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ege 1§§H§hﬁfW@WﬁﬁF§ﬁé€¥%V€aWWéﬁf”ﬁ&ﬂPVV“@ﬁ?d%ﬁﬂﬁgwﬂw
150fnamummeeehhmﬂﬁneﬂ@mMnmmﬁamh@@@@mdmng to the
i nvention having a further particular enbodi ment of
he %ﬁﬁrgg 6e1i|JaeSf rBa[n%pl%n V%W ote a a%( ﬁm%%é? fPrS ulcs:e Iﬁ? %&gr{n%%t% g(']ac %Ii sta%e for the
stag@WﬁGFH@Wé5@r@mﬁﬁé&ﬁm@ﬁkﬁﬂguﬁ@f38 for fornrng t he
heater elenent thereof. Figure 40 is a further
ZOS c Iﬂ%ﬁgy i fB’%E %&lﬁ&aﬁlé t}oélgpze vgxy‘%\xpoff ml I?Jlrﬁn c;:‘:ﬂ?{”e '%:Ig élﬂ\%éWltE h%%zzqe plate
a SBHEhmti c section through a nozzl e chanber of a
printhead according to an enbodi ment of the invention

sh @rghr@g; i s&féﬁﬁ@fb@ﬁe@tw@%%%@ﬁt@@av@f SHR B of JPRRESEMcoldRg B the

ChrStgh " e odiear dkde M Ot frREad accor di ng o
25an enbodlnent of the i nvention show ng a suspended
beamrbh®at a&EheﬁalnSﬁl’BﬁtewSLthﬂﬁﬂdﬁﬂe fatusd ﬂﬂﬁrf&rﬁifﬂg af pr@tudﬁ&d;)ége(f&r the
a Bm@id%f lil ﬂe% Rgfmllﬂmg ltfrl geatelF 1eg&1¥ t@ere%?’ is a di agr amat i c
pl an vi ew of unit cel a printhead according to
an enbodi nent of t he |nvent|on showi ng a nozzl e. Figure
44 Figge & ich fexgperadimreti¢ ersphtanvian ok oft cdl ofHigyred$ shown varh theimizale plate
30celhsec0f a printhead according to an enbodi nent of the
i nvention showng a plurality of nozzles. Figure 45 is
a diagrammati c section through a nozzle chanber not in
ac E@radnvechapatinsesiypthiop) @ predlohendpio U nghead dawiing o agqngdpripppt of the
embhedd@dhowng asusulastveatieater element immersed in a bubble forming liquid.
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35 Figure 42 is schematic section through a nozzle chamber of a printhead according to an embodiment of the
invention showing a suspended beam heater element suspended at the top of a body of a bubble forming

liquid.

Figure 43 is a diagrammatic plan view of a unit cell of a printhead according to an embodiment of the

40  invention showing a nozzle.



Figure 46 is a diagrammatic section through a nozzle
chanber in accordance wth an enbodi nent of the

WO poo8ns476n showi ng a heater el enent in the forP@DAU2008/000515
suspended beam Figure 47 is a diagrammtic section
t hrough a nozzl e chanber of a prior art prnthead
showi ng a heater el enment enbedgled in a substrate.
Fi glgtre4448 diagraramaale ggrammBbpiuelig ewbii ol of Apfittbigdhc@rd@@®2h @bodiment
charheredibh smrgagla@lﬁﬁofmzm an enbodi nent of the
i nvention showng a heater elenent defining a gap
bet ween parts of the elenent. Figure 49 is a
di dgraffred dagramneatit seginn thireb yglrlehanba 2t @ achdprreyith frg tnveptipn showing
5aC G o @danee: Wrkdedihaudsiivent i on, showi ng a thick nozzle
plate. Figure 50 is a diagranmatic section through a
nozzl e chanmber in accordance with an enbodi nent of the
i nVBHE FoaTR SSEEWPie @Ot Hioysh fiepz2q cBanyer dyageordpgyih an agiberingeg! offhe
di agamanystving 2 Beetiont i i duglhia aspadaidvkae. chanber in
accordance wi th an enbodi nent of the invention show ng

two. heater elenments. Figure 52 is a diagrammatic .
10 se g tg‘lrg)% iy Wﬂagrﬁt&rﬁatl&seﬁlg}tgrp%g &Wgﬁia(fga[m%gf)t a&)rlﬁ%}lft gimhféafl fhowmg a heater
pr eeheedbalfrdwiangsiteivo heat er el ements. Figure 53 is a
di agrammatic section through a pair of adjacent unit
.Ce IF Lstre A%fis a%iaglr Ilqrgeﬁlp S%ngl’l t@r%& 9 % éjolzé’l]eghatm%er%n«lc %Mglgeq#nggrp e‘in (%Eme%tlgg the
|nv§nt|on,. ﬁOMAng tmo,fl érent nozzles after 8rops
haVi'agerdiormes ke cGaimtiienie p &y sotranm e Bedey
15t her et hrough. Figures 54 and 55 are di agrammatic
S e‘ﬂghrgf@sis J(ﬁl%@dﬂl[%c @ctib@lﬁ&ﬂ%ﬁ a &)!Zz@e'meﬁﬁberg(tt .inatcog&ﬂn&.rwitﬁ ft invention, showing
pr|9§PeaZ.lt|gure 56 is a diagrammatic section through
a Conf o¥idl1y coat ed heater elenent according to an
enbodi nent of the invention. Figure 57 is a
di agtrasoned diagrareh@8Y@dtiOBro@h a @zM@adn®Er ikt with GOMBRIGHRA! the
to. t : i nt head according to an
2Oen6§i?ﬁ%%gggim?ﬁ%ﬂ?%@%ntion. Figure 58 is a schematic
expl oded perspective view of a prnthead nodule of a
pr Figtrh@ach degreranadi ngiod ro@h 2 @wiatkintre it accofdantdvath an embodiment of the
I NYLALIQRwEL Bh&RRmbe & Schematic perspective view
t he prnthead nodul e of Figure 58 shown unexpl oded.
Figure 60 is a schematic side view, shown partly in
25sekigire it is faemhreatnieiian hrewd @ protR shanbe r 4prigyat eint@d shiyvigg jpveheater
6 tehssa schematic plan view of the printhead nodul e
of Figure 58. Figure 62 is a schematic expl oded
perspective view of a printhead according to an .
ermbSHT MEHtAEFTPHEs AV EAE BRfT ORgGH ariedls P Parlsieding e e
f urhipdimenpeitls preatidnystowrizew doferett hezlp ritendrbre bedinpdifdrenigulnges G2e been
30ShewauaeXPlpded. Figure 64 is a schematic front view
of the printhead of Figure 62. Figure 65 is a

schematic rear view of the prnthead of Figure 62.
Figures 54 and 55 are diagrammatic sections through a heater element of a prior art printhead.

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

35  embodiment of the invention.

Figure 57 is a diagrammatic elevation of a heater element, connected to electrodes, of a printhead according

to an embodiment of the invention.

40 Figure 58 is a schematic exploded perspective view of a printhead module of a printhead according to an

embodiment of the invention.



Figure 66 is a schematic bottom view of the printhead
of Figure 62. Figure 67 is a schematic plan view of

W@ b@sps470t head of Figure 62. Figure 68 is a scCPEMATURW®S/000515
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10

15

per spective view of the printhead as shown in Figure
62, but shown unexploded. Figure 69 is a schematic

| ongi tudi nal section through the printhead of Figure
62. Figure 70 is a block diagramof a printer system
ac q‘“‘%ﬁrg&ﬁ& sthgmﬁppe%m {IIWJ prlgttleatlj Q(%ull: &“F%&E 58%&7Wn Eﬂe%df% 71
is a schematic, partially cut away, perspective view
of a further enbodlnent of a unit cell of a printhead.
Fi digne6c079a sphomagic s¢shewratioe partlyarsedtien, ¢yhe prirthesd wadple oebigyteadled
perspective viemrof the unit cell of Figure 71. Figure
o Sits TR R BE B Bhe P e PO B
prlnthead. Flgure 74 is a schematic, partially cut
awaigyre @} sodedc pelbdpecbdcive viv @wpriifhed! Agordimn té ane@bhobimeft of the
Fi gu&e.n73. Figure 75 is a schematic, partially cut
away, perspective view of a further enbodi nent of a
unit cell of a printhead. Figure 76 is a schemati c,
pakteiradiiye sehamatia fielier pespepivodedhf herishead fifizere ¢4 skayn ofexridde!.
unit cell of Figure 75.Figure 77 is a schematic,

part j th Vi w of a further
en%%’él@&“y“&llél mgM%%WW&§&$¥§%?5§%%¥%%thead Figure 78 is
a schematic, partially cut away, perspective view of a
f ulFtetress ienboditinenticob! ta ptimticdd oCldule 60f a pri nt head.
Figure 79 is a schematic, partially cut away, expl oded
pe tive view e Flgure 78.

PGP e S LR LS S ect ve vi evs of

the unit cell shown in Figures 78 and 79, at various
SUGGRSSI iVadShagas vieR of theripkarhiEikion. process of the

sPrinthead. Figures 9 1 and 92 show schemati c,

25

30

35

40

partially cut away, schematic perspective views of two
varie4t ?gdr@ChBTatlf P?é*peﬁtr‘t’F tieved | Prigfreadpgprad Hegre f by gown unexploded.
Figure 93 is a schematic, partially cut away,

PEFSREOLI Mheli€WhRfdind sécurntdmh RFRedid®Atuwgh, @ unit

cell of a printhead. Figure 94 is a schemati c,

partially cut away, perspective view of a further

enbBuP raTrblog diagrag af apprigies pysterp fecogding tq on ephediient OET AYRERD
DESCRI PTION I n the description than foll ows,

co ﬁ:ffgﬁg' Hqg"ads%h@tgan% %ir@d!l}e&pa%a}n bt:%erc@e ?ww (9 ! ﬁJﬁQeE gn%&prge[ﬂgolf ptgnt cell ofa
prefi xes of reference nunerals (1.e. the parts of the

r eP&6Hce numeral s appeari ng before a poi nt mar k)

which are used in different figures relate to

C Olifz68 PANAEHIGatiP BlrtiaBly cldKEY, Eplbdd@ heRpfive viePS e SRR Rghre 71.
prefixes and differing suffixes to the reference
nuneral s, these indicate different specific

ents '@gp ?}em sghel@qtic,@ma}lwwmpeﬁgec@a p‘i@vg(_)f a further embodiment of a unit cell of a
printhead.

Figure 74 is a schematic, partially cut away, exploded perspective view of the unit cell of Figure 73.

Figure 75 is a schematic, partially cut away, perspective view of a further embodiment of a unit cell of a

printhead.

Figure 76 is a schematic, partially cut away, exploded perspective view of the unit cell of Figure 75.



Overview of the invention and general discussion of
operation Wth reference to Figures 1 to 4, the unit
wW@e00B/13476f a printhead according to an enbodi NBCE/ATGL008/000515
the invention conprises a nozzle plate 2 with nozzles
3 therein, the nozzles having nozzle rins 4, and
apertures 5 extending through g¢he nozzle plate. The
nozilre77pd @ttemaic, ipStiapy @ssvay, fiseded vitw @mi@heséntbbdGant oni dnft kdtl@f a
st Luglure which is deposited, by way of chemnical vapor
deposition (CVD), over a sacrificial material which is
subsequently etched. The printhead also includes, with
r e$peets it ocheaatih PAGHZduERWRy, pPesspadiere weth ¢fg uBhcogmbpdiiaptpt ¢ e cell of a
5N0%ZuiRadpl ate i s supported, a chanber 7 defined by the
wal | s and the nozzle plate 2, a nulti-layer substrate
8 and an inlet passage 9 extendlng t hrough t he
rrulFigrre PdyAerhosiip Strivagy @t avey. pRledef pepspsivgEioy o vdrelon lflgLES@f78
the substrate. A | ooped, elongate heater elenent 10 is

S u % %@r&q{@ g 9(‘Mrct Jaﬁeltﬂatfc B@@spgch\% Qp\%r of tZe un® %lltsﬁa% 1n%1@1§es@!§ ﬁlﬂﬁﬁ L Valn%us

10! ornroE a suspen eg beam The printhead
s h 5\1xrfssrvg SRS | erp6°81‘°8°6‘tpf°6eﬁsé) HERPEdt! system ( I\/EI\/B)
structure, which is formed by a Iithographic process
WhiFGtesi 9B ard @SB 6w J@elatic) ﬁbarEall%'- ?n z?ﬁt &jhémaﬁkﬁje@%ti\/&k@dﬁr(s b variations of the
pr in roma reservoir (not
shg%ngﬂgFle?gy?%z chanber 7 via the nmlet passage 9, so
that the chanber fills to the level as shown in Figure
151 Thet 8af dseematit, hetdieat @y, sdsedmba tiedl & a ig@hdh@adbdixabnf od# unit cell of a
at less than 1m crosecond, so that the heating
isinthe formof a thernmal pulse It will be
appreci ated that the heater elenent 10 is in therma
cofitgere ¥4 iy sehmdtip @arfiafkcutlatvay, perspdqeve glbrarfia ey theTendedittdnipt 2 woi etf of 2
t herilement s heated, this causes the generation of
sovapor bubbles 12 in the ink Accordingly, the ink 11
constitutes a bubble formng liquid Figure 1 shows the
f oPALILER PEFCHPH bl e 12 approximately 1 microsecond
af frehe dgrenpgonalian dhovwefeortekpendinh @ferveck nypilals.@y cotrdy@bding Srefizahye reference

t h emrerrn laleehehree ortres&er&%h@@m%e%g ﬁel%e alas;@rn% v@llcerrera&dsn dlfferent

I n ﬁ?]ﬁ re atce): to nc10r66 p0 I' eCIs %here tqere fll‘ﬁ éorresH nam relrglléecs: aend df?fermp {) tJ 1xes 0 the
25 g e FrEFate Uk, th?emrﬂrcee @@ereinequméc @eompptppfce“@smdtnhpaﬁs t hat

short tinme Turning briefly to Flgure 34, there is

SN F KBy e O B BB EpT L (as shown in

|guré ég? of 't he 5?8 ; %0 eater includes the

el emrent 10 referred to above) durlng a |ithographic

pr 8¢ sfren@ e FikesTlry b g uritnellfof eprigdaddciorde loanenAgdithdnen! fraigfention
3013 cén%)r1§é§aagzzte Rt 9% ntoﬂes heabiehe rhdics falig: SHRPRS pﬁndy@ﬁm@s

