0dho dhe chtickiv S abmis 1837 100 Rien kb Rty e dpie
traﬁsizm obtheejregit 20l coHmepsd MGWWQ%I@%& $0, Q@vd%l’d ﬁrg P@&nce the

gm supply voltages to the two el enents. This
wigth of dhe ditranyisiai(alaq noshavem of thewairguit 30 coninetted to the other
eléhﬁ&ft piion pul ses of the elenents 10.1, 10.2 - i.e.

elr pulse wi dt hs.

CD

In the prior art described in relation to Figure 52, the heater elements 10.1, 10.2, which are
in the same layer, are produced simultaneously in the same step of the lithographic
manufacturing process. In the embodiment of the present invention illustrated in Figure 51,
the two heaters elements 10.1, 10.2, as mentioned above, are formed one after the other.
Indeed, as described in the process iflustrated with reference to Figures 6 to 31, the material
to form the element 10.2 is deposited and is then etched in the lithographic process,

whereafter a sacrificial layer 39 is deposited on top of that element, and then the material
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However, the pul se wi dths cannot exceed a certain
amount of tinme, because once a bubble 12 has
woucdsmagieed on the surface of an elenment 10.1, A@rR02003/001500
then any duration of pulsesandth after that time wll
be of little or no effect. 10 On the other hand, the
| ow t hernmal nmass of the heater elements 10.1, 10.2

e: ach,..ve ui ckly, the
B dhe et M0 HBBED e B B2 ] s Bibaen o heater
clenicohlayets.cfie ldfer af theabatidetbmeth i 0.¢ i§ HELddhY 4968dnd litho graphic
effective Ilse wwdth is limted, by the onset of
S@W@?ﬁ?&ﬁﬁ%ﬁ@ﬁ? Pyprenaved t o around 0.5
m croseconds, the mnimumpulse width is limted only

b%(m%he avai |l abl e current drive and the current density
Relpatingeneipgain ¢o thealifereilysizes of the hbatat demente 1@Mtagd 10.2, ds

. 1AS. $ho in Figure 51, t t eaters.
mftiGhed b, TS Wik yhg oyl ik cchebles b6 e be i o as o
achiéveanuliiplebihary &bighhbd BOPIBIUHRS $RnFbicitizbf 370 may be

identical to each other, a further adjustnent can be
effected by way of these circuits, for exanple by

MRS A A o R SRR B i i

they eredhinary weighead, tHeamhotogiaphio anﬂﬁt?]r@.@n bOobthRed MRAE using fewer
e, the relative curren%s

el.e t 1Q.1..1f, for exanpl
Prﬂ)‘?%@ﬁ%@(fngﬁ%?%”‘i@%%’@ﬁév@%l ements 10.1, 10.2 are in

the ratio 2:1, the drive transistor of the circuit 70

connected to the |lower elenent 10.2 would typically be
Furifegronenendepfhetsame ircirastairdes digheassied printifganbenohieved. That is,

XA VN e T A
oftame fiwgyioethbs, drofemtpbebesje@bE MRSEink Mhat thel@afablibl peed of the

ar in the sane | ayer, are produced sinultaneous
quﬁlg e Y€ p y

345 pet s kwpingiactps ink gectignoadihencaprintingcunitol thige times faster,
Shfeved D ' 0 h sent...invention. .
mi%r%st r‘a{3 %’dh{lﬁgﬁ glir e %E&hfd{ ¢ %g%?%ﬁlwggpg@laﬁgkgmlgmtmg
fagtor. 1Ip thi c@se, ths noezit B avilt dalabtiyletly lohger i@ feTBOWRGE: #lSFotume of
d]__t h? gftﬁﬁﬁi’ ndeed, as, descrjbed in the process o
PP IS, B P TP CHIEIL 187 dp) Bashegi piseted thag vaen onlyes minimum
volsh€dioplhas béen did e ' i nd, s ..
thon ohchs _ in.ne?‘{ he It S’Sﬁg ﬁaﬁcﬁg@ggﬁﬁﬂﬁégﬁg@%@ge times
as dengr torefl]. his iggue tatbe ineriid dysdniesiamithe syrfak tédaivh of the ink 11.
el ement, and then the material WO 2004/ 048110
PCT/ AU2003/ 001500 31 for the other elenent 10.1 is

Refaying id Bigus3) tirte i kRowgethdnigically, h puRof b 881 ﬁﬁ?&éfs "8 and
Ije heat eté %1! ement | ayers. The l'ayer of the secon

s s onhe 168 K1 ERneserfing the nazzdeoh afteriatlakggr vltine of drop 16 has
been ejected, and that on the right 1.2, after a drop of smaller volume has been gjected. In
the case of the larger drop 16, the curvature of the air bubble 71 that bas formed inside the

partially emptied nozzle 3.1 is larger than in the case of air bubble 72 that has formed after

the smaller volume drop has been ejected from the nozzle 3.2 of the other unit cell 1.2,

The higher curvature of the air bubble 71 in the unit cell 1.1 resultsin a greater surface
tension force which tends to draw the ink 11, from the refill passage 9 towards the nozzle 3
and into the chamber 7.1, as indicated by the arrow 73. This gives rise to a shorter refilling
time. As the chamber 7.1 refills, it reaches a stage, designated 74, where the condition is
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step, and the sacrificial layer 39 is renoved. 5

Referring once again to the different sizes of the
wbheatsausabenments 10.1 and 10.2, as nentioned AEHUE2003/001500

this has the advantage thats2zit enables the elenents to

be sized so as to achieve nmultiple, binary weighted

drop volunmes fromone nozzle 3. It wll be appreciated

sirhiddr to Wﬁ@ ﬁﬁhg‘dhjta%éhlt Enﬂl EQP1 ¥ O YA %oﬁtﬁ@oﬁ&eg&qbﬁ\éﬁg 1 o20L unit cell

espeCIa ly if ar e bi nar
ph’étpéﬁlﬂliw mefdleduat ltheysudhce tb&smbfcmcerm thdireﬂoﬁe re8uded. TRWREsults in

e N Ry ons et
tlsamﬁiﬂ cofll 1.1} & AewCHN Qﬁ 1ﬁfbhh@&ﬁ|ﬂ1beﬂ_ hatyittSits ash@ﬁt@?ﬂm%enmm has

j ust eJIectl rﬁ@one r 14 and then waltin
bﬁg% i foverall eﬂggt of this wahaimlthongh [tftam tongkrs, coﬁlpletely
jecte n
S P07 e 54 DL B T prsntthansom

whienititd cogditiant7ds presdat, @veifitvolaid tdINEBITIRY IsthicB Gmel Burger, it
tothr e tine ster, .may be achieved. In practice,

© 2p e 6%@11%-9 tinags lpngqr toveefilli the chapter 4.1 gndoeozale 3.1.
I|mt|ng factor. In this case, the nozzle 3 will take
sllghtly longer to refill when a triple volunme of
¢plgpelementts &rareid\from matehielsronstitnted by zlemdnBmitiias BRR-numbers
ej ect ed t han when only a minimum 20 vol une drop has
been ejected. However, in practice it will not take as
Thisfbatars ibWIRS thé Befer oRSadh@ND He 0
&’I?Evfinertl al. dynam cs and the gllﬁg{f?g%‘led?fes-égiiglﬁk%?g%ﬁleg&9(%Of
A M Weighle fsegonpidfgted by ming ar @Owemﬁ@reéem@tsﬂmwganatomlc number

di.acent eI I
b?&?%?&?{%ﬁ‘%ﬁ on tﬁéﬁrﬁ‘%t& d e"j‘y:’)‘:fl éﬁ) 3?)h‘gh&%glzqngther
embmﬁmentthehmngewehghtnsrbeloafzﬁrop 16 has 25 been
ej ected, and that on the right 1.2, after a drop of
smal | er vol une has been ejected. In the case of the

Thodd@ahtagd O b%s atbdR rﬁhﬂ fs“lﬁﬁ e elltglfﬂs oftlat %ﬁ&gla.ﬁggx% p éewer mass,

that has forned insid e part y enp
angl therefore lesyenergyhia nequnedl tcerarsaﬂm tefnperaturdoddtht Beafd dldiadnts 10.

t,h I I h b
TR B S s e g8y 05 Rliel Bhe AR, ermperere of an
arflicl2 is S@enfiatt RI&B@ to &Y sté&tdfﬁlﬁ)v@fneﬁm 1R fudid l?)?'ﬂﬁ afomd. "
t he Qlt ce 1.1 results in a greater surface

Apcordip ,lrmlééeqm: B19Te IRy to saise the terhperatnte, andthénebynﬂdhee such a
. t.
RS plov PSEOE Sale UL A A bilS nRRE b Ty o0 18 agpigial having

at@msm&lélghteshmleler refilling time. As the chanber 7.1
refills, it reaches a stage, designated 74, where the
condition is WD 2004/ 048110 PCT/ AU2003/ 001500 32 _

Ml Girréiflytudd fornd R e lor HibrhalGAk it ysfemd bl fntatum

condi tion, the chanb : e uni
aluminum alloy (for example used by Hewlett Packard), and hafnium boride (for example

used by Canon). Tantalum and hafhium have atomic numbers 73 and 72, respectively,
while the material used in the Memjet heater elements 10 of the present invention is
titanium nitride. Titanium has an atomic number of 22 and nitrogen has an atomic number
of 7, these materials therefore being significantly lighter than those of the relevant prior art

device materials.



