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VETHOD OF FABRI CATI NG PRI NTHEAD HAVI NG HYDROPHOBI C | NK
EJECTI ON FACE Field of the Invention The present

WO pwsnvgoon relates to the field of printers aneCT/AU2007/000303

particularly inkjet printheads; It has been devel oped
primarily to inprove print quality and reliability in

hi gh resol ution printheads. Background of the

MEERODIDF FABRIGA TG PRINTHEAD HA VENGH Y DROPEOBIOHANK EJECTION
i nvented, a |arge nunber of [ are presently in

use. The known fornms of prin e a variety of

nmet hods for marking the print nedia with a rel evant

mar ki ng medi a. Commonly used forms of printing include

of fset printing, laser printing and copyi ng devi ces,
Hmkhﬂnh«BWmﬁmpe inpact printers, thermal paper

prlnt
ubl i ﬁ% Qrgsﬁnt 1n‘fen rgld F]%) th?]ETq%?P%lrny\e% an é)al:[t)l&?l r?y ?Elf\éﬁ,ipnntheads It
hhrsd»perod@vdepéalpdmankﬁ te tiptrovepoiasqukligwnd ;epeblhtﬁacnglt sepeutvh printheads.
printer has its own advantages and probl ens when
considering cost, speed, quality, reliability,
BhﬂmhhmhmyﬂmﬂnWEMShruction and operation etc. In
;Zg ﬁ nll(/[rallé,e(g {fe&ént %}@es of Tmtmg %avr%l&)eeln Slh il {‘a}gagéelf N erW'}l gvtinch are presently in
nsor @ha I{nkswn cxmb e@nhﬂ&vcbemm of methﬁhfcbrmgalrlyngxb@pﬂrmmedm with a relevant
rkln e % o5 E) ea forms Q Finte cluc{g offse? rln%n 1e n%tn (in ea'nd copyin,
fie ?“%%8%|quesp 151K i Rt Ry fave s copyine
demoesn ﬂﬁdnatrECWpeamsw pmayersg fhetnliPépéfplelqirﬁ’itersr ﬁlﬁree@mbs ihsrrwhelex printers,
Pt Gty B e SRR ATREF by ARy gow o
yypE)ef/pmm hasEﬁsi IOWU) ads/aﬂagas: helgkotdund vhebSh@ridering angp@@,huahty,
T 112%1% i % ofcons c 10n nd ngrgtro% e¥ hemsel ves cone in many
§|? nﬁ’f 1972196 of a conti nuous
str ea]mm:femynzks nhe ﬁe}alqumk i pnming rv@ae&pmdrmdlmduaﬂ anxel ok ks derived
Onrll atei (fr%igor n_% nozz Sél\ﬁ'as eec 1r111 asm ‘Iey o{fop%wgr rllmra]lﬂll% t1t¥ (i_:‘ngﬁqensive and
&h&dhmmwstatlc |nkJet pr|nt|ng US Patent 3596275 by
S\r,\eﬁ: Mﬁ S(IP fh ity n% gechqﬁqeut%%on i Jggpnmﬁrégoha,ve bet%?,| pntvé:nrt] l'(lio lﬁs | rl]mjgxéof the field,
tegeranodlis hatietd at yrtleie by fklobre emloemtnpaceH’remhg dntﬁ)ﬂlaitlbm: arfdiHadtatical
B HRSRT 5R SRST R nIBR SR 20 0o
El nj elnk &mn drllﬁﬁs MSeQ\eemnwl is mmhj&hi?atre nipedNdhe Bﬁiﬁ@tﬁfﬁT)f byontinuous
sgrne%m g 1rnIr<n i JGP nn%lr?ﬁe%;)%ga:rsrt%) Iﬁ%tlee gacs at P%lslt [1@299 Ieﬁeén%q? ﬂ’a%ent No 1941001
By Baodl chsctosesca sByad fors o@oeunﬂmscstrm&dechy sthytsmlt Jee[trmn@. .

in USUE?&teeth_%S dgg% by%4 6e§t9a SO 18(?10562 a ]\gl)\ldcq)ée%sh ofl'a!ltcl()rllt{nﬁ()eusé ik jet printing including

the step wherein the ink jet stream is modulated by a high frequency electro-static field so as to cause

drop separation. This technique is still utilized by several manufacturers including Elmjet and Scitex
(see also US Patent No. 3373437 by Sweet et al)

Piezoelectric ink jet printers are also one form of commonly utilized ink jet printing device.
Piezoelectric systems are disclosed by Kyser et. al. in US Patent No. 3946398 (1970) which utilizes a
diaphragm mode of operation, by Zolten in US Patent 3683212 (1970) which discloses a squeeze
mode of operation of a piezoelectric crystal, Stemme in US Patent No. 3747120 (1972) discloses a
bend mode of piezoelectric operation, Howkins in US Patent No. 4459601 discloses a piezoelectric

push mode actuation of the ink jet stream and Fischbeck in US 4584590 which discloses a shear mode
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di aphragm node of operation, by Zolten in US Patent
3683212 (1970) which discloses a squeeze node of

wop@satdoon of a piezoelectric crystal, Stenme PEI/ANB2007/000303

Patent No. 3747120 (1972) dischoses a bend node of
5’3 gb‘[oel geégc{nc(fra Sgefrjl&en?ern’t Howkins in US Patent No.
59801 scl oses a pl eZoel ectric push node actuation
of t hRecemlyj thtrmsl inlegnpravrio ek behine ekextram&lspi8d RO ofdnk Ehprinting.
Q { z

Ii{+e Hcrlrkelnf nnﬁlé%te(!ntn ues n%cg gir }irrig) e sck)ged%ty%%do ér;][ tallrlﬁl (‘GBL%)Q’?%Q glcﬁ and
SAughndt alemﬁS}PatpmrM?(Hm f Buthmho ﬁforenient}oetd mferend:ds dgcloskthakijen krinting

n hni ues i-nclude tho ed b .
Eehéncﬁ)les[tﬂ lrel)‘glﬁoo eff)t ti%]ff fnlg the au gh\{v 181% re%u[lts I}/n ntheljgeatlon ofa
Rableri a bhQOARXBpad8otubh 4s Iaelozyﬂeowmmenebm@dses tf eje@ioo eBink from an
%p}egrtnggsn%gcéedﬁ% ‘hhleg ﬁéd sgtrlcengto qgv%r&%%ts m tdﬂ ag:Pbi :nt?[ V%dle\(/l’:iﬁe% I’1]1‘[ilizing the
elmlﬂnesmal pcthide amrmamfaotmedby malpidzhires sunh & Gaomsd:nd iHetvied Packard.
space h as Q zIe mhlc her es. the
ej ect ZIASO (ﬁlno secl ﬁornr}l Oreet 0’1n§p udrltgercgl(t) ﬁ/ﬂé/s of ikt Tng teglﬁlologles are available.
Gloadlyi znm"dltlsg)@dmologbt showdd hzezle e\namber pf deﬂltabtemdnlaltespif haat lnCIlgde inexpensive
90%\5/‘:111% 3 aﬁ? Ig%erablon gfn th s ee ee?%{orsol sfg’ uclﬁcﬂ%ntl a((:)ltls onngra1 operatlon etc. Each
tdehmdobgy m%ahdvartsjown%lvme@m dlsmarftargemmttl’rearehmf@gm sp@,d quality,

[ t\gg)g)\f)vgrru?an L thlﬁlcﬁy &f cm?sEch 1%1'15‘ t 5 bi]uxa{)l?%ll n d.H]il]ables

aval a pri ogy °s

a nunbehe ghstdegor @ﬂahﬁ in&jet pmrbmg ejstemTﬂewelr@ mcznlnsld@able number of

I negstg %ri}acltors W 101?%55“[%0&5(% .O%dalnsg errlea%nlo I’e]I' e }/ ? I%réﬁ scale printheads
eratl on, e and contli nu

at constiautctd tseefhadhrl togy Oﬁagagh«awlél tynes Aowmbadwfahﬁsagiewrsawouthned

