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WD 2004/ 048109 PCT/ AU2003/ 001515 1 THERMAL | NK JET
PRI NTHEAD W TH SYMVETRI C BUBBLE FORVATI ON FI ELD OF

WA RH40MIENTI ON 5 The present invention rel at eBCT/AU2003/001515

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

sugh

o et i et ERIN iAW D S O ilE TRIC
by way of form ng gas_or vapor _bubbles in a bubble
formng |iquid. Thi leiBLE?)[FeORMA{FIQM descri bed

in US Patent No. US3, 747,120 (Stemme). 15 There are

vari ous known types of thermal ink jet (bubblejet)

PELD R THREINCENTIOMN typical devices of this type,

one nmade by Hew ett Packard and the ot her by Canon,

have ink ejection nozzles and chanbers for storing

THKprastinPERBhtidn181aRA %8 h BfermBERHR g&!}ﬁﬁ‘fﬁ%d,i t8 a PrRYEs§dely

a so-called nozzle plate, which i's a separately
ihegrpprating sudhtasprindehdyridcth aimsethod agjectinigadidujd drop(push as an ink
%o thse vvalhs of .t he chanber. In certain prior art
83}%&%5%‘: 31’{18616 ‘ate is made of Kapton TMwhich is
a Dupont trade nanme for a polyimde film which
has-been laser-drilled to formthe nozzles. These
R OINB TOdHE ENNENHON| enents in t her mal
contact with ink that is di sposed adjacent the
nozzl es, for heating the ink thereby form ng gas
’Dh&);lsrﬁmt in:emtitm ihmklvesTtli;le gﬁaﬁorbolfbihk 6801% éyevatod fglmeiﬁg lgﬁ@ﬁr vapor
in e i nk caysing j.n ps to. .25 be ejected thr
tphbleon 3 PRGHIE farmide L\Wle-bffgapn&mpéwé gﬁ?@é’éﬁﬁ%ﬁﬂ%ﬂpﬁiﬁ Patent No.
i antigpful alternative to the known
%??’2%ﬁ’gg(gl§t prljraiter systens, or nethods of ejecting
drops of ink and other related Iiquids, which have

ﬁ%\@%ﬁﬁvﬁgusﬁo%%s%ésb&%w%%ﬂnﬂ'j ets(gub%fl% %ﬁngéag I&'eEvices. Two

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

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

wWQOm40018109 PCT/ AU2003/ 001515 2 a plurality BET/AU2003/001515

nozzl es; and at | east one rxspective heater el enent
corresponding to each nozzle, wherein each heater
el ement is arranged for being in thermal contact with

a b . jng ligquid, 5 each heater elenment is
conf%ﬁ@pg%kg%ﬂkgg?&§@HIeast part of the bubble

f or m a1 Qeakt GHelrdspeotive Heatdp eleicit orbdspm@ling ® dach hoxe, wherein
point to forma gas bubble therein_thereby to cause

the ejection of¢a§h Bealer beme ivpreangss e bemgin dharmakkagkpct with a
t he nOZZ|qnﬁBFHSﬁHﬁ@ﬁ%@ﬂito t hat heater el enent, and
t

each heater elenen fwo opposite sides and is
confi gured sucheach Bedtéradleraerd ascdniigoted t6 heatmtlldayt gattadf the bubble
heater elepent is fornmed at bot

of .said. sides.
Accor di ng PBTRSIGEYN LHEPRERIEE e ltS_ranm& RE#A1ip £y ¢ gas bubble
provi ded anhpeifth&lehy ¥siAR t{ﬂg 'éj;é%ﬁ@ﬁ’ b4 _H{b% cf)ffaﬁ lej e@\t.ancEIﬂ]uid through

the printhead conprising: pl urali nozzl es;

and at | edbe nozre caspspatdingtotbatthentee Element, and

corresponding to ch nozzl erei n each heat.er

el ement is arr aef‘?ﬁg ge q%r_re?m?rﬁ gas i ?\@Oﬁ’g Slgﬁsni]‘gclf cQpfigpred such
a bubbl e thar eﬂ%e@ Bubble YoheddRahat iR AL bleRleBNB Bérmied at both of said
configured to heat at |east part of the bubble 20

forming |isdAsd to a tenperature above its boiling
point to forma gas bubble therein thereby to cause
the ejection of a drop of an ejectable liquid through

Adwording i £s«ofid Sspeerdithginkentidhaherdeapekidel apeinter spstén
.each heater elenent has two opposite sides and is
inerporgtinga pEpbgad, theprinthepd CORPEISING: f or med by t hat

et PSR A Gued o b0 of sel 26 sdes.
pr ovial éshstaomvatipectivf heajoe element eorthspendifig to each nozzle, wherein
each heater element is arranged for being in thermal contact with a
bubble forming liquid,
each heater element is configured to heat at least part of the bubble
forming liquid to a temperature above its boiling point to form a gas bubble
therein thereby to cause the ejection of a drop of an ejectable liquid through
‘the nozzle corresponding to that heater element,and
each heater element has two opposite sides and is configured such

that a gas bubble formed by that heater element is formed at both of said

sides.

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

heating at least one heater element corresponding to a nozzle so as to heat at least
part of a bubble forming liquid which is in thermal contact with the at least one heated

heater element to a temperature above the boiling point of the bubble forming liquid;
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an ejectable liquid froma printhead, the printhead
conprising a plurality of nozzles and at |east one

w0 e®peetidyve heater el ement correspondi ng to eakdI/AUZB/B01515
wherei n each heater 30 el enent has two opposite sides,
the nethod conprising the steps of: heating at |east
one heater elenent corresponding to a nozzle so as to

heat a

o i horefRER e lbhisth g UK b et b 31 daf Bl flding the

bﬁlBBl%%lr@ geﬁaatedtaobahtoémﬁe rsﬁfey bﬁthai@ow:htﬁwtebthehtemement and

poi nt of the bubble faorm.ng |l id; WD 20Q4/048109

PCT/ Aepesihseiten of € sct@éﬁ Hegd .t%ee ﬁle@fﬁé thyowgh wi1q ¢priesponding nozzle
aid step of heating, the

b&&%@lsgepfbei E}Quh%&ﬂg eSboth of said sides of the or

each heated heater eI enent; and causing the drop of

LSR8 4.0 Ry PSSt DY 2 o e e
1t ‘tiﬁpaltsedes&tﬁ%a hdih, 1? @adé&fjﬁi fie %@ﬁiermorf m@ap%i‘bﬁﬂb@m' dbubble

e art, eejectlono a drop of the ejectabl
foingiog &qatd whbihy inbeubddémerits),is tl@ sema bedy bﬁ/hqlhé as the ejectable liquid.

e eated hBhle SRR tirers tipreyBre vl i, Seich forces the
drbplibir6hghshé Rfevdnesd2R). erteitibbid is gdReatSFRET Gl balPOF Sheater

causes an increase in pressure in _ejectable |iqui

id,
alwmem whighdie én ﬂﬁénall@oatagqowﬁlh thsigh Thecleetrieal pviseappliaddo the heater
1se P kf% %Iogh 1ca %Pe%%glragnéln’g@%gn coL ?5’“ bg%t {%or%d ﬂgaﬁt nerﬁle liquid, the

tﬁb‘&l@tdxp&ﬁis f@wd feev apRbdeeshds aftehide heabepulsd is tahedsffefs the vapor
durati on, pically less than 2 m croseconds., Due to .
ceplsy b aeqee@ﬁnsw r%srcﬂémtgu ighpeble coliapse b rbbigeatianses & a goint

iy ' [
e bR T R kbl 0T o Bl BB chioh W ABTIE hhis
spedifitatioapduchpyeint Theefdrrddlib as thel “fpajns ef cdllapse” pdithet bubble.
determ ned by the dynamc interplay of inertia and
surface tension of the ink. In this specification,
ﬂ#&‘iﬁﬁh alea@h ralﬁ @ﬁl%rlﬁ\%ﬁubﬁ cGRpHRS 2 PG hﬂ‘g o@fnoﬁﬂéé aPw8ll as a

he pri nt head accordlng t

chambert andn)nc @rrprarsh@t@r gbdnorndd ¢dr1;cs1adndmgztzleed1 nmlew@alch asrtion of

andoeor nore.heater el enents .
B pr B R R R R B0 8 Ll Bes S s fmg pr mags slspgents i
rBfet8l RRdeingk hapitoelt 0 a singl e nozzle, its chanber
_and |ts one or nore elenents, is referred to herein

as a "unit cell". In this speC|f|cat|on, wher e

?tpﬁ rslgeg:ﬁcajuon m9here FRerBRLS mage P@pirﬁ bteﬂl%rig?lllen%gmo%%ct with each

other, this means that they are positioned relative to each other such that, when one of the

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

might not be in physical contact with each other.

Also, the term “ink” is used to signify any ejectable liquid, and is not limited to
conventional inks containing colored dyes. Examples of non-colored inks include fixatives,
infra-red absorber inks, functionalized chemicals, adhesives, biological fluids, water and
other solvents, and so on. The ink or ejectable liquid also need not necessarily be a strictly
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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other, this neans that they are positioned relative to
each other such that, when one of the 25 parts is
wheatoegl09t i s capabl e of heating the other paPCT/AB®B/001515
t hough the parts, thenselves, mght not be in
physi cal contact with each other. Also, the term"ink"
is used to signify any ejectable liquid, and is not
limted to conventional inks containing colored dyes.
Exanpl es of non-col ored inks include fixatives, 30
Thihik 8pdcefitatibs ahdREmi‘PliSodit bleslehiaferszto dn ehudmenc af Stype reflected in
adhesi ves, bi ol ogical fluids, water and ot her
tb%l’%r&ﬁiﬂ%tab]érﬂfelf‘én @ The ink or ejectable liquid al so
need not necessarily be a strictly a liquid, and may
contain a suspension of solid particles or be solid at
DETAILEDBESCRIPTIONOF THEDRAWINGS| ect i on
tenperature. WO 2004/ 048109 PCT/ AU2003/001515 4 In
this specification, the term"periodic elenment” refers
ﬁr@feﬁ@d %h%%%en%foﬁhé MREt R WiBlGlo8Hbd desclibid, %W_ﬁl@f Example only,
tabl e of elenments. 5 DETAI LED DESCRI PTI ON E
@Mmfmeﬁo dieaccenipanagiicprestsatoins: Abe dravengsi avmdesictibed as
:$ﬁm1be descri bed, by way of exanple only, wth
P¥f-ence to the acconpanying representations. The
drawi ngs are described as follows. 10 Figure 1 is a
schematic cross-sectional view through an ink chanber
Kigurg 1us atschﬁmatlc@tosa-secﬁmnnlt \he\acﬂlna@glbwinhghmquf a unit cell of a
the 0 rtic
n‘gl?ea?fl | onOrdl %ﬁr} %mg cl?gn gp(g‘c ? |t§:)O C%{oaségrgée%?&%% O? operation.
vi ew t hrough the ink charrber F| gure 1, at another 15
stage of operation. gure 3 is a schematic

Rigye2.ig éé?he@??éllc OWSéwﬁmtmlu‘gﬁWﬂhfeugfhwe e%%é}beﬁ@ureel it another

y her stage of operation. 20 Figure 4 is a
S%cgﬁoe%??fgp@{r oss-sectional view through the ink chanber

Figure 1, at yet a further stage of operatlon Fi gure
wthrou h a

) 1S .8 di rammati ¢ crposs-sectio
ES}EWF 3da ppclmage (SFISFiioqal Hiew &3@6@5 ehaptbet Riguzl, at yet
£oBRALIERNG fig. i nvention showi ng the collapse of a
vapor H%g fb(g%fﬁtne.
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.
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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
w@oobmusige partly cut away) of a unit cell of aPCT/AU2003/001515

printhead in accordance with an enbodi nent of the

i nvention, at various successive stages in the

production process of the 30 printhead. V\D

UL 3/5109 55T SRS D515 ELIUL PRyl o o

bR forf use 1ﬁf§&’rfomﬁhg thepr&ductibn stage fon tHegirintiaati \gh réft@sented in the
production sta for the printhead, as represented in

Ieﬁ@Cth%!i@@@ilPW prﬂwémgéiw@ﬁ pr ecedi ng figures. 5

Figure 32 is a further schematic perspective view of

the unit cell of Figure 30 shown with the nozzle

Eﬂgateéi 20 thiudlckr séhegatie paidpeciva visshefnht unit pelt sPrigtte\3® shown with
ew paytly cut away, of a unit cell of a printhead
%F%?H%tet%mlﬁﬁ@ i nventi on having anot her particul ar

enbodi nent of heater elenment. 10 Figure 34 is a

schematic plan view of a mask suitable for use in

Pignfedi3nisregschéreatiy paispetiianview} peyty twrawalicofprumt ¢ellad agirinthead

Fi gure 33 for for t he_heater ele r.eof .

secfidie s B iRt atoper Bt S ment ok feptp leent

away, of a unit cell of a printhead 15 according to

the invention having a further particul ar enbodi nent
BigutecHiis p sehepatigiplan Heyof e nB?@k puitahlesioh gmmlp@rfptrmmg\theemoductlon

sk s for e
Treso PRttt Fies® 1% huBeBRod iR ot of
form ng the heater elenent thereof. 20 Figure 37 is a
further schematic perspective view of the unit cell

P 39 sehpsiahicwierspectveiqyn PATtly gy awa;v, é’ﬁﬁtuﬂé gell pf gngléthead
Bolfnlo AL ASEEACRHA I AR A emant

i nvention having a furt her particul ar enbodi ment of

heat er el enent 5 Figure 39 is S hema,tl c plan view
Bt 364is p Schmais i eEw @6 & mask 5@@ lprP@rfp orming the production

?%%dﬁfﬁe&ﬁlgﬂﬁggtggflfgﬁf e 3%r R{rner i ?‘ﬂee%r éférﬂéﬁt?h&@otf or

enment t Figure 40 1s a
further schematic perspectlve view of the unit cell of

ll*“zllgg 367 is fl?rlgher schematlc pegpgcrﬁ%e rx]zloe%wzl)fe thgI 5 eel%q~ lrﬂ"lgure 35 shown with

the nozzle plate omitted.

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

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

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

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

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

the nozzle plate omitted.
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WO 2004/ 048109 PCT/ AU2003/ 001515 6 Figure 41 is a
schemati ¢ section through a nozzle chanber of a

w@eioavssaed according to an enbodi ment of the PCWAN2G06M001515

showi ng a suspended beam heater elenment inmmersed in a
bubble formng liquid. 5 Figure 42 is schematic
section through a nozzle chanber of a printhead

rdi. 0 3

BRER 108 R s SERR R B LSO PR RO g o on
anthiibyiertfof shdiubédtonfsho Wwing @ substnided bdanghidater4Bnent dnmersed in a
di a?ﬁtamtip pl an view of a unit cell of a printhead
bbbl formipediguidh 10 enbodi nent of the invention
showi ng a nozzle. Figure 44 is a diagrammtic plan
view of a plurality of unit cells of a printhead
Bguerddiis gcHematia sectivh dabugnd nodzle dhambeyefid printheddactcording to an

lurality of nozzles, 15 Figure 45 is i agrammati c
St s gHomon sho T Becisared e Rk i eispended at the

t}ﬁ%%@a%ﬂ&yof@ﬂ%ﬁéﬁﬁnﬁ@qv@w a heater el ement enbedded

a substrate. Figure I's a diagrammatic section
t hrough a nozzl e chanber in accordance with an

nbodj,ment.. of the.invention show a _hegter el emen
FRARAE Bt i A Mo et el 3 e iRt aof R o am
ShhiSIliRBRRIf ke BO&itionRhdWIBUHbzAlen0zZl e chamber of a

prior art printhead show ng a heater el ement enbedded

in a substrate. Figure 48 is a diagrammatic section

.hr l e ¢ i . W .
B e R et R et BRI Lo PLpEtend according to
dedmbudiget o dli beénmanhpaings: piratiyeof nekdsent . Fi gure

49 is a diagrammtic section through a nozzle chanber

not in accordance with the invention, show ng a thick

Lo . o . . Cic. . '

OR35S, B A BB 5 RSbl e it e
iandroinshowingfa Hehter elewent ¢émbeddbdin aignbatrathi n nozzl e

pl ate. WD 2004/ 048109 PCT/ AU2003/ 001515 7

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

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

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

showing a heater element embedded in a substrate.

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

element.

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

invention, showing a thick nozzle plate.

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

embodiment of the invention showing a thin nozzle plate.
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Figure 51 is a diagrammatic section through a nozzle
chanber in accordance with an enbodi nent of the
WO pwentsion showi ng two heater el enents. Fi gur ePERAUS003/001515
di agrammati c section through a nozzle chanber of a
prior art printhead 5 showing two heater el enments.
Figure 53 is a diagrammatic section through a pair of
dj a it c
F‘:l%%rg&? ﬁ%ﬁ#ﬁg{;m%r%%c ¢ segtflo athp&fgﬂ rh%ggle cﬁ%ﬁ%rghg eotrr@ant%g with an
anbodigentf ey intkioa shdsxaMgmgo @heitéleﬂe;ﬁéntyol umes have
been ejected therethrough. 10 Figures 54 and 55 are
di agrammatic sections through a heater elenent of a

I. o

o2 b ioBemhal ROl B bl e nfth B PRk At printhead
shoetrighhiwacheateb elements. errbodl ment of the invention.

Figure 57 is a diagrammatic el evati onal view of a
heat er el ement, connected to el ectrodes, of a
Iﬂgﬂn’étﬁ 6@ ap étf@se&t@or?t‘ﬂrcﬁfﬁ%gia%ﬁadﬁt:eﬁt hiti NSO d Sinthead

Figure 53 1s a schemati c "expl oded perspective view

e@bo@q@tp at leadbddimpuit bEthe inventien, showaxg twackiiderditmpzeles after drops

enbodj.gent, of the inyenti.o e 59 is a schematic
e o hE b HeHeb beiEret of *Fgur 6 58
shown wunexpl oded. 25 Figure 60 is a schematic side
view, shown partly in section, of the printhead nodul e
Kigures5 4 and 55 are digrumemata sqcions thevghwttieatep Elgment efi@ prior art
th %glnthead nodul e of Figure 58. 30 Figure 62 is a
Ktherati ¢ expl oded perspective view of a printhead
according to an enbodi nent of the invention. MD
2004/ 048109 PCT/ AU2003/ 001515 8 Figure 63 is
Kigpepatis 8 diagranpastiqreetionbrqugs a\ﬁoawr@fally Reatprd h?%%@éﬁane@fc according

5ol Wb olPncHR BPhe iR oded.

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

of a printhead according to an embodiment of the invention.

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

according to an embodiment of the invention.

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

unexploded.

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

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

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

embodiment of the invention.