1.1 is partially refilled and the surface tension
force has therefore reduced. This results in the

woebidusapeed sl owi ng down even though, at thiscshagm@snoisoo
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when this condition is reasdhed in that unit cell 1.1,
a flowof liquid into the chanber 7.1, with its
associ ated nomentum has 5 been established. The
o\mrm andahﬁmum,ommoﬁn art bittaminn bbbl tintallhdK8Sinum,

0 etel | e chapber 7.1 and nozzl e
| ORIELi b0 1ERIRICEL L v vdah.sﬂ IRl FHovexergihe denstty eftfamialum
f migride mea gfdne wmmtmtlo@ﬁtaﬁﬂmnﬁnaé @ﬁﬁdmmclﬁté@ﬁtamhnhﬂ Blace of
ngxx%'aﬁre gg reflé_ged is three tines er, it does
S us, hpcauset m&m@éws ¢ eqs@f olapproignately
C hizedbignesAbadt ofithd ti@TA] Riride, htanil@n hiaadestill @it %IE% e
ow a

f t I nstit ut ed el enent s vvlth
A gyl el S ot e e el he sadsrstogH s persomgilled in

betierngr, the I‘d@éen@é m%ﬁérgﬁm%ﬁﬁéﬂaﬂﬁt W%ﬁe%?kn?@r@u?gs is represented by
\A%Bfg]aqvez is constituted by one o
?e s havi ng an atom c¢ nunber bel ow 50.
In a preferred enmbodi nent the atom c weight is bel ow
30, while in another 15 enbodi ment the atomnic weight
i s bel ow 23. The advantaglTsfCoa Y@k at oni c nunber is
that the atons of that material have a | ower nass,

therefore | ess energy is required to raise t he
t é’ eldiapreseyts thefempriapedifirawe tiods thospetific bedt sapacity, VOL is the

b |

o628 tnd ?Zs m% E%ﬁﬁ%ﬁg@ﬁét%@ gy, #B hﬁgﬁ?@ kesdggg e eg%my

r By e é@w‘bmtm@r%as dipalgra f\»@mé»ﬁ theééthttercens*ﬁm the daﬁsny s@trongly
alnfli@nced KGO hidtM O ubelst of YH | Jrf?aﬂ%\foﬁf & h&lds sgaykey pect of

rai se the tenperature, er eby ‘irnduce ity

nthe fetise vesleedisopssion. n a rmterl al with atons having

heavi er nuclei that in a material having atonms with
lighter nuclei. 25 Materials currently used for the

hbew Seatesimasent s of thermal ink jet systenms include
tantalum alum num alloy (for exanple used by Hew ett
Packard), and hafnium boride (for exanple used by

Chhio feptureTinvaless the henter dimﬁantsdmt:bmg eonftpnrad Guehithd @eSnaé of solid

et of EERBERL ool v e b RS bo i Bpble o
t llqv@ﬂh(l gntherink il drethis Binbadiinent) hreleatthe mk eoraciopamdpas btbled 22

ol AT AR BT BECadt IR vl Bymreibcr 1 na

those of the relevant prior art device materials. WD

IO N R L -

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

The above feature constitutes a significant advantage over prior art inkjet systems, as it
resulis in an increased efficiency as a result of the reduction in energy lost in heating the
solid materials of the heater elements 10. This feature is enabled due to the use of heater

element materials having low densities, due to the relatively small size of the elements 10,
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respectively, like nitrogen, are relatively |ight

materials. However, the density of tantalum nitride
wo2od@m4811g/ cnB, whi le that of titaniumnitri depCMAUEHN3/001500

includes titaniumin place3f tantalum is 5.22

g/ cnB. Thus, because tantalumnitride has a density of

appr oxi rmtel y 5 three tines that of the titanium

t |
o e @3 b bt 00 ! G oGP R R ot
embeéde}dlm othen matarintsp ailogtrated) rrsaample] 1ol Rigude rl. t h e art,

the difference in energy in a material at two
different tenperatures is represented by the

Figohd OMEHGvsa8ls iap8in pld M@ﬁ?%@fﬁﬂo qfn?h er structure of the

represents t he gerature i fference
@@W&O%&pﬂg@p shoyn ivBiguires33. hﬂeccondukg]ry;ms F@mﬁe 3)4 represents the

S A M T ot b SS50F W

hedtacelanémn The heuter clénidnt boicpteanté PP teddtbfoe dultfer gD
l S. stron Pﬁ] 15 infl uencedebby theB}Zt om ¢ enurﬁbﬁgrstﬂ}z':)',’!f‘p;n}{Flgure3'4
P

hisjust pesing POrwleely sd migrepstvdde and €.25 nneynaa’élpé'c tIt hffs a 6 micron
oﬁt@?raﬁﬁﬁtaﬂﬁ el 4l‘iﬂﬁi:ﬁfnt %g&%g%ﬁé Yhe t&%e?? ?&%5%1 2 énco grams | “The

feature 1 nvolves er ‘el enen
coroesponging deswntil 0 Deitnilalip repassented by edtb@nceMin@iralalo. Wfin Figure 39

S S R Wk SR e v i

Figlrd 19 Saseyaadionens ¥ »ie t the ink so as to generate
bubbles 12 therein o cause an ink drop 16 to be

ejected, is less than 10 nanograns. 25 |In one

sS IS, .less t. 2 .

e U a1, YRl TR YD Sneh 8 Fprenpmals, are used in
pﬂabﬂm: fe0otal ma@rcﬁ‘mﬁaterﬁm of édeh ¥edh claabhterhieRosHHERAL doRGct with

nma | es L n 250, picograns. The above feature

aﬁs @W&tﬁ%\ %‘ﬁﬁ%fﬂﬁn%tq méhﬁ@g@owmnt)aham ragget to a
teh@%:l‘agirgﬁbé@? as A f}ﬂ:zesqjoﬁl%ngﬁ)o@ﬁo%%é tllﬁe élhlgﬁtbﬁ%igv thapthese
massehasthe sipntents witldieicdated twthiaal eﬂseoﬁ‘lcalljﬂ inshRdhg chehRABPirrt,
t]110 This,f tur air abl ed dque to the use of heater

Sy, o BARGERTp Fairial o THIA GOFiiOR TRFASP e someierdomtoiie rtal mass of
mﬁ@hﬂtmﬁe&wt&m eSte&Befurb e el ements 10, WO

2004/ 048110 PCT/ AU2003/001500 34 and due to the

heater elenments being in the form of suspended beans

cm%ﬁlbauy&a{égtheatg{@g]ggﬁd in other materials, as
1

ust a, tor exanple, in Figure 1.

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

embodiment it is of boron nitride.

Referring to Figures 54 and 55, there are shown schematic representations of a prior art
heater element 10 that is not conformally coated as discussed above, but which has been

deposited on a substrate 78 and which, in the typical manner, has then been conformally
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Fi gure 34 shows the shape, in plan view, of a mask for

formng the heater structure of the 5 enbodi nent of
wohesqpasnd head shown in Figure 33. Accordi ngl ypcBaU2003/001560

Figure 34 represents the shape of the heater el enent

10 of that enmbodinment, it is nowreferred to in

di scussing that heater elenent. The heater el enent as

I . ' Laure 34

b8 6 S Gk Plnla D BRGS0 e P ¥, doPrstub U il geterred o
abnvgﬁn Hieqrrosest inkiande, ad ieﬂgaed a:heﬁmicm@ﬁ? F%uﬁ@sﬁ, Kesl otding being

aln cron |1 nner radl us. e tota ea_ter_rmSS|s
a85aRed 7 o ntopmal B isha legieet e ilkeldsputanconly.
Howérathiy confRhes B LA ievhd iBe |

Fi gure SQCd has a%’gg 721‘)6115%98?%@ gi{“’%%‘g? ggrréé}g%%ﬁ% ﬁtg'? e%em 19,
whepbeisg fie eenttsl iv astaxcene isoliteddiah oter §fuctures Hiegitt fhe $6m of a

f . 5.picograns. en, the. el enents 10,
PR RATRER A 0 RerR i aeCRS LS B o 6 et OFbS cRBnbwanp .
are used in 15 practice, the total nmass of materi al
of each such elenent which is in thermal contact with

Itahto Gepndersiqogddhal gviven seferanes i8 miade e eapformpliy doatingtthé element 10 on

' ' ' enpes.at uke,ahove. t hat
I FRAE TP B hudel e enls bEt3 Hfbrlhy RubiBIRY EHtth SrfOurS il o the
elhq':tgiltibs 15 !atair?didamdeiiagmmat : eli‘“'oci'aﬁy it Eiglufdt 2 .Imlbtﬁ?]r\/\hd.nﬂs,lhﬁaat is meant by
coated with el ectrjca insul ati cheni ca
qriyally Cpptinethp Plpmenttolon ol siderisseapiallys e thecolamang is fully
SUrRhEAERSthe LOnBANE B¥R Hond e 1&%%%1:5@&&&& 20
erat ure.

material raised to the higher te nformal |y
coated heater elenent This feature involves each

' by.. f | ti
T L e e
with d?’_srenée;, vhe: a‘ﬁaﬁﬂ&ﬂﬁi g&$ﬂ64 tam]:t%) usk %aéﬁﬂe %&?twﬂeg l%he conformal
coating is.. seam ess. e coatin , preferably, iIs
o lt7 9 ?Scaé’ﬂ) 195, AheudsEte €3 Py @f,hiqhsthg h@qwr@gqmept il@lma%/ depedited (i.e.