Thé eXten§1ncp l?r ﬁ?%n%gz eiplsp O"H*re nozge pgate% lSé) asrga eFle frgm ?e s1hcor1 nqe({] Btrugiure which

|1S(51PP05tlt6d PYd@mfrclreync@l afrpproiEPgSlm (V). e‘fer % SPFé‘ﬁ‘Wé ﬁrteral “szrh frﬁesequenﬂv
heatied. 14 has el ectrodes 15 corresponding to the parts
designated 15 34 of the mask 13 and a heater el enent
10 corres onding to the parts designated 10 34 of the
33 mad ke eGP gEt snwm\i‘éﬂ"‘fté‘gﬁéc}l Nzl b ST El S8 MBS prgle plate 1s
el eopbatotedanttr Tidgingkbhy e walks tnd én toztlapldd 2ommithipyeusgitratet$@nd an inlet
el g9 lbhaiihi@ro@h 86 hiRARSsulRaed e m@ (nt)thlliloevk)%f thd SR Rard AGooped,

ies ¢lon n[e he%ter al%rBeng 1'3 hs sus%elngé H}m tEIe cgam%erg 50 t'ith %e elai:n{er?ﬁs ms t%eifa]tl(’)]rm ofa

hus, near
p o\?\}éPen@@)lr?gf{}r ﬁ%@prinﬁeaé ﬁél?ogtl A gnctoﬁ@tr%gfnéqa SYsEpmy (]gEMS) structure, which is
40di $@hqdag edhoythrhic pl@ssehietnedetcrided in niofe dadildabw.ng t he t her mal
pul se referred to above Wien the elenent 10 is heated
as descri bed above, the bubble 12 fornms al ong the
l ength of the elenment, this



bubbl e appearing, in the cross-sectional view of

Figure 1, as four bubble portions, one for each of the
W@k@sgst79porti ons shown in cross section The bREIAB2002/000515

once generated, causes an increase in pressure within

t he chanmber 7, which in turn causes the ejection of a

drop 16 of the ink 11through the nozzle 3 The pm4

as SVhsd tke prifiheat it i€ Gk, iinkg 1 frdnea reberoqd (6sha@s) énters it cIﬁﬂnl&CI edhe iIB@ passage

as 9t59tth@ !:Hgilnge?ﬁlk Q%e ‘Pebéfll %%ﬁ)wg fn F%ur{;,j {. Ofmeréyftecf Qﬁerhc%%l: éle%@nt le?heated for
reason that there i s and

3 7
S T ety R P
gethetrtizthengr aiimett il (s in fhermellventrrerith thoink Heethd chagnbef7 sa thpgwhen the element is
sel earn thlsLQlSﬁ@mg gefle,@aﬁlm omgip&’gub@lesbu Ride @x. 112¢acorﬂt%ﬁfsthdqm 11 €hlteet 2

adjbl%%lg orml nlggp % ﬁshows the%o atl(c):noorf 5 ﬁl?itgo rae}])pro 1mat8 1crase(a)n(? after

advant eater el ement

petiiire M I R S e eae%thé?eﬁtglelem% 10. Tewill
di scppsecd el teit Guppda! itheiroh o8 eikoyil theheerdy ndctssagad denelate the

at blng)\lQ 15UG Gees% 1e\ﬁ%1tlln@tt1§ Eh01${11§eges of oper at ion of the
prnmthead It can be seen that the bubble 12 generates
further, and hence grows, with the resultant
adﬁaﬂaﬁm@%mo%®MﬁﬁNWQ$§WWr@u@hBﬁhémmm@®h@r@(ﬁﬁewshﬁﬁge%)d&w
of pliftRadomtala h@tediZcnd the bler@htOWE ferr @S0 BROWRIringh 1iffib ggaym@pr&ess bsS

det %gr dr}ne or%J ta@bef(‘)gzmlth@ %Egl(?ﬂs sgd ts B% ﬁraﬁ\eﬁ?ﬁﬂ the %Qm\/&%us of its parts

ace
t e ﬁgie@?fldltoé]il?dgap‘ioéthﬁ?lwe‘?ﬁuﬁ dht rﬁaél%ll:?i r‘hFrﬁféfé PgYiges2 Tful foffeence by which to
15bulohtiey viRusgartstohid heatdd y4. TThehedtdr Mehasgelect@ids & darraavmding to tigfparts designated

i qyi4@f thc%‘abl@l\é %qt‘tlét¥eﬁéﬂemer¥t MOMQAHQ t0| t§? p§r§ %&%@ﬁale@-ld B of the mask. In
di s ncr eas ressu

O RTE DR ri MRS ot BBt kO gF ueGARRE] e
al sleetplsshes mgdhickeribaybacelemenn ol mpiael te plfarical praigapepgeprgided by the
Howew@f. ;This feurly a1l oBthe f2R& S@ghedin bisrai@@ e Bk T8 s @iksjpardO tte@lement 10,
20309n clfé‘at%g 80% édm[‘plhs%% @0 1S only approximtely 16
mcrons I1n dia nce there is a substantia
viscous drag As a result, the predom nant effect of
t hévhpriesBuenel Orid lsaed iiedelibed Dhantsénbblg 13 fermb gonk die @sthiofilke adeurent, this
t hi,@ug tbpéaheg 151 ﬁaz &bsEsedioRBvidnt BRROT £SufiOR pdifons, bR ELh of the element
thaqmgg;gmﬁ Ir ol éﬁlthe inlet passage 9 Turning nowto
i §lre tHe prithead is shown at a still further
25succeSS|ve stage of operation, in which the nk drop 16
t h ahe tushleD & loftg ge@raa fc@Bes hibinGda0 WipreEbuke viftgh thetcBambdd € Gkicg turn causes the
@J%(i%on ok? £ gr & ofttlnz%kq [ tngqu Ehggoléﬁe SO'EIG rlét4 aJstTL e dl%ﬁtﬁgﬁie dr &ﬂ@ as it is

as already reached its maxl mum si zé an
th@ﬁmﬁéﬁﬁﬁ”ﬁﬁmﬁ%¢Tﬁﬁ§@f1%%ﬁ?ﬂngﬁe poi nt of coll apse
17, as reflected in nore detail in Figure 5 The

30CO |Th&&§)|n ﬁlgt 1Qfe 1stohl§ oRUbAl ﬁmé—&mﬁ&r\/@&dﬁ}et Eehﬁge@@s' s@ﬁlat af pressure wave

fgléener ed VTlt %l??l er 0 511% tm%ot %e elemflgtl 5) F ﬁnmg 8}Nnbu3bqeq91 d(()fs not efgct

toa%@ﬁﬁﬁﬁﬁﬁ“Wﬁéﬁﬁ@ﬁ%m$ﬁ%%wﬂﬁhssage 9, towards the

poi nt of collapse Most of the ink 11 drawn in this

ma a'ﬁlee&ﬁvahtacges‘j)? fﬂé"ﬂ%atir El@[ﬁ@n‘; IB @en@ %Eellc@d Igt’her thgr{@n@&b@ﬁed%ﬁ%éoﬂmaterm
35neck 19 at the base of the drop 16 prior to its

br E4RTHE 6PY The drop 16 requires a certain anount of

nomentumt o overcone surface tension forces, in order

to FQﬁr%@lﬁn(Qfs]‘lowA& ujllfUéll 11altwi0 &c@gsﬁy\ﬁterfsfa&m%ﬁ@tl(ﬁ@ZthJ ;ﬂntﬁba{b)ﬁ can be
t h%eign t%é Bbqe 19 gen{:rﬁ ebrban nce r(r)]ws Yl‘i'}]lqje regl?tan? Vancfemcf‘nt?% r1k 11 through

uce u C e anoun
su e ade % ERSTBROIHE P@Plﬁ af lh@wtfra@ owndlgy Figuiegy 1S feppEmined) prisrsprphifation

400f otthenertial dynamics and the surface tension of the ink 11. The surface tension tends to minimize the

10



drop as it is ejected out of the nozzle is sufficient
to allow the drop to break off When the drop 16 breaks
w@Rdog/13a9i t ati on forces are caused as refl ect eRCHXU2I98/000515
arrows 20, as the bubble 12 collapses to the point of
collapse 17 It will be noted that there are no solid
surfaces in the vicinity of the point of collapse 17
on swMade @laa df hebubtayi2 k@hdt, ONthe@n a bhavie angonnt eflifj@cCitas evaporated, the bubble is
Nhgg&@g%m&hﬂg&rocess Rel evant parts of the
manuf act uri ng process of a prnthead according to
enbodi nents of the invention are now described with
r efTerigrrese inpEssEe githingls: cgmbay 7 @QonRepfisbes ik th out trodeh theprogrle, but also
5t @kisBes botne Sllﬂﬁh%hr&lgﬁfh@ﬁl&‘p&%@id PBwdvh RUGH pa@sag%bhsi affRRimately 200 to 300
su bsc}é]oqlsalg Fengel E 1s only atppr(’)mma%iygfgréncrén% é_ r({éameter Bﬁlceqherge 65 ljlgbst.amlal viscous
pr Jeesd at“ﬁléfr @?)erdwﬁ?@‘ effi’cg‘lﬁfhépr?sé?“é{s“ég the Gangtrraltis 1p gree Plpdyt Bypueh the
t heozge his hegdiediipr € syoonithh bugk throughithtlinkdpassed . 1 The
description of the manufacturing process t hat folloms
i be in relatlon to.a un el | al t hou [ i
1Obe TB{EB?H%% ot I 3P EHE SBrS &tea§t§1 thrlsucﬁf’é’“&ﬁaﬁf %8%?”{“61 av b e
mulink idiop) thehapf beggl pigre e thowmduting dtenposingythasgiibifet the ¢ep il b At this
pr gkDeRGuibE 1 TRMMEILThclth GdHiaRinbm EiRPABSAR Beghn@coMBX towards the point

SUSESRRLYE.SHERy WLl 00 L PBnUT act uri g process.

after e’'co etion o andard CMOS fabrlcatlon
process, |nclud|ng the fabrication of CMOS drive
15t r arsolsbsoie sf tl(erblimole mm thi pping (h‘e(ﬂlage IGrausompink Heao be drawn from within

su bﬂ% BJ‘Z% ﬁ(fr%ﬁl$ 511(9{11 8gf]the fjanﬁ lﬂ)ﬁle %@%Lv@tﬁlolg ﬁle Qfet p%gséga %(Vgrds the point
nec

terco ayer
W TR TGP by R TSGR P RGE SRt e M sk 9
|n@@@@@ﬁﬁ@@ﬂ@p%memﬁv@h§$@$@?s and ot her drive
circuitry (also not shown) and the heater el enent

ZOiC :1) T d’?’o% %‘Q&uﬁg Ia Ee?taug e!.?l%urp Wh%tmn%’l@grgon% ISIBIQC% teﬁsg)n g)gcgs, i%glja{;rg)%reak

e | nterconnect S
pr é(il’ e%.thk lhﬁ dri\in ffopél}ﬁnfﬁlf fo lafékre ﬁﬁlapfsi; (6 Hlle quf@e Petaﬁ ’eter of the neck 19
de sddgrraliegbl r&¢ingwh @n@ntiohietalnozltasiaholditpahedrop, tso tgae thé mdmentum of the
W lilop R ifREABH of hHoRHSRuERS (SHBShE @58 WAk st on 2 1 to
the region containing the wiring 25, and corroding the
CMOS circuitry disposed in the regi on designated 22.
25Th&Vherj thegifop & baqgles oBifepvéttion faises ge prgtc@ts iredpricd by thelyaovGRADE the bubble 12
f abillbBatd i@poiRloOCESS 1 T ARSI bS hicsed Ot e @R hatgliddurPas inito Miciaiy of the
th %Oilg %‘§c§ﬁa§s§qﬂ og thllclﬁb{e%gwna%n JaIQ ha(/eﬁaql @Pfetth € pass i vation
recesses 29. Figure 8 shows the stage of production
after the etching of the interconnect |ayers 23, to
f oMmigntugpemiceyy 30. The opening 30 is to constitute
3othe ink inlet passage to the chanber that will be

f 0 E{r?eevara aa C% rthe mar*utac urm?}%(%gs? ?tsé ﬁrmlt:ﬂe%%%cgrdl%%o S q)o IECHES hfet C ll’lVCIl%OH are

suB@T@ﬁﬂ@dﬁﬁﬁﬂW@ﬁﬂ2ﬁﬁmﬁfm39p05|t|on mhere t he nozzle 3
is to be formed. Later in the production process, a

fu 'kgfgﬁﬁg t(hlgéu% 6(the%qé sﬁ%%groggséectﬁon %ro%ﬁé@ﬁ&én u‘osﬂﬁe %Za)on ’WI ljelng ep];%mon of

etce fromthe other sid SOV\m

SsuBdF PSR T pgperpediptes tﬁgefnélileﬁroﬁﬁtl(\ﬂﬁprf’ﬁssf hrfiréothtw)hllseF gugqrelaips o that

¢ omplice bEhdphighepdromspopiag gaget kibl. tThedegtiaindd he mahfagnring dygess that
ho |f(ﬁ0v852\llll/¥je bl rel 304 to haM ettt Qiltlb)@gh@ttv@r@ Qppﬁkllitedttﬂaﬁhe\/b%Yes; wiPbRapplied to a

the e rtion.2 1 to the
u.? { ¥%dﬁcem Uni cgl}s ((:)g vﬁlrlldéc oﬁe rm egig%comlfolg ed. i nst ea d

hoIe 32 were to be etched aII the way to the

40i ntrtre ORFpGats e aykeiSes@3, stefl, i@iRg thanaaf@iuthgtpliesshdkrehe 3@npletion of a
be Is&ﬁar@&ﬁ6§gbrl§ﬁorﬂ§océsp mgl?(ﬁltg tEhg yabr&cl;h%n Sf 0% Idr%te 9£n§lstdrﬂn(]:t ﬁlgwn) in the
region 22, the hole 32 woul d have to be etched
greater

t he



di stance away fromthat region so as to | eave a

suitable margin (indicated by the arrow 34) for
we@r@hisyg9: naccur aci es. But the etching of the POI/AaU3MS/000515

fromthe top of the substrate portion 2 1, and the

resul tant shortened depth of the hole 32, neans that a

| esser margin 34 need be left,l1and that a

s ulgbarntii tad shysradipghi@r 1, paicleicsngpled@n sithdardaMOs @Zzdo@sct BRA 23 and

th B%ﬁ%ﬁﬁn%ﬁg g_‘f? \(@gng nﬁfc:géd%gthélrﬂzsh%fHMS él@ﬁcﬁi; ﬂtglgong:fcts the tran51stors and

pro fo hi
salPf e rgry (élé “§tt5h°|’?’5)sa“‘b%eé]ﬁmél %?%’%t c‘frlgiﬂ""ig%g P H“é “‘Vﬂ? e r 24,
This layer 35 fills the hole 31 and now forns part of
st E @udd dind O e &l intild %etﬂﬁi.afﬂ'n beaRdaterchhiBct LRSI2$ 1o ple@)Sik lggonl ffusing
t n_expose [t atterns r
?rom % E:gl(énh V\ﬁlate(rﬁ 'gv%ere t%e noiz% %t%e um% oll q 1% be F 1Fr)n rog%‘ﬁhe sl ytrate

ure [MT ecesses
sI @?m"l&?l o thp feglonppRAKing Wf“é%z“t ﬁﬁ%coff‘tflf“ﬁﬁlf RS @Fmtéf&ﬁfoéeétl@he region
f odestzlved &l ect r odes 15 of the heater el enent to be
formed later in the production process. The slot 37

0 B g SR B B RS e T o
chaﬁbéwm?WﬂWﬁg@ﬁ@mwﬁ%gﬁ@M@m$ﬁé9stage of production
after the deposition, on the layer 35, of a 0.25

m %fg&QS &ms% stla %X%Eodlgc§ongﬁer [ﬂg &&?1% Of% En%¥con%!:ct la)y\ih df’ B foﬁﬂn nn olpemng 30.