Figure 64 is a schematic front view of the printhead
of Figure 62. 5 Figure 65 is a schematic rear view of
wo ba4psd10d head of Figure 62. Figure 66 is a SPCIEAHRG06/001515
bottom vi ew of the printhead of Figure 62. 10 Figure
67 is a schematic plan view of the printhead of Figure
62. Figure 68 is a schematic perspective view of the

] | . .
RS Y BAEy BoqRREB iyl e e il pERAUM ot Pighre 6 showa
ugexploded. t hr ough the printhead of Figure 62. Figure 70
is a block diagram of a printer systemaccording to an
enbodi nent of the invention. 20 DETAI LED DESCRI PTI ON
Fk@fré B2 iIPSAEmR ?Bntt\n@vv of ! eafl OF FgpROgS!! NY
reference nunerals, or corresponding prefixes of
reference nunerals (i.e. the parts of the reference
uneral s appearing before a .ppint r k ich are
HEE08 i anchparipion rgm s wi B dor TRt 6pondi no
parts. Were there 25 are correspondi ng prefixes and
differing suffixes to the reference nunerals, these
Figwa¢ 6@isea sciembiee bottons piswi ¢fi the pribaadhefiigursf62.
correspondi ng parts. Overview of the invention and
general discussion of operation 30 Wth reference to
Fig@l 68§ alschemdiic plag view 6f the blinthesd ofFigtiera2nead
according to an enbodi nrent of the invention conprises
a nozzle plate 2 with nozzles 3 therein, the nozzles

WYL 8 {88ty ORI R SBGA ppe o b
sROPH LOKPIAMRAPCT/ AU2003/ 001515 9 plasma etched froma

silicon nitride structure which is deposited, by way
of chem cal vapor deposition (CVD), over a

heni cal vapor  deposi ti t ]
O P SRRl Qo BREBE AT e Ty 2

3, side walls 6 on which the nozzle 5 plate is

su ted, hanber . 7 defined by the lls and.th
R0 Pl it Blodk SaBRm 0 o pien Srtemsitiug B % cuftpdimentof the
invdhBbn passage 9 extendi ng through the nulti-|ayer
substrate to the far side (not shown) of the
substrate. A |ooped, elongate heater elenment 10 is
@fﬁgﬁzﬁﬁi%{:ﬂhgﬁ@ﬁ chanber 7, so that the el enent

[ suspended beam The printhead as

shown

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

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

different specific embodiments of corresponding parts.
Overview of the invention and general discussion of operation
With reference to Figures 1 to 4, the unit cell 1 of a printhead according to an embodiment

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

nozzle rims 4, and apertures 5 extending through the nozzle plate. The nozzle plate 2 is
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is a mcroel ectromechani cal system (MEMS) structure,
which is fornmed by a |ithographic 10 process which is
waele®enidied in nore detail below Wen the pri nedEaU2G03/001515
in use, ink 11 froma reser&voir (not shown) enters the
chanber 7 via the inlet passage 9, so that the
chanber fills to the I evel as shown in Figure 1.
r n .
pﬁk% v\ﬁf:l‘% %lfrom talgﬁmlaﬁ %&tﬁ]ﬁ% St cggc BV%%L% is %eﬁ(ﬁsgt%g,ﬁfe\%}reoaftcpﬁramal vapor
db§o$1ﬁom (CVD¥, dver asaekifisial hatemal whichsesubséquantly etoked.
appreci ated that the heater elenent 10 is in thernmal
contact with the ink 11 in the chanber 7 so that when
{ e [
Sp ré $0 13%!2&75%%]@7?}% éé%ﬂbé to %\%’écl:ﬁgt?%lzlﬁlﬁl sid€ %ﬂ?k E'@vﬁéh the nozzle
pim‘.asst sUppbﬂaezd a chimbél Bddfmedibythd wajls ahd tHe gozzk Iilaislﬁx,)avmultl-layer
e fo ion.of a buhble 12 rxirrat. 1 .
PTROR B o S eSxgah  extendine SROMEL N Rlispvep sptstate to the far side
(hbBdhotvd) oMMRERubdGd UL mogpe@ ‘%'?oﬂg'df%theg@:r Ql‘éﬁieﬁ?‘f(?ﬁ sﬁébeﬁ@z@l within the
heater eI enments 10. It will be appreciated that,
chhesberegtsoitieat syl ementiinin the forhmfm EMSpcndpdl bean. Zht pmmthead as shown

R B oeReP ARt R RS HEhi: Hi] ol Y B hogaphic

ﬂfb@déﬁ/hﬁ‘ﬂmsﬂéb%hﬁedﬁlrﬁ&fé\mtaﬂﬁmﬁ% _13 fOf formng a
heater 14 of the 25 printhead (which heater includes

the elenment 10 referred to above), during a

r .G 1P e :
BHEARAING PASRESE: 1 TRgHEERELIB AR RLRLF U amber 7 v
thé ﬁllalpamgef) soathatats clidmber $illp & the et aeﬁmmﬁntmgdrh ¢. Thereafter,

g pe of the element 10. The mask 13 therefo
tﬁ? vAteredement d Briyheaiedt for soreevisy lawh ihean Lmicrey a5sond 2o that the heating
t h
1R Bl B RS Mpreo B8 BB ek ity 101
th&‘rrﬁﬂl cmftactt lveitinths knkl Bl 3(thapichnabeln & &b dlnat ethenting eldfient is heated, this

C or r o 4 d]@ﬁ\gp g? ’Vt he b@gl;lp% esfishg }3‘3{3 1§ 19(3:5@3@85?&16 Hi‘:l 1 constitutes a

&%ﬁ&tfbﬁﬁﬁ igRid (FI J&h6WE El%ribnhéth'd}Vé(Hu'BBELl% %)ﬂﬁlmatelyl
el enent 1 he e trodes 15 are nuch thicker

miq:mseumdmﬁter g@lesailomhﬁtthmhhsmnab pulshghatds,evhani theibubble has just

syfeafsh At heBretorhetn Bt M B atsd Hooss R H¥at & applied in the
1Bkl loALBARS/ 0thS SRergyt Qe&@@[’}afol gefetatahbBabRE 11 4 toDe supplied within

di ssi pat ed via the elenent” 10, in creati ng the thernal
thafishert timf erred to above. When the el enent 10 is

heat ed as descri bed above, the bubble 12 forns al ong
the length of 5 the elenent, this bubble appearing,

Tuiningeari@ﬂy $sFivand 34 iedre 16 shviva b nds@ U B o for@ngl hbater 14 of the

bubb
prlnthead (which heater includes the element 10 referred to above), during a lithographic

process, as described in more detail below. As the mask 13 is used to form the heater 14,
the shape of various of its parts correspond to the shape of the element 10. The mask 13
therefore provides a useful reference by which to identify various parts of the heater 14.
The heater 14 has electrodes 15 corresponding to the parts designated 15.34 of the mask 13
and a heater element 10 corresponding to the parts designated 10.34 of the mask. In
operation, voltage is applied across the electrodes 15 to cause current to flow through the
element 10. The electrodes 15 are much thicker than the element 10 so that most of the

electrical resistance is provided by the element. Thus, nearly all of the power consumed in



10

15

20

25

30

portions, one for each of the el enent portions shown
in cross section. The bubble 12, once generated,

W@2m3/0%316N i ncrease in pressure within the chaPr@BEAUZ003/001515

which in turn causes the édpection of a drop 16 of the
ink 11 through the nozzle 3. The rim4 assists 10 in
directingthe drop 16 as it is ejected so as to

m ni..m hance . of dr,0 ect he
e e TAR S5 ie i RE G o0 drpline JRE R0 Bl
refehell tpatssege 9 1s so that the pressure wave
generated within the chanber, on heating of the
el enent 10 and formng of a bubble 12, does not

3 [
\ﬁ%&lﬁ % e?éiilll%‘f iﬁ'is ﬁ%@a&%ﬁ ggsecgllﬂg Bl%ﬁ) ‘111182%1%@%2 QM%I% the length of
the tlemest) st bulsie apﬁehﬁﬁg, tifthe cossiswsgetinmbiedaedf Figurah)yas four bubble
sol.id materi al é{l scussed be] ow. ., Fi gures 2 and 3
RGPS, R 1R paChiaf the olergentngrians ShRR jn OFS.egtions ages of
operation of the 20 printhead. It can be seen that the

bubbl e 12 generates further, and hence grows, with the
Thesuibbknlt?, ackeageoenateds ca;olfsesi ankindréasehin pregéure mathinothe Ickangher 7, which

TSP S5EE s BRI By AN G T i s
ih ?%Eﬁ@ th& MRMIECAS 1813 Qlaj ecielaesoséértf) AGRInieS HleRatle ofARrdpgHfisdirection.

The surface tension tends to mnimze the surface
area of the bubble 12 so that, by the tine a certain

mount of L as eva
B Shan P bt S B R P LB i so thas e
%m&w&%ﬁgeﬁéﬁfébaﬁt}ﬂn t}@tch@ﬂﬁb&r Pl BEihgiof khe]elerﬁeﬁt 10 and forming of a
thr h the nozzle 3, but also pushes some ink back
hqbblﬁ@a deesenot affest agiasen gbargberf»msgthear cogrppopdipg pozzles.
passage 9 is approximately 200 to 300 mcrons in
length, and is only approximtely 16 30 mcrons in
Theoairtuethgestdd titchdatee elenieat H) beibs fwapendet rathacbasbanggmbedded in
As a result. the predom nant effect of the pressure
gy seliq mafesial, éﬁ@ﬁﬁ@?edﬁq?%wt o force ink out through the
nozzle 3 as an ejected drop 16, rather than back
through the inlet passage 9. WO 2004/ 048109
FgihieA204 3 /5804 BictunitldelITuatriivn gueressivalafer gtages of optiation of the

rinthead is sho i furthe ucc |ve st age
ity e on Bp 6 R Rule 14 exceii B foos i hanse GBI g with the
Rbfaheslivaicea@VBr Filril rtﬂroh%e theH36HE BY ThR @m of e QfbBle 12 as it
the drop breaks off. At this stage, the bubble 12 has

&wae,aadys penohBiguietX is detstimined byl xeomabitiatiaefithesimetsiahdynamics and
i’lg YL ach z%smeonto%\’\ﬁer 1%13( ltl h'?hé) soulrﬂlce 9efr131%8 ltel:n%g 5 m}rzltmze the surface area of

the bubble 12 so that, by the time a certain amount of liquid has evaporated, the bubble is

essentially disk-shaped.

The increase in pressure within the chamber 7 not only pushes ink 11 out through the
nozzle 3, but also pushes some ink back through the inlet passage 9. However, the inlet
passage 9 is approximately 200 to 300 microns in length, and is only approximately 16
microns in diameter. Hence there is a substantial viscous drag. As a result, the
predominant effect of the pressure rise in the chamber 7 is to force ink out through the

nozzle 3 as an ejected drop 16, rather than back through the inlet passage 9.
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5in nore detail in Figure 5. The collapsing of the
bubbl e 12 towards the point of collapse 17 causes sone

WO nt04/048100 be drawn fromw thin the nozzl e 3 ¥ET/amaMBe01515

sides 18 of the drop), andisone to be drawn from the
i nl et passage 9, towards the point of collapse. Mst
of the ink 11 drawn in this manner 10 is drawn from

S RSRE) 6P, PR RS AR 410N R g o
dsmatidneﬁl whick tHedhk dﬁiﬁSDllﬂ”thatdﬁ b&ﬁg&f&wmﬂ Qm@)ﬂ&ﬁﬁmg’&‘ts “necklng
face tension_ forces, der to break

HllaSP’ébfif?fé\kkP ¢rop M%%Oﬁoﬁﬁl@s stasﬁa theyubbly 1%1@@@1@9(1& neéched its
PHBILB, H glonk MebARACtd BRR e paf BB 17 o et

imohakiengtailhie Fijueps5. so that the rmmentum of the drop as .
it is ejected out of the nozzle is sufficient to
allow the drop to break off. Wien the drop 16 breaks

Phd colepiihs 8 1R BubIE 48 Sowirfs %%%ﬁﬂ o@%ol[ &é ?’?Eﬁgesbébrﬁehiﬁk 11 to be

arrows™ 20, as 20 the bubble es to the point
@fawudidnap@thlmthec nozzlew (frothéhesidesd &dfahe diop), endis@netp be drawn from

ol.i.d surf he .v of .t he_poi.nt . of s
9 s B b ot SisBhbber Syt rBR A0k  Bfravn n this manner
Bidcaed ﬁoﬁvf&ﬁé‘ﬁ@é‘zlw | foEniRg af efulardeckReb QB bagastitke &op 16 prior to
t he manuf acturing process of a printhead according ?

bnbrediingnfls 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

Thibdrop dbeedquiret b ertald amodhk dfehdiferBuB @6 bi@Boraé sarfdde ﬂﬁ'n@ion forces, in
printhead, at an internmedi ate stage in the product

odgictedseakiafe Asdnk 1k drawp digrethe aozzle 3 bydhe w&lapﬁoqftth%hubble 12,
E dia{?ﬁet&rdf 1 g 19%&%@@%@%5? gedtugmg tH@érﬁo@El E to%al S}lr-ﬁ?cee tension
a ol I'ows

escrlptlon of the manu I ng pFocess
alding iee dmp,rselthatlthmmbmeatunnoﬁthe didp &b it ¥\E) 2240048060 Aozzle is

PCIT/.AU2003/ 001515 though it will be appreciated
?‘ﬁ%‘fle‘?tﬁ%aﬁ?‘@@ées Owt‘?lgreg]% & pplied to a nultitude of
adjacent unit cells of V\,hl ch the whole printhead is

conposed. Figure 6 represents the next successive
Wihep theddrop hé btelakes offimafsatianr forugs plremaaw as a¢flestedttiyghe &rows 20, as

t{ﬁg E;BE@F Ag cPIEf s?asatgt %ﬂctalpgq“t%('\g/ﬁs Eﬁ@%@ it w1 llb% hoted iat here are no solid
surfaces in the vicinity of the point of collapse 17 on which the cavitation can have an

effect.
Manufacturing process

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

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

Referring to Figure 6, there is shown a cross-section through a silicon substrate portion 21,
being a portion of a Memjet printhead, at an intermediate stage in the production process
thereof. This figure relates to that portion of the printhead corresponding to a unit cell 1.

The description of the manufacturing process that follows will be in relation to a unit cell 1,
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drive transistors (not shown) in the region 22 in the
substrate portion 21, and the conpletion of standard

WEROF04810%€r connect | ayers 23 and passi vati on | BGBEAU2W3/001515

Wring indicated by the daghed Iines 25 electrically
i nterconnects the transistors and other drive
circuitry (also not shown) and the heater el enent

r hn ; e, .
FAPREERSA bR DR fort O o095 BBy gy g ncn
Wit dells pf @thtthé Whole blintHeadnisdionipsséddg from the regi on,
desi gnated 27, where the nozzle of the unit cell 1
will be formed, through the substrate portion 21 to

0T 6 e gl s, e
&npldtbonidfe standatd GMaxsefabfitationtphecesy ﬁf[ﬁll&ﬁﬁg)ihe ddbricaton of CMOS
B B B P e G et e

YO A FRBni SRRSO idfrconh&M 16ef B%W?a&ﬂ@atﬁhmr k. Wiring

production after the etching of the I nterconnect
indigeted by Bhe dashedlines @6 releairicafip imitergoB@cts Thetrapetirn gndother drive

i.s t.0 nstitute.the.ink inlet passage to the chanper
it (5P pbeteinan® tisthsplel ot B S PERRru e B WK
shows the stage of production after the etching of a

hole 31 in the substrate portion 21 at a position )
Uhard eingh 86 awAprmeed3inithe metablezation pbthe intancenndchlayers 23 to prevent ink

r Cf. i . 25 .9, t 1 gl c .
L BOHER R ES ety PO P PieGie bR ST vl g 1 witt be
fonatd,shousl thefsubstitesprtion 21 & e kédicicodlaihifgjied Wirlhg 25, and
with the hole 31, to conplete the inlet passage to
rdingthe EMOT Kiiguitry ispassddn 8 rggipn designdiede2-t o be
etched all the way fromthe other side of the
substrate portion 21 to the |level of the interconnect
Tleey@rssst@ge afted tHef comiphetioaad thet GlRIOBofabri i2iongrecesocdmgists of etching a
etched all the way to fhe interconnect |ayers 23, then .
ROstion o6ia pesE AHER V85240 fhgn SRS AEoR 51 oy
the transistors in the region 22, the hole 32 would
have to be etched a greater distance away fromt hat
Figgiedishows dise stagel dpvaluatiouaftaithectcinag gf the (ntaxtionadot thybss 23, to

%?Tgm%:?rggl\gflg ? hefrﬁ% Péetn%qrﬂgi %Slég gﬁtfsgtﬁggggsmk B ptag]s%ge to the chamber
REMNEIBANEPHLEE o thbPrédesyn the top of the substrate

portion 21, and the resultant shortened depth of the
hole 32, neans that a |l esser margin 34 need be |eft,

ﬁirégret II?)astho%s ﬁyebsﬁg%%tfip%)ldu&hm %{]e? "the? &&hhg gt 29 RaR i3t1 ¥n the substrate
portion 21 at a position where the nozzle 3 is to be formed. Later in the production process,
a further hole (indicated by the dashed line 32) will be etched from the other side (not
shown) of the substrate portion 21 to join up with the hole 31, to complete the inlet passage
to the chamber. Thus, the hole 32 will not have to be etched all the way from the other side

of the substrate portion 21 to the level of the interconnect layers 23.