' i Vi f d.
a3l TS o o R Gf e

coaforially appiiedciontirg. The depositinglo fth® ashfbinked ceAMBTE onBhé Deater

and i et. another enbodinent jt is of boron nitride,
el%e‘ﬁéwﬁé'_%ﬁ?‘%’ﬁ’ P We%te‘g%lwgﬁ&u ate He Fesully 18 astairy9 being
foBAER ITHAiL SeckiPI B89 BEitA0 S vidhic Boiftf, Whereifides AR hifer undesimble

el ement 10 that 1s not conformally coat ed as di Scussed
pragislesmight forwh oe wherg delsminatiod eprysicterd Indred; irs b shscatf¢hegater

S A0 0% B B R B8 et

and its coating 76 from the substrate 78 below, so as to render the element in the form of a

suspended beam, ingress of liquid or hydroxyl ions may result, even though such materials
could not penetrate the actual material of the coating 76, or of the substrate 78."

The materials mentioned above (i.e. aluminum nitride or diamond-like carbon (DLC)) are
suitable for use in the conformal coating 77 of the present invention as illustrated in Figure
56 due to their desirably high thermal conductivities, their high level of chemical inertness,
and the fact that they are electrically non-conductive. Another suitable material, for these
purposes, is boron nitride, also referred to above. Although the choice of material used for

the coating 77 is important in relation to achieving the desired performance characteristics,
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coated on one side wwth a CVD material, designated 76.

In contrast, the coating referred to above in the
wonresigagiipnst ance, as reflected schematically per/kiuS8iasBois00

56, this coating being dessgnated 77, involves

conformal |y coating the elenent on all sides

si mul taneously. However, this confor rral coati ng 77 on

uldriall A8S HANMORY r%%n@cf I%I%Yeet% u{_éila oG jtat nt t%r}%gﬁq may be used

when bel ng so coa ure
instdadr structures - i.e. in the form of a suspended
beam so that there is access to all of the sides of
the element. It is to be understood that when

Ek&ﬁ;gleqm;ﬁe,l&m@@tge%rggﬂgﬂggk@/ coating the el enent

10 on™ all sid Is excludes the ends of the
el ement (suspended bean) which are joined to the 10

TEL S5ORIER 5 SR BRI SB i, B, e
incoptiitagsybtes. eibepeintheddaRbmdly itsdlfl @R Iides aﬁ&:ﬁﬁ&tdf%bhﬁread modules
8(§7h t the elenent is fully sur r ounded by the conform

‘?Sﬁﬁsﬂﬂ‘:@rﬁ‘ﬁe@%@ﬁ?eérbﬂw of the elenent. The prinmary
advant age of conformally coating the heater el enent 10
may be understood 15 with reference, once again, to

Referingduictly ta Erguﬁés44 ﬁ? mtang of aogm?rﬁ s;hoﬁggs tlf@ﬁov\sﬁ@ BE ﬂ’tie;]iﬁinthead
GO e e, substrate on whic e

o1 s oD TR ey Fstors, s (ot shown),

inehutied bih 1Rl s¥me @R Wwhidh @&IcBEHE & b&goff cefnetcggnselje fee LorBe chip.

t he side opposi e the confornall y appl1ed coa
The depositing of the conformal coating 76 on the

' t t.ed th
S0 e ks 3056 Sy b cRURBET 6 55
explided mas@emlypm pﬁﬁmteaui Bodul¥eakmBR S0 whidh Blcfidex h HESVS
f‘gﬂ}ﬂ@[ cﬁglra products mght form or where
pIHJgﬁ s feferted de belowi ag atchip).cBaa typicallship assembly
81heh 88 thaﬁéh%%%eﬂe(lar@%@ £3, witcR R R WOS! & 181 G0

is conducted fo separate the heater e
priiagiwith #@sdlnton ¢fHS08 dostpeaineh 7Fhediosl, isalzo @Snﬁ%ned to eject 6

t he e the formof a suspended
dlffgrﬁ ‘l,orﬁf)rgﬁpaﬁﬁfdn%hphydroxyl ions may result, even
t hough such materials 25 could not penetrate the

actual material of the coating 76, or of the substrate
A flgxiblgjuinted erduit bearddREBY R és @lm@llyrcomecteﬁmmrth@lﬂhlp 81 for

0Pl RO ) 18 L TR 0o B e
upbendeysrisheet 43, solas tisbveali€gh mayFomre@ 84%&:th&§1 ﬁlﬁhshgéhfl The chip 81
elr |

b | t t
“Sglgéﬁleﬁ[ I%BLtY W@?ﬁt%gl‘)? glﬁg‘?‘} }CY 1 %%Uikéhl X, Iélrle%#e(nptg@pwphmthc hefjom
lay’f 6f ﬁh@&i 83, Gt é’haﬁﬁéls baneYh e\{ler 81191%5 ggui table

material, for these pur oron nitride, also
referred to above. Although the chorce of materi al

he. c nc 77 1. t ant el atjon_to

icﬁﬂ)ev | ﬁgpéfﬁ’ém&gf@y nb‘éWﬂ%‘P ﬁ’&n;ﬁngE[hg‘rlﬁ r 1dg jeggth is
determined by the width of the field of the stepper that is used to fabricate the chip 81. The
sheet 83 has channels 86 (only some of which are shown as hidden detail) which are etched

on the underside of the sheet as shown in Figure 58. The channels 86 extend as shown so
that their ends align with holes 87 in a mid-layer 88. Different ones of the channels 86 align
with different ones of the holes 87. The holes 87, in turn, align with channels 89 in a lower
layer 90. Each channel 89 carries a different respective color of ink, except for the last
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WD 2004/ 048110 PCT/ AU2003/ 001500 36 materials other
t han those nentioned, where they have suitable
wohardzaasnani sti cs, maybe used instead. Exanpl epgtriaBb®B/001500
in which the printhead is w3sed 5 The conponents
descri bed above formpart of a printhead assenbly
which, in turn, is used in a printer system The
c%ﬁnﬁ% Egsg%n modul es Slggtt iheeégi gkg%le S are escrl%%‘%%l"mhﬁuﬂler
hplgs 8%in the nEdlayrer Baygvhich b dugn dre aliggd veithdflrthéd telésr 9304 18 upper

h head hi
R BT e RIFs 305 e T g St B A st O5 ima op
ch@@eSlk ﬁd’r@ﬁ ﬁi’tﬁat&ﬁes@ 'im{eE‘ 951;@9@ ‘éﬁgned vhHP bi§ Bidrepbte il ﬁmd—ﬂow

sane ¢c whi ch reduces the nufber of connection
09@&@%@%1%@6 ainiclpannel@, bs indioated iy dhe dnskedlimeed. 5 8

and 59, there is shown, in an expl oded view and a non

15 expl oded vi ew, respectively, a printhead nodul e
Tas kerd llayeBQI) hidsi bolesigB@ipesiag irto MaNBandid 84 ﬁﬁ‘h’iﬂﬁaﬁﬁl 1. Compressed

(also referred to below as a chi
Al b i in aBngt SaPm) s dts eeanclof cthmugh fhemelevant hole

' 99rﬁdz&% aldeé %ﬂr&f’% MOhGRs ?ﬁ Ends@f%?fjsi%g 8§ Elg 1%;{%?% fhe sheet

ting with a resolution
Sﬁ‘h@d ﬂ;ih |tcpp @mmlé lades% cespectiyehpdnd i m th@r(—iﬂbwﬁ mtd it 2898 of the chip

as%?r.lrn%%tloﬁgt X eSep%ga f’ogcgdloilt él? gq;(ﬁ lggyhl %k,)lln S e ntcggOItwhlch covers
themez216d, po Bk tmemozzﬁey BREYSMHApBQt:, q@m%fenap%ﬂ?éﬁnf;{d a5t

chi p. The c 81 is bonded onto a stainless-stee
pagsdhe Eﬂééwples 88 o thedewerdaysr 99 into tha channah 89f and then
The chj el f
O N S L e R e o
laymsheet 133 hdovigh retsbecthreﬂlbmm&i 2b ﬂ'laﬂyhéét @nhd Shieh ki e slots 93, to

| s I i gned with the hales 8
e AR 845 TG holed et Bisp T ot Sieﬁell/ﬁfdh%h%l%ﬁ&m thgriaveet layer 90
heﬁgtea h ddMnSof !
(O %f t he Mngggr%det rﬁil@:b% Ty'f rlca I?Ji’lg%mfwls
Paéﬁdﬁo e chiph@l, thehigk bedg diasted tmtha 668;0 fézz[eo oh Yhesehip, of
whi ch are shown as hidden detail) which are etched 30
on the underside of the sheet as shown in Figure 58.