14 Terosas g epgs tefk et | gk e r%hbf S g lpocess
I5etching of the heater layer 38 to formthe heater 14,

in ‘Fl{%ﬁlg lOngwts tﬂ@st%%@@ﬁm%&uctﬁ)ll %ﬁmetcﬁigg o@%le@l ﬁ% Eu@éa%@pomon 21 at a position
pr oduc

a n 8\7 eﬁcgtye ngzg 8 ra is fto 8 i ogniled p_étgr mnt og g(f_n pgg)gess t[%% erqloli (1?%10%@6)}] the dashed
t hiliede2) Wilbls cloee flongthichehgr sidp @Q}ﬁ@wg)@téﬁhéhmﬁtetpbrém@ﬂ Bgpen upfvith the hole 31,
Er aobuedidiaR idd pShged HLEABA ThaytRmod & vaf noheatiese eﬁ}&ﬁ @rthedday from
a this
20 %ne l(?tﬁe? EO]de%FtBei(sﬁﬁs!r%egg quinqrzz 10 Zegc? !’)Gf:j % %éegcg;?lgcg §}|/Igl 3 of 0 25
n1cron thick titaniumnitride Figure 19 then shows
t hilfsinget didlel3ayer o 4Gtk alhibatag ro trdteepingd lagfs 2 rher t avhid ghe hole 32

beginelehfds b 965&09 Eh@rh;nn@ormﬁqé I@gunl 7@%&: ﬁm\moum IHQJ 1$REOHd D¥feater
refe stgn%y a%vey olflnr{heat region so as to 1 ave a sul Slbl argm ( nglca{ed by the arrow 3%) for etching
pat erne ayer %%es no R f ?
25 el mw@mei G:Sut tmf?@hlpgpf thhl’llogz 3 é@(ﬁrstée t?pa)éthmbsﬁ@a)p@?n 21 and the resultant
f uRGtdnariadi d e kOB WRdns thit RicSer nayie B4 0fd bhRA t@ihalEtetiitaly higher
domm@gsdéaswofho@ﬂer 9&%94 ReniRg resistance of the
el ectrodes of the heater 14 so that, in operation,
| ess energy |s consuned by the electrodes whi ch al | ows
gr €atrer! semethgyscansdnpt ifom iy micandict Inere porserigprabatsetrs been
30ef h@)@s‘itéd\()ﬁ m@ﬁy%r fo Thlsﬁapé? 3 hﬁl@th@l‘fole@'l ﬁlﬁﬁﬂ\t f&ma-&rt l)nhetsa%tulq Uﬁile printhead.

h trat
q‘Ee resmq%/ Gr%gj 18 ItlF exlé)lsed Xlghscaga% é)gt%ms {;s repregen{e%ta 3[1{6 magkhhd)w?__m Fll%ure 12)to

respo
2 ior% W@?ms 3 Ffé aglptd g elhis proyienidiieatiprisiond! f@?ﬂct#mtﬂme%eﬁ<><lea%ﬁhe heater
42 pleodnt 18 @GrinddilGdr Althe pO&ILISH prodasasrhebsa)erv valep@ ik, ta@€lin Th Rocess, for the
UPRGLARS Y th!: &yz?el waﬁgf6 tL;QJM% défﬁélfﬁlrt of\%e clllamgeQmSt itute the
35|nner surface of the nozzle plate 2 to be fornmed |ater
This is also the inner extent of the ejection aperture
5 dieut Behavethe tage oF predubr@n gilat thegtEpositivn.on thakper 3542 a hifgiticrdpehick layer 38
S UbfHesidr @Rtrial Ohid! ih QWrdsQF entobiinchiOib SR lahi@ini@fe. a bubble 12
in the region designated 43 during operation of the
prnt head However, the height of |ayer 42 determ nes
t h&izHra syt e yiige ¢ Fraduction leuishing auieins tEededienlogst Hhét lomghe heater
40ej e¢incladigio pla@telechimt |0 agdhectodflesthi s, t he prnt head
structure of the present invention is designed such
that the heater elenent is nmuch closer to the ejection
aperture than in prior art prntheads The mass of ink
noved by the



bubbl e is reduced The generation of a bubble

sufficient for the ejection of the desired dropl et
wWawaoB/18450p1i re | ess energy, thereby inproving ePET/a02008000515

Fi gure 23 shows the stage of production after the roof

| ayer 44 has been deposited, that is, the |ayer which

will constitute the nozzle plate 2 Instead of being

f olFigeel 1 6fshc@mhd @43 dThoduedn iftat @dthepBdrifitidrieel@ lafer $AMbott Nicron thick, has

nozzl gakl ate 2 is formed of silicon nitride, just 2

m crons thick Figure 24 shows the stage of production

after the chem cal vapor deposition (CVD) of silicon

ni tFigivel 8 showrs e strge ¢ redubtary dier aebondirae 4 bqatepeetetidl Yas bieicdreadited. In a

5at pleRed Qb Mhisk & 1@ NRtR Brsddater BRr &Sis §0.2F Q0N hiB&itanium nitride.

out si de part of the nozzle pm4, this outside part

bei ng desi nated 4 Figure 26 shows the stage of

pr 8@%%9%% Sttfétse%)t?éay fGftespqie @it hifiep poprgrehdq dpgorpehs pattern as

et clhed 1rﬂ1|celted1bjhtefeIW&§/nuhlbrﬁlg ughthatilusdGion, thiy pg@inglll@ér@oct einclude a heater

fo ﬁagc?glkrﬂbﬂt 1@ ncinhtﬁls Q:Qsé ?T'(Js o HAR: ﬁmc@i&gln; q{O(V%Irrﬂ”ﬂg ﬁ%r (théglttha%ﬂal does
a er been

Ore ﬁiﬁ\fé‘ﬂedﬁfmgt&ﬁ éeSIS%S%‘i “? h‘c’)ﬂw&"&g{&?{é{t" g“d‘“ 19 %\}?té Flé)p‘i”t“‘“t 1§SS HEE s
r e quipumedbyMic glentredep@rich klowserelaeenasty agpeinpfion by, erdtheteforn mresdf elesptiveness
a  pf, @t @Gtk MGenls &y @1 thekiBal Rater c@B6ddBient NRAGaBENANIP ttie @reDbHIRE layer 40
thh%s%&%Q%Mt& ¢ substrate portion 2 1 is then ground
Its otﬁer side (not shown) to reduce the
substrate portion fromits nom nal thickness of about
1580 @ignre Tirsows the Wegadd eraductDO Stei tgHd Ouxs 42, eR@lrifichibs;st, BeS been deposited. The

f O ru QW%? thﬁ bd?éf Qllll c&n@tm%: tﬁehnn%lqgrfaa:%k e I%gzle-gﬁﬁ 2 Q(Bl: f%m%glatbs This is

t h élsot r%nerfe l%e Fd%:tl(fn a{)erttg? ? of éhé Hozg?e %%%hélg?t 8f thl%lf,ye]i gmgsrt I%e sufficient to
35 allogdor thg @H@n@ ofighubhiled 2 ingherrgieitiletigipipig)3 Ripgyerratioh etﬁnarmﬂt@é
f omrpwdvi ehesltlgmmawr @2 GRS thdInaksioGitl 1Bt BOhubBM diult maf! i &debro eject a

20 an %@8 Z%t %h& Ith%t F&i p?lntw;]d ds?rﬁ‘cn}e%?tﬁé I!?ei%e!’nt 19\%%105‘1? deglgﬁd s%&%mﬁer heazer

nozz
c utele%%%mh ‘I’l‘tser\ﬁ t'I“*I eJeﬁlé“ RELE A &rt"r tiprigheis s g Qfé“s'f mpysd by the
r e novle istdd@ed: @k esrterafion bif aibrigyle bithi@ichiddr éhe &ti@of thehvigdired dmiplst will require
homgwmh$g@kge&mw%kgﬁg@%,hoIe 32 (not shown in Figure
: I ne a passage extending fromthe | ower side of
the substrate portion 2 1 to the nozzle 3, this
25pasisug sswp B vrge dgrodupiien iigkhdrepl eter YAsdery éeposg@rt@r ig[the ypyer which
de Svltlg:ﬂratﬁtﬁdth&qozzte@la& b elnsﬁ‘eﬂc&ﬂrﬁﬁfg fofmed ﬁ?rbrg L0 @hicdhad thiek @ﬂ‘}&mﬂeh’ﬁn the nozzle
P,k B Atk b Aol A2 GG and chamber wal | s
renove learly 11lustrate the vertically stacked
arrangenent of the heater elenents 10 and the
el &Egtrr Bdms's hbstaghi! predutthe afgbipveeenprloahackrosiivn VT efsdicon gitride forming
30Us Te lagfe@44pﬁa9§jzﬂ%rtltr Q&e(ﬁm&t@ HgélgrQﬂced 158 s mge@dtsi&!}w the nozzle
|anqusuwﬁ %{%Ser ?5 nthead embodi ment s, havi ng
di fFer Bnt " Rekt 7 eSP T lires, are shown in Figure 33,
Figures 35 and 37, and Figures 38 and 40. Control of
| NikigGHe Dph@f BELd2O0 plBE®@H EficNE (VDOEsilagitite b bch @ehedill 3Oway through

t h Gt 4@ Qd Jomﬁgel tlle f&mﬁ!&t@%ﬁe n$Ae rrt.ﬁ?ﬂ;nh 2 @O%g th@Q&Mo% ’apeltlﬁ‘e 5S Q}g WEL: the CVD
th part of the walls 6 _and nozzle 2 cut-away,

3 5vvn F%‘r‘?“ et g ved ﬁttthé P‘?S8P“ datg“tttﬁlé” }Xtt&r%sét" refuirce o
heater 14 is not shown cut away, so that both hal ves
of rlhierhRat 8k st &Btetttnoa, Qtelcaq)meaee BRER ofr%lsgrﬁﬁtfeéltahﬂm Ahd ks

5 8)519%6 %hsefsgoftfag f)(hrtloglgh ?{1% é fuﬁ%q ottpr 51de ? ?z shovm \) re(ﬁce t]‘regultl) érate portion

ac R ¥ sl BicEes Pl a5ty weﬁétﬂh%ﬂ? tneﬁnsgmt tl@ves feshadowed above, to
40e| et thd hole B IThek 31 ikudeigha defiesuiveiat ieticee ihelwRnt.



10. This heats the elenment 10, as descri bed above in
relation to Figure 1, to forma vapor bubble in the

WO posas47pt n t he chanber 7. The vari ous possi bl BCT/AU2008/000515
structures for the heater 14, sonme of which are shown
in Figures 33, 35 and 37, and 38, can result in there
bei ng many variations in the rnatio of length to width
of Thdngheheatcar el @ pretndf sie £Ost oSG 3% AT ind18, ORBoVE@VBFoxygen plasma, to

th Qg Elle &ﬂ&m@ﬁ&%ﬁﬁ@gu@ @i@ glglﬁxrlallg éﬂ'agd 1%&2%%@ b %«hl\]‘lpto dck?lge tﬂehl:ﬁdmber 7

on
r eé‘iaé ?fé*l%”é”sa‘fd “?ZﬁlégﬁT ERehey C“‘afﬁ o 3 tltﬁ”éll'bé f“‘iﬁ‘?ﬂéha%i‘ﬁs a? A é"”es ‘0 remove the
b a lresit didbingyxt by &lrpo thivehisolk temeyier wifhche bely ¢t shavo ingidnic 8 aletzne a passage
5 c e k@bt RAUWR lowedsidl sT@ie QbRAERtion NOGEY 13728151 tMEpahel Gelvin® Rt ink inlet

onent s .t ower drive vol tages than
n})ssaéer‘ge{lleéa}%%mﬁnaw& {Ot?rﬁq]a%t\f/ei resi stances of drive
tranS|stors in their "on" state. Thus, in such drive
t r aRet Jtswws the fridtheadwigh te@pvzt pra sidsbdber &HlB &motelie cleurly Husdate the
te QQ&@le)éta&céh P Ghek: oﬁl%rhéa‘%‘epélenﬁﬁpl@ Ridulet MR sl ower
vol tage tol erance in each process generation. Figure
36, referred to above, shows the shape, in plan view,
of Wailpheskove pypduftion ImCngS tiseEio bredateiie egitodiprert efithe pripfheqdigiwn in Figure 30,
emaeel: pRMtad efboliRespaicieadn sdeMRuctuRls, frb GbiiBn BRwe 33, Figures 35 and 37,
AC%%rPQhP%|8¥ﬂd4@S Figure 36 represents the shape of the
heater el enent 10 of that enbodinent, it is now
referred to in discussing that heater el ement Duri ng
150 p&pmitoi apink drgpigiscont 1 ows vertically into the
eI ectrodes 15 (repr esent ed by the parts designated
el ggt?rznag d)gcg a%alél to rFé%urgs %%]mlt cefnl Islé)gr? \{avﬁla%egltgoﬁed%i)olxe tsehlpﬁn with part of the walls
r e aidnerzle platg hgievay @hl@gﬁVQaISItI@Wtee1>ref:ttler0h@@é¢rr7 €8 8eianié & not Bypwn cut
C 0By as that béthialveloendRier dbyentephesent ed in figure 36 by
st he part designated 10 36, is long and thin, vvith the
W|dth of the elenent in this enbodi ment ben on
andf PHET ik e Srae rglenioomssige & PestEure 1 ! FhF chﬁfébeh tTéea @
t hatltagelvepitightres thi decsdigiftoiesibish glivef 33trihaserathrough the heater element
Si gglithis ﬁe@t@ Tk MenSHB, bisc B ERABR I reldod th BRI 1NE rofh @Hﬁ)@ﬁubl;gn the ink
hgm mt.lhech bgrl.;re 35, and has just a single | oop 36.
Accord the el enment 10 of Figure 33 wll have a
25much | ovver eI ectrical resistance, and will permt a
hi- ghekriotdiots®Ia birubhr@\r ik Raitr 18 Rencel e At shikh i Figds gUBLnEH, and 38,
I t c&nbe%t[lt%t tge!-reeoeﬂlgrge{ﬂ& {;agacttlorg 114 tﬁ%leﬁl{-) oicllé-nlgtyg WYdQll 0¥ﬁ%atél’ gergegt]s OV%h

gl ven energ heat er Inagiven tine. In

F| dﬁ’ﬁ‘é’“%(g’en ‘Bﬁg}tt??émfifeﬁ@? offfg ﬁlﬁnemf Henag Hed%d?%rﬁaty hayf gyghp{icant effects on

i Nl debesal gsif@ertobthe cleterttaant thepeferovn tivdainerbetpee e nifiage 40 currgnt to
30angdchb@ . 2creRhdveSPaNdiRE to the same unit cell 1. One of
these elenents 10.2 is twice the width as the other
el ement 10.1, with a correspondingly |arger surface
ar &lgderyee elpgliofipieEraseptsiead o fediirh Wi Gine olladee g grlicn (grspnsqyil lower
2  EsieinOdR Bf drive tlsidkbin thafoh Btate NOBE inGfich trlvetradypey foel gepaRbsistor area,
10 'thel% 1sqqe§del:1lc mh&ﬁnghrrénpcagbﬂ% Qﬂd 10@9%&&&&&@&5 &Mq pﬁ)@@ézéel%gmon
to ink |ntF1eca he | ower el enent
twice that applied by the upper elenent 10.1 at a
gi Vewe g iefyeed wobdva gewsdinghape) Ingen dew; efta ek for i tgdealgt streptuge of the
r egmoaltn&mgt@tmmaa SiHvE 8 F@ﬁre %am&dnkgubéa h:@@e ﬁmgremm@sh@é of the

th 1
%ea?er e%emel? LO of {}]1!? ﬁr%o&%en?llt is novE) rﬁierreldg) I (lqsc%s%rg thangat% elentleﬁt During

ener
up B@Fa“‘é‘l Céﬁ?@ﬁiowwmiaﬂy iglo g@@ clgoprodgyj 1P (reppseentapy ihe e%ﬂa@eéaiaﬁe%latﬁ6> so that
40t hehe emedt gy @p pil the@cuodes & Rtivelp Weze, weikle iund, redQs iR therSbeBP Ol electrical
2X, and the energy applied by the two el enents
toget her is about 3X. O course, the energy applied
when neither elenment is operational, is zero. Thus, in
effect, two bits of information can be printed wth
the one nozzle 3.
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As the above factors of energy output may not be
achi eved exactly in practice, sonme "fine tuning" of

w0 b@sas€rer si zing of the elenments 10. 1 and 10PQI/AG2008M000515
the drive voltages that are applied to them nmay be
required. It will also be noted that the upper el enent
10 1 is rotated through 180 akhaut a vertical axis
I ekegibthinvee By @ntrdxethd c@wet 10ekea@nrt] in TiQures6 bylthd @it deSigred 1Rats long and
th @[er Wlﬁll tr%%(ﬁhca)@fﬁé“ele]n@m s eglg(;dingglbyr%l lqirgrﬂl:n ’andQlle th%‘ﬁﬁe&gemg 0.25 microns.
i ndependent connection to separate drive circuits.
Feat ures and advantages of particul ar enbodi nents
D dtowists ededitel toicatey Hdkomn alﬁ 'ngrg ﬁﬁ'ﬁaﬂtsgniﬁp@@d pmpgg clerpgnigl O than the element
5Cent abwh 115]}3@1@3 35 ia&l hﬁs&@t a%[n@&o&bf% effﬁb@(ﬁlﬂgmmeﬁzmglﬁ IOtohﬁgure 33 will have a