If, instead, the hole 32 were to be etched all the way to the interconnect layers 23, then to
avoid the hole 32 being etched so as to destroy the transistors in the region 22, the hole 32
would have to be etched a greater distance away from that region so as to leave a suitable

margin (indicated by the arrow 34) for etching inaccuracies. But the etching of the hole 31
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of nozzles can thus be achieved. 5 Figure 11 shows the

stage of production after a four mcron thick [ayer 35
wo@Rooa/0ss0 i ficial resist has been deposited oPCT/AB2003/001515

| ayer 24. This layer 35 fillBs the hole 31 and now

fornms part of the structure of the printhead. The

resist layer 35 is then exposed with certain patterns

e 0 [
485 e BRT BBty PRSP e SR P ot 2
thednQalidt @Nesaér 18 @iaInedA el Ok 141f) ane kiee b sasiemtidly Bighthgacking density
heater elenent to be 10 forned later in the production

YPrmeedsscamthes g ephieyed.wi | | provide, later in the

process, for the formation of the nozzle walls 6,

that will define part of the chanber 7. Figure 13

KEpwed 1tshews thegeagefof prdddclmﬂ after affdnﬁfmici‘tm teRdayer BO0f a eacrificial

st b ppafed G ves 31 i vt sl el b e mp forms part
cﬁfthé sthafid BTthJ:Smﬂf hdl.Ahe rgélélllé §§ iSReex oﬁotéé‘d itAY8rtah patterns (as

production aft atterning etchln f the heater
teprgsant @l 187 the oakk slmthm fhg@mdﬂ) tb4£orm medem B@ ahdhe sloe 317 eiThis

I 0 and ele d 1 0 Fi
PR o U DO R Sarees bt APl 1S of thedeaieg leent o be
foPH&T 1289 in BRPbdubtiofpoCeR. Thd 1kt 37h@8] Heeileadeéeth the process, for the

Fi gure 18 shows the stage of production after a second

foapationad the novale wallsa that wall deidre preteof thelelpasherdd. In a

preferred enbodi nent, this layer 40, like the first

heater layer 38, is of 0.25 25 mcron thick titanium

Fiptireild8how gHerseagt 9f bivductidioater tY depssifiomdnl thy Biyerdss, f a 0.25

heater material after it has, been etched to form the

rpmrbﬂlw daves B8 heqt%n@awédww rigftae piesent gpbadigent s of titanium
this illustration, this patterned I|ayer does not

|ngIUde a heater Iayer el enent 10, and in this sense

has no heater 30 functionality. However, this |ayer of

eat er terial does si.st in reducin esi stance
%S‘“@Hé Bpwa ifestage o gr Cﬁ%ﬂeaﬁ?éaﬁf&mlfa 63% ﬁ%’@ Sfﬂ%ﬁ heater layer 38
8RS iHe MRatel B4 In@RGihYhe! IRafcP BRHIERC Pihdldl troalesegf rodes

which al lows dreater-energy consunptlion
therefore greater effectiveness WO 2004/ 048109

>CT/ AU2003/ 15 .14 of h . t 0.

R dnanows Rearies s BcReiAn e dSghg et R gehiyes g5, sbout 1
thidfon B! BsRRBAhddkdl ayer 40 does contain a heater 14,

Fi gure 21 shows t he stage of production after a third

| ayer 42, of sacrificial resist, has been

Figure 18 shows the stage of production after a second layer 40 of heater material has been
deposited. In a preferred embodiment, this layer 40, like the first heater layer 38, is 0f 0.25

micron thick titanium nitride.

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

electrodes which allows greater energy consumption by, and therefore greater effectiveness
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5 deposited. As the uppernost level of this layer wll

constitute the inner surface of the nozzle plate 2 to
wheoohossred | ater, and hence the inner extent o0PCT/AB2003/001515

nozzl e aperture 5, the heilght of this |ayer 42 nust

be sufficient to allow for the formation of a bubble

12 in the region designated 43 during operation of

t S

b BalE R 1O R B SR o S8R Blip e . e

obfrastponamg1iyeﬁ4oay@rconhmmhlhautéﬂ14const|tute the nozzle

plate 2. Instead of being fornmed from 100 m cron

thick polyimde film the nozzle plate 2 is fornmed of

Figurk 99 Q]ﬁ(W/sf fhk Bige #)P'%rtodﬁ ctiBnGIRPS %IMH 1%??11' 42H1 %ércﬁﬁ%ﬁl resist, has been

shows e stage-o uction after en1ca

ddpcpmsd tAothe @pp@mosf lekd ofithis tayar wilt comewW1mg:r Slllr&ce of the

er 44 s. bee art etched at the itio
el Bl 240 B orggd 1aie, gt e R GRSRLRY tha ezl aneffure S, the
h@fgﬁ% bethfs 12%} 42trﬁus% be yﬁtﬁbféﬁt tBaJIIB“}DI%f i fgﬁﬁén%%tf%%uﬁbl% 12 in the
Figure 26 shows the stage of production after
redions désignated3t durhg dpastibe efithetpringadl | t he vvay
t hrough at 46, to conplete the formati on of the nozzle
rim4 and to formthe nozzle 20 aperture 5, and after

F-iﬁtﬁe &/6h&ibd The Qfagh bf plodBctitmafReaiR rbeNay&di4dias bB&h deposited, that is,
osition designated 47 where it is not required.

lgpierevirigh wilbpenstifite theagezleblate ddinstead of heing formed from 100 micron
SRS e B i e i

fromits other side (not 25 shown) to reduce t he
substrate portion fromits nom nal thickness of  abo
Fagyge dft ehoyrsthe stage efprodudion afico e chamiral waner dgosition (EVD) of

Jaosafatonsiabatnyel o Sheh by g Ao s«

a3 keeformtthe ostaide iphit of e noesle sim 4f thsawitsidd parhkeeingdesignated 4.1
| ayers 35, 39, 42 and 48, is renoved using 30 oxygen
plasma, to formthe structure shown in Figure 30, with

w%gé 56 §hc§WsdthB Q%gh §f}[91]o§ﬁ&1o% afieh ﬂféfwggﬁfshfcan ﬂﬁﬁﬂ@ﬁastﬂ'égn etched all

nber 7 (part "of I's and nozzl e plate being
tb&mamﬂmugh @%éyt)) cofnplaig the fblenamnead theaizz] [etnm 4adn§cbo form the nozzle

serve [ esist..f the h S0

PRRE S, AR CY BBt ide oy heee%ﬁsew%%t?%?osgm&?swwd 47
W}{éréitgg,ﬁ&r&ﬁﬂreddefl ne a passage extendi ng WO

2004/ 048109 PCT/ AU2003/ 001515 15 fromthe | ower side.

of the substrate portion 21 to the nozzle 3, this

i ' i nl e er a
R385 360 4 PP SRRSO IB: BB b
applosil A ft@nhig Emgg,aﬁe bubstiste gottibn 10d e drbendefirbradisiottidr side (not
of the printhea
shown) to rgduce the substrate portion from its nominal thickness of about 800 microns to
about 200 microns, and then, as foreshadowed above, to etch the hole 32. The hole 32 is

etched to a depth such that it meets the hole 31.

Then, the sacrificial resist of each of the resist layers 35, 39, 42 and 48, is removed using
oxygen plasma, to form the structure shown in Figure 30, with walls 6 and nozzle plate 2
which together define the chamber 7 (part of the walls and nozzle plate being shown cut-
away). It will be noted that this also serves to remove the resist filling the hole 31 so that

this hole, together with the hole 32 (not shown in figure 30), define a passage extending
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5 shown in Figure 30, further printhead enbodi nents,

having different heater structures, are shown in
wO-2@u0es188, Figures 35 and 37, and Fi gures 38 BCIAGR003/001515

Control of ink drop ejectidf 10 Referring once again

to Figure 30, the unit cell 1 shown, as nentioned

above, is shown with part of the walls 6 and nozzle

| at.e = ' e t ' [ .
BRSPS SR FRNGRL B BR g AE Bl b ing o e
ihlbatletpatdaghaleasllptiedifinidicn tethethambat7.10 can be

seen. 15 In operation, ink 11 passes through the ink
inlet passage 9 (see Figure 28) to fill the chanber
. i i t . .
Yiid B ARy BolBiforl RodRE|s B8 ROABIR e R op B tnd inthead
shewh éi Fijuen®) tfurtlier plinthead embsediteatschaimemndiffefent haater structures, are
escriped above in el atjon to Figure to forma
Sgawsﬁn foet o Vi d an i o amirs Sl 2 ' 50 The
vari ous possible structures for the heater 14, sone of
whi ch are shown in Figures 33, 35 and 37, and 38, can
Caguilvf ink diapefecienng many variations in the ratio of
length to width of the heater elenents 10. Such
vari ations (even though the surface area of the

I@éf&rﬁ%?foﬁcé- aidTRYFiBEret30ethR 3R )celM ShHRYM Sasshéftohe & MYve, is shown with
effects on the eléctrical resistance of the el ements,

naricfitheevallot endroazieeplptai2aatewpstwidenravials thsl intgger efiilie chamber 7.
’Jﬁ}/}ljeglreegﬁa} (lj{l % r%‘%lg i‘%ﬁ/’? ot a%?aryé ol tﬂatpo%\fﬁflal%s cg?tff% Bga%erﬁa:leﬁge%nl 0 can be

Ive € ronic nponent s t én req
seeyver drive voltages than earlier versions, with
| ower resistances of drive transistors in their "on"

state. Thus, in such drive transistors, for a given

r i i . i 6k
T oBakph. Tk B Bihged A0 o P BRERAREC Mo iRl AN Bifne
chambestd Diesner wdliaga is dpptied ecr3$, the eleetroded 15 do astabish a flow of electric
shows_t he shape, i lan_view, of a nask ' far formn )
cpﬁent through ,theglgqat;‘.é pfﬁrrgmb]l 0.¢ Jﬁ]@s bty g’rerf'é?ﬁle% i 8t escmbeg above in
reraﬁ&} l?lﬁﬁ%ur%hlo‘ﬁ@fdr& .ﬂ%%f Bubbre in 06 M Gk ¥he Smie) 7.
2004/ 048109 PCT/ AU2003/ 001515 16 Figure 36 represents
the shape of the heater element 10 of that embodi nent,

eatrBRES Dossioie Bl Br i b S Rp R b JLRE SRy {p Figores 33,
I5Hn@ 37t B B8, R6h FRUR $n ierd B B8RP AhtiBYs fotBe PRIt length to width

desi gnated 15.36), so that the current flow area o :
affilee ledates ehepnpass 10s Spel satiajiony (avar gwughheotirfapgarey phthe elements 10

re i n therﬁ

maystl)% the same) may avkc)eesligqgﬁgantt gf%c‘?sl it %'efe%l[rical resistance of the elements,
and therefore on the balance between the voltage and current to achieve a certain power of

the element.

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

lower voltage tolerance in each process generation.

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

heater structure of the embodiment of the printhead shown in Figure 35. Accordingly, as
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5 resistance. By contrast, the elenent 10, represented
in figure 36 by the part designated 10.36, is |ong

wapa4inkiim with the width of the el enent in thPGI/AU2003/001515

enbodi nent being 1 micron 1and the thickness being
0.25 mcrons. It wll be noted that the heater 14
shown in Figure 33 has a significantly snaller el enent

' I G, .an as
Fllurd s EBR DRSSO s D BB 0, 1
feifgudeto 38 disthdsingahiat heatetlelbmbanWdurigaplration) curre;ﬂi flows vertically into
RGeSl SAmesoRts g e BiioclegSnAlpd 18 A &4 Biabthe auirent low arca
[ l; - diJ | o] j ; Lven .
Lo 180 W VARl SO NP Sy i
BBistanne.t By cartiast, theagieinenti, ephesditedint figho 36 by thel pacekesignated

2@%’3& b’ié@?‘ﬁé*i’ijg‘”{tﬁ&es‘g t‘gﬁﬂ“? L@g}%{rltt iil_t ig)ﬁélbg icrqu]@ggéng 1 micron -

A EINB MisknedPbeing 6.25WicRnkhe Wi dth as the other el ement
10.1, with a cofrespondingly larger surface area. The

vari ous paths of the |ower elenent 10.2 are 2 mcrons

in Wi dth Il hose ,of the _u element.10,.1 are 1
It e e DR3P RS e Gy s plement 10
taa fiedeniedQ OYowh én FRORY 3% hedBAY judtQ: 2ndl&1dopizee Addaddingly, the
appl i ed the upper elenent 10.1 at a given drive

b
clemenighd @yrfdgtye B3 avill hee h awich fower efnsiridal rosigtaneqyahdwilhgermit a

f ' f fr th ' f .
g e o0 PR o BOPAFSe e BBl s acve
eoleaggyo d¢lpler e@divien ehérgy karthe bigatehBl ppgiverslimsent 10.1 is

X, it will be 25 appreciated that the energy applied
by the |ower elenent 10.2 is about 2X, and the energy

j b . t I; t :
BRSSO AR A RO 1 i
logatar &tancandd 10.1 snd 0.2 corfémpending teetht sarme unhitwoelbi t ©nebf these elements

WE B e 86 0 Ghe S Aioeny b e PltgSIRG gl Tager sufuce

AR I TNEAriBXACIhYof the RIVAS bieffnt BOMBre T mtGond MW, wﬂfl? those of the
the exact sizing of the elenments 10.1 and 10.2, or o

wppsr dieingat 1] areglemidaromin widgh. Thppihieedetsy applésd tonmlyinthe chamber 7

ired. WO 048109 PCT/.AU2003/ 0015 17 Wil .
@R, e i e g el g poment 1t LpChtven arve
Vdlfageghd pE0Od@bR6H. Bhi¥ PelnlifsH refllhng s-hakiz¥ 8f V4ot BEbbles and
ower elenment 10.2. This is so that their el ectrodes ,

hegca pethgsize @b inkedrar giected gug tahe ubblgependent

connection to separate drive circuits.

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

printed with the one nozzle 3.

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

applied to them, may be required.
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5 Features and advantages of particul ar enbodi nents
Di scussed bel ow, under appropriate headi ngs, are

waeentaisiospeci fi c features of enbodi nents of PEEAU2003/001515

i nvention, and the advantadés of these features. The
features are to be considered in relation to all of:
the drawi ngs pertaining to the present i nvention

%Wlﬁ iﬁsogola %o{: Qﬁeﬁl)ﬂlée[ Léjg) f ngr?lﬁos 0-1ts oé%e%l tHI%%%% I??(S %PPt a vertical axis

W Ngs sp
febitioe Itcetlle 1(5\06r ehtinge N10ded Thewidsh etauk &felrﬁec%ﬂés Tefre het&encident,
to Figure 1, and as nentioned above, the heater
?él()érwﬁg]tndmeqd@q GRNRgEEOR & pRPaFate ditvs dfseitied beam and
this is suspended over at |east a portion (designated
11.1) of the ink 11 (bubble formng liquid). The
Eeanetand dvantagasiof purtkdldrembodimemy rat her than
formng part of, or being enbedded in, a substrate as
is the case in existing printhead systens nade by
]g%&ﬁéﬁg()f;%éa[?i}uﬁ#%f gﬁ;ﬁf)@at'iél:‘%ﬁdg%%s ;ﬁg‘céﬁeﬁn g;l?&li‘f?fa fr%atu% 13 Bmbodiments
w the aventien, bed tkeedvmag@sl pfrthesesfeaturdsh é‘hp featams are to be considered in

dthe |nk hnoI i es. The
LR 6 A i B <ty 56 pr e G ThE context
etifichIBPE LR c&&u@&lﬁbv%/%dalﬁlyreﬁ%yt@ ke dfakEngs specifically referred
unnecessary heating of the solid nmaterial that

®urrounds the heater elenments 10 (for 25 exanple the

-~ solid material formng the chanber walls 6, and

surroundi ng the inlet passage 9) which takes place in
SiiPemted Geaditeatdevi ces. The heating of such solid

mat eri al does not contribute to the formation of

vapor bubbles 12, so that the heating of such material
WHHQENES L BEF t1a 864 4 m grﬂﬁfngg abmeth%ri{eéftef ﬂ@{ngXt W Ethe form of
contributes 1 y significant sense 0 e

ganpemied ibaam,farﬂhhls idmsparsled Avérsat 1dasita prtiom (desigagipd i Bd) of the ink

&h{b&ﬁblré f%f'mr}ég ilélrﬁfe@ @%?Ilgfi}g‘? 0 RRafgprod n Lo gf%%fr%gerthehfomng
Ehe efSeddbd H?tarsﬁ‘ﬁs%%é {%IIE W& b ex{stlﬁ% Eﬁ@%}@éd systems made

el emsnt 1dg|s suspended n the i1nk
tiyovariong mangfaciiyers suwhtak Hewﬂettt Badkigi, Cdnmuaurddmmk h&his constitutes a
epent ... Thi s WD 2004/.04810 CT/ AU2003/ 001515, 18
R G aSe PR FROPIGIFHE OF fhe THRoch BrAEoT e PRor ink je
jint, as illustrated in Figure 42, the heater
el ement 10 beamis suspended at the surface of the ink
(bubble formng liquid) 11, so that this liquid is
fkgéel)ré%l%? dgﬁﬁté&eof%lg 'irea%re 1sat&12r1]tear hi gﬁea}nefﬁmern{c?f%% ba gchi%Ved%grdavoiding
the unnecessary heating of the solid material that surrounds the heater elements 10 (for

example the solid material forming the chamber walls 6, and surrounding the inlet passage
9) which takes place in the prior art devices. The heating of such solid material does not
contribute to the formation of vapor bubbles 12, so that the heating of such material
involves the wastage of energy. The only energy which contributes in any significant sense
to the generation of the bubbles 12 is that which is applied directly into the liquid which is
to be heated, which liquid is typically the ink 11.

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

within the ink 11 (bubble forming liquid), so that this liquid surrounds the element. This is
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on the upper side of the elenment. The enbodi nent
described in relation to Figure 41 is 5 preferred as
wo b@4buid e 12 will formall around the el eneneC1/BU2003/001515
unli ke in the enbodi nrent d#&scribed in relation to
Fi gure 42 where the bubble wll only form bel ow t he
el ement. Thus the enbodinent of Figure 41 is likely
P £1ci ent , _ can '
it e PR B 1odeBlr RRSIGH Lo B8 ARUBGLREER Figure 42,
théRedi@al@iient 1 @ earh islispehided atadie swrfse i dietiakl (ubble forming liquid)

one side . and.is free at its opposite side, sqQ that it o
Ho?%aia @4 uid 1509k belewy dhe element rpthrthap surrqyadisgith apd thgre is air
t . i £ i- .
T S B RARGH! N MMRAg A O e 1 s
reeferrgd aothe beblisle tl A avill $6th aihaopodithesldnmehy 10 smlilegini the dmbadiment

BSR4 5508 S ot BB 0 HE0L b s
thEebodiftent SHTOMER 413 MAAY IFprdvidk B ne el e bp&Stion.

enbodi nent, the required energy is |less that” 300 nJ,
while in a further enbodi nent, the energy is |ess

han ,120 nJ. .20 1t will. be. appreci.ated 0Se
AR Eaetin 8 Sappelftn e ERL P e 20 I B pipe ctement 10
He@fUE E§ppoMed only offidhe gideuhe s frék A198h g&lﬁte%id%!'fﬁﬂhat it constitutes a
sufficiently to generate a vapor bug le 12 to eject an
gapflevefr op 16. Thus, the energy requirements of the
present invention are an order of magnitude | ower
than that of known thermal ink jet systens. This | ower
Eiffieiegyy 6fthe piittheah al | ows 25 | ower operating costs,
smal | er power supplies, and so on, but also
dramatically sinplifies printhead cooling, allows

: ik

T AR AR el col R (0 15 B HRECLLRER 101 O hed such
thataarehergy ofiiess tap&00 ahdojord el ¥ isceaqtiret ho beriympdiedemthe element to

where .30 the indivi I..ejected ink drops 16 .
oA Suicieaty BuBnrubiiaeh i iR 1104516 Civechlip df ogink through
dfezR3. ThREadrefafedd@fdiRan, thitddiatd BRlreYMs 1M that 300 nJ, while in a
2004/ 048109 PCT/ AU2003/ 001515 19 Sel f-cooling of the
forthertedwdinmint shé erergy i 1ess thanel Z0mient i on provi des t hat
the energy applied to a heater elenent 10 to form a
vapor bubble 12 so as to eject a drop 16 of ink 11 is

It RIPVEshTré@ated Bethoké sKieRia thy arB that prior art devices generally require over

5 microjoules to heat the element sufficiently to generate a vapor bubble 12 to eject an ink

drop 16. Thus, the energy requirements of the present invention are an order of magnitude
lower than that of known thermal ink jet systems. This lower energy consumption allows
lower operating costs, smaller power supplies, and so on, but also dramatically simplifies
printhead cooling, allows higher densities of nozzles 3, and permits printing at higher

resolutions.