Figtre 6Ohangietisa Side ei&nemhaﬁnﬁth@aa%@&ue £§§éfhb1§¢8g' Jr FEAASs 58 and 59

align with holes 87 in a md-Iayer rent- ones
is 5?hepwgc§]fyaqhﬁ@psls gewaplegad to. The center layer 102 of the chip assembly is the

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

represented schematically by dashed lines) clear of paper dust.

The lower layer 105 is of silicon and has ink channels etched in it. These ink channels are
aligned with the holes 84 in the stainless steel upper layer sheet 83. The sheet 83 receives
ink and compressed air from the lower layer 90 as described above, and then directs the ink
and air to the chip 81. The need to funnel the ink and air from where it is received by the
lower layer 90, via the mid-layer 88 and upper layer 83 to the chip assembly 81, is because
it would otherwise be impractical to align the large number (7680) of very small nozzles 3

with the larger, less accurate holes 98 in the lower layer 90.
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with different ones of the holes 87. The holes 87, in

turn, align with channels 89 in a lower |ayer 90.
wBaow/@Bannel 89 carries a different respecti Vecealo§i3/001500
of ink, except for the | ast3sWD 2004/ 048110

PCT/ AU2003/ 001500 37 channel, designated 91. This

| ast channel 91 is an air channel and is aligned with
further holes 92 in the md-layer 88, which in turn

are aligned with further holes 93 in the upper |ayer
Tohdlex PEB. 827 esenchl és tHR3hit weRtcrgmmcbthértcirctibg (hotMbown) located

oR Rl Ryt 408 of S8 hSSemBidL, ToicHBin FoamuLy 4 i HoRed i eres 186 onto
tHePAR Wieg afd mse%wﬁsmyﬁieﬁ Rhé eumeea it ad «gtﬁ)x?'lm Chanpelt this

91, as_indicated yteda Il ne 1 ower
ell%?@ﬂa% hdam 168 essprgstdg@)e“ﬁhln gllom tiletepexmﬁb?rm&ieapﬁﬁecbdmﬁll the

@& ource fn?ﬂ dgﬁl é?ﬁg e?hglg l?%?g : g&aﬂrﬁé’l tﬁ@%ﬁ?f i =tiid Z,@P qtf gmbedded in

meeapam rmmtectheepc&& 103 s hdi8éhed it pRFedtdhe wake HoAg; dg%hﬁémre from
and 93 and sl of in the md | ayer 88, the sheet
azg@ag% XP?é’e’E%tﬁl‘i‘ﬁhﬁﬁélﬁ'omaWé?ha%al qoatasket i vel y, and
is then blown into the side 99 of the chip assenbly
81, fromwhere it is forced out, at 100, through a
Refsmingto gﬁ;@xr@l 62,0herefs ahbwmcm]mnsanca]hﬁ imexr expededtdew eeprinthead

V4| cl of dust. Different|y col ored
SRBR0 T VRRR S Einrm BRie h Sagnein ethead g tlspesemblics 50 as
ddsombed dbayarmnﬂtmaa b B RQB i SRed 812G eﬁags-%dth rinter,

t.hr o?h resBect ive hol es then along r ect| vg

S‘%ﬁhﬁ o1 A4 g5 USHettsséynermaeersi de of the upper 15 | ayer
sheet 83, through respective holes 84 of that sheet,
and then through the slots 95, to the chip 81. It
Thy prﬁnth&dms&embly I&inchudes deﬁn&ﬂ&ﬁﬁnﬁﬁéﬁﬂ%@fulés@sdﬂ@lﬁﬁ 80, which

er, 90 ne for each color of in
ong )ty ub e @&ﬁa?lels@éra i oo OF & beiesielimte; ecHfiot groups
ofeVer oledRASE @Iés@‘i’at&bgy &'el%%ce ﬁtthg%hlgli 1 IPeElI'Q g{?%cfeﬁ ¢ gl.gpply the 6

to the 7680 'noz
difflatentcadorsiod eﬂi\ﬂné\ﬂlmomﬂraspd ain tdwma dlnmmisdnﬂ)lﬁs senhnyexfifided

Ei. and 89 i.s scC i S _now
1 RIGE 327 oo el e homied 1 14 - el g maledabas e hose
11i2s5inélaées Hotesealn 3 Whesin, These Ha8Q m%?e! r%%p%a&ttvhﬁhfthe ose 112 is first
ated drive circuitry is ose The top [ayer

cog%sigq??deméh@ aa&@éﬁﬁi 1t m@me@@mﬁwﬂw&aﬁ dfanelting, by forcmg a hot

I dair to
d| r ect ed D olhgl? ﬂ{ehgiér%olgg’l \gﬁ%éﬁggﬁlgpggrv%ﬁgmﬁes to fix
thé pbsitidnsat whwh&hes hxpiesels]erﬁre chetred eTid haled 118, Bfied ﬂ@lﬁﬁllthead
eiiclea The | ower | ayer 105
s IE A9 e e, AR TbivecOBERHUEREPR, 1ib Roteh &1Lk (¥ High make up

thé Bpet 51 ke clﬁhh&rﬁd Wlfhr}hé H 164 gusthg ﬁ]v{ré? lzﬁlgg ?0 ggeach

stainl ess steel upper’layer s eet
pringhead wmogule assembly 80.

The hose 112 defines parallel channels 115 which extend the length of the hose. At one end
116, the hose 112 is connected to ink containers (not shown), and at the opposite end 117,

there is provided a channel extrusion cap 118, which serves to plug, and thereby close, that
end of the hose.
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i nk and conpressed air fromthe |ower |ayer 90 as

descri bed above, and then directs the ink 30 and air
wbQoddvasai p 81. The need to funnel the ink angcBhbo03/001500

fromwhere it .is received Iy the I|ower layer 90, via

the m d-layer 88 and upper layer 83 to the chip

assenbly 81, is because it would otherw se be

ASHRRFAGR S or(ae 11 PP« G B EoalP P atnqffitf, and

se¥Besiag atbhek platecfor thaye rTiRchadi(el 2004ddDKdE 102, in turn, exert pressure onto

PCT/ 003/ Q01500, 38 The flex PCB 82 is connected to .
an Pﬁée@’rug’fl% rV@@?]l‘s%mesa% Binied ClE‘i“F‘%u"r"g‘? plae ld® hapéaks) 21 which
A0 Ph e h ABtchBe1 122 8he dnPird Gtk Rend thel

echi p ass%lelnbl y 81 2|a%¢,ﬁ6{%%nded\%gy W rélsﬁ%g’%gﬁo%ﬁg&fﬂtl%muo’m
lochte thearhdnndl @ad plate with saspedt beeenchott®psul at ed i n an epoxy
107. To effect this 5 encapsulating, a dam 108 is
provided. This allows the epoxy 107 to be applied to

Ahicklrudi®ie 125R¥i 0L 1086¢tS Sppelasts LA 1280 A1@uSIMHR energy required
assenbly 81 so that the wres 106 are enbedded in e

toegmstaje 2 prietheadrecending to fiopiasent inaeefiondd an prdep pHwegnitde lower

: ; : . _
el S R S 10 s hEHTar R BT B 89 0B nozztes 3 1 the
plﬁiahmdramag,l emgi tgls@ya@r&ﬂmatehﬂﬁhﬂ' ﬂirgeﬂhenﬁl#gla’ftm]i_%kﬂaﬂhhﬁare

| n_ expl oae Vi rmn ea ass » |1 C
i Y fhwad i gl i ?a%égﬁﬁéhﬁ‘etrﬂzgl,es a?rrl rpé%sanmmnt@n may be

ORI RRAR] € S gAIRY o RRE L AL AR N Ring UDEraBbp hORRA power
cangimpivrewilbpe aorder afnagnitude higherdhapeibatrin saéh Kitvavn printheads, and

ri.n ad.assenbl.y 19 includes.el even, of .t.he printhead ..
fchRbATEABREY, aSordifa e i, Sy ad e g ol YolSitRption per
neiRsyilltetnhéd o€ makABudelowbethh® i Bf the kM pflthadds. The busbars
iﬁg@te” A series of groups of seven hol es each,
1295t gitabledfoppropiding for spehyiasver taauiraments,jend have pewenlpads d 26

the 6 different colors of ink and the .