ﬁ§advant ages in the areas of cost, speed, quality,
rel 1 abil i ty, power usage, sinplici ty of construction
oper aFirsly, 1nkjetrminthhadsylreamdnaikmsmbbcé&iﬁzmg nti¢re-electromechanical

r f._any RI i.nti e

OB LMEMSI B BBt b Thor B B TR G R
testrucaoie thbdafioagelinipies drt’ep@nmg Ipbnarézg,@esmnal silycolaWaﬂelaangetchmg
certalndooﬁlroainit;]fqﬁ qanar f&yers 1&111’1 Sfle?Ih(’:lI‘Cul% ?a agllpg ¥€g£]10?0 2y, certaln
guliiquasde be’[eolmowlﬁl thzgitdthe;rs |Fr()kg:>@tnpb[ thatchlmag®s aseciated with the creation
SyS@k lc%w%%%%;hkulctt el()je IH{)Jrlg éea(zl%l%em 81[ gel aesé:otc{a%g%ltlﬂ Il?el (i(%eaaltlon of
eppon cistugnohaluding fﬂn@gleeth@dgaﬂumm arsetnlde etc. Hence it is desirable, in any MEMS

g(i%gt%uc%g Cst éo%%{éea\xperlg)rg\;ein (s)eml C%ICIE ltog lfla%%(éfl%on ge%ﬁ)nléueg wﬂ%h do not require

mﬁ‘bx_mmSpmées&ds er mhtanaisr (Dﬁao})elrss a cwd;nh legregiof fredervfitwillde |ut1dertaken in
{P%tgl\%\%lg ?%Vgntg%e{s 0 usn?g tgg ngtlg % ll}a Qﬁﬁ: \Q’?llé U%thsg(ﬁv%ntgg tsttheeln it may

of ‘exanp
aﬁgysme lexirelde 11tllhzet themateéatanmyoiﬂo@lm i€it nsq:upsmlﬂe wmhleve the same, or
gllnlﬁﬁl‘l, efroéeqtigeus' liord cg)%%onxfnaltje%%g th@‘?l%blenllg %fexgt?cs 1%gt|e1§la¥lse(gan be avoided.
Wt he creatron exotic crrcu I ng
f er r o&8ldeswrllé dsrac@asltlb pﬁumqatrmlaﬁwaeﬂeweuld be Henlogpholii¢ ink gjection face (“front

%@es’ i o an)(lz%'e .fz;ce Xfel{yﬁl\@n a%sﬁgaql ﬁlc LIlllé)zzle V\(%Smﬁg Lnd ink supply

proven sem - C ri ca | on n| ques
ciatnetse flyimoghilic nozzle chambers and ink supply channels provide a capillary action and are

therefore optimal for priming and for re-supply of ink to nozzle chambers after each drop ejection. A
hydrophobic front face minimizes the propensity for ink to flood across the front face of the printhead.
With a hydrophobic front face, the aqueous inkjet ink is less likely to flood sideways out of the nozzle

openings. Furthermore, any ink which does flood from nozzle openings is less likely to spread across
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any "exotic" processes or materials. O course, a
certain degree of trade off will be undertaken in that

W0 pooshevsadvant ages of using the exotic materi abCT/AD20@1000303

meighs its disadvantages t hen gt nay becone desirable
o.utiljze rral, a

%18 fasce gpdJnix é)nac hi{rTg {/ Fécet héeysvgxnléns){eg%i fosrm r%lsFrete splberng% énrl({rodr%plets which can
blsmnggeralnmwe mﬁn’t&mumteenallaérfancetob@atmm)bl ens of exotic

mat _er al Sercxgvﬂlls? gobvlvo u(l)naéﬁéjsea% %adgorpglhﬁo .C é:ngbee{r(s afe c{esuable there is a
m,'ajer: problemf mcﬁbmchﬁﬂgom:h fpeictbéado by "VIB¥IS| tedﬂmlu@" )Fhe ﬁnal stage of MEMS
glirl,ln% 1%5 ?gnééarqan 1sctgprgglllg aa%ﬂu?%g hoJ['(l)lres%t 1'1%/1{) h l(i%cglgen Cp aﬁ%’l% Zﬁlowever, organic,
Inianpbetiic matadals ddposilﬂqh phty tl@l‘ﬂ?mlln @ics amrtgmaﬁg rean(n‘/abbﬂ' tharayhing process to

n .an or.e, opt for nd .f.or .
?eave aqlaldfo%/)l%h(f surfa?(e orer(])\éezr,za[ per Ig rvrwbtg gst—a né Mah X aep(%lg%n of hydrophobic
m,atenatls withat #he hydtodobio Iniaeriflrvai be flgoatetimidainges dhivgbers as well as on the

f}%nq acrés(l) tl\ée];)glﬁth?ﬂ:at #16 n ZZP oc a O%o\%aﬁ]fs :bgcﬁ(in];e; g;{z‘:]c{éopﬁl?ﬁz:edp t)vhich is highly
mﬂﬂmbﬂs in 1nﬂn}se1f gemtatm§a ]bcsmse ink lpeekspret toaséd owerdsihd ewaleshambers. This is
out o ozz n Furth ny i nk Whl ch
S bu i haier B ah et bR EE Y, |
spre adecamh@stltrmm@lmaieamulem promde t lpanthead lfztbribaroe proctSh,eiy which the
¢ ulla { pr1n¥hea afs N rpoxge Sél(l:rrfa%te gha% ct[] %rstl & aw1thou co pI‘lSlgg %e surface
whi ¢h ean"be npaéim)re ﬁcby Able
charactcestan oenoage r:lailmbelmslt thi\lll@félﬁl; bamslta$te th yﬂbmdp hpbntbead fabrication
HRSR. f PEF R 10w RN bR T PRBTART 1l B cqppigaion win
BuitdphpicinntAeddsbdy. VEMS t echm ques. The final stage of
MEMS printhead fabrication is typically ashing of
phot oresi st usi ng an oxygen plasma. However, organic,
Syrdmeptudithednyatien i al s deposited onto the front face
are typically renoved by the ashing process to | eave a
hydrophilic surface. Mreover, a problemwth
bl(:ﬁsiirstaisﬂftiCﬁge plamtﬁnvmhépmmioﬁki@m méthchiyﬂ tfacbpihzuin'g e priatheadihaVisg a
' {. teria be. deposi ted
e b5 QN SR B LB L R iR Be T POT £ 26e o
t he pta pltohﬂa]g a pﬁ'}lmally}fabzd:aeedqjmaﬁlbzeicomhklgg bploouiey of nozzle chambers
h ich is i des e in. ter
aér}e/ er(re)lg Ve r?lghygi ol’ghl\{m oz\%lg slurr{ cegsr ed)slnsoaz?e Ia%lesae Gﬁa%t artlagy ﬁlﬁnng the ink
ejg@@h@ce,harrber s. This is a conundrum which creates
Zlcgglr @):) gﬂogltnq% %TBH qs(’)if C?E]aéleela eg(pr %g}n]:: %?l I‘é(:) Il\lllg)‘canal onto the nozzle surface,
piid pritymead nfagdoial ate revstynt twemsval bmaS\htmgx;atmdt he r es ul t ant
print ri
W tnott tesnar TGS PR 2 be B AAELILINES o
theely prociimgh enstheddthawoglh cbla‘tlucly hedrofhebid esi g@bbrefato
i [ process, in which the
g’ées%lfl? Sﬁbg%ngé)%ge%r{?%ggd i ﬁﬁ dr @%hobl c front face in
conbl nation with hydrophilic nozzle chanber s. Summary
rst D t
bl B TSR Pt $hp PRGN ERERss s ypmgrep of
ﬂdmmggt Carrespondlng plurality of aligned nozzle openlngs in said deposited polymeric material.