These advantages of the present invention are especially significant in embodiments where
the individual ejected ink drops 16, themselves, constitute the major cooling mechanism of

the printhead, as described further below.
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5 conbi nation of the heat renoved by the ejected drop
itself, and the ink that is taken into the printhead

wo can0sdiew i nk reservoir (not shown). The resul PRCDAU2GOBA01515

is that the net "novenent” 19of heat wi Il be outwards
fromthe printhead, to provide for automatic cooling.
Under these circunstances, the printhead does not
a ot her _cooling systens. 10 As the ink drop
gl the a*?hegannunt of ink 11 drawn into the
print head to repl ace the ejected drop are constituted
by the sane type of liquid, and will essentially be of

Thiefeaiwe of tadavention providsnthah thersnetey apRlindde @ hepisr plement 10 to form

J%&ggﬁ%ﬁbl? LZ gﬁgsgctg?éﬁe@? a hltgllg 1@5&2% Far%glbvéci1§01%QE% ﬁHnthead bya

dmhi’nematibamxﬂthetﬂeat lreﬁtovedahy)ﬂﬂl ejeated drepitseif)and Vnetlhlathat is taken into the

resul t me ecting the in |na €, .
Ryintheqd R ErvOi €0t §ho; & yflefreﬁqiﬁﬁ%% {the Rt ‘movement
Jeihaht \Xflli'leoer &%ﬁ%@ ﬁ%ﬁf thd gﬁﬁﬁl'eﬁd/ t@grdvgi% foiattSmafic @dg?lng h§"Under these
tenperature, the change in energy due to net nove
arfcutns@negseihe pdnthedd degsinat maeire anyjothet ¢aolieg sptemank can

conveni ently be expressed as the heat that woul d be

required to raise the tenperature of the ejected drop

Adthelihk diop\¥ar c?éd ﬁﬁ%@ﬁhoﬁtﬁ PRI Wrlwn ito ttﬁbeprﬁﬁﬁéé@to replace the
terrperatureo as it is ejected.

Q»@tqbboe @t%ﬁoestlmwdtbyéhfdmmmﬁ ligyid, @ﬁldmbhemmnlbebe of the same

er. depends _on at const t ut e
AR ik b 18 e or P RRRS Rl ol iRl B0GH i Rand, the
dnefgyfaﬁa&dlb}et}kfhé&tlﬂgsoﬂtﬂé(ﬁ&neﬁtold;)@nd Setharsthez Mbnd, the net removal of
nperature is the tenperature at which ink 11 enters

heﬁberﬁrgmhﬁéswlﬁs eom eﬁﬁ@g th ink PR ¢ @ apd therdpigke of the eplacement

GARM M £ ASpRRRDRH Bre et chablig¥singc 11 js at ambient

tpmperatues dhe dhapgeal dnyrgyhhe aovhétendvehenpef the lefeeteulliahﬂ rdpdacement
whi ch I
cfugg t{lﬁosoT a%nb g:,ol egwté%ntl e ?egcg{?%e apkglq,gelQI y p@l ?thléllgs %gulgﬁasirgqﬂired to raise
fs
TR R SO MRISRALERSD 167 S XA St (lporaifite e actua
tpmperatveaadf the drcgufasug]sreﬁm@d 30 In one preferred
enbodi nent, the printhead is designed to achieve
conplete self-cooling (i.e. where the outgoing heat
IERE BY afp6eisted iea Q8krehhiest ofAihdiRe thd 5ok8driRtfid are met depends on
replacement quantities of ink 11 is equal to the heat
velas constisteretie Bynbiené temperasuree e therpresen casetho@OWEGHGE OBt is taken

%T hA Ot%g’rlltqgr%lgélrgturez 1% the temperature at which ink 11 enters the printhead from

the ink storage reservoir (not shown) which is connected, in fluid flow communication, to
the inlet passages 9 of the printhead. Typically the ambient temperature will be the room
ambient temperature, which is usually roughly 20 degrees C (Celsius).

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

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

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

quantities of ink 11 is equal to the heat energy added by the heater element 10).
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By way of exanple, assumng that the ink 11 is the

bubble formng liquid and is water based, thus having
wW@2eioks1ny poi nt of approxi mately 100 degrees B T/anghodMo1515

the anbient tenperature i2040 degrees C, then there

is a maxi mrum of 60 degrees C fromthe anmbient 5

tenperature to the ink boiling tenperature and that is

the maxi numtenperature rise that the printhead could

undergo. It is desirable to avoid having ink

B;ewaya bBéAahtpe, Whduhiifg tHaethRrihinl hiate babble fortnhgnli@tid bhd® water

I nk _drop 16 eJ ecurﬂi) which are very clgse tq the

hsmd i havinga beflingpointaf aparoxipately d 00 drgregs Caandigthe aatblent

ifSiatt SRR £ ool Bt BB o B A AT from the ambient
temgeratuse toethe inkeiudhnes fenipkiange pod that iswhé makineum temperature rise that
t%L;nl nt nded nd, therefore undesirable, formation of

%BB? u@%ﬂg%mcordlngly, a preferred enbodi nent
of the |nvent|on is configured such that conplete

sel f-cooling, as described above, can be achieved
Iv\tsehsilratbée tthoithavﬁr@mnk tehparatucel Withén thekpribthe@ (dthémthan at time of

iy dinwgieciechenb it o £oBRe ot BPRRR AR of R TREAL Y pife ik 1

\%r@ &?ﬁichmemﬁera@&e HAeenl t¥i@perdhige VRidfoAS&MeaYBard oftth€printhead

feature presently under d| scussion, and its various
@ﬁbb@stﬂbm some rggiongging uboazlelbgl.lmgfp@mtawﬁh e yrontended, and therefore

BRIl Plfhatinh abvaon BuRee2, S pR BRI R e g Ml ik of the

1ﬁfzamﬁtis S fignetaSutiethab@irhple@ stlf-coolid, as dé’scnaeu ﬂﬁﬁf@tcah(be
nozzl es fromwhich ink drops 16 are belng1 ect
Cilf

arhieyed whemtheapaximum fempergtuse ohthadrkebl fhwp @fll@aélauidﬁ in a
[ I
DRFELE PZAE LSS 1Y ool Bl Bt G Ewin B0 Blhting
elmnmtrlOﬁs otesdnd.. 25 Ar eal density of nozzles This
feature of the invention relates to the density, by
area, of the nozzles 3 on the printhead. Wth
TR FARMOEg R Baibee ORnRTLAUE Fh o S e IRl bodimens,
is tahitedlows fchlhadng]a oaiahgdehsity and/fopfa higlvspiced oﬂpmtheddeuperatlon

FHRAT5S i SRS bl DR CE BBl n morats
d’(‘%%éﬁte@ B8 eSHbA NI SR dreps’ A8 baih 8 3jecldl. PRIY4AP 4B Bs much as a
/ AU2003/ 001515 21 In one preferred enbodi nent,

t he
landed-fabhistregsedn weedls padkimdensidy tap yvaldle thogase i smh a feature,

anfd the temperature criteria mentioned, were not present.

Areal density of nozzles

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

nozzles per square cm of surface area.
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surface 50 area, while in another preferred

enbodi nent, the areal density exceeds 40,000 nozzles
w@2@endsouare cm In a preferred enbodi nent, tPer/aUzmb/o01515

density is 48 828 nozzles 31 per square cm 5 Wen

referring to the areal density, each nozzle 3 is taken

to include the drive-circuitry corresponding to the

I?%éﬁ I?es PMH &Hb&d?ﬁ?}i[lts e aréa{ Bé&sﬂk/'g%ceeﬁggﬁ‘ 06% g¥z§1e§n3 et square cm of

qrfack 50 a@e,nﬁlmbd inanothiet pnefeﬁfexa eﬁtbl@tiﬁnmt rttel hitetlydeneity &eleeds 40,000
speC|f|caIIy i dentified) th reference to Flggre
npzzles 3\RT ¥iake @b %p@ﬁqrfed@a}hodm@ thp atal dengidy is 487828 nozzles 3
ﬂ# sops of the wunit cell are shown as being 32

crons I'n width by 64 microns in lengtlh.. The nozzle
3 of the next successive row of nozzles (not shown)

tel uxt a sesthl no €,  so that L
WhG rerdre e fL RGN Gehoneds s euakGutor By B pgircuiny
RfrteSpdiant 16 MhdPnozRe {V%lé?lrc%né‘@ts Sgflicdipy, 303 %ih@§ téné?ﬁf)r a shift register,
square cm This 1s about 85 tines the nozzle are
atemmgblegatsfand clogsiregednerating civeiitry ithis atcujsryi not Foemg,Sp@mﬁically
xoqg%ly 400 tinmes the nozzle areal density of a

g'ectric printhead. The mai n advantage of a high

areal density is |ow manufacturing cost, as the
devices are 20 batch fabricated on silicon wafers of

Witbapkr@w tor Fighreet3 imtychiehbe singlexnitesl! 3 is phawre sie dimensions of the

nofz: 3 es c 10Y ;.iesrl%eg}mﬁ &o Slq}r}q{alds ﬁﬂfs(f4rr%£§:?(%ns 1H ?w%ﬁ ! ®The nozzle 3 of

thy ﬁbﬂ&hbc}esﬁwﬁvﬁbﬁn&fﬂe@ (ot \Whd ). 1niﬂila11z§161§rtjuxté)§oses this nozzle so that,
manuf act uring a CWC? us MENS wafer of the type use
457 TEHEL ofrthe dHreagioprol throwey mrlab@mof theuainthesd chw, thege aae 48,828

rﬁ)%%s §?)E1e cgﬁi PRI q?ﬁﬁ pks EP‘E e%.freaﬁ) ﬁéﬁsﬁk%? a t}éplcal
that are Tbrmed. on it. “there e patter
thedned inkejlet/prirthéad, aml roapkityi408 kiynds allieglmzzlﬂmw deffisityaf alpiszoelectric

c%g be included. This allows nore nozzles 3 and

ri ntheads to be manufactured for the same cost
than in a cases where the nozzles had a | ower areal
density. The cost is directly proportional to the
Hreamainakdeantige affadiigloarehlatensity 8doBubbhfcfusmgrostoas i devices are

E%!?l/o%tﬁ e?/ %fe)s_sfg%gi Vggt%}se({f a pa?tﬁ% atr S}/Z\Q 2004/ 048109

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

directly proportional to the area taken by the nozzles 3.

Bubble formation on opposite sides of heater element
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22 According to the present feature, the heater 14 is
configured so that when a bubble 12 forns in the ink

walooghbua e formng liquid), it forns on both BCHaBE2008/001515
the heater elenment 10. Préterably, it fornms so as to
surround the heater elenment 10 where the elenment is in
the formof a suspended beam 5 The formation of a

Q&%p&iﬁ ffh@ grggﬁtrfegt{lge&e(ﬁfe ttep £4 Eec%gﬁéur‘é& %Tﬁ{ﬂ{ W%gl 9? bble 12 forms
oppose% t0 Oon one sidé on?y, can becUnder stood W th
ingliecink ¢ €biitsbl&fogmigsligibd)gitdorkis od Both bides of the heeftelt die@nent 10.

figures, the heater elengnt 10 is adapted for
RGIHEALY, 100MBS Bas 6 SHa ihg hgferplementd@ where thmﬁlqnémtw in the

Hﬁ°%ﬁg8ﬁgﬁﬁﬁigéﬁfe figures, the el ement i s adapt ed

or t to be formed 10 on both sides, as
shown. In a configuration such as that of Figure 45,

R B, 0 o 5 SR 3 4 n

s@d[@’@iﬂ? Qdn bB uAd&HB8YE HathSefeioncs B Fﬁ@i‘es 45 38d hebh e FaR '6@ these

formed on the particular side corresponding to the
f’sgmg; ﬂmlwatesylemsnttﬁns radapted fonshdibbles] 212 befprniest onlypan one side as,

ecnf ration, of e 46 t
VI b Ephdof B8 Bte et Radeb ¥ bk 37 to be formea
ddvtheidbgas shewent 10 is in the formof a suspended
beam as described above in relation to Figure 1, the

bubble 12 is allowed to formso as to surround the 20

I
PARARASHI B A A Ot Fighfies s WA d BB Pokcfimd n only one
@dﬁmfﬁgeb&aﬁ eldthént 18 1flb|§:aﬁ@ the eleldwﬁtt ik emﬁeddeheiﬁh stisdrdatel 3, so that
ted in heating solid materia n the  vicinit
thﬁgumﬁﬁ@m&bf‘ef?mﬁ 20 thepactiepl wlcf?dtorr@a?wlﬂ}n@d? the gy %Strate By
t

R 8 Bz 32 B Rl ditbort WS fnint Sonfigulipioh e fiadrfa as the
lehteh eletmennt hdrh és suspéndddsubstrate 51. The anpunt of

heat | ost to the substrate 51 depends on the thernal
conductivity of the solid materials of the substrate

@F&ﬁ‘&ée\/ﬁhér@ tHerh%EtePEleHéﬁt 10 id fhe 190 6Pa 5BYend@ DABRSS described

based. As the thermal conductivity of water is
abevair rebitipn toRigunmt.¢he bizhbld 2 §s abibwed hefonesso ag nsusround the

“ﬂlg % g eﬁ%e apsorbed by the substrate 51 rather
THETB §ﬁ% Ak™1. 30 Prevention of cavitation

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

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

Prevention of cavitation
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WO 2004/ 048109 PCT/ AU2003/ 001515 23 As descri bed
above, after a bubble 12 has been fornmed in a

w@eioapksaed according to an enbodi mrent of the PCEAB2I03/001515
i nvention, the bubble coll &@8ses towards a point of
col lapse 17. According to the feature presently being
addressed, the heater elenents 10 are configured to

: | i nt. . :
B0 AR e 2 S LA A TSR
apbaideftrofithd presdneaivention, drebubble dotlefses fintayds 4 prdint of collapse 17.

rinthead.i s configured so at there is po solid
ﬁﬁ%ﬁslparw the et Pﬁ%? DR adsiressorh dherheater glements 1eige configured

{oFYin &l RBb1RER RY 1Rt tHE?Jog{ts Bf Qﬁfag{g fﬂo%dgrwlﬁé the bubbles collapse,
thermal i1 nk jet devices, I1s largely elimnated.
dre hiepositingps ispaded duonethd Beatemel ementef Brefasblgthopiintbedd is chiefigured so

R4S TR et Sr B L ok AU S B2, boing
ﬁf@/iof BFoBldn i Rtk @Rerkdl inkJet dtRicel, N 1RQIVEEmBhtea0! | apse

t o which the bubbles coll apse are Tocated at such
gaps. The advantage of this feature is that it

ial | i d jtati to .t he heat
BitahRrl AR (RS ibdiRar R Mok kg IR gopfigured o
Rive Partas3 whikhidRina SarsHBheseftid BR theCattowy 54)Narfd 1945En thé bubbles 12
the heater elenent 10 is enbedded in a substrate 55,

spi thef thepeintsafgellange 1A jewhish the/bybblescolprsgwrt locaipdiatguch gaps. The

i . r- 57 i i .

RS b AR 8 D i BB Blagc B e
dememtp 10tnd biheesotidandteriabhen t he bubbl e 12 col | apses,
as shown by the arrows 58, all of the energy of the
bubbl e col | apse is focussed onto a very small point of

I t ' 3 :
R LARAR, i ko 5o RSB N 5B Pt et 10
anahvdtied inonsubktaste SHyowitld an esulating tayen 3thevet teledamner, ankl a protective

this_energy.to.the. poi of coll.apse 17, ul.d chi .
ity 7 S RO E 1Rt Whon e GREMIE T20s R Bt defnag it
BHAYESH ﬁftib dt¥hd 88mBEHONRRS thE bhEBIEN 2 dlapsdsy RS SRMIYby tBE GRows 58,
a protective layer 57 is of tantalum “which oxidi'zes

albofitbe emeagy ef the hubhle 28lldpag isrfoafssedaontta b varyperallpointef collapse 17.

AR pu (s VR0 S0P aBRRLTheTTb S e iabichf Brifondut 85 cBaton

wodd rebuberonh i eusen@ W f ehiCericBayt foehe p@iMt dfdoll@pse 17heduld chip away
oxidation will again occur at the underlying tantalum

grerede the Beajer alement fl P e Eowgaery thisis drevented by dhg protestive layer 57,
pent oxi de |layer. 30 Although the tantal um pentoxide
functions relatively well in this regard in known

Tyyacalig] suchnlprptettigysyee 58 is ofttattakns evtich dxidizes to form a very hard

di sadvant ages. e significant disadvantage is that, .
lp}ﬁerég ]taé)&h,n% pento%de (Tay 55. Aftﬁough no known matgrials can fu%y resist the

effects of cavitation, if the tantalum pentoxide should be chipped away due to the

cavitation, then oxidation will again occur at the underlying tantalum metal, so as to

effectively repair the tantalum pentoxide layer.

Although the tantalum pentoxide functions relatively well in this regard in known thermal
ink jet systems, it has certain disadvantages. One significant disadvantage is that, in effect,
virtually the whole protective layer 57 (having a thickness indicated by the reference

numeral 59) must be heated in order to transfer the required energy into the ink 11, to heat
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virtually the whol e protective layer 57 (having a
t hi ckness indicated by the reference nuneral 59) nust

wheoohestied in order to transfer the required ePer/gy2003/001515

into the ink 11, to heat W2+2004/048109
PCT/ AU2003/ 001515 24 it so as to forma bubble 12.
This layer 57 has a high thernmal mass due to the very

el p 0BT ol 25, 7Bl fbF 7 DAL bRt B GOy i
dthrhie welghtadsies ftaﬂtalmnm thJQf'edhea‘stthé!\E\ffﬁ@ﬁnbﬁoi’tﬁél tedt Qﬂnﬁér Not only
the | evel designated 59 to raise _the terrper at ur

dogs thivipsreasraibe gmareipidgatsviich isirequired at gherdeval d@ﬁﬁ@qtfﬁik” to raise
tﬂlé‘ tenp[}é}a fe RHRGevef aéglén%ﬁe? 6é{kpg%§%g§;t8 :ilk dta(c ! eglrlnﬁ&t 1halso results

0SS 'to take place In
iamrsobetargibl theﬂihelslesscto M\;ﬂmbmgmembmbmondlb&edabﬁmmmmfs 61.