$%§%%ﬂg§ée [ air to the chip assenblies 81. An extruded
flexible ink hose 112 is glued into place in the

channel, 110, I.t will _ be noted that the hose 20 112
Compiestile cppfustva s5ps hﬁ? @rprovidrdde ahe veth qontacks &g the

R b SO0, biNo IRR e of e ek 20 S0 PR Biheh A e
aspeshblies §0. Pye POBe A gxtandifom the clep sssembliey &1, @rovind shvockanel 110,

o BRI NART 00 St L0 ol Sy s 127
soathgt thetdrests TsearbpbitonklideloW) and ihnpict Witheme strips 127.
w

assenbly 19 is assenbled, are in fluid-flo
conmuni cation, via holes 114 (which make up 25 the

. PEER, ] . _ -
%m%\e I:s ogglgrsﬁkgegcagg %gm;%:%fh}&)gl‘l WhiaRobICHEN £ (%%1&3@6(1
schematically by dashed lines), which are located on the outer surface of the PCB 82 abut
with contact spots 130 (only some of which are shown schematically) on a flex PCB 131
which, in torn, includes a data bus and edge connectors 132 which are formed as part of the

flex itself. Data is fed to the PCBs 131 via the edge connectors 132.

A metal plate 133 is provided so that it, together with the channel 110, can keep all of the
components of the printhead assembly 19 together. In this regard, the channel 110 includes
twist tabs 134 which extend through slots 135 in the plate 133 when the assembly 19 is put
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print head nodul e assenbly 80. The hose 112 defines

paral l el channels 115 which extend the I ength of the
woas®/n4dtioone end 116, the hose 112 i s connecgegAaiinos/onisoo

i nk containers (not shown) 40and at the opposite end

117, 30 there is provided a channel extrusion cap

118, which serves to plug, and thereby close, that

tathen i 0 9
B e o els (T B efom
being midudrawt flesdott12, and serves as a back plate
for these. The channel 110 and hose 112, in turn,
exert pressure.onto an assenbly 120 which includes
aFshmireey, GHitcek i infH i i
B\?\rlhv?gh extend thr ou%%cﬁg?_glﬁgﬁﬁf%%?%n? ﬁdg%ﬁ&é&% 1)F7 shown in an
agempledisiate: Jly andicpmpsessedhair atgsnpplicd viothethoss1 1200 486, folwer is

' e each,other. An _., .
SO0 s RO PGl bila LRPRGC L SpE BRI His oS Bublies 81 via the
edgeonidctdrsUfh Thepiuthégchieasiniblibs 8 QroORE4tSd 8n fhe cleven printhead
n@rh@t heaqwgcgq?r i.ng.to the present invention is an
fplg asssp 3 AP-tiel jnsiude the $hat of known ther mal
ink jet printers, there are a total of about 88, 000

nozzles 3 in the 10 printhead array, and this is
Mayptieshotes Bl Yare povidedder mhentingrtheprintheatonzdnetsly 19 ad plasein a

ot 6 bl e el ofly BB R anceply, represenion by e
disycd 138p)s 108t o¥eCQE AU sn bAtgafo AHAHIAGHERS SicAy. t he

total power consunption wll an order of maghitude
hi gher than that in such known printheads, and the

i g i) i.ngl be,.hi gh
RERADED FRAALSS G0t E b, schBRARAirtss RECH fongd 6
asserleled printiveayhl 9. Fkem tidsyethe pdwitiont dfalsilidontshek K6 a chip assembly
Spr%\r};ﬁhelzs\fg)s. The busbars, 25 are suitable for
PN GCre 8% e plongiudng sectiendipush tadnlpandeainmply hose
1122 a0% ol to §RlisBleeBuintnt HEM: c&ﬁﬂﬁﬁ?ﬁ% g@ﬁ%@ﬁgﬁkfgg{%ﬁs contact

strips 127 are provided to abut™w
abofie withGhe bisbarsilas, anddebivowith thef lowleparbuk floaPCB 80fexichéing from
Lex. P 2.0 -t he .orinthead .nodul e,  ass li.es 80,
o e Sty 37 o ThiSrPnl DB SR o 430 e meta
plated 38 banaled bd ddn, inthEinsURRPFisted aighiPion! %éd@)tﬂ
.124 and busbars 126, &]tn% a position bel ov?/nt hgrest rp Ydashed
lingi29. 50 that the contacts 128 are positioned bel ow,
and in contact with, the strips 127. 25 Each PCB 82 is
doubl e-si ded and pl ated-t hrough. Data connections 129
Priptarisystete d

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

according to an embodiment of the invention.

Shown in the block diagram is the printhead (represented by the arrow) 141, a power
supply 142 to the printhead, an ink supply 143, and print data 144 which is fed to the
printhead as it ejects ink, at 145, onto print media in the form, for example, of paper 146.
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schematically by dashed lines), which are |ocated on
the outer surface of the PCB 82 abut w th contact

wopaa4di3® (only some of which are shown schengii/agbdoyboisoo
on a flex PCB 131 which, igm turn, includes a data bus

and edge connectors 132 which are forned as part of
the flex itself. Data is fed to the PCBs 131 via the

. j i de

MEARRERRERARES it iRt R LB Rlcbabdr el B bBcac 141
Aahédipick up mevhayiendas $s ahfighed po ivitheach drsesipayeriQ6 from a
ta\i%et h%r In this regard, the channel 110 i ncl udes
mediediayd4Bs 134 which extend through slots 135 in the

pl ate 133 when the assenbly 19 is put WD 2004/048110

PCT/ AU2003/ 001500 40 together, and are then tw sted
Thépowggisupplprid infar proyidiag BEgolege whichiey standatdiype bf supply in
be{i ng withdrawn through the slots. By way of sunmary,
PRt YE8r ence to Fi gure 68, the printhead assenbly 19

is shown in an 5 assenbled state. Ink and conpressed

air are supplied via the hose 112 at 136, power is

ey Vi s emiaessigs ranioua) tyieadlyivesioutippes of
infhinaBn Wil B3 SRR, AT36 oo B SRy, Qe B oy of ik

rehmadrh@ dThs idfbenaoa\ie propided izeng)steiDsbnellasise rdHitles cBRnected to
. 10 _Mbounti ng_.holes 137 are

whi ¢h i.ncl he P
aﬁ%ﬁ'&;@}%f@%@f@g? H_%ﬁ ﬁ%t?"%;gtlﬁé Optatly RerpstnkRRer o6 bptipns (not
sﬂélwﬁ?,%ubm aa “Pde"b&for( %ge 209MRY Luthg, & goe(ﬁ%"ﬂﬁa §8A Bntroller

of I d by th

he printhead assenbly 19, represente
19 alscpermérols3zgmotos 153 8t isveevidddefonidaiving tife redingickaigenechanism
hat. | t 8.5 inches). Referrjn Fi gure 69,
1 Eggglpébgﬁ%9qr@§ﬂﬁ§ ??%@%Fﬁ?ﬂ%g%nggJézction t hr ough
the 15 assenbl ed printhead 19. Fromthis, the position
of a silicon stack fornin?ﬁa chi p, assenbl 81 can

It ig negessgryar hesystern sorteplen I3 bieghentify when s sheet ofipaper bifyis moving
' i I A . e .l

P o BiRRE 14, o MUEBLNIAINGE bo ke e BT 8, Tt canbe
retabait ta atspecifio imewhdtthas Elapdod afier the iitGia picicupelechimivnt 18 has

.t.he | ower, pari of l.ex P 2 extending from a_ the .
piat e i she 9§ wder Eie lirse‘iegaggi hpucwes s BaPEIIE akhows) i
pro{ided GV hit IR Bhfdcedtd Phe fstbRi&odBb R I%gscp‘lhéf WhetRe SE4 of paper

al so ‘be seen, including their twsted configuration,
146gprabeen cathibpositien wiative tb the ipriethead 4 Pthesystemsopsatrelier 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 2 USB
connection, an ETHERNET comnection, a IEEE1394 connection otherwise known as
firewire, or a parallel connection. A data communications module 157 provides this data
to the print data formatter 155 and provides control information to the system controller
151.



25 Referring to Figure 70, there is shown a bl ock

diagramillustrating a printhead system 140 according
woaomw4grtbodi nent of the invention. Shown in tperRiuomkooisoo

diagramis the printhead (u4epresented by the arrow)

141, a power supply 142 to the printhead, an ink

suppl'y 143, and print data 144 which is fed to the 30

A o <R Bl At B0 S Gt i wit
bpardsssipod By Mi@ﬂ@llacﬂm ﬂMaait ﬂlat irhaﬁmm&bn mak beembddiéd & @any other

rovi.ded to,transp he 146 past he prlnthead
R S i, MERERR i bt BAPSiecais igr oy hepi slpracgts being
elabirieallpaétaatsd) ﬁﬁﬁ-e%ﬁ%ﬂ%%ctﬂaﬂgﬁ élélﬁgﬂltg ma %etuFé@/ intibodiments
5 The power supply 1427 s tfor provid vol tage ’
WheTeaRPToprigtest andar d type of supply |n printer

devices. The ink supply 143 is fromink cartridges

(not shown) and, typically various types of

information will be provided, at 150, about the ink

supply, such as the anmount of ink 10 remaining. This
information is provided via a systemcontroller 151

which is connected to a user interface 152. The

interface 152 typically consists of a nunber of

buttons (not shown), such as a "print" button, "page
advance" button, an so on. The systemcontroller 151

al so controls a notor 153 that is provided for driving

the nedia pick up mechanism 148 and a notor 154 for
driving the nedia transport rollers 147. 15 It is
necessary for the systemcontroller 151 to identify

when a sheet of paper 146 is noving past the

printhead 141, so that printing can be effected at the
correct tinme. This time can be related to a specific

time that has el apsed after the nedia pick up
mechani sm 148 has picked up the sheet of paper 146.
Preferably, however, a paper sensor (not shown) is 20

provi ded, which is connected to the systemcontroller

151 so that when the sheet of paper 146 reaches a

certain position relative to the printhead 141, the
systemcontroller can effect printing. Printing is
effected by triggering a print data formatter 155

whi ch provides the print data 144 to the printhead

141. It wll therefore be appreciated that the system
controller 151 nust also interact with the print data
formatter 155.