Optionally, said corresponding plurality of aligned nozzle openings are defined by photopatterning

said polymeric material.
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hydr ophobi ¢ ink ejection face, the nethod conprising
the steps of: (a) providing a partially- fabricated
w@eiontibewad conprising a plurality of nozzle cheeyaprs007/000303
and a relatively hydrophilic ngzzl e surface, said
thIlf‘lﬁ}aSStLér g? pel?%ljme ep%r S e?lr(lié?lg%ldl de:cylmg%p 1%a qllsvuest as a mask for
hmdmpghbhuﬂepmﬁwnerlc material onto the nozzle
surface, said polynmeric material being resistant to
renmoval by ashing; and (c) defining a plurality of
ﬁpiz'(mlakky (Sapié pd)lmlgsrid materdal o ph@%lldﬂ@rnsdltof(hﬁsﬁ; a plhveligloy nozzle opening
r %\rlls rlor e%clp sald nog‘qe Sur aI ng a relatively hydrophobic
Ak ef ect]on race, *fhet'en steps (b) and (c) are
perforned |n any order Optionally, step (c) is
ri b t he net had, conpri ses
Htlonflﬁrlmtaﬂérpegogrbedotﬁ “ %g)l dr’r) %fbd Sgepgo?rcom rﬁsoeﬁ Q]e 367 p‘f urality
of aI|gneddnmmnMgwmgkmnmgépmMmaandmdemOS|ted polynerrc
mat eri al . tionall aid.corre ng.plurality
al i gned noéﬁr“maséﬁ¥%“§“3?é°ﬁl |%§H§ lwg%ofgn%a#maﬁﬁHMHYOf
said mut&mpﬂm@rmam&rlal Optional ly, step (c) is
ipgr nggegs e}chln sar( ngnra ee%jgﬂangrlcs ﬁai!a di aﬁ 8%(}2/ ﬁaedr usrlglerg%genozge surface to
CptiomambﬁmpsaMdypbkyﬁeopmnm@ammt|aI i s phot opatterned
to define anplyr%La of nozzl e opening regions prior
to etching "8ardenozzre surf ace. Optionally, (c) is
performed after step (b), and step (c) conprises the
rartgtt?(%all%lsald AGHO3 IP n(%t(grgsmg B sa1d %otosrgslls is'T n&gﬂﬁ% gﬁnnga d
pol yneric naterlal |n a pIuraIrty of nozzl e opening
i ORS; hin K [ic rial..and
Es)gtl%dlgfl% 1n% as ('%F]%z a 1es ugeltlI . ?a%fg aﬁc? p%gr‘ﬁenc mz#’%r}a?arid said no%zle surface.
of nozzle openlngs and renDV|ng sai d nmask.
%tl na salé{ as. c%emls COIl’l S ﬁOI’Ste COl’l I;.]11’1 COIl’l Oul’ld
ST E DY &nb éfﬁ S5t nﬁ 24
gas chenrstry is used to etch sald polynerlc naterlm
6P|t10n,aﬁl (ijn sra]t?dz Zalrtlea.llg bfr1a & | prifiic ea lrag%(!rf)()ﬁ eeac(ﬁzlg%ztz% c%ambger is supported by a
saonﬁmalrpﬁotO@Btl scﬂf@lld yaid mﬁtherafuaithpra:pmpadnhg/thé gty ofcahedng said
Ehﬁmﬁmﬁg%f Elof each nozzl e chanber is supported
SACT 1T Va? ﬁ%otore5|st scaffol d, said nethod
further conprising the step of renoving said

Optionally, a roof of each nozzle chamber is defined at least partially by said nozzle surface.

Optionally, said nozzle surface is spaced apart from a substrate, such that sidewalls of each nozzle

chamber extend between said nozzle surface and said substrate.

Optionally, a roof and sidewalls of each nozzle chamber are comprised of a ceramic material

depositable by CVD.

Optionally, said roof and sidewalls are comprised of a material selected from the group comprising;:

silicon oxide, silicon nitride and silicon oxynitride.
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phot oresi st scaffold by ashing. Optionally, a roof of
each nozzle chanber is defined at |east partially by

w@a00d/1009212| e surface. Optionally, said nozzle BCUI/AE2W7/000303

i's spaced apart froma substrate, such t hat sidemalls
BBU(% Salg ﬁyclr(gjhaf)l B%?}tgl eXItngtnd Olel’}(l)’l\lé]\g ?.SSlVa glgrSI(JjIg [§ OX 86 m an 02
pbdmmalls of each nozzl e chanber are conprlsed of a

ceram c material depositable by CVD. Optionally, said

roof and sidewalls are conprised of a materi al

@ptlicmali}e daifl hphothlkic golpmpricioapdl sicongers issi Hyophobixty déer being subjected
Oangp nitride and silicon oxynitride.Optionally,

sai ﬁygnophoblc pol ynmeric material fornms a

passrvatlng surface oxide in an G2 plasma. Optionally,

?9‘[ ion a{% 0%8 Eor]Ob & Iﬁé%ely Ergsls%lacteg(‘lat%om i[:}ie érqorug %gr\r{ﬁrqss@% %(fﬁgnenzed siloxanes
ﬁphhmnmhammh@aﬁdspolyneric material is selected from

t he group conprising: polynerized sil oxanes and

fluorinated polyolefins. Optionally, said polyneric

Opti @rily lsaiil solsmbmad"iaﬂ i’SCSEﬂmthbfr(gn O rap epmprssingg polydimethylsiloxane

th e d perfluorinated
gﬂ %tng ene %éﬁ;ﬁyet ?ne na y, at least sonme of said
polynerlc material is UV-cured after deposition In a

urth spect t asent v
O B e S B S Pl R e REPHAT o e
present |nvent|on In a second aspect the present
1{ ﬁgﬁei,\%g] evprgs%i?t elrgvs E{ténﬁ}r?vel d allg)ﬁvtlh:’]a%lko%[e;tmg(é {)r ‘i)ie%y the method
Dﬁh@mamednwmuhma hydrophoblc pol ynmeric naterlw
sel ected fromthe group conprising: polynerized
si |l oxanes and fluorinated polyolefins. Optionally,
Ba xdccpldlawwnhecprmntein‘reaﬁm IBO\ﬁ%iasrtrmﬂtead lmavingrap g ejdotion face, wherein
gzesagt p\%léttolgglg I eI]efcltlgﬂ fag’eaw goaQeod Wil haf((:lrog obic ppoiymerlc "ierl selected from
@pgnmpa@hguugamdwmmhyhabkmwnamehmahmmhmbméﬁss|ts
hydr ophobicity after being subjected to an oxygen
pl asma. Optionally, the polyneric material is selected
Optdmaliyh eaid pduperiongerniad isngpistanotoyrchhomat byydsbing.oxane ( PDVS)
and perfluorinated polyethylene (PFPE). In a further
aspect the present invention provides a printhead
Optiqails isrid palyjpenir mdteria) fopfs mpasgihv@ing surface oxide in an oxygen plasma.

Optionally, said polymeric material recovers its hydrophobicity after being subjected to an oxygen

plasma.

Optionally, the polymeric material is selected from the group comprising: polydimethylsiloxane

(PDMS) and perfluorinated polyethylene (PFPE).

In a further aspect the present invention provides a printhead comprising a plurality of nozzle
assemblies formed on a substrate, each nozzle assembly comprising: a nozzle chamber, a nozzle
opening defined in a roof of the nozzle chamber and an actuator for ejecting ink through the nozzle

opening,



10

15

20

25

30

35

assenblies fornmed on a substrate, each nozzle assenbly
conprising: a nozzle chanber, a nozzle openi ng defined

WO p008/10906 of the nozzl e chanber and an act uat PET/AB2007/000303

ej ecting ink through the nozzl ¢ openi ng, Cptionally, a
{3 téornglgsllﬁ%lfll{)%z?ﬁ Sélfaf%(?eat\lrgalé/? e] ydpoé ?blcpn%)?b Jymet cga?ed%(/tﬁe %tqeast partially
fdtmes thOpikicotadnl fyge. each roof defines at |east part of
the nozzl e surface of the printhead, each roof having

a hydr ophobi c outside surface relative to the inside
Optti dnaidye Saofhfrocifaleﬁlneﬂ atzlzdsepamthﬁ Itl’bemzid)g/suvﬁadfet afeheqfring@adi each roof having a
F (ﬂopglgbg gfk))llitg:ldec %(1)1 ace rglgtsl’\%)to (t;hoe S SK{e shrfaces oteea(fﬁlt nr?%firetl%aﬁlfbert 18/ yirtue of said
aqummecmmsmde surfaces of the nozzle chanbers have a
contact angle of less than 90. Optionally, each nozzle
chanber conprises a roof and sidewalls conprised of a
Opticuailyc atﬂaétsepairtadf the(mlt c':j emiah Ifzyc;: hztslraecomeartang'lc ofratre thaa 909 a@d the inside
sur#a&%%?%ef L O egs aV a COl’l C[[ %11’13 no%ée ?@n nl tr I de

Feon’ oxrde an I'’con oxyni &% ionally, said

roof is spaced apart froma substrate such t hat

i de 0zzl e betme
6 t10 V\@y éc’%crhfng%:zze (glﬁlalger cogprlse%s{oo? 'tmdesm‘&3 ]?son Fse Off F] ceram1lg material.
ejectlon face is hydrophoblc relative to ink supply
Bgt?‘or}lgﬁyé%}e cre]rat r1]cem arllisgsg clqadu% hf%%?lulﬁ ?ﬁr%sgr% %E(tzol%ﬁntitglg?, ailicon
@hanbﬂmﬂsmnaemmmkfornta gas bubble, thereby forcing a
dropl et of ink through said nozzle opening.