ﬁhfﬁ?g gﬁ@%@%&ﬁ gsv = me%@ hegefonem oy OO@SII%%?@W supported on
D fabC & thn&)ttcevérg@‘bi/ BRIHGEtRIASRRALYY under

di scussion, the need Tor "a protective |ayer 57, as 10
descri bed above, is avoi ded by generating the bubble

Rsniftot Mg Gani® are SRR ungBEariensdBhuife Bfed fiep bt fier 57, s
FREABEAIBL RS, i Pdvoi®d by BRh& ati b babb1anb ¥o ‘fﬁh@[t@:oﬂﬁ}%é@ ak fllustrated in
t he gap 54 between art s 5 f the heater el enment 10

Higure {8y towagds amnetl of cpﬂ@se Ak atiwhich ledre isno aordd@at@teé,t andrmore

) e S Bl 0 o B L Sl 19, s there s

mé&elytitheihs Al itself iathié foeatisi @hoﬁfo Bbleapaerafidn)l hefeiy no material that
reach nangﬁthousands of de%rees C, as is denonstrated
1

o9y beiseodsA dsrsrhvribeclects efsauitationn ddetemperatireaatihq poinyafgrllapse 17

j {
@%ﬁ%ﬂ"ﬁﬁﬁ%‘@%ﬁ? DR R Bt YR Ehen i hon of
sbolumisasersora | This Wk bredled abasthe ekt cammpakntsianthatpeipo iéewsver, the

in this volune is not sgnlflc 20 _The ration -
¥ UI’EI?IBF griEsmIedemperayir #f e poing, qula@S@sl7t16§«%?ra§l?ﬁlab@ier¢esﬁuctwn of

1ﬁf<c&9 n}ﬁs\o@ﬁﬁ{%mhg&qéﬂﬁ@m@o solid material can

be ac |eve usi ng heater elfenents 10 corresponding to
that represented by the part 10.34 of the mask shown

Fi el ted t |
epneialin e BREF 42t EPIERSS SV S n ol Bt lapSy where
thérelid fo SARH BhteridV@R be bl eRldARBRthehtRr @l@ﬂ*ﬁeﬁt@ IOtCBﬁ'eﬁiéﬁ@ihg to that

forms around the elenent (as indicated zé t he dashed
teprisscniesl tputhe pe 1044 of gheowks@bow an Figurest ancﬂierb@it mgpresented is

of annul ar_.Gdoudh | Il ust rat ed

QT aﬁ“é%“a%i%g i %‘gien RETRRCS ‘}ug%%al% % étF u%i‘lter When
thé eleheheis Bdated, ke bsbte fofas aﬂﬁh@ the dléthér @asihlidated By the dashed line
vapor _t hat forms the bubble. The bubble 12 is thu
a4) Bad thenigaowssafhals insteas afjbeing of annular (doughnut) shape as 111ustrated by

the dashed lines 64 and 65) it spans the element including the hole 63, the hole then being
filled with the vapor that forms the bubble. The bubble 12 is thus substantially disc-shaped.

When it collapses, the collapse is directed so as to minimize the surface tension surrounding
the bubble 12. This involves the bubble shape moving towards a spherical shape as far as is
permitted by the dynamics that are involved. This, in turn, results in the point of collapse
being in the region of the hole 63 at the center of the heater element 10, where there is no

solid material.
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When it col |l apses, the collapse is directed so as to
mnimze the surface tension surrounding the bubble

W@ 2004/0k5189 i nvol ves t he bubbl e shape novi ng t owseT™au2003/001515

spherical shape as far as 28 30 permtted by the
dynam cs that are involved. This, in turn, results in
the point of collapse being in the region of the hole
t
’?Ig’e ﬁégtérlé Pi& feg?ése{rtja& V\%ﬁ%(}%% / lgi A%n%nthe sk m%&nem 1#&'&8 31is
&ﬁﬂgﬂtdﬂ&@ Bﬂﬁ@s?fﬁalﬁmllﬁﬁreﬁlde withathe bulshle generati® as indicated by the dashed

{tr%{ﬁ? ttl%fjp&? t&%ﬁ?ﬂ%&% @d%gaﬁﬁeﬂq@@ collap Sﬁ?ﬁ gl%ﬁ“ﬂ%ﬁ%rhole 67 at the

g&ﬁgxgﬁgfm&ggﬁe generating as indicated by the dashed
[1ne 66, and the point of collapse to which the bubble

col | apses being in the hoI e 67 at the center of the

nt..5 T heater sen s .the .
Ths ey eignehi To RoNseLeTan Tmert Do i Sa Gofgh Meure 36 is also
SHFHguBd1E acﬁl@vea@hﬁm@reguls iWhdra the &bt 10685 8inhdiBioned such that
el ement 10.36 is di nensioned such that the hole 68 is

thediole 68s smpRonanufpeiuiinginacsurasios of e henter plstneat may affect the extent
%’le\%% & Pgrirg e C f feg%otr&hﬁ Sl?c)flttﬁill} its gp?né\g? f:glp Qe 1% nq kPhe re%f’ca)n defined by

0|nt e|S|n

the GlbNFeledxianiple, ihe Hdle inag bb as Bitlelot féx aﬁvﬂoes adross. Where high levels
may be as little as a few mcrons across. \Were high

q)%apévrécy wrthg glemeat |0-3heannet b achisived, fhis wyaa%bm byhbles represented
t t
LR Bl b LS TL IORR ool WOPE B0l RARERANES @S point of
d:rﬂlaﬂserwﬂhadut}omnm regiqIDI Intsudf a case| witipsogand tb thehentes leleanent

smal | uch a ase h re ard to .
wemeroEiiaie 32 b6 e ok 49## %fecanﬁﬂeplagﬁprratted thereby
fn@t%ﬁsﬁ}g tH¥fsieE thd RERAln %ﬁbhsthgfﬁ&iﬂt Qieco(]?lﬁb&t cﬁ‘ihe BM@QXO fall.
15 increasing the size of the region in which
poi nt of collapse of the bubble is to fall. Chenlca

apor de003|ted.hnzzl _olqte nd thin qozzle pl at es
a 3 ADQr ST 0% A" K 1 NOZZ nl ext ends
through t he nozzI e plate 2, the nozzle plate 20 thus
constituting a structure which is formed by chem ca

Eequgultq Soof e(aqivg;)lt celhl exﬁgmdsdh@ugh drearozelg plate 2, the nozzle plate
N

Pdrivius pref@rddegnbadimeds, e CVD isof Elﬂhabn hitridls sflikbmaibxide or oxi-nitride.
pl ace w thout the requirenment for assenbling the
nozzl e plate to other conponents such as the 25 walls

. Thi s i . .
A e 8 sl Ryl BV ARG e
without the requirement for assembling the nozzle plate to other components such as the

walls 6 of the unit cell 1. This is an important advantage because the assembly of the nozzle
plate 2 that would otherwise be required can be difficult to effect and can involve
potentially complex issues. Such issues include the potential mismatch of thermal
expansion between the nozzle plate 2 and the parts to which it would be assembled, the
difficulty of successfully keeping components aligned to each other, keeping them planar,
and so on, during the curing process of the adhesive which bonds the nozzle plate 2 to the

other parts.
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plate 2 that woul d otherw se be required can be
difficult to effect and can involve potentially
W@ o09plest09 ssues. Such issues include the potent@CEAU2003/001515
m smat ch of thermal expangbon between the nozzle
plate 2 and the parts to which it woul d be assenbl ed,
the difficulty of successfully keepi ng conponents
Phd YEDARAACBRRAGH is dGEREM EREIIR M ar arSOnRRGi the size
on, during e curing pro ess o eslve
dfinkl getd thet cantel mampifatee® This hsh‘&canﬁehhe dﬁ&retns:e ilNBe coefﬁcwnt of

004/ 048109 PCT/ AU2003/ 001515 %sue of u&

S STRAHIS108 DTN {OF FEERRICH e weh feindch subpigate & o which the
Wb kit éo%neaé‘d et thif sub&tfaté Rt sflﬁ@ﬁ 1§§ 1t@§ubstant1al
manuf-act ur ed hi’s 1's because the difference in

qumenrdgmveoas sthilba dmtanee(muhaﬁ axupied bgcay, 090 nozzles the relative
xampl e, a. nigkel nozzle and a subst.r t

PR iR B Ree B el Rt eehepfa fom the

SHBISAY t8hBerafirdfo thé g tem Fpéraﬁh‘é E&ltuﬁ‘@@ Fradhilmls thdparts together, can
Conse uently, over as snma di stance as that

piiseensipn mismatch ofsignifieantbsgreatiethee aath%nomleelﬁmh This
expansi on (03 n.the respective parts, in
ﬁ"ﬁ beﬁ@f%&gﬁhf e RN Gaper atur e Lo the
curing tenperature required for bonding the parts
t oget her, can _ cause a di mensi on m smatch of

én@thfnf nrebleny a,ddgqsgéitlé'rth@ Fatires Qftfbe @Vﬁetz% repeaflynderphigcyssion, at
e i
R o PRl B T B B, B B it oo to e
asBMﬁbﬂbd are geneatpidnyinatad entodhsmnmm@n of thie prin&a:aﬂ undber conditions of
S the eof, is th rior V|ces
lzpfa'f%@mt 8 cinisault B treekageanpetiabl Semutigns gf the
Jle@'f@ atrgg d%ﬁl ?IB? tﬁeeﬂ@kl'%q)?%{te begt(f‘vel) % ERbOGRR ISR resent
con tlons of el atively high Stress. This can res
iMMmﬁmaaWa@eﬁner undesi rabl e deformations of the 15
devi ces. The depositing of the nozzle plate 2 by CVD
in enbodi nents of the present invention avoids this.

A thiidr faavmﬁé@émmweg&n FhARreY TR nvER R bEBaR in Etﬁﬁodlments

._q

i nventi on, l'east in enbodi ments thereof, is their
herephtis wrenucmyipeﬁlblhtyemﬂs eXiptingssemieanducior ranufacturing processes.
gan%%gt%%%utgi@ ate O\g?ﬁ‘reon%{ztzfen % tcle F]OC Q& l aldgch Tﬁe printhead

fthd¥darast noghalt dﬂﬁzoﬁﬁzaif@r p?ﬁdddﬁbﬁalsnﬁg ﬁméﬁﬁes\&ﬂﬁlﬁﬁlly used for semi-
production, using processes normally used for sem -
candaeter Banvfasitreact ur e.

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

below.

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

unit cell 1 that is not in accordance with the present invention, and which has such a thick
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Exi sting thermal ink jet or bubble jet systens

experience pressure transients, during the 25 bubble
w@emenaidon phase, of up to 100 at nospheres. |PCT/AB2003/001515

nozzle plates 2 in such deefces were applied by CVD

then to withstand such pressure transients, a

substanti al thickness of CVD nozzle pl ate woul d be

[
R0, A5 B 0B 058 ol il st o
dsop Edctipny & t}nsase‘,eiuham thephmlmh@srsf acvzit slateds e fldidic «img exerted by
0 Fo Xa he .t hi ckness of n|tr|d ient. t
%lﬁéﬁasgp eigplhis &r@%w%l fsn S‘tgﬁg CABIAofses in the
of hd@ike, say, 10 mcrons. Wth reference to

Flgu 49, which shows a wunit cell 1 that is not in
accordance with the present invention, and which has

f%@ljogg‘?ré’r?) glpzha\glpwq%?c? %lf(s‘)tfig ‘Ei’g%fT’ %Aigﬁtagng %é%sz ga@fp 2, relates to the

dcRial KIOBIRE pectRsd. ThIsliE adsOmMOBhERE nb£A @B ENGche, asktomn, Ferpendlcular
ej ection. In this case, due to the thickness of nozz

tothg wafpr 8 pﬁthefsubstmtftpmla@ fexesamade bg}ng & Blandasd plasma etehing. This
t he (i.nk ej ected therethro

G bl i G o B B0 3R Dbl T enogpe tha
thitRh&E f RIsBP6S Thé feqtmwwvel dPresdlution Heb@nemeﬁ@ﬂt toUctiew, as the
thick nozzle plate 2, relates to the actual etchin

fopad denth of thy %enp§r thatissedjtorgxapse the resiss 18 telagvely smellh %éthough it
18 %Qg?ssﬁﬁg {ooé{g)%&ffl’l Helevh@ cfeEﬁ‘l d’ﬁfeﬁ& 6@ Lﬁfn dbf‘a&s ﬂ['us would be a
ar

substrate port or exanp using a star
reladhelpgostlfprscesswoul d typically require nore than 10
m crons of resist 69 to be applied. To expose that 10
t hi ckness of resist 69, the required |evel of

?u;rgLe&*g ﬁfé@%ﬁlddéxflsft Iy shcﬁgﬂﬁelbh@z% plaf 2 6 cafs@&zﬁérea 10

e stepper that is used to expose the resi st
ms:rmﬂihwkllawlr pf sitredd weralG Vi dgposited omalsild:oh sulpshsitsi Whier, tiothat,

OS ; %hh Idisgér%aceevlﬁ t d%@%}%gg%gg %t;v/vsétﬁl? g@e@bq%)é ’&n(? e substrate, as
\flélf ﬁﬁﬁé ieRBt rest BEvithRUh Rk PehSiteWldyr, IHEWaker EAIE ke caused to bow
nozzle plate 2 in a case where a 10" mcron thick

tp ayelya dégres thag @ethmmtﬁos Ovibedihegraplael progess would bmme impractical.

Lﬁ?f Mef e Befareab Bt s i E R el B o S ivention)
lzs}idsab&, 1saﬁsadwa{thgeaast he inherent stress of wthin
t hi

deposited | ayer, the wafer could be caused to
bow

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

and is therefore not a major cause of loss.

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

nozzle plate 2, and the stress on the substrate wafer 8, will not be excessive.

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

devices, as mentioned above.
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to such a degree that further steps in the
l'ithographic process would becone inpractical. 20
wabawws/ 048109 ayer for the nozzle plate 2 as thi ckpP@yALR03/001515

mcrons (unlike in the preggnt invention), while
possi bl e, is disadvantageous. Wth reference to Figure
50, in a Memet thermal ink ejection device according
to an enbodi nent of the present invention, the CVD
nitride nozzle plate layer 2 is only 2 25 microns
Therebre nidngfadions eviidtecdnktibude © me aigniffeanirgéudtibe imprezduee Ransient
is.not particular|y significgnt  a is therefore not
T8AYHESAdP Steatidraps i IHiis sYRgRYy Rﬁ?’he etch tine, and
th | 4&ﬂyg ss required to etch nozzles 3 in
%uc Hﬁ%zﬁggg e pFZ te 2, and the stress on the
% ubstura¢ Gbviadtem & nowkle B andichimeb@xessi ve. 30 The

ate .2 n this invention is

Lo aabul oo ateh St asu e Gl | 1 S he ehanbar 3 is

ANk YryaGR RN BB EIhérmal 3 FRBANTE: R edH bz2RE 3100
at rmspheres as in prior art devices, as mentioned

SabopEmumDozgie 412848 dﬂ?lP@BﬁAUZOOSI 001515 28 There are
act o ont,r.i but e significant

&gﬁ%h}l@ﬁ rﬁgm}&éﬁﬁ@ {zrlglﬁg? HPZZI? gqui red to eject
Ar aps prebsurd]dsh tige BYEK efectidi@ssughibd e ; 1. smal | si ze
of charrber 7; 5 2. accurate fabrication of nozzle 3
SneelEpeghingroppration. stability of drop ejection at |ow
drop velocities; 4. very low fluidic and thernal
crosstal k betvveen nozzles 3; 5. optinmm nozzle size
Amnbﬂtﬁxbied abo&sin rélatlbm)thefﬁrwedé desdribeg] ihhera1s@i Figures  © 31, the

m_cron nozzJe 3 ressure | oss due to. ink

f‘é‘f@&g ) @HPJ(S' h}qﬁélozﬂp ayer42 nyalves fwpyte gygnt stages. One such
sg%g éﬁ%@%?ﬁ&{:@?%f ggerg':%l@ﬁ QUG e dled £ ﬁﬁ*l?{.ﬁé @@arﬂ%ﬂf % form a recess

gures 6 to INng o
duitdd Qe fiwizat ovill becarke theapkde pinad.e Thayther fich siage usslvese further etch,

CRTAE LR TINER AR ——

élq:ﬁrﬁglegg{erﬁrgarrecess outsi de of what wi |l becone the
nozzle rim4. The other such stage involves a further
etch,

Nozzle plate thicknesses

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

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

Heater elements formed in different lavers

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

process as described above in relation to Figure 6 to 31, are formed in respective layers.
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in the region designated 46 in Figures 26 and 50,
whi ch actually forns the nozzle aperture 5 and
WO 2ovisoksagd the rim 4. 20 Nozzl e pl ate thi cknessBGI/AB2003/001515
addressed above in relationd9to the formati on of the
nozzle plate 2 by CVD, and wth the advantages
described in that regard, the nozzle plates in the
present invention are thinner than in the prior art.
More particularly, the nozzle plates 2 are | ess than

I Qrefere¢doasbddimets, adShdwin alBighfes 38) 402ghdesTh cidi iwatet: cletnists 10.1 and
nozzle plate 2 of each unit cell 1 is less than 5

19i inghe chanpheg [, argef filerent siges wetative te sashioffrenbodi ment

it is less than 2.5 microns thick. Indeed, a
preferred thickness for the nozzle plate 2 is 2
Alse aowill bdﬂiip;keméﬂ&htvﬁh refermentosthé abovediesariptioh o€ therlithd gaaphic

pvssea e hrerismet |61 RERtoTRedi Cisdtstions S of thituocess the
1ft ic ztg{ﬁ{) vﬁ?i%g td/Blch onB b tlﬂe eléﬁliker‘ltﬁ ®Bahs di'sgnctvﬁ:Bn? bhose

are forme | i1thographic process as describ

rellobngtd the odleatleownt W.%i gure 6 to 31, are forned |n
respective |ayers. WO 2004/ 048109 PCT/ AU2003/ 001515
29 In preferred enbodi nents, as shown in Figures 38,

TR ddifertd 10.1 ) hgdt éﬁéfeﬁb@@zw&eﬁﬁveltoaaaeh oth@r, 3s teﬁflebt'a@

chanber 7, are of fferent sizes relative to each
sch¢rpaticaBy 2 the dygram pf Figareallp sechi thetdleywgantachisrebiapyaveighted ink