25 The print data 144 emanates from an external
conputer (not shown) connected at 156, and nmaybe
transmtted via any of a nunmber of different
connection neans, such as a USB connection, an
ETHERNET connection, a | EEE1{394 connection ot herw se
known as firewire, or a parallel connection. A data
CLAnmsi cati ons nodul e 157 provides this data 30 to the
print data formatter 155 and provi des control
information to the systemcontroller 151. WO
200 1500 42 Although the
L [ nve@%%pgﬁg{és@%%%g{sa ove with reference to
spemimu&abadgmn}&nSimlonioﬂslthicla,e under st ood by those
skllledlnt arft . that the invention nmaybe enbodi ed
HOZF Fh%cormé?te‘z%é%ls&u‘)@ﬁ?% gh the above
Oﬂ'lé@ﬂfrﬁ fe§leBlivd g&é?%lelﬁ%‘?l? E5rr &G & é%@h ngz e, wherein
eI ectric y actuate non-el ectrica S/ act uat
el enmanh slement @lasenpsl fos being m Burhoad icomtatctsyith 5bu]is1:ée forming
l.ogg roEriate. O 43 CLAIMS 1. An ink jet printhead
! (ﬁﬁ‘f" sing: a structure being less than 5 microns

t hi cdach BleRledt ﬁ'cioﬁﬂ%nﬂ d PFAL 9edsDERE PPMR1HERLIe Torhlife 11qu1d to a
structure; and at ast one respective heater el enent

tempeiepsp @lmieri@ bodingguiintrio Forirea gastmbblertheremaherebe treqiusé e
g %E[IOI@L r(])ggqir f JB% bQI%)A% ?ogtglgr?gr lécl{uégrgﬁ g?qsfilg \é\ﬁﬂ%ﬁrl] ?Rrgeglk))&bd?ng to that

cléipait. at Ieast part of the bubble form ng Ilquid to a
tenperature above its boiling point to forma gas
bubbl e therein thereby to cause the ejection of a
dro f
2 or r B Tanaf R Slefp L el bl o LgpBH, BIRIOREEI liuia
in¢heamal donteett matheacit segcﬂjeleﬂleho. support the bubble form ng
liquid in thermal contact with each said el ement,

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

4. The printhead of claim 1 wherein the structure is less than 2.5 microns thick.

5. The printhead of claim 1 wherein each heater element is in the form of a
suspended beam having a pair of planar surfaces on opposite sides of the element, the
element being suspended such that each of the planar surfaces is in thermal contact with

the bubble forming liquid such that the bubble is formed at both of the element surfaces.

6. The printhead of claim 1 wherein each element is configured such that an
actuation energy of less than 500 nanojoules (n]) is required to be applied to that
element to heat that element sufficiently to form said bubble in the bubble forming

liquid thereby to cause the ejection of a said drop.

MJTC08



3. The printhead of claim1 being configured to print
on a page and to be a page- width printhead. 4. The
printhead of claim1 wherein the structure is |ess
than 2.5 microns thick. 5. The printhead of claiml
wherei n each heater elenmentiyis in the formof a
suspended beam having a pair of planar surfaces on

7.0PPORid @Rindthede f efairh Nobfigired to retéife a 8lsIR B the®ubBBle forming
. suspended such that each of the planar surfaces is in

liquicbatrpg) amthient sempagptere, Whesinedsh |héatﬁb¢lﬁm2@t ip pepimresimugh that
et R b T B DRI Bl Gl B o s

drep artessttharsthe endrigg udqaitted tcheat Babluate ofaﬁidlb’iibblgzrfoﬁﬂi%g Uiyuid
of |l ess than 0 nanojoules (nJ) is requjred to be
cqypldpithegvalgme HgE © saideirRm Ty a&%ﬁer@tﬁlé& equpldpsaid ambicnt

te@?é&ﬁﬁéﬁﬂt&i Jiftnd fSif. Sai d bubbl e in the bubble forning

qui d thereby t© cause the ejection of a said drop.
MITOO8 O 44 7. The printhead of claim1l configured to
recei,ve a _supply of .the bubble form . ligquid at an
5. by B RUHBRPE e | RGPS coubae i vare & FEREHE Snarce,
witRth leBeH £sh/RURE 2'hBB e apBairE B thEAiEhEIsdbtrRE surface, and

applied thereto to heat said part to cause the
whgrein theoaredidessiiydof thie ngrzies réleswe tobgisublyeate wenfapg exceeds 10,000

St uiresdtg heaituﬁ v?lu of said bubble form ng
OIZIZ%%P% RYGs™ HES 5% of the said drop, froma
tenperature equal to said anbient tenperature to said

boiling point. 8.  The printhead of claim1 conprising
9.a subwimrmithead oG rlatm 4 véherein the ibble whisk cach ghaneit is endigured

. r | .
oS08 R385 RS AR AR O L e
cohfigurad 2adhethatribd pbinvel dobflapdearfatabbledbengithéebeisespaaddiom
10, 000 nozzles per square cm of substrate surface. 9.
thatemnt head of claim 1 wherein the bubble which each
element is configured to formis collapsible and has

a point of collapse, and wherein each elenent is
10¢c onflilguprimthesd oficlaimail vitieecip dierntrucfurcaid thp sallefiredantegtalilye

forHATRRGRETR “Er PR LSl B he ot ructure and the
walls are integrally

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 elements within each chamber being formed in

different respective layers.

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 element

having an atomic number below 50.

13.  The printhead of claim 1 wherein each heater element includes solid material
and has a mass of less than 10 nanograms of the solid material of that element to be

heated to a temperature above the boiling point of the bubble forming liquid thereby to
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formed by chem cal vapor deposition (CVvD). 11. The
printhead of claiml conprising a plurality of nozzle
chanbers each corresponding to a respective nozzle,
and a plurality of said heatergel enents being
di sposed within each chanbgg, the elenments within each
chanber being forned in different respective | ayers.
hedPsaid pat of thobhssid fernifg Ripild 1o WhediRirfuRabBvOISAd Bbiling point to
element is formed of solid material nore than 90@§of
cajgf thp ejepfjornelonsaid $iogporti on, is constituted by at
| east one el enent having an atom c nunber bel ow 50.
13. The printhead of claim1l wherein each heater
14e| erf@rt prinilgdad d€ slainlli whoreih @hdlodlemanids hastaatifssSovefed by a
| ess than 10 nanograns of the solid material of that
copfaamahprofegtippcoaiagy thg coating of sageslamentdaxmg \psen peplicd

su%l%ic)a!glg 69 91'41' gfdﬁggft' fnB %1%?&&uﬁt?ﬁé@u@l@gb%}ﬂfﬁé%% RELERYs §®miess.

sal art of the ormn
liquid to a tenperature above said boiling point to

causg the ejection of a said drqp, 14. The printhead
1567 o BITRNET SRR BIARERpac rhshiad) (e Spead eompriyne

cov ey ahchiYe Eein% Q¢ HalBl mREGHskikk,ve coating, the

coating of each el enment having been applied

substplntality 9fynozalenincomiotted of thebhbueieyend

simylLtaneously such that,the coating.is, seanm ess. .15.

A pr A ehaehes e Bk PR pRiA oSN biete. whiin

pri rdablealdmentd hirgh g foPbéihg Ctheinl 0ehtAe Wi bithad foming
.mcrons thick; a plurality of nozzles incorporated on
liquibagd r uct ure; and at | east one respective heater

el e r ' ' e .

R T R T T
tempd&r;iiubd: ﬂ)ogfe ntmbﬁgmglplotm :t((d formrﬂgzsémb?leltﬁ&mgtt%ﬂglsby I}o cause the
.canfigured to he a east part o e e formng
e5gy phe fEpt f%%ﬁ%l%fom@g&%w@fhr%%h&ﬁ? P‘Pzﬁg‘? feresponding to that
cldndqin a gas bubble therein thereby to cause the

ejection of a drop of the bubble formng liquid

t hrough the nozzle corresponding to that elenent.

16.  The system of claim 15 being configured to support the bubble forming liquid in

thermal contact with each said element.