Optionally, said heater elenent is suspended in said
Dpaahiy, chidndoéis.spOpd apartdionyy substiatk, ach tat 9dewadls of datterarelk chamber
ex%en% b%&e%" ga?(f no %npurfa% Qn% sala s&bs[rﬁc’t% active el ement for

connec ar ry, and a second passive

el enent nechanlcally cooperatlng with the first

suc at_when nt asse

?Htlonflpyf‘, e eéecttlo %ac% ﬁgly?rf)?%ot ic erelg%yee r‘% 1 éo I‘?] d%harrmee?s 1? Hle é)rlnthead
to the second elenent resultlng in bendlng of the

ct ua aid.t n
ég?ona sal %aé%rtls | he¥1 er g’l ment co ottgure%l foerglc 1nﬁ 1nk IP salé chamber so as to
ﬁ)lrmmgesr bubhhetherblyy iamtngaltdrmhet of ing dirchghctid abzzte aponvies sai d
actuator towards a floor of said nozzle chanber

Optionally, said nozzle opening is defined in said
@ptianallysaid heatan clemsittas suspepdedtin said odzzBahanber.

roof . Optionally, said hydrophobic polyneric materi al

defines a nechani cal seal between said actuator and a
Optainally, pod bitgatoras a thernell band hetudtbrarombsising: ni m zi ng i nk

| eakage dug c hydr ophobi c

pol ymeri c ng?gm%,%H%nagﬁngg&wauﬁt%%awfﬁgn% géss t han

1000 MPa. asecond passive element mechamcally cooperating with the first element, such

that when a current is passed through the first element, the first element expands relative to

the second element, resulting in bending of the actuator.

Optionally, said thermal bend actuator defines at least part of a roof of each nozzle chamber,

whereby actuation of said actuator moves said actuator towards a floor of said nozzle chamber.

Optionally, said nozzle opening is defined in said actuator or in a static portion of said roof.
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In a third aspect the present invention provides a
nozzl e assenbly for an inkjet printhead, said nozzle

W@ ®eiiHoyo conpri si ng: a nozzl e chanber havi ng BCT/86£007/000303

said roof having a noving portbon aneabIe relative to
?naﬁyS G%E 8}((&(&:{%%1%[‘] aer?conzlzterzaélg 1nr@r% % %ﬁglalﬁlg? tse:al i)g][ween Sgld actuator

arell agstativ @orttion stdadl redfatherebypinimioing dédusdkggosjueiog acwatiof 1 Nk

t hrough the nozzl e opening; an actuator for noving

said noving portion relative to said static portion;

@niibnal lyysdth Ayrdrgdlobis allymeit waterdah hasct Y cugg’s aodulooafi lesg than 1000 MPa.

portion and said static portion, wherein said

mechani cal seal conprises a polyneric materia

bed thirdedpdot dia pirésenginoerpioaugvids angizzjeclsyomeyly f@dhn inkjet printhead,

si.l oxanes and fl uori nated pol yolefins. Optionally,

%%@H°ﬁ$%%§@n@§§ﬁmﬁﬁypg'defined in said noving portion.

Opti onal | ya n$Rle@niifzt h&iRetbMgid ﬁo%fzingg%dvﬁlg%@ﬂi@n moveable

static portion. Optionally, said actuator is t her mal

IéAtC RESPAE BpTied sk Py oPeaing dpisred at%ardféofewhﬁﬁt mpygment of said

HONAEFrtiO retaflv b s M8 s@iid FoMidnl MuscRE) Qcﬁ@n SEMR E}Qm%ﬁ%' n6&zle opening;

el enent nechanically cooperating with the first

el ement, sttdstuetaformosing s2id roridapeottien jshdivety spidpBtigpertion; and

the fir St @b@é‘[ﬁﬂ&:al s&h ﬁlté(réd‘n%ctlﬁé @aﬁ@ﬁt)vﬁgmnﬁgiﬁgtbt\[@pomon

to the second el enent, resulting in bendin

wherein seif meehgpicelngal cgmprisgy HpGlypasic %lak@@sﬁg fréméhrv‘egw@ comprising:

FUIEmGHA kil RURE aRBABnaQRfol@NEL Y, Sai d ther nal bend

actuator defines at |east part of the noving portion

of said roof, whereby actuation of said actuator noves

Optithafhe %M@h@leeto‘ﬁ%ﬁgjﬁ dé¥idell AR%ai o rfazzl e chamber.

Optionally, the polymeric material has a Young's

nmodul us of | ess than 1000 MPa. Optionally, the

OpioHaBY, sfid H@ztzferdpalmg 18 IS8 &l @fd staki@ ganiﬁble gr ou p

conprisi ng: pol ydi net hyl si |l oxane (

perfluorinated polyethyl ene (PFPE). Cptlonally, said

ORliOHARY, shid BBRELYIiAd theSnah @b aRBAR EmPAnd: S resistant to

renoval by ashing. Optionally, said polyneric materi al

recovers it SShiryosleBEN &rcgangetioaro daiesgewiipi?adt ed t o

an 2 pl asffecofdPabdraddnbnt hhBah @y @&fﬁeﬁltlﬁ@&/ﬁﬁ {h@ lfirst Slement, such

coated on the whole of said roof, such that an ink

ej ect hahvicaasuamt sareehihroveh s dirst slemgir Bp Aitshslement expands relative to

Opt i opakdcynd Qakdht rr&eﬁftm& o B¥dias of B@sduaRAr t of a nozzle
surface of the printhead, each roof having a

hydr ophobi ¢ outside surface relative to the inside
OptidAnE Sai@ Firse AN RAd ZleRec G AT RATRINY: Bebhi.ue of said

Optionally, said thermal bend actuator defines at least part of the moving portion of said roof,

whereby actuation of said actuator moves said actuator towards a floor of said nozzle chamber.
Optionally, the polymeric material has a Young’s modulus of less than 1000 MPa.

Optionally, the polymeric material is selected from the group comprising: polydimethylsiloxane

(PDMS) and perfluorinated polyethylene (PFPE).

Optionally, said polymeric material is hydrophobic and is resistant to removal by ashing.
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pol ymeric coating. Optionally, said polyneric coating
has a contact angle of nore than 90 and the inside

WG 0BAews0 of the nozzl e chanbers have a cont aceCHAGL®7/000303

of less than 90. Optionally, sgid polyneric has a

contact angle of nore than 110. Optionally, inside
surfaces of said nozzle chanber have a contact angle
Optidneks sdith polymric ptriabreabieys, itsdaildplinbiity efta baind subjected to an O,
el rises sidewalls extendi ng between said roof and a
Eibstrate, such that said roof is spaced apart from

said substrate Cptionally said roof and said

t1 R po Y, Frcfic {erl coaIed 0 e of sala roo% such th t 1 jnk ejection
8 %a IFEYBY 118 P et er i al