SRR I L5 SR PR BERAEE ey v

VONEN &L 16 Fbe@jecteﬂ&hrolagl@ RSPzt Bef the lbdirﬁﬁﬂﬁphm(beﬂtle PEhe achievement of
relating to each one of the elenents 10,

the bERRCVCIERNE Qlitba Eolumes af b gkt dropp 6 zft%&qrm&eéﬁadﬁhe relative sizes
o]le?eZ?leﬂlgnt hg. leaLrl rﬁ{] g;]'e SiLQPgal%Q gf R ShRA eNte iﬁléﬁgnt 10.2 in
e ot S y I'n

0 eac reflecte schemat| ca
dohecthvil thaennkfl 1 Eég\dceethStlof tephéatérted¢méertidd.lcan achi eve
bi nary weighted ink drop volunes, that is, so that
t hey can cause i nk drops 16 having different, binary

O AR prif A B Rl QuBRehPOARA, M@l‘d@@at&d‘&h@ﬁéﬁéaﬂy% Figure 52,

The achi evenent of
disortzas ywoskegght ¢lemewst 10.hand dD2rfoseash nohzle,i ank thkse prs ais@ SIEEd ona

dete the relative. sjizes 15 of .the elenents

7 i (o proirerditoy 5 8 bR wrehleqOpgsfaFpgioments 10.1,
lhﬁﬁﬁr%rfoﬁllé%ﬁﬁ Rtsidde fyéadiGQRt ﬁﬁéacﬂ\’ofh@r ihBe hedeld dhainber 7. Tt will be
twice that of top heaf er el enent 1.
appreciated that the bubble 12.1 formed by the small element 10.1, only, is relatively small,
while that 12.2 formed by the large element 10.2, only, is relatively large. The bubble
generated by the combined effects of the two elements, when they are actuated
simultaneously, is designated 12.3. Three differently sized ink drops 16 will be caused to

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

It will be appreciated that the size of the elements 10.1 and 10.2 themselves are not required
to be binary weighted to cause the ejection of drops 16 having different sizes or the ejection
of useful combinations of drops. Indeed, the binary weighting may well not be represented
precisely by the area of the elements 10.1, 10.2 themselves. In sizing the elements 10.1,
10.2 to achieve binary weighted drop volumes, the fluidic characteristics surrounding the

generation of bubbles 12, the drop dynamics characteristics, the quantity of liquid that is
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One known prior art device, patented by Canon, and
illustrated schematically in Figure 52, also has two

whemtotsied enents 10.1 and 10.2 for each nozzl ePCEHAU2003/001515

these are also sized on a 320 binary basis (i.e. to
produce drops 16 with binary weighted vol unes). These
el emrents 10.1, 10.2 are fornmed in a single |ayer,

AR RTRE ] o BRRoRE R oS SBFRTG ths bhon o, and o

fdrth, arued be @hneideret. Abcotdingly] the acinalrratiabf thelsyrfssdadréas of the elements
ile that 12.2 formed by the |arge el epnent, 10, 2, ) )

ﬁ"ﬂﬂyl, Oé:s"_r thq Iéﬁ#z%ﬁw g tsetworcatesiy Beeds to ge ASpied i pygctice to achieve

f%%eﬁ%ﬁ%iﬂ%%vﬁeﬁéél@éﬁ&o?%hﬂﬁestm el ements, when they

are actuat 2 I mul taneously, is designated 12.3.
Three differently sized ink drops 16 will be caused to :

B4 58 520 o thg et Hetipls A0t ba 1F e BHGV S i sped e surface
AeBIB Mctefdid Ax@Nthe}allvd H8RE |ejé%§_d%ﬁ@psrl@mﬁye@@écfjﬁs@eldesﬁ}padjusting

c
be binary weighted to cause the ejection of drops
ha\supi)y apldges énthedwo elementst Adisgapalsodre acBved byiadifisiing the

onbinations of drgps. ;l,ndeed, .t bj har i.ght.i ng.
SRR 8 perklion GRS o e ut My |05 o HBbEP B
Howeedrenie putse Wadths cdifhoPetdaedrs eéris ambintUffinity bédaBse once a bubble
elenments 10.1, 10.2 to achieve binary weighted dro

{dhassleated onfthe susfase ehan element K:1,d9.-% thengay dimstjon ngpulse width
PN e drop dynam cs

C %ﬁg%:tlerl s?f%‘%ﬁ?ﬂg%ﬁﬁﬁc& of liquid that is WO

2004/ 048109 PCT/ AU2003/ 001515 30 drawi ng back into

é?l g@eg&ﬁgqb lfea’rnd;qhg E(g%n tﬁe?rgpfrga’%szs :93 g{% h?;gt%g Sﬁggétg rplgg}? 1 8 .%Sallows them to be
i , | i ] .
1@%@&&9 r@e&h{ger& ng%ﬁé ti@lterhfdrhired V\;}H&% Sl ag% 190?1%8@ bind at which

e el enen 10.2,” or the performance
draps he atearjscted ¥ tige the naximdmuetteetive pulps wiskth sdimited, by the onset of
hieve. t.he desired binary_wei ghted, drop volunmes, 5 . .
B et g Doy L Tarrdhronedst S meiniyg pujeg width i
finked o AR by WASERIIENE cliRblt ARt ahdBle'cuiiehif RASity RAEBS beolerated by
therefore fixed, the relative sizes of ejected drops

the hesigr dements U8let0.By. adj usting the supply vol t ages
to the two elenents. This can al so be achi eved by
adjusting the duration of the operation pulses of the

8k et th HiBurk,511fhe 2wo hkatérs eldi@inks 101,518 24r8 thisnectd to two respective
However, the pulse w dths cannot exceed a certain

depsLriEcus 79 Athowghdthesecitghise’Gmpy bp identiaad togach other, a further
T L e
toansishorl (hot shewa) commeetbd acthe lower element 10.2, which is the high current
element, larger than that connected to the upper element 10.1. If, for example, the relative
currents provided to the respective elements 10.1, 10.2 are in the ratio 2:1, the drive
transistor of the circuit 70 connected to the lower element 10.2 would typically be twice the
width of the drive transistor (also no shown) of the circuit 70 connected to the other

element 10.1.

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

manufacturing process. In the embodiment of the present invention illustrated in Figure 51,
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On the other hand, the | ow thermal nmass of the heater
elements 10.1, 10.2 allows themto be 15 heated to

WO e@ai481very qui ckly, the tenperature at whi chP@/BDR®3/001515

12 are formed and at which3ldrops 16 are ejected.
Whil e the maxi mum effective pulse wwdth is Iimted, by
t he onset of bubbl e nucleation, typically to around

@m %wg};t&ﬁ?x%e e qO'@ Qé HH h%ﬁm‘/@ e[}’ﬁfrﬁeci 61{@ atfégthe other.

e Curren lve an e current
I?hdaai ty ddsbab emnhé)probesb dihatrewdd loyith refeeerive & Bigueds énte 3l sthe material

10, 1, 10.2. 0 As shown in Fi 1, '
b s asridD it Gerosneand s lebctied i e Wppekgi process,
%ﬁéﬁ@@f@ér'a‘éﬁcnﬁiﬁél‘l@ye? B9 %e?%sﬂeg -onAbp BPﬂ'lghelEﬁgﬁtearfd #hed!teSmaterial

identical to e ot her’,
ﬁm Jthmth@rdem@m 104 mﬂép@sttehsouiaatvth«y sachﬁt:hbbgems bctlweles the two heater

for exa t he .d ive an |st r

R SV des it 6400 seeora flsmelt LOL Ay Aiieng ligoeraphic
$t68 ol Gt abrifi@al laye 39I1§féﬁﬂ>tvedl ar ger than that

connected to the upper elenent 10.1. If, for exanple,

the relative currents provided to the respectlve

lenments 10. 1 h |
RPRHEK sttt e BBt OE kRl Bt pE 1S 2 o
eleaiaRl abdve? tiihdsdhé ¥PiaaRisk }hab chyBleetht BRmentsdb be 8fzed so as to
the drive transistor (also no shown) of the circuit 70

edifve srdHple binyy W%@ drep aabmes fiym onezepzele 3-he pri or

art described in relation to Figure 52, the heater

el emrents 10.1, 10.2, which are in the sane |ayer, are

rvall be apprecianet iz, em]mb yhultiplée Bepsabenmestan be faclhbmd and especially if

@'&21% rtﬁ&@tﬁl@n A gﬁ%ﬁ%hﬁ%@?ﬁ@ian LF\O ﬁnqgl%'ugft@ fewer
é@&é&@é@%a?%%% B{0%R4> 31 the two heaters

ments 10 as nenti oned above, are forned
one after the other. | ndeed, as described in the
rated with refere ce to Fi res 6,to

| |
Pl Brey e W ool afatiesfapter heed ArEE Besthe SRiieved. Thats,

Adad 8 fubeffeting RBE didp 1Bd!thd WAL RirGhPROERSSt0 reﬁll the equivalent
whereafter a sacrificial layer 39 Is deposited on

of onehtxto, ef Bwesndropsuméeht he meptqé Assvmvingghatthe @Vattahbt r@ftﬂ épeed of the
0Si.t S0 t h t he

P%zg%geflls glog %%%ti?]g 1 Loyl e}ﬁcéh({ ?ncrergxslﬁﬁ?% % ﬁ!rqfhtlmes faster,
Ay BE actfievidde IS protict, ﬁb@éﬁfb‘ﬂtthé ﬁoz’lzlé &ﬁﬁttﬁﬁ@dﬂbwpﬁaﬁ)‘ab@ﬁl timiting
litho aphlc step,_ and the sacrificial |ayer 39 is

fastow, Eythis case, the nozzle 3 will take slightly longer to refill when a triple volume of
drop 16 (relative to the minimum size drop) has been ejected than when only a minimum
volume drop has been ejected. However, in practice it will not take as much as three times

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

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

the smaller volume drop has been ejected from the nozzle 3.2 of the other unit cell 1.2.
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Referring once again to the different sizes of the
heater elements 10.1 and 10.2, as 10 nenti oned above,

WO kiog/0ksa89 t he advantage that it enabl es the el POTBAU008/001515

be sized so as to achieve32ultiple, binary weighted
drop volunmes fromone nozzle 3. It wll be appreciated
that, where nultiple drop volunes can be achi eved, and
I [ d
BRDAER el of [HEARBLR 13tk IO 1 UBTin o rpater surface
tehsipu fontesethidh tends zemdraazt theainkolig ﬁ'oprﬂqah'eﬁlbpa:slsaga 9)1|0wards the nozzle 3

0B B P0G T da BOLCAEH Pa SR de. 1515 S SRafoEgae ghorter refilling
fiSTALhE %Bérﬁ@eroinﬁre‘ﬁ‘ll@,ﬁt feaciRd sh&‘é ndéé@fnﬁﬂeﬂ g4f %el%tﬂ?e condition is

nozzle 3 to refill, the equival ént one,
sitnileetodhas s thei aglietceitaingt esitled] In Res coniditipnt timtchlamber 7 1 of the unit cell

P ey Bli and R Sl fon Rk WS HBaeTieafitn” T resls i

he rdfill §Red 5I6Rend @S iéven tﬁ@ighbﬁ RS Ria ?&‘ Sfhenl tRisRAGHi0S & reached in
however, the nozzle refil time wl pically be a

thpinmi§ ael] 1.}, adlor of kiquid fte t}@a@emb@m'é 1 mﬂlzllt%assoqmtpql moglegtum, has
n I | N tr

l?zeeh %Q&%ﬁ’sprg g g %9%69%1{ g%f cé oﬁn Mnslelrsrﬁl?ndt’se}uzhgu }{?31(%% on r to completely

£l et damblen] whenooMd 3.1 &om atifierwhenahe e babisip 7 m asspﬂe@ﬂ than from

ej ected. However ractice it will not_take as
when the sendition asa)r%n{o » §¥R i hereolyme to bgyedilled ischese tignes 1arger it
&J%g n?{ \akd g&% udY DAl S qoﬁ%ﬁ g&féﬁﬁﬁ&aﬁa%b%k N ol hdBie 3.1.
erring to there 1s shown

schematically, a pair of adj acent unit cells 1. 1 and

se ting the nozzle
lements wit atang 1c—numbers

e ol
P 5 E~EHDD

andthat onthe rlght 1.2, after adrop of smaller
vol une has been ejected. In 30 the case of the |arger
‘B feanBe intvielves thodwater eleofentsHd teing ibtmtﬂ ef splidthageridl aa least 90% of

VB YRR FrronmisRa bl oBs ofPrBRsiis Sohetiafeviag n atomic number
BedswB0. &f 4 preferkdanTivAlh&t thePdtohiR: WEight 16 BsloRes) w%l% Gh 8fbther
fromthe nozzle 3.2 of the other unrt cell 1.2,

Qupylinag tooatpaiy weizbosbelvwsdt 32 The hi gher curvature
of the air bubble 71 in the unit cell 1.1 results in a
greater surface tension force which tends to draw the

Tidadbantags 6ffa loheato@id dumbea ssihgiethd afoawaitdisat iftteritd haveea Bwer mass,
and into the chanber 7.1, as indicated by the arrow :
ang thepgfoge lg%ﬁwsergx i§ gequiyed t%mett@ terpreTatEE 9 the hegter elggents 10.

e RSRAE gD oy SESETR  B38E et

Ion Is
drtiele i3 ﬂséﬂﬁﬂllﬁd@l&lﬁém thetate @fahbveﬂnefﬁi of thetolotlsi cithd iatoinan,

he chanber of the unit cell ~ 1.1 is partiall .
R 1l 0TS i grs EReT L bR thiegee eméa}a?r%byemduce such a

RIS ehverithS id £8#4tea1 With atoms having heavier nuclei that in a material having

atoms with lighter nuclei.

Materials currently used for the heater elements of thermal ink jet systems include tantalum
aluminum alloy (for example used by Hewlett Packard), and hafnium boride (for example
used by Canon). Tantalum and hafnium have atomic numbers 73 and 72, respectively,
while the material used in the Memjet heater elements 10 of the present invention is

titanium nitride. Titanium has an atomic number of 22 and nitrogen has an atomic number



the refill speed slow ng down even though, at this

stage, when this condition is reached in that unit
w@edo/048109 a flow of liquid into the chanber 7PAT/MU2(03/001515

its associ ated nomentum ha&8 been established. The

overall effect of this is that, although it takes

| onger to conpletely 10 fill the chanmber 7.1 and1 ot

n : Bfokd HEn Tty lghter thartothbose of1hg rglevant prior

p(%é]éhﬁ%e%?%g%&?%mo when the condition 74 is present,

edeive infateribls. vol une to be refilled is three tines

larger, it does not take as nmuch as three tines

| onger to refill the chanber 7.1 and nozzle 3. 1. .

Heaioarndhlemimis whish fes garigvhbagie bogide %%f?&iﬂ%%“é‘é‘“’b“‘%

el ement s YL h Lo el BB GsRerialkd Hoeser] thadersity of tantalum

FroRey - eemﬁ(e’%{%ﬁlbfﬁgg%tﬁggt gﬁ 10 bei n%véqr d of solid e

Mhiedd el 6.3 afent’ ewlsite 10094 drmiugyitEde (HjC ‘H}f[%, Py ip

const i tuted, by on BRIARitEdSHkS ARBisy bbagpagkimately

at® %n)ﬁaﬁgéﬁknb-e?%\%[ E%E%ﬁ%n a preferred enbodi nent a}@hﬁﬁree

AR Emavahdg bt the sitabmimonitr@e, titerih aitfide Wil SeHEe 2B,

the atomic wei i s bel 11 bR Snddutest BoLpeddonakilled in

|@Weé%%ﬁ$eégyﬁa:‘?g"2&*‘a?§“‘ f‘]‘é‘ﬁwttﬁ% ﬁ%&s of that material ..
10 NaEsrB iHle@¥BireritR Eenergg it tbieridfabive didferentdepapeggules s representod by

required to raise the tenperature of the heater

eltemfeBewing gIUapP's i s because, as will be understood by

those skilled in the art, the tenperature of an

article is essentially related t state of

nmovenent of the nucl ei %f’ﬁ’é%& 3’%‘?’?‘&5 Accordi ngly,

it will require nore energy to raise the tenperature,

and thereby induce such a .hucl eys. [t Radhcity, VOL is the
15 awesre AT rmremntaflsﬁ%nm@?ﬁ%g&“f%é%{\??@‘%‘g?‘{eﬁsﬁ% % Z‘%mg o

mat er j al i nSitydTEhdVhahtbridli glthergh thealessity igveott detepaed only

choﬁléAﬁ ’I%&ISXSIS&EQ ?eor ‘the he?‘%}er el %gﬁ%}h?e 18 stHQ?ertﬂEBdeféi?Ks strongly
j eby thy stopvsnunherspdé is apt 3 Fongd num al 1" oy (ko )
exanpl & mkézeﬁm%e}s JPackadtebals invdvedadndi hencelioa kejeaspect 0

(f %%%%‘%the%se. by Canon). Tantal um and haf ni um

hathe fahwoenoden diseussien.73 and 72, respectively, while

the material used in the Menjet heater elenments 10 of
20t ne present invention is titaniumnitride. Titanium

hagoathesttranass nunber of 22 and nitrogen has an atomc

nunber WD 2004/ 048109 PCT/ AU2003/ 001515 33 of 7,

these materials therefore being significantly |ighter :

t hamistibpse imblvedibe hesitar elenents AP gpm& PQnﬁngé’a iy that the' IasS of solid

mJ‘ttlzgarteiria gf each heater element that is heated above the boiling point of the bubble forming

d (i.e. the ink 11 in this embodiment) to heat the ink so as to generate bubbles 12

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

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

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

30  picograms.