I n\r/nlelcrﬂltlowoep electrlcafjremsgnece %‘n V glgl%I curtrenF ﬂ%w t{l gmeersft 10 ofﬁ-llgure 35. It
features are e conS| ere inre ation

t hE& PR THHES DT Tz iaieayo t8vet hrdvoprgedn e fops é‘h‘? P gypn time.
unl ess the context specifically excludes certain

dr ?Wl §8 omﬂ{eﬁia&t tﬁcsemt)(gm;em %@n Q&lﬁw arﬂgér ﬁﬁl%@ thoG(\l@alel eYements 10.1
I‘ eter

d to. Suspende ter Wt
10g; @‘E?rlgg ?ﬂesaoﬁ%rng&%temfﬂ% %f‘?ﬁ 3% 8’3129"“ ei"ﬂf‘é“sr\%%‘f gfee g ﬁst‘he other
10 elergeni 18- 1twik 2 foppspandifielydarsurgprarvde d hbeans radind the live elegent 10.2 are 2
S uspende dida el e df daspher aerﬁkﬂtrlt) i @01 Gidesih gladl Bfls delenclgdy affiied to
t h ? Jnrhlfe C éﬁba(r I?B&p[ l(gveI e(l)emrgt ﬂgZh tbvgythaq %p?el&gthe%ﬁp%@eﬂl%m }(pl alt P %}Ven

b e Id]i’l'lvg \(gtrﬁges é@@@@ d}lrﬁlon éf h§ aﬁglfsra éf:gléatlggsof }hg sige erva@algl@olqs ﬁld hence of the size
15exio&itk dag cjpdtad fclraduidirst ens made by vari ous
nanufacturers such as Hew ett Packard, Canon
Lexma tes
IR B et rnte B phis T Sedhtt SRk s g e
p r iersrey ppnlied prathe levespdipment it isabout 2P end thg prqreahyized byapawofemgrity tagether is
f eatoun®. dSolrfake ciereh bih@mvh@fndih bieMaYs Baiiolris aeh ITRM ey, two
2oaV% ts%ﬁfam%% % %&? fﬁ'&% 0113%?251% ng of the solid materi al
surrounds eater elenents 10 (for exanple the
SO|Id mat eri al fornrng the chanber walls 6, and
Sums derrvohic frglort iencren bedut Pase agehi@yd ewiyaipricak eeneplimesding Tt the
t NexaRKiLiR of AE denfBVI0G G510 T B ME@RLE V30 Qfina SHGFHLSQY théh, may be required.
material does not contpbute to the formation of vapor
bubbl es 12, so that the heating of such materia
25) nitofiialse berhied thaade wpfaclenfenta b bis gpipted driggeh G gpous mesrtigy) axjghglagive to the
C OlMinker clatdtr@ D) 21 Mhisiy thSi g bibclr N ars AINSBicilicr, AbeingRIRfida: bdiiction to

of the hubhles 12 is that which is applied directly
ins% th 1%rqu?d which is to be heated, which liquid is

typically the ink 11. In one preferred enbodi nent, as

i | |Fegtres atdadvaitpgedif ppaticelarlembadiventeat er el enent 10 i s
3osuspended within the ink 11 (bubble formng |iquid),
?8[‘ Esau?'sed berTV ({er a %Jr(g)gatg h%gd%gsug]rg cse’:rtazrll;_s;e)ec%c te atures f)ﬁ,]embobhments o% bhf} invention,
e mBudicrpiages g5hepq fpagpeep. e %famrs pye Prbwr@ewn refafipg torr& aftﬂ@rdrawmgs
el eawginibg 1d O PeaMniestios UitRaRA@ttx@pecitidaly esdidésaain Ohwihdd.@nd rélites to
(bqggbgw$gg&ggg%yé¢%@hg) 11, so that this liquid is
only bel ow the el enent rather than surrounding it, and
there is air on the upper side of the elenent. The
emSopkindpd hsmbkescr i bed in relation to Figure 4 1 is
preferred as the bubble 12 will formall around the

; eI th re%eren lfin#gure il(ean(f azﬁen\lt;]\%le(ﬁ ag:g%/{: q‘r geater eb[nen§ fOr 111 t%e fOII‘m of % susrpended

beP&R %féls & FL@H?@ﬁ% Overrﬁrre 3 poigon @ﬁ%ﬁdﬁbwf tgfinkpti gypnbis fogming liquid).
40i S Thd eke@bry 10tiQuoypigOw ilghBis @ayhaiifcBhad foknitd peindf, c@@eE atitledlt in, a substrate as is

the case in existing printhead systems made by various manufacturers such as Hewlett Packard, Canon and
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As can be seen in, for exanple, with reference to

Figures 30 and 31, the heater elenent 10 beamis
wauppos47ezd only on one side and is free at it sSPOPAU2I0BO00515

side, so that it constitutes a cantilever. This

Dl um nium any direct contact with, and hence reduces

heat transfer to, the solid nmaterial of the nozzle.

Ef fLbs@ia® N cabtivlidl € sigificit digaeoke Bdeepdmibstineead 10 prededt @vention and the

pr esenk i QSRLEON has a design that configures the

nozzl e structure for enhanced efficiency. Using this

configuration, |ess than 200 nanojoules (nj) is

redbd moadd v zhel thapiqatuie ésdhat achighdn effiedneyrvarie adhigvethatoidig the unnecessary
5S Ufhéa.hrfgioﬁﬁktsl)l)ﬂ rda@riol @4t Eﬁ*ram&lﬂl{é lBJ:a%r cleduedtsNo tf&%xainﬁlkthg-s’l;hd rﬁa&nzﬂﬁ)rming the

or el?'lél?@%%é/a 1?‘6 g%i% oungm% tfhe mlEﬁ 8assaée 8 lgch loce n thee prlor art dev1cet§ h{: heating

I's
1501 ijh solighpaitprial dogy ned ey the %lﬁﬁf@a Pfr‘rénﬁtbub ehlez %H@trtwearﬂéﬁ of such
| esstedahiawlvdsOd wayage df enegy. pmrotﬂy axilgawHiof cqprrigdi foraghignificant sense to the
e ”’%Qﬁhﬁ%ﬁm%ﬁ@mﬁﬂ £ Ehgtxxfhfcﬁlg &leﬁe@ @rebt@ 1At&§§1q&1mn:h 8Q theate(! tvhich

1 13, ecl aL by those skil in the art that
pr |18)L\l 1%&“’(1 FeVites general | y requi r e over 5 microjoules
to heat the elenent sufficiently to generate a vapor
bulbheprdidred @hb&jirRE as Bidstrhltkin ME @A, hebcatcF BbhSent 10 B QusRARY @ylm the ink 11

r e%%bﬁe%ggfﬂ% I?c{lll\g)f sottﬁt%hlpl{qﬁlﬁ %S?&sm\é %% to'ﬂns 1J fLeuThé*nllu%raig(? in Figure 41. In

sy §‘%°8‘FF§’°S“EI*F1?“§’°41W}@?S ﬂ’é‘?ﬁrétF‘bE/Fl%erf‘%ﬁl??ﬁfafeb“rLFmﬁ?‘ I ORRE™ iF %‘W@d at the
150peuradeiofty ig@sbigs forgimalidu@y 11 po werhisSigpeplk indySDeloanclelont Giher than
b U tsmﬁlhnﬁﬁg id Erfa %&: s GiRdol ide uﬁdelrmde bifile €1§n£tf 'rﬁbtelﬂﬁo%&e& 0R1bdAGh relation to

S
o FRVE G B ber e e ORE SRR s Do s fogigen
an desmbzizri iglatjoh @t eur242a*ﬁﬂere E@@b&lq vohett ferg bedw tepgieent. Thsltig krabodiment
genanigafels0R 1k ird povidd dnbrdtitldiddofeR@nmass of i nk that needs
ot 0 be displaced. As a result, the distance between the
heater el ements and t heej ecti on aperture is relatively
shoy a0 bpra eIl ¥ ?feﬁﬂl@ fodiree Parhi &R e ReEatpam is supported
el enmeaitose sglinehd tstfrer agifs@@biitoside ap drnttituenginites a $a@deert Trésrt @nium any direct
M ChRNSih, hid héhed b EDRE «REETEhE &6 FRLMrieh6..di st ance is
| ess than 25 microns, and in some enbodi nents the
distance is less than 10 microns. In a particularly
pr@ﬁ@ﬂﬁé@f&%@éﬂdn\snt the distance is less than 5
m crons. These advantages of the present invention are

es Qﬁe%lnailela(%/of %E &&Errt n%@tﬂh hdb Qdeggm&géo Es%he\{y{;kglg gru&lncetor enhanced

i ndi vi du In

a S
coRSETELLEnE écoﬁ%FGPn c':"ésdli‘afl 2 v 8L}Jf’é D dsragFed f"ﬁ%apphed to the element to
pr hatihegidenlas fdesightildle d tffeunktl heras bele@wiropSé bfiskglookl a1gzzH. Inone

30t h %reﬁﬁéd%@@l@l%t TIJ@ ke§un€@e§&é&r 15365%2& ﬁga &y, l’vﬁné %Qtﬁlr@@ er@cfo@?{lénd &S energy is
th ?ess than Qbe.g EI] ngE?PH}bpre%erreii emboadlmental*l:e %r{er&?re%ulridgs lesF gan SE Jf rm

a vapor 0 €] Set

i's rem)ved fromthe printhead by a conbination of the

he atwilr e appreadedby thésh&ille] ie G zendhadfnapn ddvs8lgéneralnRduite her § mikcojoules to
th ‘ﬂgat the%le&%ﬁﬁicﬂerﬁ Q ggnlgrgte wab£ BLB@@Q J egegt% ﬁqp(ﬁopl 18 kThHs the enelz]rgv

35reserv0| r (not shown). The result of this is

ne feMIRERPE i pRpacsent Spveryyagye agpriey "fbnég“&‘tii? {Rﬁ?r e h R Elermal ink et
pr isysteie & loweoenggyovisdetifnelowa lotve nmtaiig copohiliigpowddmid@ics, and so on, but
th @ﬁ(ﬁha@”jaﬁcﬁlk} %Blﬁﬁ%ﬁthea& cla@mp Rllot Ih@@@erﬁ@@ St nbQfes 3, 84 ie’ejrrﬁlﬁ printing at
angige resoﬂmo%é)m ing systens. As the ink drop 16 ejected
an lfﬁe anount of ink 11 drawn into the printhead to

repl ace the ejected drop are constituted by the sane

40t y pee Iﬁfter &ld:tnq:htildand aﬁ:de phitel 2l are @@ BixAl o alokvyor @bl gendrdien ve@lBluminium D
MBSR mass I)f ik naHQIAVE T d%ﬂ&ce(]:. Qs Q%&[‘t% Sistance between the heater elements and the



the net novenent of energy as, on the one hand, the
energy added by the heating of the elenent 10, and on

W@ b@sos4182 hand, the net renoval of heat ener gpCT/AER008/000515
results fromejecting the ink drop 16 and the intake
of the replacenent quantity of ink 11. Assum ng that
the replacement quantity of ink 11 is at anbient
t erpababie js rdnelyCRanggeribly, Bn@vagy baten thahenetienkD @Badection

of aﬁeﬁﬁe 1?165@ QIEI%@ n@cQ)QS ﬁr?agllr@lgr%gﬁggd f(ng %Qﬂgt&ﬂc&§ lesgthaﬂ 7@ |ﬁnc§0§§" and in some
conveni ently 1%) es%e ‘L be.

r eGP S d’us%ric%lé °F fan S?Fb"ésr z}& alfr“@“lﬁ‘f‘y Ii“ﬁeére 1“18?5’{“5&* Ber pgnce is

16 lesqtfan p micyysr e at anbi ent tenperature, to the actua
stenperature of the drop as it is ej ected It will be
appreciated that a determ nati

orit eéerafl\gnt a%g:s of the I%resealt mventl Ié ar% eﬁpe llg tﬂg Cf]:)c?]n\é\éta .Bl"l:’lbl? 1men¥s wﬁereatge md?wdual

a I’Tﬁlle(‘éeﬁfnk flr@%% thrtlsalf/eé coqstﬁutet tPFénaﬁ)f (é)glélg] tnec&aégré of tlteﬁlénthead as described
t empis &t € that is taken to be the anbi ent
tenperature is the tenperature at which ink 11 enters

1Ot h rilnt r}ead.from the ink storage reservoir (not
shg%g%‘&%ﬁ?—%ﬂ%onnect ed, in fluid flow

conmuni cation, to the inlet passages 9 of the

pr iTht RAACht ihd YiRh@ahbydet e hadBinepflicd © NMRAE-LAE 0 WM fbrin a BGor bubble

t2 h %a%%&%&[’r@;‘g ée(ff'inﬁ [[rpl? IreI%(%_b([ t%m tl‘\é'{g}*m?lﬁadl b? I"f‘%ﬁlyl@dtl!)r%f ﬁq%g I'r]elnxved by
t e @?‘%ﬁl frpraitsgiipgd thyiak thig & gakenjinto “Feéflmlg%jaff?ﬁlltl@ ink feppayoir gypom)- The