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 the structure is less than 2.5 microns thick.
19. The system of claim 15 wherein each heater element is in the form of a
suspended beam having a pair of planar surfaces on opposite sides of the element, the

clement being suspended such that each of the planar surfaces is in thermal contact with

the bubble forming liquid such that the bubble is formed at both of the element surfaces.
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16. The system of claim 15 being configured to support
the bubble formng liquid in thermal contact wth
each said elenment. 17. The system of claim 15 bei ng
configured to print on a page and to be a page- wi dth
printhead. 18. The system af claim 15 wherein the
structure is less than 2.5 mcrons thick. 19. The

205y SUEHD s3ktefi & daihSl IRdreinreacta slembeais @bneheeE ichitBatian
the formof a suspended beam having a pair of_ planar

aciigtipn eergp Al lppidian HRO sanpsaules (nfHe requined e be appdied to that
el&h&?‘?@flee@ Bl g apsgﬂﬁﬁﬁgntgpt% {7@1 @Zil{i %ﬁﬁ@ﬁ 4 @elhgllbgie%nﬁ'ﬁmg

aces 1s I n erna

liduid theredyy lto cauise tieugdetiohal sdibdrdpubbl e is fornmed at both
of the elenent surfaces. MT008 0 46 20. The system
of claim 15 wherein each element is configured such

21t hatTiNysefl dfeld ﬁ’inl SCOAERN ?Je (Igj'l %a{l nﬁg\rgreﬁ ) chQHrle QSupply

(nd) is reqU|re to be appli enment
offilabubbheaforreingiayid &uinfandnemtémpdrmtufa)and whemrbedoh Iheatmn

t he bubbl.e fqrm.n uid there
CIeP ] SEGPTOSPt fbie SBarey THBE) o b RIeR Rafrip g heat said
paB c@hsR thd)§edldnHf @Eﬁdlrd)ﬁls(ZIQd@fth%S @nér§¥ E’&ﬁlﬁb& € Reat a volume
suppl of "t he bubble formn an anbi ent

offs bledpaning hduigdiraraelita thex ulne af the saig| dsomrfton g temperature
i.gur h that the ner uired to be applied
eqﬁ%géegﬁasﬂn% ?n%9£h¥6t85?ﬁ 8g%%%§@:the ej ection of

said drop is less than the energy required to heat a
vol unme of said _bubble formng |I%UId equal to the

2?«/ ol ukke systemd claimd Sqiogprispgsrubstrappeying a sebstiatppariase
Li AP EDe o %%&ﬂ% gﬁ&uﬁ@ Oﬁs In%tlﬂ%dgh'me Qﬂ)’sﬂ!ﬁ s&t%ace and

e systemof claim bstrate avi ng
w]&mhatthteaﬁrealsi&nshamf the mlmteslreia‘em:ﬂn thozdstrati aarfa:ermzzéde 10,000

aperture o enugg ghroug@ t he substrate surface, and
NOGAEY B I {103 {f&f the nozzles relative to

t he substrate surface exceeds 10,000 nozzles per
square cm of substrate surface. 23. The system of

23¢| al?hemstﬂmerf@iamntlﬁeﬂhﬁmbltbe huhibihwbizbleaeh eampnt i sonﬁgured to
ur e

si bl e, and
foff 1 <ol ha st B0 nC Lo ERCHEL P AR R BBl cofligpred
suttnetfat the@oR@bNtolRbsE o 4 BibHE: fRkmad tebdbyas bich® tobnBAEMment.
is spaced fromthat el enent.
24.  The system of claim 15 wherein the structure and the walls are integrally formed

by chemical vapor deposition {CVD).

25.  The system of clatm 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 elements within each chamber being formed in

different respective layers.

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 element

having an atomic number below 50.
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24. The system of claim15 wherein the structure and
the walls are integrally formed by chem cal vapor
deposition (CVD). 25. The system of claim 15
conprising a plurality of nozzle chanbers each
corresponding to a respectisye®nozzle, and a plurality
of said heater elenents being disposed within each
chanber, the elenents within each chanber being forned
in different respective layers. 26. The system of

27| ai Phelysigmedfclsmebr whereintcach beatereatemen inabydes dolid material and

ha% %lniﬁjss RS {h%h 10%{%@%@@5&1&%@% rq\ﬁ@én%[]o% tﬁét egf%lg?r?g ﬁ? be heated

roportiron, TS cons Yy eas

to Aasthpgranpe sio@itite Builiepoinedne bebb MRS Buid thedoby & Meat
system of claim 15 wherein each heater el enent

saj dhe behhle formang fepid iy tempegature pheve wid beiliag ppiahto cause
: the solid material of that elenent to
th%%eﬁeat%%ﬁﬂﬁggg

t enperature above the boiling point of
the bubble formng liquid thereby to heat said part

of tfhe bubble faorm liqguid to a tenperature above
%sai dﬂﬁo%YPﬁewgofﬁifﬂ (15 Bhg gh eleeay ig éﬁ%ﬁﬁlﬁaﬁy gycged by a
coflfRRial FtectiDE ok e @Batﬁ%?fghélf’el%@ﬁt%agin Aebn gl%llﬁﬁﬁnt

is substantially covered conformal prote ve
subgiantiatly to el sideoaf thaglenfent sictultehemelytsuttathahthelbeating is seamless.

applied substantially to all sides of the el ement

si mul taneously such that the coating is seanl ess. 29.

20A e Rethddf ofRj6hl Bdrdd 6 Dubble Rrhinabl@id S5 NFinthal fe

froma printhead, the printhead conprising a
prigthead cpmpriging @ elurpldly od mezdes andps leagimmerespgetivc heater element

. el t r ' . zhe, the

coREoRling & Whitnog 2R [ESRRNAL Al RURAB0 SBRESL P

Jpr i rlirh«ﬁdiﬂlg thdgrigthead; t}ea;mh 'nlﬁmﬁk d ggvmiﬁg ﬁﬁfrﬂﬁtﬁw\ﬁhim isdbssl tﬁands

ess t han 1 crons thick an i ch incorporates sa

migEons gk @@W@%;mmmﬁ@ sgifl npgAtthesanie| enent

corn [ i : ] I

par P UPRIR b depntonOahlinalo ARolinonARlo B} 1o RAE}: leas
pagtar tlzecthubive forming laguid ehish ivmahéresl eontact [vathethe at lsast one heated

t enperat ure gbove the boiling.point o bubbl e.
LSRG TGS Gere oyl o ashbble Fnhe Mot ¢
f or ricAgatih@ls bsk BIbbEAindhSbeidl OforRBRL lidI8d bRBAd step of heating; and
causing the drop of bubble forming liquid to be gjected through the nozzle

corresponding to the at least one heated 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 elements.

31.  The method of claim 29 wherein, in the step of providing the printhead, the

structure 1s less than 2.5 microns thick.

32.  The method of claim 29 wherein each heater element is in the form of a
suspended beam having a pair of planar surfaces on opposite sides of the element, the

method further comprising, prior to the step of heating at least one element, the step of
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causing the drop of bubble formng liquid to be

ej ected through the nozzle <corresponding to the at

| east one heated el enent by said step of generating a
gas bubble. 30. The method of claim29 conprising,
before said step of heatingg the steps of: disposing
the bubble formng liquid in thermal contact with the

diioRnBhSbubbilforrhti INREDNaghThat Ghel & RO gy Rirfaces JT thd'lements

step _of providing the printhead, the structure is
ar¢ pesitioregnin thegmal contagt withi & keasgpportine oftherwliblstomniag diquid.
29 wherein each heater elenent is in the formof a
suspended beam having a pair of planar surfaces on
330ppOBid Methbdlefclain L9 &heteaMbB sieptof GeatifRtdd st dhetddhient is
conprising, prior to the steP of heating at | east one
effectepdmappiviig an asiabion engrepo8loss thap SEP)ie saciysuch glement.
bubbl e form ng liquid such that each of the planar
surfaces of the elenents are positioned in therma
34contHetmethddhof dbinl PAsbmpripmg] prior tothet step dfiteblieg Atdeart oge
liquid. 33. The nmethod of claim.?2 erein the step of
heﬁf@ﬁﬁ@ﬁl@ﬂ%ﬁlq SRR THHVIRR &FRRRIY S iedpBlearmig ik §1 g
anffleRGLHALhRR, &NEk PYinHead SPterdiR AL é%pt!i‘f]hetaﬁn§ﬁcé?fe§éé8 By
el ement. 34 The method of claim29, compfising,
apphyiieg head endngy &t eaoh efichHeater nigmznt, vdwstin emé applesathent energy is

I t, the st f I Vi f the. bupbl
e g G er g el CupR ol et ERhle FenhEfopEend to e
voRith®bheaddrophe6:@i atefnerafiir€ By 1 @@ ddilichtStie@bbReire b $yd
appl yi ng heat energy to each such heater el enent,

R sai d applied heat energy is |ess than the
energy required to heat a volune of said bubble
formng liquid equal to the volune of said drop, from
35a t efpanahod ef daiual9 whekdi, th telteprif ptenpiap dicyrttherd, the
said_ ,boiling point. 35. The nethad of clajm 29
Prmﬁgaaé ﬂwffufje_ﬁ apHstet el vie Hrubsirae ﬁ@r%mem& 42k Regde haspgnozzle
ap@ftbf&%@ﬁﬁ% 'tlﬁﬁh%gﬁé sébs%ﬂéﬁ?ﬁ%fﬁ&@wh%ir{}ﬁe FrealRSkiRbethe nozzles
face, and c e

surfa e nozzl e has a nozz aperture
relopentote sthstaghutthe: swbstsrl@t®0swetlacperwheareicm dflyabstrate
eal density of the nozzles relative to the
UGBSt rate surface exceeds 10, 000 nozzl es per square cm
of substrate surface. 36. The nmethod of claim29

wherein, in the step of generating a gas bubble, the
36.  The method of claim 29 wherein, in the step of generating a gas bubble, the

generated bubble is collapsible and has a point of collapse, and is generated such that

the point of collapse is spaced from the at least one heated element.