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

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

MJT005 PCT
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Boron and al umi num which form part of hafnium boride

and tantalumalum num 5 respectively, |ike nitrogen,
w@e@4edled i vely |ight nmaterials. However, the BEnaU2003/001515

of tantalum nitride is 1638 g/cnB, while that of

titaniumnitride (which includes titaniumin place of

tantalum is 5.22 g/cnB. Thus, because tantal um

%q%ﬁdrrhgt?n{lﬁgf @ﬂ‘tﬂg&&i élé(ma{ts 6P 'f r%llél ena% d ette [f{?:suse of heater
at o e trtanfumnitride, aniumnitride wll
clementrRatagiqls havinglost &’eﬂsiﬁfe@,&lueﬁd) the relatisele mmnlly yize of theatiements 10,
than tantalumnjtrid I be under od by a

Hr dsro %qa% cleents oeing 15?4 top&f Spraded TeeS Whihergpot
éeréHd@B‘ﬁr% @ﬂméﬂén lwﬂasgll'lﬁsftr%feﬁnfor%ﬁéa}ﬁ% %l# ellS

repr esente ['owm ng eq ATxCPxV(]_xp,
15 V\,here AT represents the tenperature difference, Cp -

et i 08 e o s PR e oF p ok A Rists SRS ﬁm”ﬁyre of the
érﬁb&ﬁﬁme%ﬁﬁé%ﬁ‘rﬁﬂed@l%h&wn@ﬂﬁgﬁ% 3. QBcErdMpI AL FighPe 34 rdpSesents the

also a function of the lattice constants,” the densit
shape of tadiegter ¢lempntd o thay pmbhdiment it is nawreteried &9 int <hecussmg that

FRAE 51 SN 1B B sl el Rl BB E e 4052 Pigure 34

hRJhstasindlyRby €9 which ReahRrforg vidRAME0.28 nliGlofgthick. It has a 6 micron
confi aured such that the nass of solid naterial of

euferrapivs ead a dneigwniong sedins The iqtelcheatspinast §S2mugqgraps. The
' I
go%l'elgh rﬁlﬁ%agm 2es1{n§'151?%[:%r%stgl§tte '09 !(‘é eé{:)e 1§usme%rgle1d.ﬁ(1n Figure 39
genemadsef nﬂmblpe@)gﬂa&lst dndrilatr Otreprem&ﬂ l@rreferéﬂcel nomethb 10.86 in
be ejected, is less than 10 nanograns. In one
ElrgE\‘ee?r@@é aéﬂﬁé&fﬁ%? PIepgi@itass is less that 2
nanograns, in another enbodinent the mass is |ess
t han 500 picogranms, and in yet another enbodi nent the
Wiss theselbrmerss ﬂ@;alr@ZZﬁlﬁeseﬁt}adp'h Coggresrisl, 3Thed a@d'vee)fa{mﬂwaee used in
consti ri.or

PaRse MeySeuRes et Phefin it A4BaT R iniBinetinal contact with

ﬁlfefh'ﬂ@l BYe¥ngdfie BubiS fﬂrﬁmg lidh@id tﬁf&t&ﬁudaﬁnerﬁ) BREEINistPBta
in heating the MT005 PCT WO 2004/ 0481

eOperitne @B @Chs 18 thedhpiking PQinimfttb¢ inkl wllbbe slightly dugher than these
ﬁllél%g ?s fhe e%me}-l S v%ﬂlfbeeactola{{ecel w1ﬁl an s gc!tr%jallgl 1nsur1281ng, &elﬂlslce:alfgl inert,

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

material raised to the higher temperature.

Conformally coated heater element

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

embodiment it is of boron nitride.
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el ement materials having | ow densities, due to the
relatively small size of the elenents 10, and due to

W b@sheaver el ements being in the form of suspeCau2003/001515
beanms which are not enbeddéd in other materials, as
illustrated, for exanple, in Figure 1. 5 Figure 34
shows the shape, in plan view, of a rrask for form ng

I

lipe?igrﬁli g guﬁeg 54 Calhﬁl rS?_, tﬁéreta%?owgf&ﬂérp ha eglfeséd?ﬁ}glns ofa pnor art
hadter aeﬂne@telrﬂtﬁattlh aot @hﬁﬁmabf/ codied hodis@ssedl %mﬂauﬂ@hﬂ:h has been

cemtcd RESUPSIBH LA Wil ThE3R GPIoG BB, b hon besh cohformally

E%@ﬁ gaont sde Wt}ﬁrae(ﬁ%erﬁgt@nﬂ V\ﬂ@sﬁ%atehomg"in cBntdsg lﬂﬁeeco’iﬁné Beferred to
as just a single |oop 49 m crons w de and
abo@binrthe pesant idstanke, alstreﬂwtcdascﬁenntrmﬁyl in Bigteer56; thds camting being
Zcr n inner u he total heater mass is
Baepted ghamectvenontimpE eing ior ePeham iyl sTRRtardusly.
ERdvaveR Ithi¥ cbl%ﬁﬁﬁ%ﬁtﬁfk ‘m’or[ af ﬁﬂ@sn@a% NGBS @hieked #%hé Blement 10,
Figuré 39 has a mass of 229.6 picogranms and that 10
wlwprb@mspematbsl is efstneedsolang frarn atberzgruchresy ig inethg form of a

S Py o Bt BaC R RLotie YE o e ffBET °

exanple, are used in practice, the total mass of
mat eri al of each such el enent V\,hl ch is in_therml

Itisrie he undgratpod thabwhencreferenagds mgde tecanitsmially costingthe element 10 on
a{llI s%gs srbxtcﬁlld S ﬁ%ﬁﬁéacfﬁgé gltelh Eﬁ’t{)%flls‘iale%@éédz%lq%l{) gvgl?cht e joined to the

ur € above
aldfa\krodw 13 askiﬁdlezht'b@ Biagganhhzgh:ally inhBigutel5s &n &ﬁem&sle,szv]m is meant by

t |
l e S A B e o
spgfgglﬁdea' @f&ﬂ?a% llngr alngéigﬁ%ngﬁl%ﬁ%eﬁéﬁtem the

nmat er | to~t he hi gher
tamaaune Conformal Iy coated heater elenent 25

B Bt b TS BSHBR 1 Pl

WEERGBRe! @ﬂket Gaidl io Iﬁ $50hnd 55 &L BAERY seen, when the conformal
si nul t aneousl y so the coating is seam ess. The

oating ?@mmph Qtesquhﬁrgte 7$ gn mheqhtthﬁ bga,tqnyelement 10 was deposited (i.e.

em ert and
PRBs T ieb sl fics M oo Yor AF b ERCn B8 SioR ob i e
offdrinaby bpliRt cohtity, M degsiting 61 e comerrﬂilQbhtﬁig 76 on the heater
embodi nent it is of dianond-Iike carbon and in

ojespend A 8 tvvhieh ispipdamaiupported PRy t@fsubﬁf%«?ﬂ&ur@wta@l a seam 79 being

formed. This seam 79 may constitute a weak point, where oxides and other undesirable

products might form, or where delamination may occur. Indeed, in the case of the heater

element 10 of Figures 54 and 55, where etching is conducted to separate the heater element
and its coating 76 from the substrate 78 below, so as to render the element in the form of a
suspended beam, ingress of liquid or hydroxyl ions may result, even though such materials

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

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

and the fact that they are electrically non-conductive. Another suitable material, for these
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WO 2004/ 048109 PCT/ AU2003/ 001515 35 Referring to
Fi gures 54 and 55, there are shown schenmatic

WO e@ressand ati ons of a prior art heater el emreneCl/AULINAN01515

is not conformally coated &8 di scussed above, but
whi ch has been deposited on a substrate 78 and whi ch,
in the typical manner, has then been conformally
_ i , tar ,

RFAER P B RSy FE M B (o AT Bt Bhet BT B PRateial need for
the esatink 77ris iapareant Asrelatibh 6 ddhdkvandhealesicdl geyformartee gharacteristics,
56, .this cqating bein esi gnate 77,,iqvo ves ., .
ragigrials gEher a‘xagé]%ﬁsp ﬁbenflg]ée % ey, have spitable gharacteristics, may be used
iﬁh@g{taneously. However, this conformal coating 77 on
all sides can only be achieved if the elenent 10,
when being so coated, is a structure isolated from
t her, structures - i.e, jn the formof a suspended

le Beididt il depgingod s inad ol | “of the s des. of
the element. 10 It is to be understood that when
reference is made to confornmally coating the el enent

Tilg eompoakts desgeibed abrive ferwe bateta pristheathassernblywich, in turn, is used

el enent usp d _bheam which.are.]oi t he. .
o a5 THE B R s AR e i B apiend modutes
$07 . THee £dpetks adedGribedivelow.s meant by conformally
coating the element 10 on all sides is, essentially,
that the element is fully 15 surrounded by the

I ' I )
A e e 20 At £ WAL oL S SR Binthnd
chife (meb thakth) nwith drive densidtas ddrive shift repistererand so on¢mot shown),

again, tg Figures 54 and,55. As can bg seen, when. the )
‘E8Aes} orkihe sas ehing hisiredusah e dumoeR el uBsttons gEapired o the chip.
whi ch the heater elenent 10 was deposited (i.e. 20

formed) effectively constitutes the coating for the

Withrefetenonta Figuss 48 anp pRghere it showng indroexpiddeyd vigyphideainon-

SRl oy resopaRERt bl monule Shactatl ho S Brde Sfimms
ﬁrrhﬁhe‘hﬁ Rty REGnHI$ 81 (88 dfSrddtoDRAAM o _&ﬁ?}?i O a tfpéalBElp assembly

his seam 79 may constitute a weak point, where oxides

&nzuchah that shesws ihreabire 7680 vordess whidgare spsced swas tare capable of
ST B 82T, SR ac 855 e LG 627 R byl o
d&ffefentiéblbis of Bpdsi6f @l 110 separate the heater el enent

and its coating 76 fromthe substrate 78 bel ow, so as
to render the elenent in the formof a suspended

980 BSEP By Sl S SO g 1,
supplyirlg braalh powed andfdatate tleoeltip.rithedhip 81 isdfontiérborgto lastaiddbss-steel
upper layer sheet 83, so as to overlie an array of holes 84 etched in this sheet. The chip 81

(@]

itself is a multi-layer stack of silicon which has ink channels (not shown) in the bottom

layer of silicon 85, these channels being aligned with the holes 84.

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

that their ends align with holes 87 in a mid-layer 88. Different ones of the channels 86 align
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30 The materials nmentioned above (i.e. alum num
nitride or dianond-like carbon (DLC)) are suitable

w0 20040048309 n t he conformal coating 77 of the prBGEAU2003/001515
invention as illustrated id7Figure 56 due to their
desirably high thermal conductivities, their high
| evel of chenical i nertness, and the fact that they

S PGP B S N BT S5 n v

[Bgeror Ea)dedl,anncﬂ SO@anies i dﬁfferdﬁ, resqdes‘@va“ @fl@rafénk, temcaplb forehe last

Al t hQugh. t he 0| e of used for he coat
éi fed - s gt ?ﬁlsa?aﬂl%q}f}aﬁaeltaﬁé Tyalign %wgfh further
Iﬁﬁég o IBNE &1&—@%@@§ ertlisd inctﬁm argﬁﬁ%{éd%lﬁl RI-RE8F hd1E2I3 in the upper

t hose nentioned, where they have 3uitab
lepearshedt 8Bi %ﬁsad;olma@?ﬁ dre aligred witinte dagkr p&t’tﬂﬁhuﬁﬂl@s 95 in a top

rint i B, Wi he.pri nt head sed The .compo
Rl st BatrovEeteh et ier Pogy af ol s Wit Ana LEEBIS Huid-flow
SmhifBnicAtibnl Witk thé Sir bisele]l 910 a§1n@[dafHdEHy tBY 84881 11&197
pri nt head assenbl y, itself, includes a nunber of

print head nodul es 10 80. These aspects are descri bed

f i n
I o PSR ol b i 4 St SR, Compressea
filtertd sipGom) an ¥t bduréd (nves %ht%fsﬁthé chahiheMB thidugh the relevant hole
reglsters and so _on (not i ncl uded on the

U aad tienpassep fhepughdhe @1§s 9% émha slgts 99oiribe fid fayer 88, the sheet
gf%l‘ﬁ%té@?o OéeilfaIe]H‘?sl SFQCS reélp?%tY%etl ah&{lse%\glgﬁ@v@\%ngngé‘ Elﬁé 95 gf the chip
asxghbigad, ﬂomvwhereﬁpeﬁtrcedeiw,, at aO@rttha)ugE adonaiel ghard 101 Wthh covers
S BarIFS [P IS clerent moeribuDHERR Briopred ks 41 (o
sthlﬁ%ggéss Qlli}‘oﬁg@ﬁl%qmsbiﬁ FhSlHGRr B Jtdl)aﬁnté l’t}%\(’)\‘fl‘)bnﬁéi‘segga a.Pc(ie then

are 7680 nozZl es, which are spaced s6 as to be capab
thfougb r@pﬁﬂwed@h& §7hthen alesglrespectiveathal:@hOS @int the prderside of the upper

. S PR SR 0SS b fon e st 1o

tBE chip®d . ai wiLhd ndte@iidt hRfeBre fidt tever bEMemhofaloR)N the lower layer 90
connected to the chip 81, for supplying both power

(@n@I fqrava@h eor ¢feink hncbonen“ﬁ)e tltemoglpgqssqédsa@on@l @@Qbrt ©ink and air is
| |
S SRR S e R HARES-LBT) GRERD AP E O RR . 1

chlp 8l itself is a multi-layer stack of S|I|con whi ch

has i nk. channel s, (not shown) in_the bott
Figure 60, in which a side view of the printhead module assembly 80 of Figures 58 and 59

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

represented schematically by dashed lines) clear of paper dust.

The lower layer 105 is of silicon and has ink channels etched in it. These ink channels are
aligned with the holes 84 in the stainless steel upper layer sheet 83. The sheet 83 receives
ink and compressed air from the lower layer 90 as described above, and then directs the ink
and air to the chip 81. The need to funnel the ink and air from where it is received by the
lower layer 90, via the mid-layer 88 and upper layer 83 to the chip assembly 81, is because
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| ayer of silicon 85, these channels being aligned wth

the holes 84. The chip 81 is approximately 1 mmin
wovati4sand 21 nmin length. This length is 30 PCT/AU2003/001515

determ ned by the width of 38he field of the stepper

that is used to fabricate the chip 81. The sheet 83

has channels 86 (only sonme of which are shown as

1Ph/ I?hrbt s S h i‘a%ﬁczﬂ'rt_ﬁalﬁén 'JBE gargél)_ﬁuerhﬁﬁ é’?’(ﬂég)ﬁ (54 g%‘fl sBfall nozzles 3

Wﬁh&mdmg&;kh@mnw&ﬂehbh@ﬂshhhehxendaﬂmDOgn with hol es
87 in a md-layer 88. Different ones of the channels
86 align WD 2004/ 048109 PCT/ AU2003/ 001515 37 with

’I;HJ & T8 89 &)n?ifeTtE@ & MeLES r@%ste%hﬁd Rl %1r§\ﬁtr]xé'(ﬁbttsH<5v9m) located

Ign wth c annels 89 in a I ayer
arhthe teyker B afxhip merabkj'l &1f él’rhemhlpmsqmdy BV és bayided bpfvires 106 onto

' t t.h h d 1. . This.
the SPECHSR % i are Gen oGRARGRY A ERLD o eI
é‘n@ﬁﬂsﬁﬁﬁlngfﬁ)&ﬁ1@§1s'ﬂio‘hh&i NT1els hided the {)0)&’}‘71 070 b8 appliddl to fill the
are aligned with further holes 93 in the upper 5 1ayer

S@heebet%en ﬂnh dem 1198laad tlezchip essanblgﬁ?écso\mt rﬁhq weeﬁ mfeare embedded in

arts 9 ots a hann
BRpSon s i ok 07 b Pud R R BRRRR 1 R ol uptgr from
ddﬂtaﬁﬁlﬁatfbnfﬂ)gyﬁ elcamruust aad from medﬂamcm@n&u channel 91,

as indicat lgy the dashed |ine 97. The | ower | ayer 90

has holes 98 opening into the channel s 89 and channe
s BB REE. thde LRI digyh £ BF IISHUIED S prithead
eh;@érﬁblygs which 1ﬂdh@ibs;x&ﬁ@g80thé1roombnéﬂnﬁ phnthesd fiddaledis@mblies 80 as
nd slots 95 _in.t n1d I the heet
geriedpberents Pr!% %i%@c‘iopﬁg‘lﬁﬁ ArfdPaes” “flﬂ@‘rPnnter
\/\}1 be”A@of?S lét'teg%ép%gpaﬁér the chip assenbly 81, from

ere It Is force at 100, through a nozzle guard
101 whi ch covers the nozzles, to keep the nozzles

BB 08017 i 1) e S5 BRB if . we
a%Q Fhieﬂ boftol \QbSiRAB BRImeBRLO ia Mk fohB T atbhiaHEH] 151@&10 C4dré8 of groups

es 87, then along respective channels 86 in the
Qfmgemshcd@ aaf:h,tdq:elga@tpfé by theay@rensh semel 1 1l harg pavided to supply the 6

t hat nd t
RREF R g i Erbidfoa 05 e P o iR ) Pl craced
fikeble u@f ﬁbsb us? isgueningf plabecinied emndd 110. Theill Kamed that the hose
| ayer &one for each color of ink and one for th

k eleéeséw o5 1P thersionibese hales §1qiaranet pipsent whemthg hoseoHl2 s first
éo?m«ti(lﬂgd ﬁ)hchg leﬁa}meﬁﬂ% b@karg T 6%6:5%%?}& ﬁ@}é{)glﬁlggﬁ%?be)(lvforcmg a hot

nozzli es on ure

wire Eﬂﬂﬁ:tmei(ﬂdthha@n)ﬁthdmﬂgh t%]&ﬂad)l M, 8Bichf hoﬂ%sghem&r%as@mdies to fix
9 is sch e aI I

Re @];loqlsaaj}: g\f f/efs a ég arsi naél‘gegg gl‘:gﬁ e 1 ’feg’g‘tle% the pnnthead

assembly 19 is assembled, are in fluid-flow commumcatlon, via holes 114 (which make up
the groups 111 in the channel 110), with the holes 98 in the lower layer 90 of each
printhead module assembly 80.