15t emperodihisiis @atits ndt OwREmentOET héaf will Feeutvinlls fibd the pingedd Ngprévivie for automatic
pr |c&tnt};e @ﬁhet’ tiRse cﬁguﬁlktegl% @l %theidﬁoe@ﬁb@re@fr@%? &ﬁe@&i’ohng systems.
enbodi ment, the printhead is designed to achieve
conpl ete self cooling (i.e. where the outgoing heat
enér @g/in]ﬁ@@ 1f gectefhmd e gmoprt gkl 1 @‘ﬁwqim(etheg]'rietbqa@td replppd the ejected drop are
I e pdnaB BB he sathkaypt bitli@s and fill enknnau; bd o3 theGhldhas, Ois bdd@enia@ Blexpress
20e n % ge%( m@gge%gof ?n‘éré Q eoﬁ ﬁ? élte ﬁe[nd Edg}%{rl];dde%g% @%m%@%ﬁ agment 10, and on

assum
f 0 f*ﬁfthf‘ghﬁn? &&Pearelawal of @at\?\%%i’tgéﬁhat Efét%té%)m GRS PG g © g the intake of the
boirdplaqagenpaimity oOifik 1 pfossmxigniatielryplade@bnt gegiryeeigk ITCs agantlient femperature,
t hée ik ﬁlreﬁergty @ﬁﬁﬁﬁﬁﬁob’&r@m bﬁhe‘&@ct&i@&ﬁ&ﬁ&em&t qlimnﬁa of 1£1&arecoﬁvgmenﬂy

t
%( eiz](grlélsggd ﬁs tlg: ea]t tga? %ousd%e e ulrec{to rq}se tpeetei:rjnp%rﬁurf (I)}t[he ¢ fcgg gr(ﬁpgl 6i 1{ it were at

re an
25t eﬁip‘@qnmmner@urp jtosthe at:thﬁéwmneﬁ@repfth@rﬂfomesaus aeo'erd d undergo. It
is desirable to avoid having ink tenperatures wthin

th & W@f‘tje QSQQ t Patdﬁ%m&&%} WthheIttilergEOVQ rltehm n‘ijetg (%penc?sgn what constitutes

ej ection) which are very close i ng point of
t hée fRengemperpire. ¢ Ip e preyget Cf?fv%)éert%np%ffmétﬂﬁ K ‘aéenttoebﬁﬂ‘é Prapicgy@nperature is
t hén tetmpamperagyhinh @k Vigmiea the pintead atmubeink spaed reserpdir (ohgown) which is

30PT dbhdead 160 Q(L\pcoﬁlﬁlﬁl%latkn Imhesmssag%ga @@@ prR @ik, gl"yﬁ@d(ﬂyﬁe ambient
Sgl(fleml gr] fg 11£]e tl%e room altnbl p grréqpyrgl gtw 1c JbusB%lv Tou! Sgh&rg(? (EegreesE?Celsms)
Accor d| ngl y, a preferred errbodl ment of the invention
I S Ho®dE:) tgpamBieht SR ute Fag be mnqafo%ﬁqp&ﬁhefroo@ﬂ@lpérmge; is BSer, or if the ink
desellnedh. 3RAVR s GARRE achi eved when the maxi num
tenperature of the ink 11 (bubble formng liquid) in a
particul ar nozzle chanber 7 is 10 degrees C below its
boil dngugefod atbodivivetthd dnethdadiadesigngd te hobing pdmplt@ sdlfSoqtiae (i.e. where the
aC b hehiferdyRbcNo BAVANEAY Be Ocicl DO reh1RBhd @S BRY 1 Y equal to the
un eea[ neorl| S (#EbSI&%Iﬂ atereﬂement'i various enbodi nents, is that
[ PSR nozzl e density and for a high
speed of pr| nt head operation w thout requiring
40e| abefyat eartpdsiungg M@ thh @kl sl if o bupleed 8ing lignid ard RE@S: based] thus having a
bo Ib!)lfn@ gonh B al gg&grla@% 10% d@gggesatc %‘aﬁf tIIe %nﬁk‘ﬁ%éﬁp@%ur@ 8 %ﬁemg @ Iﬁlen there is a
ink drops 16 are being ejected. This can allow as mnuch
as a hundred-fold increase in nozzle packing density
than woul d be the case if such a feature, and the
tenperature criteria nentioned, were not present
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Areal density of nozzles This feature of the invention
relates to the density, by area, of the nozzles 3 on
w0 b@sfps47ot head Wth reference to Figure 1, thePCDAERM®S/000515
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. INbre specifically, the
ar @atim@en st deytecof frih@e adRE ke@BeraBrcdsthd ilkatbiligeitniparaire £ thitSs the
OV &k B0 DO ZZ SRR e SAUR! Bacfd) Of surface area. In
one preferred enbodi nent, the areal density exceeds
20,000 nozzles 3 per square cmof surface 50 area,
whiltlisglesirgplegorytithiapingynlafngemiencs vathi thelprimbert (otheritian @ fiedf ink drop 16
5dersdiby waXGRRHS 140w Ql%bﬂia@mk &%he ma [l SQULE1 6 at dubh a@emperature,

pr ?hf et%rﬁ eer%ture U;Er)latlonsrg‘:“tweeh atrt %‘;r)rlen%l ad couﬁ resultXn bom?]reglon58belnF above boiling
nozzl es per square C en referrin

de AR thaupinpnded pod) thereigrejuedesiraplealyrmptin p @:H"Utﬁl@lef ke Accordingly, a
dr iperdichi@dintat §f e Ordned pentpurg sicothit eplhe Zflce]ingds idédtibed above, can

C 0 Igg'dcﬁttvgd wht:r%pf:' nga%lnhr}f tem&tatu@ ogtﬁé iMéel 1 Qb{l%‘cf(;n%ﬂlé)lfqm‘(:iﬁn a?‘;JalltlgLﬁar nozzle
ener (?a 1 on

ci l@fﬁlf’eﬂﬁ 1O(C{gﬂ?egt8EeiloPVd'gF"fl’ln§/p°f‘?b‘f’heﬁtg‘f Iﬁam% ETH R e
identified). Wth reference to Figure 43 in which a
si ngd rﬁmlzlﬂkiaﬁtaoeﬁ |tﬂe fedturk SresSdNOWMAer dibddBiod] dAROGHRNENbOFimeh ] & that it allows

u n if(}:r a 19’1 ZZ% fie%sng %‘f‘@ ﬁ,ﬂ% E%(Ii (H’ ?nnﬁ%ad%e?a[l(ﬁl%thouﬂeq 1rngt’t eﬂbol?:;(e. cg(ﬂ‘ln g

m cron ucces
r oWeBds f’?’d%eifné%g u(“ﬁ%rfd @ﬁbﬁ%?ozﬁlweﬁt‘%ﬂloﬁﬂ? tiset ‘Eé‘b%g’éér ORSH? §e being
15nozjzdie@, This cen bl tas malsas ahunérsubltl inofasetil@zAtH proRingdemsiy todn whidbe the case
OUt&kch p@?{ﬂh‘pgﬁﬁly tegﬁeratuﬂ%rlﬁ{aln{éﬁtﬁ%@%e& mt pmsertt here are
48,828 nozzles 3 per square cm This is about 85 tines
the nozzle areal density of a typical thermal ink jet
pr iArepldensigy of maprds r oughl y 400 tinmes the nozzle areal
density of a piezoelectric printhead. The main

ZOad\fﬁp}eﬁge of ﬁnﬁ m%mnh %ﬁte% %Q(llegsgf U%?ire Y% ghe?' no&z?eg\é m&ilﬁrﬁ\]%}du (Vlltﬁ]lgference

cost evices are on si
\/\/afoeF'rl%‘re 6ff‘he£"zﬁléi’lf‘? Thit perg; S‘f@“‘?ﬂéndrﬁ?rp@”ﬁd%’% e @V?“Wéfelms to the
c amackieg dsoommadad edha sufge Mpuapeifiigiy, of argUbsty dthepozdlds@on that
MO8 RABFZ h &S 0 8RS phdlkk GRS 8GnicRe® Si NGl e batch,
which typically consists of one wafer. The cost of
manuf acturing a CMOS plus MEMS wafer of the type used
25j n I dreprgfyriehinhediepniohe arolalongipyescadt 200p\neted Jmr siugre o pf sefppei0 arca,
exteitin anbiReependentditht, hdieariatiyicteaf Hpatiberis: hhaimane
{ ORIk Ul HOGEES0NL:s Lol NGIPAL LR, are Tel atively
, a relatively large nunber of nozzles 3 can be
|ncluded This allows nore nozzles 3 and nore
pr iWitrrefardis it te alyel deaiuhdotzdr idtakeg fo ifchiée U g@ne-coost carbramding to the
3oi n n6AS 8BRS t}tpja%@ly REOZHEE 8RB Rt QUBY anBf Bl LatedRNBLL Yeeneration

01rcu1? él?s mrcu%w o%uebnﬁ¥peptgcolpo([ tdﬁ? al tot he_ ar ea_ t aken by

t hé 1oz on opposite sides of
heater el ement According to t he present feature, the

h e atit® Fefeedee toFigai0 AT ih gmcfhadmgegmit fat iswhen ma dihebibds ef the2nif @If 4&8shown
Ibn ast ‘tre]ﬁg jZ%ro]n;'m CVQHQ%JM%JN% H]Ieggh | T'h%kz@e)&of tlne; neIt gfcgglvgﬁw of nozzles

h sides of eater elenment 10. Preferab

3o r‘%h‘%) gty dpFROEE i "7H SHh 5o B b e et © ﬁheeﬂmér periphery of
t héhe edingwag altip, there arerSi8hkmofzioy Tneichuag o8 UBBE IR feathe nopkearcal density
f ol r@AfpicRMhe@bl ik iRpRBER, :lZoRRy RO tifes Bk A8 81 ARG PEALRLectric
elen%pt 10 as opposed to on one side only, can be
under s? ood with reference to Figures 45 and 46. In the
first of these figures, the heater elenment 10 is

40ad a"ﬁﬁreidl advantage of a high areal density is low manufacturing cost, as the devices are batch fabricated on

silicon wafers of a particular size.



for the bubble 12 to be formed only on one side as,

while in the second of these figures, the elenent is
w@omptad9f or the bubble 12 to be forned on bot PCHEAU2®B/000515

as shown. In a configuration such as that of Figure

45, the reason that the bubble 12 fornms on only one

side of the heater elenent 10 1gs because the el enent

is enbedded in a substrate 51, so that the bubble

C aﬁ%ore&@zzl Qir tﬁ?{gn QQCCBMOdQQI rl: et s&lHJe of%tlbgt?ate Ctﬁérnqo%%nglgsqlaﬂ%g

he su contrast, bu can
R it} %‘@% %t“% ‘thf% YRGS 8ft°Pe Vttfebf %?"—t"ﬁ &ﬁ”@“%aé‘mé% thIQS plus
heéﬂ%ﬁ“ekeﬁéthk®dheweﬂwswsﬁgweﬁdedmm@ﬁs@@ﬂWSEﬁmheweﬂmﬂfme
sth %atlh@(ﬁgﬁgmseﬂa erEbHnedld itl Fheledre it pit@ﬁs@e@éﬁatl@ly%ﬂﬁpﬁagﬁgy large

bealgﬁlbg‘r%i%)% ecs:g carl ? mcf-l %V”Fhls apowrs gorg‘gozz es 3 %n% more lijnqh% g‘ th et rrl?a(r?ufactured
bub to forntso as to surround the

sudpen tie‘%lcoﬁiéléftﬁ“ ere W@fﬁﬂ}e noPAes hahJeayst 2glelensty- Tiveositifisels prepprional

f ordrkenga @in olchogksbes is the higher efficiency that is

achievable. This is due to a reduction in heat that is
jonast ed in heatlno_sqlhg ha_erlals inthe vicinity of

t & Spaiionan gppasis i TIGHERCA 6 ot contribute to

formati on of a bubble 12. This is illustrated in

Fi QdoRind the WaRH: Bathirfl @he Bt OWS &2 gudd 6 16:0k18n § hiShld T YeBMhSink 11

of gt!a&?etfortnﬁ% Qquﬁlﬂl? fogn(g I0111 }%th% HQ %Igﬁe%ga%r éerr%ra IJ ri’?efe%ﬁg liltr}%]rmsoso asl to

coﬁ%@@?ﬁ@h@?‘@?ﬂtWémghWV@mﬁﬁFé¥®é¥§O%Wmﬁﬁ@dgﬁﬁstrate
I5rel ative to that of the ink 11, which may be water

b ag ﬁé*orm%n $f |3 @ubt)lt:] QrOHB(lth sQl@sn)gﬁ‘lgﬁe!uéf |el§:r¥entolf3 asvé@go%ﬁ to 0§ ong side only, can be

e Rt o B e BEBFHRhohy T ‘SLUUET ATty AR 105 s
t h éqq thipyubllhig tq b kormied Onlﬂnetﬁeﬁt arSO’ftlﬂfcﬁ thesgspid o thise figus the element is
dese@pitdigthe 2o &, 1 @fidr@dd oavdaiilabl £sudwn. has been formed in

202 printhead according to an enbodi ment of the present
i nvention, the bubble collapses towards a point
colll aafﬁ@é“”i“?“ SURATBT Hfif I§° o't Freonfahe pridle bt fé% Aty O‘E?étd‘hﬁ the
adderessed) [tihecdre &it éemealisentixddes ink Qubauaie 5 Ic @nifai tgpbotedtd c4naot be formed

f ol ﬁchuhhlce@sp&&n 1@ tht, Bddirat. t@ c@ﬁ&snﬁ@bu@tﬁe 18 @ lF ARSI sides in the
t O\év(?rllﬁ ion olt 191 ¢ 46 S thelf{eatere en(%?d er%'Ps Spe; I' e at pOSI tions
spaced fromtne heater el enen ﬁt%?erably, t he
25prmt head is configured so that there is no solid
Matoegolrdd whatt thSkbailt cIreint 1D & i10fie (GBlot BPHEICH Boak Bs deddiitd ABRY in relation to
C a‘élg&@t Ithg Bhbblp ﬁll&gov@d Mﬂg 50 aptle Q]QJQLBH%!: ﬁsppnrdéd% am%[erne { her nal
kjet devices, I1s largely elimnated errlng to
Flgure 48, in a preferred enbodi nent, the heat er
el &neritagagt Of Ugbeble ohpringe prehdth bides h&w Bighgeaficgnch Batvwhphisimable. This is due
30d etd am@u&ahﬁheét&@hmaem e@tmp%mt RRridd i mm&-ﬂt} of t1RMEhief k@I vhich

th %0 ??y%oﬁnb % tqb%rfnatlon of a ?? ble Be TI?ls 1s Hl s’?fate% 1r1 FC ure 43a elﬁeréﬁhe arr(‘)lswg 32 indicate

Th @e aexeartsags gfo el SLP%I@ ﬁr éheu a%lmtlt?éteatuktst ety hsi il dipgrys on the
av Gieds! ceatitigbi i@Rold ARG of i@ sithete heateas thedfererl s wilih nayie water

ot @%gd §Qtlhé tgerrﬁweoﬁ({uhmty olfwatc@ 1s§etla%gr%\\dm&5 th@ha e Ihe M%gn%mxge%ted to
shown schemati cal | ure heat er el enent

3510b?@”Eﬁﬂggﬁeﬁm?ﬁﬂdm§ﬂ%@9¥ﬁt%k%5 with an insul ating
| ayer 56 over the elenent, and a protective |ayer 57
OV @fevdikd8 oficREMb@t | Ng | ayer When a bubble 12 is forned
by the elenent 10, it is forned on top of the el enent
When the bubbl e 12 col |l apses, as shown by the arrows
58 As gﬂsqubeé]abotrqq@eréﬁ@)‘b]@ )],7 hg§ beenﬁ@m@uwrlétheé(chqogiﬁlg {o ap @nbodiment of the
40Dl yiemiinv@idnOheebubbRoyllaSe¥aiwkrdpabindof @flapeal. Aajosidg @ the Fefiturt fresently
pr @glr%%dregs@d lh@lye%r el@rZenté@(y &o c@géﬁghtto fom%%uﬁbﬁ@m%ﬁ@ﬁ’lwoﬁlg lof collapse
forces due to the cavitation that would result from
the Diuminiu of this energy to the point of collapse
17, could chip away or erode the




heater el ement 10 However, this is prevented by the
protective |layer 57 Typically, such a protective |ayer