ﬁse@ﬁhﬂ@hﬁﬂmﬁhonmhhﬁo@coup conprrsrng. srlicon
nitride, silicon oxide and silicon oxynitride. Brief
Description of the Drawi ngs Opti onal enbodi nents of
Opm)npﬂse samhtrodfriventai loast pirl df amowvlberfdesd thctpeitthbyd, wal r@ff having a
g)z((ﬁ(:)ﬂﬂoblc ou sﬁe sv%tgcehrele \(lz“ertg %%ﬁ_sttc% surt%a%esa (?tfeaa noée/lcrt {Szllgaren(l:)f:r l{y virtue of said
polmrafcoamgar ray of nozzI e asserrbl | es of at her mal
inkjet printhead; Figure 2 is a side view of a nozzle
assenbly unit cell shown in Figure 1; Figure 3 is a
Deticpkc taiy eoltmheriidmati’r@zlmis ecmezn@ey)f stvowvthan $9° kadybie msid¢ surfaces of
arti ozzl e assenbly
ﬁ¥gmuﬁ §m8%?¥§gﬁa 61 %gkxﬂl °3 g%%ﬁroof material onto
a sacrrfrcral photoresrst Iayer Figure 5is a
er spect of the nqz sh in Figure 4;
B TRE Al Bo e s OSSR TR R PG oz i
etch shown in Figure 7; Figure 7 shows the etch of the
fl Qrm.d openi_n FlLgure 8 i-S
Ea)gtgoen?@% ?ns%dte (S)ur ac?s (i sal %zzzgel Cé%gbseg %%la ontﬁ(g1 anle gtulﬁs% thane76
7 Figure 9 is the nask associ at ed mrth t he nozzle
?(ﬁlla O’? sgigl i nozzlgé gal\rlrrl]betr g(%rrlll:pla & rs?de1 %Irls rﬁF te%Hm% P%‘t\lg/ﬁ?s’nihs%gslrocgtjggd a substrate,
nmhﬂMemuhemMngscammguﬁeniads@mamperspect|ve of the
nozzl e assenbly shown in Figure 10; Figure 12 shows
t he oxygen plasma ashing of the first and second
Oatiimally, said koolf andesesl;sidewglisrage dtprisedanf p ecraprciaterel ddpoditable by CVD.
nozzl e assenbly shown in Figure 12; Figure 14 shows
the nozzl e assenbly after the ashing, as well as the
Opnosillygthsicdmnoé ntateeial is selected from the group comprising: silicon nitride,

silicon oxide and silicon oxynitride.

Brief Description of the Drawings

Optional embodiments of the present invention will now be described by way of example
only with reference to the accompanying drawings, in which:

Figure 1 is a partial perspective view of an array of nozzle assemblies of a thermal inkjet
printhead;

Figure 2 is a side view of a nozzle assembly unit cell shown in Figure 1;

Figure 3 is a perspective of the nozzle assembly shown in Figure 2;

Figure 4 shows a partially-formed nozzle assembly after deposition of side walls and roof
material onto a sacrificial photoresist layer;

Figure 5 is a perspective of the nozzle assembly shown in Figure 4;
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wafer; Figure 15 is a perspective of the nozzle

assenbly shown in Figure 14; Figure 16 is the nask
waz®eaiwied with the backsi de etch shown in FiRCr/auong/000303

Figure 17 shows the backside etch of the ink supply

chann t.o.the wafer: p ective, of

t he ng %rleglsa tshg Ien assoc azt)evdvn Wl’i%ﬁﬁ 0623? gm]_%c’h SE(I)VVIP ll’lci:‘t%€7

showsFighe 7nbawd the aslsﬁrth)d beoﬂﬁyeFl(ngmthﬂ: @ozdd @ening rim;

deposiﬁ | Q2 1§)a eT! peé‘uve%? hObozCzlepagse ys (():wcoab1 u@&% Fi gure

20 is &p persp % WVECSt Tt A0z 7T e YasSehD yg own in
E! gur Elgfh@ 9 ufthg mask ddsdtiagld ovith thehlﬁ)zﬂf@ zlzdrr]lmgasﬁemymcﬁ‘fgure 10;

i gure. ter topattern t he ne
coat i ﬁlé’ show t (t) d% ere(% S{naé al to fo th? glwtlcafnolzzle openings;
assenﬁilgyreslhm/wpersnpedﬁwgufthe ﬂo‘lzzlelﬁa;sgmbb sR@m&h@mrdh)e

nozzl ure 7

hydr oglﬁlcl)rke)lﬁg s}boo St e ) PI% CplaS{na as%nng’:of theefggc 2& secondo sacrﬁimal layers;
per spExgtme\lé 1safpet~slpa:tm)zﬁthenmlsembmylysh@MMmFuguFa Qure 23;

Fi gur hows nozz| enbl y..of Figure 23 af.ter
phot Ogg*]rt e?n]i(l)ows tltlefnotz ¢ asse eb1¥rerfiré ec'%%l as W Héas the dppgHng’s] side of the
ggfpelr:spect ive of t he 3022' et asselrrbl y sho:t/vn in Flkgu[e

S sectiona gw of -an | Je
nozzl e%aréﬁgé bl persé’e"twe °§th%n°zéle r'“‘%%‘%”‘blﬁav"“ﬁn in Fe 1
por t i Bigudeb nmbdmbgk aasotllaed mh thgebiacksale tewhslmwn 11¥Fguree1 728
is aguta er ! [ of th 0zz|l e asse
s,hown19 PR l\ﬁ%h&”es i a“’lff“%é et o e ik "a’p ﬁ%a“%eé g e \‘%n%\?v of
thte nﬁgzﬂeé8m:ﬁpbthshﬁhnnc;zmlelﬁssgmble sRciynltFrE@mreeUSO s a
cut awg. specti ve view ap..arr e..N07
asse:{:ﬁ%}nreéEBSlE WS the ozl asg?rrgbl§9PF1%1.1ra 3? aftcy feposmon otz aCPéldrophoblc
paphé¢rgrahting ew of an aI ternative inkjet nozzle
asse of h vl N Vin I {g. on
o 1m0 Tk Epf Ao R UL P IR S fo, O
cut aweiguip érl sipectthorezxie esseralfly bhiggure 12 hf@r abaerbying lobtha polymeric
insFigure 31; Figure 33 is a perspective view of the
WOz e assenbly shown in Figure 31; Figure 34 shows the
noz tthElgals%ms?al perspéctife gﬂhen@i’le\mstﬂnbla Mh iguce Toat i ng
on or .
roof por g %0 ﬁhOéVﬁgﬂle Ig)z%die ?ssem q%oflia 50!‘ ? A er de %Véglon ofa ropﬂgbw
polymeric coating;

Figure 24 is a perspective of the nozzle assembly shown in Figure 23;

Figure 25 shows the nozzle assembly of Figure 23 after photopatterning of the polymeric
coating;

Figure 26 is a perspective of the nozzle assembly shown in Figure 25;

Figure 27 is a side sectional view of an inkjet nozzle assembly comprising a roof having a
moving portion defined by a thermal bend actuator;

Figure 28 is a cutaway perspective view of the nozzle assembly shown in Figure 27;

Figure 29 is a perspective view of the nozzle assembly shown in Figure 27;

Figure 30 is a cutaway perspective view of an array of the nozzle assemblies shown in
Figure 27;

Figure 31 is a side sectional view of an alternative inkjet nozzle assembly comprising a
roof having a moving portion defined by a thermal bend actuator;

Figure 32 is a cutaway perspective view of the nozzle assembly shown in Figure 31;

Figure 33 is a perspective view of the nozzle assembly shown in Figure 31;
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Fi gure 35 shows the nozzle assenbly of Figure 31 with
a polyneric coating on the roof form ng a nmechani cal

W@ e@b/1mwtmveen a novi ng roof portion and a st atPCI/AGRH07/000303

portion. Description of Opti onﬁ)l Enbodi ment s The

prese ention nma e

pri ntﬁéaagx &Sg?ee%%l% as/&p“q‘fsl?’é’ %“rﬁézw)é?%é& ‘1’“’ coating on the roof
fhesimgia h’x&dhalcp] seﬁll’meﬂx&emﬁ mloﬂkg EJtof pxml(m dndadstic tobf p(ml(m;)hnd
3ﬁ82?§%m¥3| ngowos]c lg:etrﬁ)zgle ErISé%néB;l g wetﬁlga%lgégr?c go%@%on the roof
forrese A tmecimnmeal seairbetmebﬂ a movm@e)oﬂmsumn dndd sfatic ofipetdn. on

with a thermal bubble-formng inkjet printhead and a
mechani cal thermal bend actuated inkjet printhead.