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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| ayer where the 7680 nozzles and their associ ated
drive circuitry is disposed. The top |ayer 25 of the

wa@ kiop/osasenbl y, which constitutes the nozzl e geer/dUld3/001515

enables the filtered conprég¢sed air to be directed so

as to keep the nozzle guard holes 104 (which are
represented schematically by dashed Iines) clear of

paper dust. The lower |ayer 105 is of silicon and has

i nk channels etched in it. These ink channels are 30
mtriegame@ stippbrt plage hiS spp@ids and lotwessha tirineels] 19tand hosgpplé; and

ers t83 Tes et 83 eives | .and
e ﬁfoﬁse%g plate Torthesey ﬁ e %%Fﬁliv@fﬁ@ée L@( & BIE; S & pressure onto
aﬁ@@é@?nbly’“ sh lec‘:ﬁ 1§dlﬁcfe@>tf§xtph11ﬁtéd@frcuﬁ§‘ drigd ﬂlatEq 19 B8s @B¢ P21 which

The' need funnel the ink and air fromwhere it
ax@nd elnreug}enbtblgestlﬁé in thewlownivaydy egonding watlHa3 wif thel chgenel 110, to

el LR Bl e RedghErEO e e a8 ¢ voul o
ot herwi se be inpractical to align the | arge nunber

(7680) of very small nozzles 3 wth the |arger, |ess
A enirusion lﬁé}ll%progsleﬁ o lasate|coprer bughers 139, Altheugh thg emergy required

tg %P ér%itec o %o?dliﬁg ﬁl??g)ftréesgﬁtelgbgh"t% (grdgxI (K}%Eagnﬂ%lde lower

CUItr

thdn that&ﬁﬂ@nﬁﬁh}th&ﬂlal thkgetqitintera sh@ahicya tSﬂal bﬁaﬂlmﬂ 88,000¥ozzles 3 in the
wires 106 onto the PCB flex and these wires are then

4 array. &g ﬂHS &@P@{%j@a‘@bﬂ 60tinesithepymipgsiof nozzles that are

tg}g wh@ tntpic z}%g‘l | eg§ ?’?ﬂ%%lﬁﬁg 1nst£Q E)?esgllletltlﬂv%%rﬁlbﬁ Eneay be

oparaidfd (aedndyhfErerdn p cmifmmhﬂ lyas&](iusmgtobautmﬂ] d¢hafotad powe6

BTG VL0 P Gr U £ SR s P GHLdh FURBL s Sprpfgeads, and

tﬂ@cﬁ?ﬁ ?é&}uﬁ@thbﬁ@ wilY, R8RAMmeR) e Hitl everthod QHé ® porver consumption per

contact. Referri'hg to Figure ere is
mordenil bhematdec af myagmtude é@wwmroﬁteﬁm\th@movm mnthcadeaﬂle busbars

senbl clu anon
3R P doeatio She BP0 wob PRl apfl GEVER VAL Teads 126
sbliRrdartb dagad assenbly 19 is configured for a
page-wi dth printer, 15 suitable for A4 or US letter
type paper. The printhead assenbly 19 includes el even

f _the.print
o BSiRe SOUNER Ve TR0t LR B RRERR 5 S St Molites Biop the
L@@Bﬁld@ziséﬁhoi&hﬁéﬁhe Rvae bhesSofthe @e0REBs 8afof ﬂﬁb\/lﬁ*mtlli@kleﬁodule
each, deS| nated by the reference nunerals 111

asseahlise 80+ Theskfpps §2 extendsfromgheielyip é?%wbh%%.agougfi%h%@mmel 110,
S P 1R PGSR e e

sohkat¢inacomedcts11B. ar¢ positiddedtbelowg bad it dvatact bvﬁhhtrhs strips 127.

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

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

A metal plate 133 is provided so that it, together with the channel 110, can keep all of the
components of the printhead assembly 19 together. In this regard, the channel 110 includes



10

15

20

25

30

112 includes holes 113 therein. These holes 113 are
not present when the hose 112 is first connected to

wao b@4poksomel 110, but are forned thereafter byP@EXUI03/001515
nmelting, by forcing a hot 4hMre structure (not shown)
t hrough the holes 111, which holes then serve as
guides to fix 25 the positions at which the holes 113

I . I [ :

o8 B 15 G D EBp i S ASTE, ARG 3) WARH the assembly 19 i put
togutiiat indairé then tviseediibdoagh dptoXintatetin4 Srabgredssgo ptdvent them from
groups 111 in the channel 110), with the holes 98 in
bemng Withdeawn Hyyeyehdbe glotseach  print head nodul e assenbl y
80. 30 The hose 112 defines parallel channels 115
whi ch extend the | ength of the hose. At one end 116,
ByheahoSsinindy, witle cefierendeetd Figure 68, thoptisthessl ass¢omdy 19 is shown in an

h t th it d 117,. [ .
BT eta.1oR an Srm Bl air s Bipplia o R 192 2 136, pgver s
sﬁ%%l%d A thell BRI 4Dy, MR is ?ﬂﬁr’ided%‘ theQfrintitad RBDsseMBlies 81 via the
2004/ 048109 PCT/ AU2003/ 001515 39 A net al t;ﬁ support

edbatennediorssidgp dhepriathgad ouiptasseniblies 8hanededatertian tha gleven printhead

ho 112 n seryes .a | ate for these. The
%%‘iﬁ?\%ﬁseq}]i@“%?dwﬁ’b% n‘.’ﬂ‘i‘% %F%%r exert pressure onto

an assenbly 120 whi ch incl udes fléx printed circuits.
The plate 119 has tabs 121 which 5 extend througy. .
Meertingdolesd 37 gre previdedirmanennjing shearnthirgd wegemblp B0 grplace in a

L . | .
PSR RS i h bt NS o ARREL B BOCl bl o
disiamicd 38 0 Pkt oershdaidih 32 AAphgofiigh id, BeowBeT yhes).

required to operate a printhead according to the

present invention is an order of magnitude | ower 10
Al el (e s B bl Gl Pl ogReBion RGNS
aasemzbled prithéddi 19. Feonathis, the prassitisinyof 26{icon sesk fdramimgiableip assembly

{hroeRresinbe S e dodPhing KeehOnBrpp bR B gty hose

ey ARS cIQPE @b ioimakbitnedt of BY c&h?&)esﬂﬂ@ sﬁipC@."Vt\irlﬁiHlQ Hfakes contact
basi s during operation, the total power “consunption

ahov¢ wigh thabusbated 2pfanddgleivt with the lgier parhefia flexaP CB$2sutanding from
R AR 2t . G4 b AR TR 195 o e et

(188399 Bir 4180 PefeeniQgalR\Whdit twaSe@ Bordigdetio repR@EMtEdBiethe dashed
| ower than that in the known printheads. The busbars
lmeg38re suitable for providing for such power

requi renents, and have power |eads 126 soldered to

t hem

Printer system

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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20 Conpressi bl e conductive strips 127 are provided to
abut with contacts 128 on the upperside, as shown, of

W b@4oesaer parts of the flex PCBs 82 of the prP@i/AB283/001515

nodul e assenblies 80. The4PCBs 82 extend fromthe
chip assenblies 81, around the channel 110, the
support plate 119, the extrusion 124 and busbars 126,

L | ol :
R OSSN BB Sl RO e pintad 141
Mintddia pible up idchmishz 748 ’cohfiglre®EBwAdiasy alshebl ef-mhbeteldt6 from a
and pl at ed-through. Data connections 129 (i ndicated
weHa Y iléR |y by dashed |ines), which are |located on

the outer surface of the PCB 82 abut w th contact

spots 130 (only sonme of which are shown schemati cally)

"Bire povidrempPCB42 Bifor proivicing DE voltage whichlisial stendard &tpe of sgpply in
and ;%%e connectors 132 which are formed as part of
PHECT5Vi®ex itself. Data is fed to the PCBs 131 via

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

so that it, together with the channel 110, can keep

"Hhd inksfsuppp 142 sriponénk eargidges(@opshionnh ead) typicallyiagiongtypes of

1 t . t hi , 4t h h | ;110 d WO.,..
Lo 1 Dbt AisoH 3 e NEmE 3R Sl P8 T e ik
R¥iafi, t 119 UEbrmSdtdh s prd%ided videsyRicat ontdBemEINWhidR is connected to

assenbly 19 is pu together, and are then twi sted

t
a pyed injerians g o dx il harinderfaca 3 53 bpically copsigip ef/e prmbercributens (not

' ] f , B
500 B 0t BSOS ol 5%y Oy s comvolr

BSIsatsdhtontrdS 4 mooh 09h thabhisgmovidsbritiethgshainedialpidk wwechanism
conpressed air are supﬁlieg_via the hose 112 at 136,
}t\aend & motog hfor dgvipgdhe mediedeasporbisllesid/dat a i s

provided to the printhead chip assenblies 81 via the

edge connectors 132. The printhead chip assenblies 81
hisndcessatyefdr the system ebetvaler p61 it ideatify whedul sheetsdf @apirild$ is moving

80, .which include the PCBs 82. i ng_hol es 7 ..

BPL BSR4 150 A RETRE 00 SEIoF T Ghlhe JOErHsIe: 1o Hime can be
TRl AspBeifi kil tRht Hab Slap SN the &1 £HILR &b YRhhBRA1AS has

of the printhead assenbly 19, represented by the

pickadaupcthe $138¢ of papen b46. Rreferablg hawgvér, @ papen seusoptnge shown) is

that .is,. about 8.5 inches). 15 Ref [ Ei
8 o f & et QAR RS 1Rt Geh B et o paper
149 REEHRs hlRertain oGt Rtativeith tHegRhtHAd 161 GiE bybtdn coitfoller can effect
position of a silicon stack formng a chip assenbly

. . . . .

printing. Printing is effected by triggering a print data formatter 155 whichprovides the
print data 144 to the printhead 141. It will therefore be appreciated that the system

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

The print data 144 emanates from an external computer (not shown) connected at 156, and
may be transmitted via any of a number of different connection means, such as a USB
connection, an ETHERNET connection, a IEEE1394 connection otherwise known as
firewire, or a parallel connection. A data communications module 157 provides this data
to the print data formatter 155 and provides control information to the system controller
151.



81 can clearly be seen, as can a |longitudinal section
through the ink and air supply hose 112. Also clear
W@ 2003048108 t he abut ment of the conpressibl e stPCPAL203/001515
whi ch makes contact above4nth the busbars 125, and
below with the | ower part of a flex PCB 82 extending
from20 a the chip assenbly 81. The twi st tabs 134
%&%h antL Y H%ﬂf)&?a@ tvsﬁtlﬁ%ﬁ rérﬂ:ett@ %&ﬁ{dpaémbo%rﬁérﬁs it will
an e 'seen, Inc err tw
liﬁlﬂfdlegtﬁodtbycthoserskﬂledsmﬂteeﬂt thyt thél envéasdhenhay be embadied in many other
rin system 25 Referring to, Figure, 70, ere is )
A althagehy abp\rabad gtér?ffv“i thh%gﬁﬂtegfi%%ts being
e]ﬁ&l'lca?l?/%‘é{ll‘%iga %Igil@éc}lnag o 'tdl?i?és Elt erllée}fl%ﬁrt?‘ﬁlt k%}ég% W& in embodiments,
Whepepweptigd by the arrow) 141, a power 30 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 nmedia in the form for exanple, of
paper 146. WD 2004/ 048109 PCT/ AU2003/ 001515 41 Medi a
transport rollers 147 are provided to transport the
paper 146 past the printhead 141. A nedia pick up
mechani sm 148 is configured to withdraw a sheet of
paper 146 froma nedia tray 149. 5 The power supply
142 is for providing DC voltage which is a standard
type of supply in printer devices. The ink supply 143
is fromink cartridges (not shown) and, typically
various types of information will be provided, at
150, about the ink supply, such as the anount of ink
10 remaining. This information is provided via a
system controll er 151 which is connected to a user
interface 152. The interface 152 typically consists of
a nunmber of buttons (not shown), such as a "print"
button, "page advance" button, an so on. The system
controller 151 also controls a notor 153 that is
provided for driving the nedia pick up nechanism 148
and a notor 154 for driving the nedia transport
rollers 147. 15 It is necessary for the system
controller 151 to identify when a sheet of paper 146
IS noving
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past the printhead 141, so that printing can be
effected at the correct tinme. This tinme can be
WO edoanesios o a specific tine that has el apsed ab@CBEAULIN8/001515

medi a pi ck up nechani sm 1483has picked up the sheet

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

shown) is 20 provided, which is connected to the

qgéﬁ@§1controller 151 so that when the sheet of paper
reaches a certain position relative to the

printhead 141, the systemcontroller can effect

rinting. Printing is effected by triggering a print
ﬁata %%ﬁ?&@@t{i@%%ﬂmp@ﬁmﬁr ovides the print data 144
to theplprdli) O&Rfdzkdlendl t Wi Il therefore be appreciated

that the system controller 151 nust also interact _
Wi t h atheasperneresmtative fieatarstement ¢asespoklimhite qach nozzlka wdierein

144 emanates frog n .external. conputer .(not. shown .
connected a_ 1ok B AEH0T s FPTREN Fir st TR coptapt with o
nunber of glivhfeeoafingdanREcti on means, such as a USB
connection, an ETHERNET connection, a | EEE 1394

connecti on ot hesagh beatrirdementds canfigapddrte hegrat leagipaghaf dhe bubble
connecti on . . [ ' . 157.0r0wi de
e A PGNP T S i
provi des cthsfetrothetebf e caike thie &jextibhef & aipasfaa @fdctabld 1&[uid through
151. WD 2004/ 048109 PCT/ AU2003/ 001515 42 Al(ihough t he

i nvent i on the ngreAde eorERsponding to thatheatee plement and o

speci fic enbodi ' | ;

skilled in the %??Btéﬁgljtél?ﬁ%ﬁtihﬁ\slgﬁ? |b%‘5nhgﬁ§§ﬁg%a@ﬁ%g%@3‘md such
i n many otthetra gdsdubble femmeddyethpd leateaklehentis foinedab both of said
enbodi nents.refer to the heater el ements being

el ectrical ¥%act uat ed, non-electrically actuated

el ements may al so be used in enbodi nents, 5 where
appropriate. WO 2004/ 048109 PCT/ AU2003/ 001515 43

LAl Nehe grintigadiofklajnat] heingxdnéigured dorpuppoitrthe bukble forming liquid in

Resteoberm S8 PR usitr Ratt B RS hERREIid adjocent
&ekhohgat er elenent is arranged for being in thernal
contact with a

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

are of a common body of liquid.

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

5. The printhead of claim 1 wherein each heater element is in the form of a suspended
beam configured such that a gas bubble formed by that heater element is formed so as to

surround that heater element.

6. The printhead of claim 1 wherein each heater element is in the form of a suspended
beam, arranged for being suspended over at least a portion of the bubble forming liquid so

as to be in thermal contact therewith.



5

10

15

20

25

30

bubbl e form ng Iiquid, each heater elenent is
configured to heat at |east part of the bubble

WO e0omiosgy09 i quid to a tenperature above its boi PCTIgU2003/001515
point to forma gas bubble4410 therein thereby to
cause the ejection of a drop of an ejectable liquid
through the nozzle corresponding to that heater

l e t '
) el P L6 S AT a3 QRN B
deyuatiba endregnd Blesethemd0d narojdubdesnal) iateqootd totbe Hmplidd to that heater
ides. 15 2. The printhead. of claim1l bej onf ] r )
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iciently to forma said bubble in the bubble
formng liquid thereby to cause the ejection of a

! d ﬂlreopprinthead of claim 1 wherein the bubble which each heater element is
configured to form is collapsible and has a point of collapse, and wherein each heater
element is configured such that the point of collapse of a bubble formed thereby is spaced

from that heater element.

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

deposition (CVD), the nozzles being incorporated on the structure.

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

the nozzles being incorporated on the structure.

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

respective layers to one another.
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5 8. The printhead of claim1l configured to receive a
supply of the ejectable liquid at an anbi ent
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such that the energy requidfed to be applied thereto
to heat said part to cause the ejection of a said drop
is less than the energy required to heat a vol une of
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11. The printhead of claim1 conprising a structure

that The ﬁﬁrﬁ{tﬂ&d Ayl Shamvidtin\eagDheatdd @ pagont is%ﬂbitﬁﬁfﬁlly covered by a

t he nozzl es being incorporated on the structure.
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cont L gur ed Tor SendeRtry aRalids TR R o Bne ot e bubble
sol i d nmat efor@ingdiquidta teepbRiture iBdiRNAts boiling point to form a gas bubble

therein thereby to cause the ejection of a drop of an ejectable liquid through

the nozzle corresponding to that heater element, and
each heater element has two opposite sides and is configured such
that a gas bubble formed by that heater element is formed at both of said

sides.

18.  The system of claim 17 being configured to support the bubble forming liquid in
thermal contact with each said heater element, and to support the ejectable liquid adjacent

each nozzle.

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

are of a common body of liquid.
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to be heated to a tenperature above said boiling point
thereby to heat said part of the bubble formng

WO p@uioeB10D a tenperature above said boiling poP@I/AUZ003/001515

cause the ejection of a sale drop. 10 16. The

printhead of claim1 wherein each heater elenent is
substantially covered by a confornmal protective

coating, the coating of each heater el enment having

been applied substantially to all sides of the heater

K. eneTiie sistet ¢fahamuls] heisgiednfighead té pantc@ed papg and to be a page-width
sea ess. 15 17. A printer systemincorporating a

Prigt ‘iaﬁead the printhead conprising: a plurality of

nozzl es; and at | east one respective heater el enent
corresponding to each nozzl e, wherein each heater
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aISH@b§y%ﬂ?@ﬁ°f1@if00@1aﬁﬁth¢rfwltbel ng configured to support the
bubble formng liquid in thermal contact with each

said heater elenent, and to support the ejectable
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wherei n each heater element is in the formof a
suspended beam configured such that a gas bubble

301 methdywstehadt dEAL B, whlbRAE e prititHead FBSnfigurdd td Rceive a supply of
the ejectable liquid at an ambient temperature, and wherein each heater element is
configured such that the energy required to be applied thereto to heat said part to cause the
ejection of a said drop is less than the energy required to heat a volume of said ejectable
liquid equal to the volume of the said drop, from a temperature equal to said ambient

temperature to said boiling point.

25.  The system of claim 17 comprising a substrate having a substrate surface, wherein
each nozzle has a nozzle aperture opening through the substrate surface, and wherein the
areal density of the nozzles relative to the substrate surface exceeds 10,000 nozzles per

square cm of substrate surface.

26.  The system of claim 17 wherein the bubble which each heater element is
configured to form is collapsible and has a point of collapse, and wherein each heater
element is configured such that the point of collapse of a bubble formed thereby is spaced

from that heater element.
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surround that heater elenent. 22. The system of claim
17 wherein each heater elenent is in the formof a

waempessied 10 beam arranged for being suspenP@€dAT2®B/001515

at | east a portion of the HWubble formng liquid so as

to be in thermal contact therewth. 23. The system of
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such that an actuation energy of |ess than 500
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32.  The system of claim 17 wherein each heater element is substantially covered by a
conformal protective coating, the coating of each heater element having been applied
substantially to all sides of the heater element simultaneously such that the coating is

seamless.

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

heating at least one heater element corresponding to a nozzle so as to heat at least
part of a bubble forming liquid which is in thermal contact with the at least one heated

heater element to a temperature above the boiling point of the bubble forming liquid;
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corresponding to a respective nozzle, and a plurality
of said heater elenents being disposed 10 within each
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liquid.

38.  The method of claim 33 wherein said step of heating at least one heater element is

effected by applying an actuation energy of less than 500nJ to each such heater element.

39. The method of claim 33, comprising, prior to the step of heating at least one heater
element, the step of receiving a supply of the ejectable liquid, at an ambient temperature, to
the printhead, wherein the step of heating is effected by applying heat energy to each such
heater element, wherein said applied heat energy is less than the energy required to heat a
volume of said ejectable liquid equal to the volume of said drop, from a temperature equal

to said ambient temperature to said boiling point.
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above said boiling point. 10 47. The nethod of claim

33 further conprising the step of providing the
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