WG 2008434392 t ant al um  whi ch oxidizes to form a VRCAN2008/000515
| ayer of tantal um pentoxide (Ta206) Although no known
materials can fully resist the effects of cavitation,
i f the tantal um pent oxi de shoubd be chi pped away due
t 0 11 faards &t tRtbiuidRs collda@ Nire@Ndockvhd spadediot khe @t&teﬁm@&(ﬂ’ﬂifer&ﬁv the

th %mttﬁgégl%r clnM' LG&t S(E lﬁe[nhé'l: N s%tnﬁlemal 2 glcl?l%lntb Q¢ cgltaf)s@ 9’; II tﬁL yay cavitation,
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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
40 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.



each unit cell 1. The el enents 10, which are fornmed by
the lithographic process as described above in

WO etoati3eom to Figure 6 to 31, are forned in resPEDAUN®S/000515
| ayers. In preferred enbodi nents, as shown in Figures
38, 40 and 51, the heater elenents 10.1 and 10.2 in
the chanber 7, are of differem sizes relative to each
other. Also as will be appreciated with reference to
t he. AboYe,desed { Bid Q. Qf the lithographic process,
each heater elenment I10. 1, 10.2 is forned by at | east
one step of that process, the Iithographic steps
r elAateidmgtothe presai Fratyp ¢hen s a plarlitedf dereirtegientsQ 0 digpododwithgn the chamber 7 of
5di Shch Mg tenfrr Q{&kltmh%ﬁﬁ ), &ﬁ&h@kifdﬁrﬂed%ﬂhé 1R r@h R Bl cela QRIRAMed above in

0. Zni TH? lenents 10 Q,2..are preferably sized
ref%“mbe éﬁcﬁmb?ﬁelnmsgr?e?Tected schematically in

t he d|agran1of Figure 51, such that they can achieve

bi metgferwiingdittnals, vkowd indEuvoB 4B 51, thhBtterieBmens 00.1 fAt0.2 in the

t h%mﬁe@-m ale @fqlﬁﬁreﬁt les gfa@@% e;cﬁotﬁ@\” ng different, binar y

wei ghted vol umes to be ejected through the nozzle 3 of

the particular unit cell 1. The achi evenent of the

bi rde 35 “ilic grintetirigg vof refelqese 9 dic ehveeslesgftignivethd litlosrehhio prgcessBagh geater
detendd 10edo.by rddra vy £leat dnyp S tﬂaelﬁoc&ﬁ tHe B eI ¥R At GatidQo cadh one of
Z‘P gﬁé%%e%i IO()l lg)elll:é (%Hr(c?fro%q][hos Qa%ﬁgatg ﬁnéaoﬂ?e h % I(Pé.)t tom heat er

contact wt I's twice that
of top heater elenent 10. 1. One knomn prior art
15deTha@menpad.€nt. 2ak fayerdbanian relagur b chdh bitig tas @fleetel] schematically in the diagram

S C Iaﬁr@;eb p @Jclll Mat {ha/ cErl anggblégr we@llltc%%kla@§\ (ﬁu‘ﬁ@a LIH§ Qt & {hat they can cause ink

a1 S8R0 B b B Rary At P o BB e 0 B g
vv| el LbThyaipvopeit giitedigary odighiing 9 the vilhes ef ﬂ@l“éﬁ’@?ﬁtlé is ﬂ@mm@d by the
10 retati@tfsRes bk ERElenisM0. Band 1 02g ki@ Y B the ar@ @] BOBifvin hedler @AGR 10.2 in

ZOOt Ig&l[’actlwﬂh t%ehiglbn?s% eqhagﬁggpegteréle%en f() IWI Il Dbe appr eci at ed

t hat ornmed by the small el ement 10.
1, only, is relatively small, while that 12.2 forned
by Ohdleovdnarigert élviesmmrtiedb Cion, oW lilystratbdsschegdtigdly w Elgyte §2aalsg das two
Th @eat%%@lkr@s 1@ eRRned £dadd Yol Erd eI R m@qlzéafoﬁ @&ﬁa@ b4 (ile h@pmduce

S gn a e ng?e V(hu.rxﬁ:% gsegelaCttsul%tl el? are orme(tl%ggu&g egalyyr a gacent o

erent
25 1 6 ew dther i ghe pogglesbanberg. Ihwll m apEqcialed tbp)t/thq lhl@blet IR ggned by the small element
respeg Gltl)l ¥ &13]9%@ Bhaswhli@that 12,2 fdreddby @R drga.aerrsm 10.1, or\d\ﬂ Is kelabx&ly large. The

a p Bﬁb@lg %e%&‘él b§7 tﬂ%mﬂlﬂﬁ ef?elctg(g“ thg fwotellglgeng lw%%ﬁlﬁ:% e gcgatedJSIH@EIdQGOUS a/ is

ar e required I nar
t 0 d‘éﬁﬁ%ﬁé 1 Ehf%fj derenly ﬁZ@Sfﬂk EfPHﬁ p&Y %@ A HY e %IYetPeéer respective
Si péslegp. L tiheandj Bt i on of useful conbinations of drops.
30l ndeed, the binary meighting may wel |l not be

re If ent ed preg by the are e elenent

gﬁbﬁ al%pﬁ:mat at tfle S17¢ (¥ tr%le ésll?mzefqlsq IO.q ta dg 0 gIhemsnvets are Tbrec&nre i%b Emary
t 0 vaiglfid @\P@Sﬁmﬁﬁﬁyﬂ %éliO@GHé BAngf GBS gitkesicctiond uefu gorgfhiations of
C hahaClh®@ed B4 HilaS weibtiih bk ehbiNngt e lfeﬁfeygleem@feasteiy BNthica bk ble@Sits 10.1,
1 2 10. 5 tﬂc@nsé:l‘l\rep ﬁn &yng ﬁl@%l&l‘?&n& fbélr l%gttoe«l%ﬂléé ﬂlrﬁl%/ ’wel%ﬁ'l]e% dgblmiin'est Ye Iﬁlf(hc

iquid that 1s_draw % nto the chanmber 7 from

35t h&Rgg LY easuoupingde geng ’Blb"fi%’blﬁ%%% 5 R ERAET Fharegigics (e quantity of
f ofigutyl thapipigriwilpdack onsicdemed 7 frhcaordic A gloys drgpH € haabrolkgmdtt, and so forth,
r atﬂu@b&tnsida@ &%&@@&h@&@ﬁﬁn@iﬁh& Jﬂﬁac@zlreﬁﬂﬁ@lt: Senkfls 0,1, 190; 02the

d er 0 ma S off the two a%ers need Fo Ige ad u;/t\e%l e‘pr atﬁ {0 adhleve gesbed%marglwelghted drop

10

us prac 0 ac
meW@WWéd drop vol unes. V%ere the size of the heater
40el ements 10.1, 10.2 is fixed and where the ratio of
their surface areas is therefore fixed, the relative
sizes of ejected drops 16 may be adjusted by adjusting
the supply voltages to the two
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5Fi @Lgﬁtafsugﬁe&halmci a9 diski@ded ﬁmma k1€ elen@hi€wild S@ddatédﬁntﬂz[n@fé@tﬂic@l@',insulating,

F h %hel:m%!a:lﬁ me%fzrmalgn%nr(.{uac{lve mater al is coatmﬁ m?sl’f?%gef toesorr?er[é?te tt th\é%itaprgass of

er act e
buBB‘leré"‘“Fléfflf?ﬁfﬁ@lglPeF*ﬁfﬂﬁeﬁt% t hi s embodi nent) that i s
raised to a tenperature above that of the boiling
po'C@JfonQIllvEJ&t@dﬂeﬁé?eleﬁ@mj | be slightly hi ghe_r than the
above di scussed nasses as the elenents wll be coated
with an electrically insulating, chemcally inert,
t héhipdtrginebirrdist tlgnee 1freeine pavadd bhjosformalatolerige joriog dasegng having
t 0 & EPBlIE Y@ Hdes ofthB Berted sl ARSS s@hat BLRME B beathigth, SBElcokiBg 10,

th gregrlalg? % elecItr? gg%gnac%ﬁﬁﬁc?lve%fhe&waﬂ?ﬂml anacklgsga#ggﬁ {hg%%tc%rglfctrilvgy. In one

ure 1 nvolves eac 10 belr .
c O\V@f"’&f} e%%?dléle%ﬁﬁﬁ%‘i‘%ﬁl"f PR pirigein srgRericRpy dimprhjt & of diamond-like
15c oatrbhon PLdawId iy cthedhr capinics i istodboah hitrigd. des of t he
el ement sinultaneously so that the coating is seanl ess

Th efgrgrfa g(blﬂngue%gl an(ip ;5 ,etlae%ré%]ks)}llgéil Tcﬂl ?natll,e? éel?)%eger%tatlanslglé%n%{ aﬁ heatﬁr element 10
¢ héiniieio cxbereitle biogd gischmedghves. bt whhrsietn damptseionETits e Fend which
C Oaf thelichl Snardifr, Hal thHi’('ﬂéechﬂShfﬂﬂnﬁl[yi c6hexd od dile @R @tiharvoanhedjdeehdied 76. In

20I t c&ngasto ‘Ihe c%&t@%@@lged 0,4 (ﬁ/e ﬁﬁlr rQsc tngJalg%) d&reﬁ&gd écﬁ‘en%t%!ﬂly%?g{ulg %é’ this

ng t
54 g bejey desteriidd’, ﬁlf‘éve%fl‘i’bfﬁ’ilal%??%‘}%ﬁie FlEmPie ?lbsédésrﬂ“&‘{tﬁnfﬁ’ﬁ%y
of Hawqyeri tof cogfprinalh@artzE7 onall gdrerab orlye tdhiated if gie ei@dent 10, when being so
C ORS.RH, Bt € Q@ God Sind kRGHSS Bin O QMEor 2 Rifenddh¥e &l sNBSthere is
begn dtePSfth l(g an .8 substrate 78 and which, in the
pcc%s%tf) nanners “H58 T hen been conformal Iy coated on
25one side with a C/D naterial, designated 76 In
C OMfid @S tupdeitii@ GOk rergfencif 14d6 © GontoBnaByMi@g A dcfhent Ir 0@ SIBNHes, this
I n%%cﬁl@eg ﬁ"le en@ssof ﬁl@éle!m%rﬁ% gsgen§e(a Gegmhllcﬁ Q‘L} OMGdI htFelleQ%ﬁe@ 155a§ indi ated

this coati ng elng eS| , Involves confornm 0y
co&’ﬁ%r?ﬂjna‘c‘%lg B igeAtn ‘Blﬁr dis W§?t é@anéliyﬁ?ﬂf‘f“é?ﬁ%@ﬂ}%‘F 3176 clement 10 on all
Ho widey &resserttiflly ghagbedleormraliully oagunded by At corprgd! foai@ie deng the rpth of the
300nkymdde achieved if the el enent 10, when being so
coated, is a structure isolated fromother structures
- le in the formof a suspended beam so that there is
ac deepgmprpadgniagegf coplprmallyjcediing thepeaterrésmeit Elay be undersioad vit refgence, once
undgmsb Bigtks trad s553WAedn Feefel MeREeR cin®miBdRing T iCERitDha@bstrate 78 on
co %ﬂclnge hteen?elgllleﬁrf@w;s d an&lral eaf{n]me(ﬁ Etﬁ:g§/ely (thytlﬁteﬁ?l%c&l)aldgg%§r tﬂ:e Iglgment on

35ens of the elenent (suspended am  whi arelj
t o TEHE BIOBEF ppegalprRiied CP"r‘?Eﬁ d Eﬁdé‘iﬂ’s“ﬂig ﬁﬁ‘?‘ﬁ?ﬂ%ﬂl varf y6 T H’e heater
Fi glemaat 18 Whiblns, attive supmordas the subrarite 18gesnte aritsealpy’9 e foorerrgilhis yeam 79
COahy Jﬁ@;mﬁt@ ewlk pire ﬁltlere:logldé@ @nd%{hkr uSe SR p.koaucts Q}%ﬁt&(ﬁ&i oa%lhebé »delamination

Eoglia%/ occur I eeg in tFehcase Ff the lﬁct‘a y ele%snléII{t LOO olfl pl,gures 3 §|5 W ere etgnm 1s conlducted to

enen
ad@@ﬁi‘%@‘“é’%ﬁ* el?f’éfﬁtf‘”éf’rl‘isrﬁ)la@“? TelEpattieng st é8 trlentse s “EfF“é?’féﬁ ﬁlenm in the
40mayorh & alsu3phedes beart Gheiass biqlii@dr@ydeRE @ns nOK @@ilt, even though such materials could

not penetrate the actual material of the coating 76, or of the substrate 78.
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again, to Figures 54 and 55 As can be seen, when the

conformal coating 76 is applied, the substrate 78 on
wakiosh34he heater el enent 10 was deposited (i BCT/AD2®EP0051S

effectively constitutes the coating for the el enent on

t he side opposite the conformally applied coating The

depositing of the conformal ceating 76 on the heater

el ement 10 which is, in turn, supported on the

Su q{i’etrﬁaﬁhﬁs n?eguonerd gb%w (l: esalﬁnpnua nﬁ%@gpd&%ong @f(er}gbofn %L@qre ILDthb‘i"e for use in
seam 7 titute oXI|

ot I Fongﬂl&bcy ?“P%H"éth“p‘)ffeé"aij%vf Iglor}ﬁs &ﬁsttrat?dd?‘ ]ﬂ%me S\ﬁﬁé}i’eg gesm%ly high
d e thamatebrideshivites yheiplo ghugvel b frtleedd], inejtgsst dndthefaes hat gify ardylgctrically non-
5 h e @(tn@lfcn\% | RBRRAuitabQ nrial .fogt'HJsee&lrp%s AREon2@ide, W@ﬁﬁf@re@fo@@veﬂ Quithough

the %gé,l t gtdrla}used§eele coatin Z?tls im oh }n?erl tloen toe ac 1evm %e ?esne;l performance
coa I Ng gl romthe SUbé ratg g 0]

r e EricTlive maprEir et hpndhosqieentoptd iyhere ‘h%Y hé‘tﬁ §Lb‘é¥ﬁdéf’éﬁdﬁfé%may be used

i ngsess of |liquid or hydroxyl ions may result, even

t hough such materials could not penetrate the actual
1Ormterlg of .the coatln%,76, or of the substrate 78The

matEVPEP P RERV O REA  S6EE i . e. al uminum nitride or

di anond-1i ke carbon (DLC)) are suitable for use in the

C Ohibdi@hen€ Qkribdd Goovelfor@ifpart J@prAheS SEknblly Fiv@Nh Figie A% 69. The printhead