Advant ages of the present invention will be readily

cu35| on that follows. Thernal
g@ﬁ Orﬁ%r%qmnarﬁf%g | nt head Referring to Figure 1,
t her eThwr@hlﬂmemqnanaty befisep miith tuyetgpk @ eriptheagi Tig peesent Applicant has

re\%(rn?s# c{ Cl’lggd eztﬁ 1§ ARG gt%fltlhea 5.1t 1|s gé{éeecséss%a/ () gescrlbe &ﬁ\é\{lch printheads
ese e as e-sectl

loan¢ ﬁpmymgietstsmbmg qf\ﬁe pvdsm\/erﬂﬁan qumzezr] the plssﬁﬂ“hﬂ’eytlon will now be
ses _a hnozz ha for d
esq"?)le(ci:a conoctiony 1Jth a Ci[ueer%laon l%{e fa rlinmgrﬁq é}%eas urgi atmecPamcfl thermal
Bdng actorl kaaIpamb@d ZKdvantgged ef thaypreschyingnti@ofillDe feadifychpparent from the
315 usswndlgf%% whi ch extend fromthe roof 2 1 to the
SPIcon substrate 2. As shown in Fi gure 1, each roof
|s defined by part of a nozzle surface 56, which spans
Q ej.ect] e the printhead. The nozzle
CEER d%n%l:%%gm $22 are formed of the same
mat er Re’ﬂi‘l;ring\ku Rgure § t}d:eaps) shotwad plry o REGWRRdwepriging a plurality of nozzle
crifi i resis ng, . \VE
? rbh(e:sa ?1 es§ %1?({ gs oTvloge of? e(s)é gog%lg sesgrrsﬂar glcsgieggclylgrl;] %nd cutaway
mrd)emblvswiz are for rred of a ceramc rrateri al, such as

»—-()

=

sili Cga no z € assem%[ clo1ngr|1 Cesoan n(pzz ec ameber d bﬁ{l\ﬂEMS fabrication
materral's ave exce properties or

tedbmmtsmwﬂicamdaibtmbmatedh@hesmtileycﬂamdﬂdﬁ Ira deﬁmedrbatamocé 2il gnd
%% ﬂt ?ZgW]%TL;ﬁS exfte(r)l(ri fr Ql?e Xofr'_}'g to ﬁ]le si 1c0tntﬁ1|;]b 5}0% Z[Ls shC\?I? glti;e igute 1, each roof

y Ca erior
'sjdefute'd on ))armfraﬁaaw soffade a]: X wtmzhzsbms supfsace) e&ﬁm |fa§e af tb@prmthead The
rophi | LC I ooded i
dlf: al(%gac JS()C and\é\ﬂewa Is %? i %rmﬁg %tfle FS méi ePa Tv Ia?pﬁ)sned by PECVD
mz Z baenﬁdm H@&oldbﬂphmdrew {luring 1IE\ES Fabtidngion. él" yploeﬂlzl the nozzle surface 56

%‘% ndé\g %9 are 1911%5'0 ceraml(‘Z%aml%gfsua‘F as %?? e(l))il C O? mﬁcqnnbtg%ﬁ These

hozzl'e op en eher al
head matnmaslyac eﬂt‘lmit mcmztiee far lpmltﬂﬁd rdblusnerm 2md @elr inher@Bly hydrophilic

%éllsr%: issgévarné eouSI fof Pupglty{ng Gl Lgle lnl()%sz%/e rgglgnréll))( dh4 i ! o 1L 1d19adiBn. However, the
ttaod (urigejefcnmhsuﬂfvee nﬁmtzmcgzlo pefacay i28so valde)phld:lt wditichreadsesrany flooded
ink on the surface to spread.

Returning to the details of the nozzle chamber 24, it will be seen that a nozzle opening 26 is
defined in a roof of each nozzle chamber 24. Each nozzle opening 26 is generally elliptical and has
an associated nozzle rim 25. The nozzle rim 25 assists with drop directionality during printing as well
as reducing, at least to some extent, ink flooding from the nozzle opening 26. The actuator for
ejecting ink from the nozzle chamber 24 is a heater element 29 positioned beneath the nozzle opening

26 and suspended across a pit 8. Current is supplied to the heater element 29 via electrodes 9

connected to drive circuitry in underlying CMOS layers 5 of the substrate 2. When a current is passed
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ejecting ink fromthe nozzle chanber 24 is a heater
el ement 29 positioned beneath the nozzl e opening 26

waewssuwpended across a pit 8. Current is suppPCEAUL@®7/000303

t he heater el ement 29 via el ectlr odes 9 connect ed to

riv nder ers. f th .
glﬁ%lg trhg = eéelte nér %5] al 12 181P1 es%,{ﬁeﬁ*r%ats suérsogrécﬁ 1r oug i} 4 gas Eubble, which

foeat @k tlebueintintno28; opeting. Byi sOprndmngrﬁwtat Gensanr 290 it ixciomgletely

i r%trzlleTeg 1n01nlé mhen HE %)zz < gléamz)ﬁr dé’élh prtml;r]ed 5 e?néoirorl/e rmthe?(geggmency, because
lets hest dmmibsente ItI}e undnrbrmg eﬂbstrtrte 2 add nadre mptlth:ﬁergjam zbegl to generate a bubble.
gp?nggge %%rs tniost é:%eréril Si urehl ﬁr ?}% é:lgérg I%rpra ec{] 1n|r0\%/s anfl iy ink supply channel
Uhakembiyg hggisdbsly atn@ tme Iawdupnhesemlr tmmarth repa¢ Yythd rew LB dnk supply
Eihf%m%ﬁgﬁ (E]e?}%ezrf lélls( l1rf)oaa nkemletAS asssage [% tlgp each noz%ar l }Xch su%phegm[( from the side of
thh asmakelop@iinged6tvizrehi mﬂgcohdmrg?Btumtlhre nazlzle;chahlmnm t he row

SUPP! 5 SRR e o S B BLAPLYin et
emcph:vm)oszlz filed Umprphcasorplﬁb i16846,60 ﬁlafdtmn thre)els] ldEOOGIthd: tvatents of which
1> (If]lgre 1 1nc0 Xraterﬁl%é Zﬁ%év S0 A }a:ttgrg al%gsﬂo lfi‘lrlso tglérécat1?I}1 C}otr(pc%ss%rezbrleﬁy revisited
haafot alesalmroﬁcgargjach pri nt heads was described in detail

I nl ggﬁ gg eb: @%&Zsllhgvi iparﬁ%]é/gsmf‘ﬁt@cll }(9: ea(? nom’}!onfsmé% é()zz%pe cgamﬂber 24
brearsulratmgn;a@rfpxat rzitoe)dssistyl Or(éSfe(E Enad. 16T‘rSeACE2éi); Thr SA¢ b}@@torersfst 10 was
tslgth %st aLs%a ol(ﬁ otr h Q 851 on ) Eea er Era elrjlaEleS ¥he§e%ler§ cd Eéjaterr] &t fent 29. The
SA@Z plavitdrgsist laébwatscmetde:d a pwaffntdrfeakdpctsanp pf the ngewallsnﬂzazﬂd goof 21 (which
nber ng sacrificial photoresist 10
%}% éiant Ogée %@ﬁfag%&@ . The SAC photoresist 10 was
used Isnstha)rs)c af proteads, fand red@pngtiotFrigmms ofto Bebd wxt srege@f MAIMS fabrication
R e Y )
Olfiis tthieissletiedaking a Bgerar ghateredist 2not sl(qu) ) etposbdiby lﬁesiaﬁabme rim mask
f ! he]fﬁgl?r%%l %hef* é’i[l]rﬁ_ncéle mé% 801?pnsgsllwto (r)ax%rl n{aﬁrléo BE LD an%?%b positioned
oﬁlvﬁefradsp@coaet ﬂletmada:tliameg9 the ellipti caI nozzl e rim25
:Tg t terﬁ%f%r?%f% to Eﬂﬁurst 9e d FI;,h t;hgs] Qed(g\?/)@% s 8ﬁrr1re]s Gh ol%gtl(iaf nozgle a]?erture 26 in the
plab? loyesddhdrig a(llrtlm_t W&yhbwngh hx mn&&dnglyoiiﬂmerdla mthldhomle)undemhby the rim
Béa Shlrls cér(glsls Feﬁr}leg {6 X e]]ayer 0 n_‘ﬁ)n]oto%ems% s%% ZegBosedr) b}éthte d%r% é e roof
mv@crshommrFlguaes?) eClici oleptitdd ep:rzm apattutrcrzﬁ mrpOSi@QneRe‘fee theitipgmal actuator
E?)ass % %q 11, the next stage defines an
| |ca ozz ‘e aperture 26 in the roof 2 1 by
etc h| ﬁgthalllthetMEM\S/atyzzﬂd'ﬂfeaugth\h élllly érnmetmth’ﬁgnep(mﬁge removes the SACI
r 5. Thi ch. i
%%Z?hag)%% S ayeirsz 1 dg a%ﬁggg I(ﬂ)f')%;lg%‘ eaS asfsl’ Epﬁgliresslgoa\%(j])? g) Plgur%s 14 and 15
éwwdhe@tlwhmmsmlﬁ (kmtoccme) ofmlm‘ silivas kahdafter iashitg the$£C Dand SAC2