37.  The method of claim 29 wherein the step of providing the printhead includes
integrally forming the structure and the walls by chemical vapor deposition (CVD).

38.  The method of claim 29 wherein the printhead has a plurality of nozzle
chambers, each chamber corresponding to a respective nozzle, and wherein the step of
providing the printhead includes forming a plurality of said heater elements in each
chamber, such that the elements in each chamber are formed in different respective

layers to one another.
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generated bubble is coll apsible and has a point of
col l apse, and is generated such that the point of
col |l apse is spaced fromthe at | east one heated

el ement. 37. The nmethod of clgim29 wherein the step
of providing the printheadspncludes integrally
formng the structure and the walls by chem cal vapor
deposition (CVD). 38 The net hod of claim 29 wherein
t he printhead has plurality of nozzle chanbers,

HHEHB E&

3%ac pthed ofé@ia%%%tvhﬁﬁeﬁg in thegtepead peeriding thmmtheadawh
e3P ot i PR T oR e e

propatibgris catsatutédiat attléwst elheaﬂaﬁémt Haning @ htahia mhﬁlbeﬁbﬁow 50.
formed in different respective layers to one another
MITOO8 O 49 39. The nethod of claim 29 wherein,

4¢t he 'ﬁ{eqﬁetﬁs Bf Q¥i Iggﬁ@ %hl':{%ﬁl Plch '%glglatﬁem%ﬂq}?cl %ggg ma%enal has

el ement i's orne material Nore th
a mbﬂsaﬁ Jesbj/haat Iémanogpeme pod wiherein ihe smpnﬁ'ﬂleatmm ldagt @te element

ingl G heRle e SO malhrd] (sl e b AR S eabaie id

b&ﬁﬁéé&@ﬁ solid material has a mass of |ess than 10
nanograns and wherein the step of heating at |east one
el ement includes heating the solid material of each

415UC el erature, abeve said,, boil,i

415 07 iR 0 of Aaiy 28 TRELA 1 B 20 U e hetRioticRd snclydes
applydvd tdicach tlement, bubshdally Pcdildes thabdt siniBaredugf G conformal

el enent, substantlally to all sides thereof

prefestiNet AR ch thaf theglpeid scapiest-ect i ve coating such
that the coating is seam ess. 42. The printhead of
claim9 wherein each nozzle defines an axis, the

42n0z ZThe thmthegd ofl clajm Secheadin ehcl e zkxdcfined dreaxass it nozzle being

ext e into the chanb . ei.n the point of
igRsp L hoB e B B G SorFEinG H Tas i aT gD dhfpoint of
cofhReBNishcicl Of ki ki SthdSPndrbiating a@meﬁd 18 UBHauk &1 RASEHe
fromthe axis. 43. The system of claim 23 Wwherein each
elamaent issspdeddi fvers theaxaki s, the nozzl e being disposed
about the axis, the axi s extending into the chanber,
wherein the point of collapse is disposed on the axis

43and TMeEKSbm dfftRiil 28 Bidreih SadtoRd At eBdeSsh 408 thd A& zle being
disposed about the axis, the axis extending into the chamber, wherein the point of
collapse is disposed on the axis and wherein the element is configured so that the

element is spaced from the axis.

44.  The method of claim 36 wherein each nozzle defines an axis, the nozzle‘being
disposed about the axis, the axis extending into the chamber and the element being
spaced from the axis, and wherein, the gas bubble is generated such that the point of

collapse is disposed on the axis.

45.  Anink jet printhead comprising:
a structure being less than 10 microns thick;

a plurality of nozzles incorporated on the structure;
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el enent is spaced fromthe axis. 44. The nethod of

cl aim 36 wherein each nozzle defines an axis, the

nozzl e being disposed about the axis, the axis

extending into the chanber andethe el enment being

spaced fromthe axis, and wherein, the gas bubble is

generated such that the point of collapse is disposed

on tfigesdkdre walbeorARportting Bteabli hodME Ak KGR bifd WAl béing
. structure being I ess than 10 mcrons thick; a )
intagrally fpegedowithand | cgtengling drops the Emcsie epdfosminge gir@imierential

. co di .

pepfidt o Sl B8 SR Metin g SO EREE BRI o frhth the
respective anwdlechot asndivivg f ndisle foheingtliquid;uné and form ng a

circunferential  perinmeter that togefher with the _

st r (RHERLONFIFIRTEEVeheatea sisgent cOTESRARMHNG lor 536R noAle wheeein

res i 5 r b YA : ' i
| o SRR aprin ¥ ok BERE H Bl RN LB le forming
ligod,med pondi ng to each nozzle, wherein each elenent is

arranged for being in ermal. contact with the hubhl e

F or PR CleRht R Gon Griob e HabR dBhEaT S (6 PG GamEg atid to a
temPalandé abRRsEs oAy Rintttd Gorbid PAshrib8lethégin thetdh¢ltd Qe the

tenperature above 1ts boiling point to forma gQas

eI entionloé a e @f the bldle fyming liguid threwgh the pezal¢ eprrespoding to that
of the bubble formng liquid through the nozzle
Cofresponding to that element. 46. A printer system
i ncorporating a printhead, the printhead conpri sing:
a structure being less than 10 mcrons thick; a.
46| urAPrpter sYsteid ICOBOTtngs Eithgad dthg privhead compising at

leaséstﬁﬁﬁ.lr%%i}lgﬁégg &Eﬁ%'}ﬂiicf&sﬁlﬁd@“h nozzle, the at

| east one wa eing integrally ’forned with, and
ext enguradtyf oiomzzieh encetpomtédioethenduétoran ng a

AT SO e PEIATEL S LR LOOSLIGE AR LR
infe?%ﬁ?g?fn’éeﬁld\ﬂ%,zahﬁ ckRRding $RY tNGstAchHE B R RidP NG rcumferential
perimeter that together with the structure defines a chamber in communication with the
respective nozzle for receiving a bubble forming liquid; and

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

cach element is arranged for being in thermal contact with the bubble forming
liquid, and

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

ejection of a drop of the bubble forming liquid thrdugh the nozzle corresponding to that

element.

47. A method of ejecting a drop of a bubble forming liquid from a printhead, the
printhead comprising a structure being less than 10 microns thick;

a plurality of nozzles incorporated on the structure; at least one wall
corresponding to each nozzle, the at least one wall being integrally formed with, and

extending from, the structure and forming a circumferential perimeter that together with
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at | east one respective heater elenent corresponding
to each nozzle, wherein each elenent is arranged for
being in thermal contact with the bubble form ng
l'iquid, and each elenent is cogfigured to heat at
| east part of the bubble fgfimng liquid to a
tenperature above its boiling point to forma gas
th®sthihee dBRAG IcHalideLycontnEE R RntWieh ther&pktfR k218 for
drop of the bubble formng liquid through the nozzle
reecdying Sipdniblegformingiguid; and algest onerrespcqm: heatcroglement

B FPHERD LRl Al Sl PR b A e

I esq;rbhamglﬁlepmmheems thl ck; a plur aI ity of nozzles
i nc orated on the structure; at |east one wal
corr §t¢%%ﬁ FRSL PP BERRNtFORERRONdiNg0 grsaidaipgrle snas {prgat at least
r [
P Bl G SiaL o TFRCh 14 PrerA cori S Rt b b fifhred
el&nb@xbttm&tenvpa"ztturel\dbﬁﬁé)ﬂle&o1lﬁfg pofe of thietintbbiecfodainigiraida
chamber j.n co [ h.the re tiv noz e .
for Eenmality ﬁgsnfle{ﬁ% Sty e fhrrdps Rl By saif oo heasings and
one Ja@ﬁ@%ﬁfe' ¥6p Bpmb%le f%hﬁﬁ%‘]iqm&f?fﬁe%‘%&@&ﬁﬂﬁ%gh@h@ﬁd‘z‘%le
nozzl e he met hod conprising the stéps o providin
comhspopdingtth deecnt lenstericipated] elesaat bpsad steomggenerating a gas bubble.
corresponding to a said nozzle so as to heat at |east
part of a bubble forming liquid which is in thernma
contact with the at | east one heated elenent to a
t enper ature above the boiling point of the bubble
formng liquid; generating a gas bubble in the bubble
forming liquid by said step of heating; and causing
the drop of bubble formng liquid to be ejected
t hrough the nozzle <corresponding to the at | east one
heated el ement by said step of generating a gas
bubbl e. MITO008
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