N laslé%b[ ":}5 1% gs 19 ﬁ!z lngl% s?emq(éO sﬁ&\% P(?gu;e I?(? I’Iﬁlf\:/p lﬁtﬁéa %Rﬁ%’l‘\jnw 11%Fdes a

| n é?l’fbﬁéélglnth%i‘ﬁ’a"dfﬂﬁsego Fh{ik‘f‘l‘ mn fiel‘f’éif“ Ff%ilsgé’réé BrEs Pl &réflqs“y‘bed below.
I5Snonconducti ve Another suitable material, for these

pu rRQfQﬁ@fbneﬂz S FRAL 9N thmnw éfqﬁzlesals&wn i &f @sre& &Qhe fan@my&m shown),

w1th é%}g%agsrgsfo gnCFlVG SE E reéllstgi ng ISIO ({ngnot S(E{(Hm’lé {l}fhﬁlad (,tn saa‘lg gillpr \glgch reduces
peﬁmemmﬁem@%aw&@tlreﬂkqn% fhis, materials other than
t hose nenti oned, where they have suitable

200h%\fl\ﬁ% 5&&@2& éh&\?a‘n eﬁl%)feg%w & ! %}ﬁotde%@gw XA %g&e el Iﬁbdu Is

IS use nFonents scr
abavE PP ?ﬁliﬁéﬁ“‘fldebfr M%M%Hfﬁ“‘ﬁiaﬁ@&d%ﬁ%b&e% S rSHG I elphas @ chip). Ona
Fi guic@ ci§2sstrebh69 sucllh daphawn e ad 766 seaids| whicll Ge sp@edss @b bie prpable of
a Bﬁdu v a RYARKETE Do B WEh, THR il G Wao SRtigurdEeiRl d diteRA@Sors or
1LY 1){1{1 9 includes a nunber of printhead nodul es 80
oV\R/n etail in Figures 58 to 6 1. These aspects

25are descrl bed bel ow. Referring briefly to Figure 44,
t he mstislayinef cirfd B&kieBC B3 825 hscallScothibd @31R@hi081 , fhhiEhplying both power
pri ﬁ?itdtil%% glJﬂ)I 'pne Qlﬂpogl 15%5&19&{'1)&0 a AMHEJ;'S sgzgl ypgr 1%5@1(!:&'8?%0% Rroverlie an

drive s I ncl uded

on *TH éf hgla%ﬁé et&hﬁﬁg B! thlswﬁft cTﬁe %ébl&*&‘%‘s ifﬁ - ﬁXﬁhﬁ&&?Of Blfc"“ which has ink

c otk (ngnwwnegib toedh lopr of figondhitlgse clepgly barg aliBedamidh&les 84.
3pshow an expl oded view and a non-expl oded vi ew,

r e%Fe cglgkl 1S appy tep rllmrrlr% 1Iﬁ e amgmm n 1enéﬂ§ erll;jlbl %this terlmme(n)y the width of

i nc
r efhs fieleyf thf: aepbeé}h@\],g ugpd toéabgqaﬂie 51}: ch1p(§l] The sp%? 3 by Fha@ﬁlﬁ %ﬁ (only some of which
as g€ otvyas Biddkn &G whaaB art diditd o8 Owderside bate@hea&shoh@BFigure 58. The

n o%l%tllr@ﬁ 86 e‘é@ddg&h&v So tﬁefg ﬁ’l&IeBst%l%n @Jﬁh ﬂ:ogs EQ & a%ﬁ(pﬁygl 6% lq)lg channels 86 align
resol ution dot s i nch

pr The

35 ch IW h rgsthl‘feélolcng% 6[ heél&?ﬁf §f7gla Fngoahgnowna Jcl*@laafls %9 ¢ I?Yeélla\@h%o Each channel 89
C Okgyries a @iferdntrpyexgtive fotpk of 1k, exolpt fidr tax ado¢henng rdesieniedd 9€ i Tihis iaft thannel 91 is
b O &t chReBhd Bdighed wll BGkhbiEAb Inyhe Qﬂiﬂ@%&% ewllcﬁ QbR ar;gaédpmh further

’holesgg Tﬁ]g SJIJ)%YaF/]err] %aekt)%t I'}hJJ G%V\Pi93 are ql tﬁe 11imer d)arts%b ofplots (;l; 111 a top

onto a s
S h é@tmels@er 96 6 1 thespings{/Refly aeeliggp WP ra@fyhefffor%lbql Osaonéltu&%@ with,
40i n the hit Sash eets inlh@cdohihpdaedlint 47sel f is a nulti-1 ayer
stack of silicon which has ink channels (not shown) in
the bottom |l ayer of silicon 85, these channels being
aligned with the hol es 84.



The chip 8 1 is approximately 1Immin width and 2 1mm
in length. This length is determ ned by the w dth of
wo b@sfidebl of the stepper that is used to fabrPCHAB2M0BE00515
chip 81. The sheet 83 has channels 86 (only sone of
whi ch are shown as hidden detail) which are etched on
the underside of the sheet as29hown in Figure 58 The
Cc hannetsla860 exhends @i R ceonets RBind thidil 1. @ndiSesl figRd air from
WI tdlhanjggh!rc@ §101§1?0wh)rémg's tlﬂé ﬁanlnérflyﬁﬂroéﬁme rIlpv@nt ﬁ(hf,ad@ ng(l Ren gegse ?tlmlo&ﬂ the

% res ctlv $ ? % § | gn

wi P ChE eaP%SIOéﬁ ) l%thea{m 18(?&818 “FeziVé‘lB gp! E%S%Wa%‘ﬂ ¥Rt re@@ vely, and
c arsticelgovan g thefsgle @t thy i peatblye frep vire iof forpad kyt, aghe dyptugh 2 nozzle
5f Olouatdn 81 ViRs tove& 8L es, 1odEH .lh'ﬂﬁile@ deagélf papdllist ﬂlﬁ&&lﬂy@l’)‘l@%ﬁ(ls 11 (not

]howr‘?) @%Q ﬂ’ll%lllg po?eg gleo'f thea lg\g er g%er tg H’IF] 91&1’}{’\1”631% &{} anéJ tﬁgn t‘1‘1r0ugh respective

ol es
aI PYréd e ?’tloﬁg IFRH?%l‘f‘Tél?amﬁ f‘(é%‘h@gldqrﬁ*fle Pl veppgeFr Sllleé)% phroggggpective
83 holdeseathipbiead BB tarugh thlslog A & thaiciifs1t heillibouwen thp gkt se D4 seven

IO]IC’] r(;ﬁtlle%glgsﬁtg gl tﬂe hw@k 1&}/&@0 &)E@&Qﬁh collowf%ﬁ( ar%@ne fccr‘r@ne tsm;ess&ﬂm which the

10¢ | TR Bt ﬁ]lpcggtﬁf%fﬁwwgtdﬁm%tﬂ@e Zﬁ% mé%aﬁﬁ%w%l as
i ndi cated by the dashed Iine 97The | ower |ayer 90 has
holFgsic 88in ARG sRGvidwHE B friBeal NI &efibi® S ARG & haRNS] is Dkmatically

Co I;[kp)(w? ‘T’s%ﬁ\grefe ed'ioe T e(%%n%li{ayeﬁfb? g@tl‘l% nhllﬁasgémﬁ)?lyﬁig lgyeI(vﬂgte th§ &gm;zleb and

enters t
an&w¥ﬁ@ﬁmﬁ%§§é§mpﬁﬁéﬂﬁﬁdﬁﬁéq’ﬁ?€§m©§m?ﬁ@mggmﬁh@m§W6V?““ﬂe
1595 guakdri 01, kr@blavih filkegy emp88¢d alr tade diee to 8B kan the tohad ghaqholes 104 (which
ChaRAGkseh @QYEEMDQ1y Uy BRRE Giled) VB ¥rpap@igh i S then bl own into
the side 99 of the chip assenbly 81, fromwhere it is
forced out, at 100, through a nozzle guard 101 which
coﬁéﬂ@WthﬁrW@@z%@g?Mﬂéwkééﬁm¥h@mﬁbﬁﬁﬂé§e@k@amdﬁﬁwhﬁgbﬁmme
duséles 88 Thk esieRd eyl uspad IQ'Er@lﬂ:etiSN Kise shdet 5(3 RQEiveSHIOMNJomPaSAE air from the
20t h Iio%g{}erbs]% dg(?rlb%sdb(ﬁ§ an% l‘hlg Brgct%}ll%v\ﬁ and a@%qﬂ’e cl%‘iEl)Sl Il"lgyn Iol'lllﬁmel the ink

respective
th@WaﬁﬁﬂﬁﬁmFé§ﬁ@8F?Vﬂhﬂﬁﬁﬂﬁ@V@‘@@wﬁﬁ“@ﬁégﬂH&€P§Wﬁé3Bﬂwcmp
t hessappér, isherywer it ehEether83: be tnipragisg b 2lige S Bt tuwnber [T6$0RE v@¥small
of n{Nal vih@Eteer 3G AN Rl BE QWO DG 8. Ot s 95, to the
chip 8 1. It will be noted that there are just seven
of the holes 98 in the |lower |ayer 90 (one for each

25¢ olThsrilenpfCH 83 o ceppgicdin e fhifiregisises ardop clesgigeotaiopy) loggted ol lestr 102 of
th ehlp eﬁslémlﬂﬂﬂ Elﬂlerchllb :ﬁseﬁﬂﬁ&&ﬁ)mﬁd@d Hyh}&es(lbﬂ dpto G pcH RE arld Mkse wires are then
g 8 Ier[l%mg'iteﬁ %CdL c%gxytl 6)7d tTD cefert %%angbgﬁa%l] ge 2 danrf OSt ﬂ@ovgltﬂ ﬁhls J:ll)\g;lﬁ[‘e %poxy

rint
as é‘é?ﬁ%treﬂppeﬁ “bt?” t‘r—eP@EFrb@geeB 8° 4 do%a@‘P regehig &ﬁ%ﬁﬁ?} éhafi thy wires 106 are
showrdded is thaeppryr Ofice the elyt! ¢, hasThrgengleintrescts tha yae bodddi2 sty urt fen
30ch |c@1ta§l§1§r%ﬂ®! p¥pet aftd (Iuﬁ%nd fﬁ)}ﬁ_@r[echmlrcgntekth € _76 80 nozzl es and
their associated drive circuitry is disposed. The top
| ayer of the chip assenbly, which constitutes the
noZ2iFrEnggtiague 63.0tre isghoap icksgatcply. if fnjerntodeddicw it glgesgmbyy 1P, which
t 0 idoi@ded kih@E btiRElcomponas, ritthdi@ajault RemblBZ | legtiad Gok Ot Srinthead
1 O%ssén%l 1 5:19 coffH: g%reﬁ ﬁpar &g%%%f%%té%ﬁ%ﬁ@%o} &4aolr {nget@tv&g%t%e d
lines) clear of paper dust. [ ower [ ayer Is of
silicon and has ink channels etched init. These ink
¢ h@mrpehtradassemidy i9gmiedds sivenet thdreintwad ealulBvhssppligs|§@ which are glued onto a
st @ibkl@ &ﬁpn@ltl ash théﬂ@lﬂﬁ)rf lLeﬁWr@lral pﬁlté eR Eerl&%f gr(;[lﬂs%f &he alles &dn, demgnated by
recei an

¢ re er nce nume a e}r)e (?V 1rde%§0 sapp%the 6 d1 erent coiors 0{ ﬁk V‘@tglei(com re(:ised air to the

90 "SEBEE eV Bed A hen

ai ©hip gsephlies Séhfﬁfpexwed ﬂm‘ée ipkheyy 1 {208 ah%lﬁté place fpéheiclgRaclgd Y Tigyilf be noted
40f r omawher el2iikludesholee0 @ihutanl Tate Holkel 1B v présay etien @OhoseMil s first

th gongéclgd tl) fay §1an§ $1 Oaﬂgarel’f%% thete@ﬁé% vé}so f ¥n9tn¥gn§ fo(PJH g R hot wire structure

assenbly 81, is because it woul I'd ot herw sé

impractical to align the | arge nunber (7680) of very

smal|l nozzles 3 with the larger, |ess accurate hol es

98 in the | ower |ayer 90. The flex PCB 82 is connected

to the shift registers and other circuitry (not shown)

| ocated on the layer 102 of
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chip assenbly 81. The chip assenbly 81 is bonded by

wires 106 onto the PCB flex and these wires are then
wepwansabnat ed in an epoxy 107 To effect this PCI/AU2008/000515

encapsul ating, a dam 108 is provided. This allows the

epoxy 107 to be applied to fill the space between the

dam 108 and the chip assenbly38 1 so that the wires

10G&oash@mpheddeleles 1 1 tvineh I®ROX seréCidéseixets @osiionk @ Ahidlase holes

h an gecd%%gltedl M£ thQ Lrﬁlﬁlgaﬁ astséalgly 15 %segﬂépﬂhmwé“ltlg Mglitl Hhig ﬂJ\J O m
contam nati Q f rom mechani

co ﬁ‘t“ét‘&‘t“ca“ﬁe“f“& Pf ?%89%0 %‘h‘iﬂf"ﬁ"ﬂtf‘%’r %ﬁfeath%rtﬂ@adl ROALHERRY 8% via holes 114
sc e topke ap thagroupsr 1 igmthedhphad dl@d vi ew, a pri nt head
5assenb|y 19 whi ch i ncl udes, anDng ot her conponents

pr iT et h meb é)anr%ielaﬁafléemu %mh 8x9:n<9tl§e Ig Ectrthe lgose A@on I]S Il-grh% hose 112

print conti gur e
pr |1Sﬁenéffcted 5 atkf%tﬂes (PQy phoyy, apgfat ﬂee)pvoetete@rl % gtﬁels ﬁa%t @ chapﬁeéemsm
pr icapt! esidchaseenblhy andl Sebtiyclwd@senedi@n ene.of t he print head
nodul es assenblies 80, which are glued onto a

10; |u gtsntg:{‘a tgﬂesgpépqapgageel 6% s%é)grgbtgléocgfs tl“g éh?%nﬁl 1|1] ﬁn%léoseelg% H”ld SCI'V es as a back plate
degir gerat delchiypel § Wandhete e2ain . eiermesssaile gntolan dssengyly @ 20pvhisly inehesles flex
t 0 pSdwapiteyitst TR plbie dio hids @b EDT wiGAR k8 thdfigh hédiesatdn hb@wnwardly extending

co %IE @?&%hg I%hnhl 1t1(9 toié%%e tﬁ&lheg?@%gﬁﬂp\lw h?e% §t:!'0 eadﬁnthe%)(t ruded

flex ein osé nto place
channel 110. It will be noted t hat the hose 112
151 n@h exgheson hlisesovilldido lbdae coppentus tkilve 32 Ahiehgshe iRy @fuiedn@dperate a

p r %&@r@&d &ﬂﬁlﬁg i ﬁl@prg%ﬁve&%gls lansord(ef dJf &anﬁﬁﬂ%ﬁlﬁl@h& &krIoQ@thermal ink

R A e e T R
t h tieerdia minker ofgkzes tha 4rg typigeHy feimd aypisd printheads. g\ phy eoz7des in the present
gu :irﬂ@lﬁontnﬁy Beloerdibigl (ﬁgﬁﬁy&ﬂems c@linuh b&il drilephaib€ Se ddiPods €
e .
207 1, LR A N BRSSO e ol ARERTRL
ho e torpelinelge pishy gehoudaregr™ eRRHTRPT B5tHyekgyi!! be an order of
o dugneudaose Ay] ty:t BOy knpivapringdadsThe hudbalswhti aghuitttdde pwpidibder such
O QURSrechilehehtf) ark D& fhaMAG!2ckdiled o liRE. hose 112 defines
paral | el channels 115 which extend the length of the
hose. At one end 116, the hose 112 is connected to ink
25¢c oRpaiirghierodpgte S@im%a}e, proxidefl tpabutphiiecog iy d 35 op de enmetsidp ey shown, of the
t heswer phr® ohicaMt Bl 8280 f hby@ininal mexk sstsbnsoC e PArS? exwhd b the chip
Sef %e%%hets @1 prL (gt’he c%ﬂlgel E 1'8 Qﬁe%tg%(frﬁ) a%% ﬁ)’ thg &al:slor? ﬁg ang t)usﬁal%et‘% toa

hose, A méta at e upports and

| 0@t e EII‘Péh& &1 g hwmf H'E p‘ff?“ed Bﬁ%& BEP Gruect yih, e strips

bad¥. pl ate for these. The channel 110 and hose 112, in
3oturn exert pressure onto an assenbly 120 whi ch

c\%ﬁ&? ?]2 is de 1;1%16 (raied{]at (F p ateg Ihrou%flt 15% connefﬁ(élp ZQEl?dhc;al’t]d dchema%ca lyaliysdashed

extll@??d‘f’ft‘f@ arwtstated ity Oetfsr Strﬁ@ oE it iEP abpiparh copiget frefe bip eonly Frane Orwhich
Ch&ﬁﬂﬁ%ﬂﬁ%dﬂﬁh@hﬁamkPhB[Es@ﬂﬁhuhomﬂﬁ@hdﬂIM@ﬁMeﬁﬁhmmambB2
ex tw'fn\:‘rlsetrqu}mgd% pah%f R oY 1'tsgp %atta R feld %%%&’@Bsqglpsgﬁﬁe e@glé §0n£¥:@t51§ 132.