Elﬂ)%r? tla ‘f@L fQzzl e aperture 26 is positioned over
act uat or

Referrmg to F1gures 16 to 18, once frontside MEMS processing of the wafer is completed,

ink supply channels 27 are etched from the backside of the wafer to meet with the ink inlets 15
using a standard anisotropic DRIE. This backside etch is defined using a layer of photoresist (not
shown) exposed by the dark tone mask shown in Figure 16. The ink supply channel 27 makes a

fluidic connection between the backside of the wafer and the ink inlets 15.
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29, as shown in Figure 11. Wth all the MEMS nozzle
features now fully fornmed, the next stage renoves the

W@G2M@B/160980 SAC2 phot oresi st |ayers 10 and 16 byP@RAU2007/000303

pl asma ashing (Figures 12 and {3). Figures 14 and 15

show tirg thic m.cr.ons

v or 13 P B EFIRE Lo PRI RE BHBUT S s by

bayedcsetdhihgaRiguiz 6. sth@thlreB hdj g:etlt(roﬂ; gﬁlmeﬂes]lﬁ atwadd;, pen;pamVe view of a

f ! orfettec’ qunthea%tegra?e%%%Ec}ntgrgaéc%fer W F Oo"%?lresghrﬁs taSresCo e(m}( aladp &channel 27

tMmd!A@fakmg itolengk and/\aupﬂiiymg énkito Ia( plundliet f idlGinlesilA gp @ch row. The ink
e?s G d aﬁg}ls Qﬁkrt? la‘le 1nk co ]pgulkighflor eagl?gotw ﬁtg teacth nozzle) chamber receiving

mk;ﬁmmeadcobynmhﬁ (d)adlkt ﬂoothet rrmsk shown in Fi gur e 16. The

Ib2¥w:§§ Bfeﬁ%y (Escuige a OVGO?IH% [hrlor art ]PllEF{)Isgflﬁ%ncﬁqon procless 1ne]V1tz%b Sy leaves a
Hyslrdphidia lidkyejeciomdfadedly @irtue nfitht tozkHke guifaes S@beanzdortied bh@ramic materials,
wa esr51ﬁc%nt I?))'(lﬁen %ﬁil gno ag 1@ 0]f130§<yn1 Lo 1rg¥m D& eSeItcde

et chi &1 gure POrROW SR e aé]' acent™fows of nozzl es

in a cut avvay per spect ive view of a conpl eted printhead
}ngzl%%rtc%tﬁ%go drbClil-} dro }15% I}’ol 8’f nozzl es has a
rers-perct—rve—rnkls-&p'p#y—char%e{—%‘—%xt ending along its

I engt As amajtemapyﬁ ty ithegprocads desxcriheqylbuvcathemyzzma‘ suifade 56mlaezt bydrophobic

P(h%mer dﬁpocsbt% Gigereonzlhe Idlajt(el a ﬁer tthe hozzfe opﬁmrégaet%l%ﬁg af he stage represented
mHagrbesr1 Oraed EI)v$m@ thmﬂadlofqresm s:aﬁ‘czimtaynrs inTukt llecmlﬂ;elquentﬂmmoved the

r QW. ad cussed above, ot hi rjior.art
Rﬁlz:l%e c 1 ter1A§ hlmcl)lr(]i%f) rr%lg%gtz toI I ea\s/hl?gd%rf)ces? Prae\lri;eeraio@J the polymieric material
dkdcbp lmsistaot tio mémceqaﬁcftan@a of aick, Pyriny iplatmaa Tot Appleamdizgidentified a
ILP] ﬁolgg%rgzel gglais }ichlo%eeﬁ tht% G arenrrcl:en[r? rre'q%g?(meﬁést ocftl;(ejl%?:' hydrophobic
whldmrntrthmmm |t1tn6|bd$g edsotanNo £z IoeHEtshing Fﬂiei;ecmdlabyare typically
dr ophobj ¢ V{-Ne
B ERAT Bl PR R R 400 B BB B Rk iorane D)
imddredplootital pbicthyiene @P§ BE)shatvebIoth hemehxrwn tmbedaratlﬁdryl advantageous.
?uecthrnéaéeélﬁ enozaﬁgl)agsn?aQ sur ox1 Jde &T}l 5; @asma ar%chsugseguently recover their
mmmxhplseltmlaemf qudiy IAaWEha admastagde tlsasdam@tquaémslthat they have excellent
A tcrg(\)/ned certarli]necs pg(':lyas 3 10x1§ n%lsﬂ% hnorlﬂlt C(life b£ furt%er a%it anlic]at etof‘) these
the> ashi'rg process. abl'y, " the YITEF 1'C 1Bt 6r
shoublsisbliat theg brs mhwtbpattternaléﬂmha?lh nwesaherﬁﬁardculaly skfzable for use in a

ﬁ%ﬂ\k%ﬁrocpess PR exa lﬁﬁﬁg :1/&:(;?12 le w1 t&\g E% tI ftl(l)e\?/eg)y unextposed¥e§10ns of
PEMlSlcaehmtnsv@frelbmebgeahyydr ophobl c whilst at the sane
tinme ngllerr%g I“coel§1gure ?6] t]ile]re 18 %qwn a nozzlél %ssenqlﬁ% ofT ahpea%?all?l fabricated printhead

materi a neri ze
fiften dreirmadnechoprdd gtdieeﬂesntsbed Iwrher Hp'ewef imgsgeladl v, proceeding with SAC1 and

gg{:é’ géthh l(é&ﬂsééﬂ%éagu?ﬁg\?% ﬁ'ﬂglgg %g ﬁgl\%)\n{l] Ilatygl1 (ga 1 micron) of
majrctphghub polyyeraduaeriad géfoisi spun onto the nozzle surface 56, as shown in Figures 19 and
20.

After deposition, this layer of polymeric material is photopatterned so as to remove the
material deposited within the nozzle openings 26. Photopatterning may comprise exposure of the
polymeric layer 100 to UV light, except for those regions within the nozzle openings 26.
Accordingly, as shown in Figures 21 and 22, the printhead now has a hydrophobic nozzle surface,

and subsequent MEMS processing steps can proceed analogously to the steps described in
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Such materials forma passivating surface oxide in an
2 plasma, and subsequently recover their
whywsopobi city relatively quickly. A further BCOVAL2@EFO00303
of t hese materi als is that theM have excel | ent
?:czlgrrl] wh i }%ﬁ%refi‘ﬂ/gc g]i}]lgl?ang l%ydmé) q(': ]?%\énsler 166] 15 not removed by
thaoe ashaigsstapSuiehatrembwhaplmtquwst sqaﬂ‘t)llddr) rable, which
makes them particularly suitable for use in a MEMS
pr ocess For exan‘pl e, ~PDMS is cur abl e wth UV |ight,

r el at ' Vel h Mte I‘nfltSVe £¥ cess ShShyd Iforf)gobtlcgproilzw%u ayerllgt) i c{cl%osﬁed C}mmedlately after

S hovvn 2 hosz senbly
fhe stagareaekenttd l@rﬁgth& 7ranm8ae4&mbomlmgbfl, the by drbydsbic pdgmerbeghun onto the