125. Although the energy required to operate a

printhead according to the present invention is an

or deretapflatergiymirévideliso thavwerpzethd ayih thdvhdnnad F10.lemndoun alt ¢ e predponents of the
I Nlgrigudd amntbtgttefogemmt REKi Ere g Qhe%ha‘h&t 1ab 1n@|idesaxb1§i s 188w Oxtend through

no %l%tls %% in tl%e gfate ?Sf év%ennﬁ:e assetn q){yh L¥ h% z er an? are tﬁen t 1sted t r(ﬁlgl‘t approx1mately

appr oxi r’of nozz
typt @Q‘Fqsy’Pfe‘c?t}h@mlfrﬁmPWW&WWBW%&W@Q% As the nozzl es

40i n the present invention may be operational (i.e. may
fire) on a continuous basis during operation, the
total power consunption will be an order of magnitude
hi gher than that in such known printheads, and the
current requirenments wll, accordingly, be high, even
t hough the power consunption per nozzle wll be an
order of
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magni t ude | ower than that in the known printheads. The
busbars 125 are suitable for providing for such power

w0 ewaiseaent s, and have power | eads 126 sol derBGI/AG2008/000515
them Conpressible conductive strips 127 are provi ded
to abut with contacts 128 on the upperside, as shown,
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pr iBptvheadmied witere @sis et bigires, tB&GrintHdaes BBs1 9&2h@x inem@sembled state.
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pl Ounctilnc holre ollégarebprotx?%tdaf?]rcr:nglﬂllr{}r?g he §)51 ee/%assenﬁb \ IG mp ace m a prlréfer (Snot shown).
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on a flex PCB 13 1 which, in turn, includes a data bus

and edge connectors 132 mhlc are
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way of summary, with reference to Figure 68, the
pr iPritttieadm assenbly 19 is shown in an assenbl ed state.
I nk and conpressed air are supplied via the hose 112
at r .
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Referrin gure 69, there 1s shown, schemati cal

a Wﬁ%mgégt‘i ‘i"’i’_)fﬁur Hp Wﬁ“ﬁ‘ﬂw f frest ﬁ@@gﬁfﬁ g aﬁﬁ“fl"‘rﬁah dd 19.
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| ongi tudi nal section through the ink and air supply

hose 112. Also clear to see is the abutnent of the
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is shown a block diagramillustrating a printhead

system 140 according to an enbodi ment of the
i n\]/téﬁ'ﬂi‘qe%ﬁv for the system controller 151 to identify when a sheet of paper 146 is moving past the

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

that has elapsed after the media pick up mechanism 148 has picked up the sheet of paper 146. Preferably,



Shown in the block diagramis the printhead 141, a

power supply 142 to the printhead, an ink supply 143,
w@eesps47or data 144 (represented by the arrow)PGITATRN0BS00515

fed to the printhead as it ejects ink, at 145, onto

print media in the form for exanple, of paper 146.

Media transport rollers 147 are provided to transport
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the unit cell of Figure 78 only (see Figures 80 to 90)

It will be appreciated that the other unit cells wl|l
waiz@studgsane fabrication stages with differeneCHaBkiosgoos1s

Agai n, the deposition of successive |layers shown in

Figures 80 to 90 need not be described in detail bel ow
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the trajectory of the ejected drop is nore

predi ctabl e. The heater elenent 10 is configured to
waewsnswont e t hermal expansion in a specific nMeECHAD2008000515

heater el ements expand, they will deformto relieve
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Referring to Figures 78 to 91, another enbodi nent of
the unit cell 1 is shown together with several stages
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this enbodi nent, the heater elenent 10 is suspended
from opposi ng sides of the chanber. This allows it to
be symetrical about two plangs that intersect along
t hebosudmBodadentt dfer (B2 t@ clafpets betht Eechicallf bustedC @At k@ iR bdn@d
pr ngr{léﬂgﬁla}aalsgBte&dhreabqgﬁIerQ{ Mhe_%laﬁ)%griatehe axi s of ) the
nozzl e aperture 5 while avoiding the cavitation
probl ens di scussed above. Figures 92 and 93 show ot her
variations of this type of heater elenent 10. Figure
93 shows a unit cell 1 that has the nozzle aperture 5
and the heater elenent 10 offset fromthe center of
the nozzl e chanber 7. Consequently, the nozzle chanber
7 is larger than the previous enbodi nents. The heater
14 has two different electrodes 15 with the right hand
el ectrode 15 extending well into the nozzle chanber 7
to support one side of the heater elenment 10. This
reduces the area of the vias contacting the el ectrodes
whi ch can increase the el ectrode resistance and
therefore the power |osses. However, laterally
of fsetting the heater elenent fromthe ink inlet 31
increases the fluidic drag retarding fl ow back through
the inlet 31 and ink supply passage 32. The fluidic
drag through the nozzle aperture 5 conparatively nuch
smaller so little energy is lost to a reverse fl ow of
i nk through the inlet when a gas bubble formon the
el ement 10. The unit cell 1 shown in Figure 94 also
has a relatively |l arge chanber 7 which again reduces
the surface area of the electrodes in contact with the
vias leading to the interconnect |ayer 23. However,
the | arger chanber 7 allows several heater elenments 10
of fset fromthe nozzle aperture 5. The arrangenent
shown uses two heater elenments 10; one on either side
of the chanber 7. Other designs use three or nore
elements in the chanber. Gas bubbl es nucl eate from
opposi ng sides of the nozzle aperture and converge to
forma single bubble. The bubble forned is symetrica
about at | east one plane extending al ong the nozzle
axis. This enhances the control of the symetry and
position of the bubble within the chanber 7 and
therefore the ejected drop trajectory is nore
reliable. Al though the invention is described above
with reference to specific enbodinents, it will be
understood by those skilled in the art that the
i nvention may be enbodied in many other forns. For
exanpl e, al though t heabove enbodi nents refer to the
heater el enments being electrically actuated,
non-el ectrically actuated el enents may al so be used in
enbodi nents, where appropriate. CLAIMS 1. An inkjet
printhead conprising: a plurality of nozzles, at |east
one heater el ement corresponding to each of the
nozzl es respectively, the heater el enent configured
for thernmal contact with an ejectable |iquid; such
that, heating the heater elenent to a tenperature
above the ejectable liquid' s boiling point forns a
vapor



bubbl e that ejects a drop of the ejectable liquid
t hrough the nozzle corresponding to that heater
W@L@ansu792 wherei n, the heater el ement requiresP@NAU2008/000515
el ectrical pulse with a voltage less than 10 volts and
a duration less than 1.5 m croseconds, to formthe
vapor bubbl e that causes the gjpection of the drop. 2.
A pramshead according to claimlwherein the electrical
pul se has a voltage less than 8 volts and duration
Iess than 1.5 m croseconds. 3. A printhead according
to el ai M HEPEPAPREE] ect ri cal pul se has a voltage
| ess t hanwditypblotzes,and duration | ess than 1.5
5 m' c r os eﬁ mdsle heéter elémdﬂfcioﬂ?&ﬂaﬁiﬁ%@ t@&ﬁ o teH nBl@led r@pdativally, e heater element

LAt e slectrical. pul a8 4@ vol tage | ess than
3 \7(51 %ure in ?J?atcltglﬁ eJe 3 eﬁ%u T gl m croseconds. 5. A

print he%m&%ftﬁ?tﬂ PIFEF 0 ETPai e 119 igiewtisfiaugilmbeithepgnt forms a vapor
pr ibibble o cietsPAYE ofaiR efedable be@idahrugige-noizk bdregponiing th @ deatebelemébnt;
pr lwgg:rp@ad accor ding to clai m lwher e| n each heater
eI ement the form of i nt h
Oaccor di tHf'gheit% nli‘:f?ea‘i r?ﬁ“ﬁ?@\ﬁél“érﬂca p@ﬁé‘ﬁ}j byl éf SHEL2 I"Og§ and a duration less
defhianksmigppeaide ¢t frophe gperbtithle dayyosds the oeved of teeglort han 50
mcrons fromthe heater element. 8. A printhead
acgor dl 1 a r rica. sfan
: h‘g : eRC?r é]%q?ad%%co%{?&cl %9[‘{511;]@%}5% r}}g%&ec‘i% 1{3&%%&5\4%1% ¢ RURRY ¥voff ana
wher ei nd“éa‘a‘l?ﬁesﬁléaéll ePicwfeetidnt i s configured such that

15t he energy required to be applied thereto to heat said

pait t0aGauSR aJc(t}@ng% &k ! ORreRfine Ae@Rhl Quléé hQ delt% e le@3Hn § ANnd
t he ene at a volune of said ejectable

liquid %%X%Tﬁggmgggmv§ﬁm of the said drop, froma
tenperature equal to said anbient tenperature to said
boul i NgA painBdd acc@dingho @dith N R AGhe ACER41 G190 Gas b QoltGde &bsMRad3 volts and
fur Il substrate having a substrate
20 d%mgébﬁmﬂnréﬁﬁﬁglgsareal density of the nozzles
relatlve to the substrate surface exceeds 10, 000
NoZz| esA perheg guadies icdhiof begip befignad @ psusifapee and e a Pge-width
priifkgad according to clai mlwherein each heater
element is a generally planar beam extendi ng between
its two ends which are supported such that during use
25t hé beafrringedd prywtisgdercliim | piveingjcl bopterislement i i e rm df a beam.
printhead according to claimlwherein each heater

el “% me nt krl?hth@ad gc%?ﬁﬂgq(l) Jla){m phl%ﬂ:areacﬁ I)frtﬂé sz%s%erﬁ%’&ﬁ c—l:J &ﬁ{)[;lg rturei positioned

such tha ane of heater el enent is parall
to "t“ﬁ%mfﬂ“&ﬁ‘éqsg‘fm PHEREFFMe correspondi ng to that
heater element. 12. A printhead according to claim

30lwher ei R pﬁnhl@ad Q&@&lﬁgr o &if ﬂ&ﬂﬁm'a@@ re€kivg gﬁﬁﬂly@df hyej fma@ﬂﬁlﬁld at an ambient
StrUCtLtJre t hat or

eral Liegwheﬁm eacll Eetatﬁ gengls coXﬁgar.e(? such(%hat theI ener zﬁ(]refunipg) t((:)) ?ehag?‘he([] thereto to

oliisli g Paide causwa@f ception pflg St i és 1@&}]@9561@ fqerﬁﬁgrefturﬁ@ Uis% g Yodimg pleid
t hejedn@ati@rd cghledn®nblumd dlee RAZIDD,Eob @ ichgirafureqiBido dai arBbient temperature to
nozzl&uRl Bhe, the nozzle plate being parallel to and

35spaced l'ess

9. A printhead according to claim 1 further comprising a substrate having a substrate surface, wherein
the areal density of the nozzles relative to the substrate surface exceeds 10,000 nozzles per square cm of

substrate surface.

40 10. A printhead according to claim 1 wherein each heater element is a generally planar beam extending

between its two ends which are supported such that during use the beam is immersed in the ejectable liquid.



than 10 mcrons fromthe wafer substrate 14. A
pri nthead according to claim1 further conprising a

w@kwsab4i7dy of nozzl e chanbers each correspondi PGI/AG2@8/000515
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respective nozzle, and a plurality of said heater
el enents bei ng di sposed within each chanber, the
heater el ements wi thm each chamber being forned on
di fferent respective layers to one another. 15. A

pr Il ["t h e)ggrmﬁlgag chc&ihlﬁ]ggo Jlagm ?l’vl%%emeJcmgtgar%ieﬁ%lrﬁlgginepﬁ%lﬁlgr strufcture

h
TRy B BB ETBRET L AT ELe Ll By P o
Ied@ﬂw@mémpErlodlc el enent havi ng an atom c nunber
bel ow 50. 16. A printhead according to claim lwherein

€ aqh h eg Iéra{hfa% accgrg'l to clalm # ulferee% thse’ 9 ater eleTS*IT I%S a %:nera% qaniar?smictﬁre that is

conf or - a Imass o €ess nanogr a
solfq“ée ﬁﬁ%hﬁ?l?aé‘{ap%ﬁep‘tsﬁ%ﬂ(cﬁ@ater eI errent to be heated to
a tenperature above said boiling point thereby to heat

S all g pax Erm%ad%@&d@%b@dnﬁ 1 Memofﬂlglsﬂné %ltegsuﬂsgat@supportmg the nozzle and the

ture abgve. s
Ogj E‘Ic)a{ef 2&‘?6%11“ Lo7ggiee g%’&m ai"fﬂe I%a“%i%“f I}?leli’é’gﬁ %%11?8%5?”811 g prgged less
cl im0 Tvgmey feonyihetwater selisesgst ri cal pul se has | ess than 200
nano- Joul es of energy. 18. A printhead according to

cl "M m1 r%%g ?ccgrml% toe Jla?rg &%J’lk%ra Jomé%lém%s ahp 2@ 0} n%?z% lgag&ns e;b§0

nano- Joules o accor

cl &rredier éfe??ect“}‘Fél‘”éf/éE‘i iy Ofﬁ%}‘il Eergigents pg d’lsﬂ‘f% Wlihﬂtf’“h
Naniemka the @staafemamenityy cacti2BGambék bipig fearihkiea d ffagcopaiin ¢ydro one
cl glomAwherein the electrical pulse has |ess than 80
nano- Joul es of energy

15. A printhead according to claim 1 wherein each heater element is formed of solid material more than
90% of which, by atomic proportion, is constituted by at least one periodic element having an atomic number

below 50.

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

above said boiling point to cause the ejection of a said drop.

17. A printhead according to claim 1 wherein the electrical pulse has less than 200 nano-Joules of

energy.

18. A printhead according to claim 1 wherein the electrical pulse has less than 150 nano-Joules of

energy.

19. A printhead according to claim 1 wherein the electrical pulse has less than 100 nano-Joules of

energy.

20. A printhead according to claim 1 wherein the electrical pulse has less than 80 nano-Joules of energy.