%%%lﬁl aﬁe a'ﬁ?e\rA%g glms sl 1s 1nefﬂpr tféeull;i)rrg St%ﬁ gaujt be r%%: ?oz?@gp%n?%d% is defined

by thgeozalekiehn | ayer ( ca 1 micron) of hydrophobic

p0| y gggflg n n? %ulre%lﬁ u rcg 284 rséesusglo%% g%;z{geassg 0 8§?r?ig]?r)of51 1010 of the
hyrdr@hblatymﬂymrfr 10® rI‘jmpxrlymer e srhicalphétspapérotdop ag toemmd tigonaterial
gouél%‘i]e%rl]) ! rgoé‘\glg Z%R%%e noz FI‘? 0 rerrllllndree%lr?éyats glgov&yn\n 1rt1 91 Qrg%( %g aglaaézljlefnce the
h}ideoppoiiuypm;fmmc Inatyaeual 1100 Qart rowldvt dslag hith meskd‘elpitchfrgnhdrmgzﬂ@openmg 26.
;ﬁg:/vg?? no&zle ?Pr]enlng 26 f %Zi% (;?8 B& thl%ll I rsouzh tthF] reoggs {ﬁlg‘%rnegjlywhlal is typically
btymnm@ihxsing ] gmhzrhmssw@a&eg Oand asfhubmamdémromv& (e.g. CF4or C4Fg).
e L G LT P L LR
Bp‘gwef smemnzitmalstsh@l a9 yidicanptiva e aclpodlqhme m@iﬁlyg Be wof 21 can be etched

[ st.& % t he
fﬁio \é)er?yeussll elt}éegg S 3@5@9% a ‘%é maéﬁ/ P]O slon wr[h a gas ratio of

(130 a(ﬁlhr@) Eiﬂlccmrmttlde eNdEz ht@bcﬁtt ¢4 tiictons o Ihwrﬁvher_dseHDm eEthhlt about 20

mlclron rrger a el?&cer gwﬁl rec1a e%%%’t et%lpsee Oec Vqtrgl% 1%%%3 %ISIF/[StnF]aék is achievable

whagbﬁnmgMesmte@dermg i gur es 7 and 8. Accor di ngI y, the

2%’?;?8?%?& mg%ésn%%he% ’?f)fdsep 1 gh%noz%)lﬁ to[r)]e%mn Of n(ﬁzle 6ss%nqbcly 24 is as shown

dfigures 21 sl 220 Azdoedingde mubsgquR Bt MEMdeimcaadlgksgcpi tae progzeil apalogously to
te%tre] 5 gcfrl%rc?[%l cgnne]gttlolil v%gh*e usr?st312§(r)] Q%%A%nhé the %%grgllgqlwglc polymer

pQﬂ iy mmrenic@/@d by the Op a*lmmepi@@d ncsremhmhphlmtcupwat tctaffnldd Osod 16.

as to renove the material bounded by the rim25 in the

nozzle openlng reglon as shomn |n Flgures 25 and 26

act ‘ 3 i
e, 1 B AL, SR v
fohenmzabfop@mrgwmhu?s@lczlly didfereptet¢hsrateypivech the pplemeoiOteald the roof 21, as

07 d fl i nat ed
{54 BRERFLATLAAL, SOMEL e 2 and @ 11 uor nace

However, as a further alternative and particularly to accommodate situations where there is

insufficient etch selectivity, a layer of photoresist (not shown) may be deposited over the hydrophobic
polymer 100 shown in Figure 24, which enables conventional downstream MEMS processing.
Having photopatterned this top layer of resist, the hydrophobic polymer 100 and the roof 21 may be
etched in one step using the same gas chemistry, with the top layer of a photoresist being used as a
standard etch mask. A gas chemistry of, for example, CF,/O, first etches through the hydrophobic
polymer 100 and then through the roof 21.
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Hydr ophobi ¢ pol yners, such as PDMS and PFPE, are
normal |y etched under the sane conditions. However,

WG R008209%%G eri al s such as silicon nitride etch PCRAUROT@00303

rapidly, the roof 2 1 can be ef,ched sel ectively usi ng

il():]’gaslilbss% uent Oy fl%nng magS }lsaefl%o rempvesgu% th(e%)éy 4la 5)p photoreswt o(to obtain the
mizzle iagemisly slhm& mﬁgades)ux an@d40), o peolonpsd Oeashimg wray bwtmed &)aSInove both
ﬁ)leDl\(q% l%lterc (ﬂg’ﬁr 8rg|51§:j { e&alﬁl? F]aclflpglé:l gﬁ(ﬂore N Ii Ier\s/ i Q '§1/nd:f§rz 0 obtalnﬁﬁ\}gzzle
mesibly showe i Byaty 18 amdhd-?r) defining t he nozzl e openl ng

26. q‘l? & k{llﬁg perrs%(r)lf l%be able t%]}chl:SrE]lge otfler agernatlve %Vﬂuences '9% HE@[S Sprocessmg

openi ng, nozzl e asse
Rerh, iandliRd.to he dmased:iltmghtwps mdusedqhﬁem H‘dEzIV&r,pt oitlds $pmg:1ated that in

rﬁ#grﬁ%%%{d% 0 Cl:(\:?\ﬁ)eo %gegsacaﬁzg)?e ¥ i\%th%tgndtf%%z%g(? H% Z%Slﬁllglgcﬁ%ﬁ present mventors
hatve ptmyxdecbephaibe wegne Foy [m)mdilr@@ hiydropiwbic membmanfadeyn itrh&kjﬁ)prmthead
%g gﬂstéaegs used to renove the photoresist scaffold
X8 dr ophobi ¢ Pol yner Coating Prior to Nozzle
Et ch Wth Additional Photoresist Mask Figures 25 and
%@e allléjenéAc?tt qor%mhehde hydr ophobi ¢ pol ymer 100 nay be

for a nozzle opening etch.
Ty pi cHhVing disxthsfsécbweyrs tin ehiclha natle surtret viagmninthbeel qmylbyt ipdrophobized, it

Et}e aglioreme?ed t{1 any tpnntﬂ%asd%]s P ﬂ}/l(fl op%obe&ed n ?n antaﬁ Zous manner.

HbWevren atelpwsermumrp]an telalmls parhgular @dvamegmnnmmwlm witheth¢ Sprdicant’s

}\é\l'?\%(rn%e]s (}{ cl%r b Sqnnthrég (Io{n:q%:s&dr%] thermi eélg eletuao(}sr :nvzlz (fy Ssembileisygccordmgly,

myrdlssaqmmﬁ bow the (pteymmv@men BlthbﬁnlSBd'lln Eucgl;mnath@aﬁs nawhadlows.

enabl, I oc 9

Havi ng 3 th% aYg ta(gtlrlaﬁee r{%ﬁ{néﬁ ggzn]e assh@blg f‘ma gérgpsr{sga ?%zzle chamber

hwvdlg@pm boruomhlyhmovei Ghtiaetd atﬂher pptbmfl onhelchmalyer Hie abedade roof

Por}tloonr}se %}?ﬁga?le a(%g’ teggoe Iél?vgett(? all ] tlgeaff'oog %rlgn%t rn}/e?rés rﬁ)é‘ a l;ll dlaye?edtthoe%nal

h@lﬂ hctuaﬁor@sh ahen®t myy lm‘p,osﬂlmed emarrqdlye),f theld/ 2 hfmlpes br it may

hobi ¢ pol ymer 100 and t hen

? e ﬁleﬁnmn gpogtﬁ%mi%%u(g@requent 2 ashi ng may be used

t o r ednmveng usf 1stahremtangouls @y@nseof lophotlerdegi géctift enegdytbaionly having
asse n res 10. 11 or .

(F))r}eo cg rg) I nwmgsﬂrycu}{re ﬁom gWar k a sgt?hg viscous \}e glowﬁ)eir,ha é)r?béebm with such

nayieg ronof stpltotes nsehatsttls amdssarmo saldhev ink @isalke thghotae dsinbér during

I [ . and ng ain the no

?C?]‘l}/a]%fné Jnglgﬁ[%che % dz(z&esp)hga) T rehe%(ol} 3 @18510 geraé, gﬁ?c%@n% a seacf i USI0g the

swofaentenssagd tiotifle Hoaktegrsnelt seulears aqpﬁefwemd afwovidNs desuable to form a

1%16(?‘%1? ?}%{ %\é@lcg delds rglg%g %n tsur%’ace Eeﬁfo(gn S a meagi for cqnfaubrg the ink. Such a

apgreicilatabdotld at:edl tmbe siéﬁmevrftly |ﬂﬂnglhycdaroophmb<ﬂame thobgndmg snotion of the

Ico%pabl e of withstanding Q2 and H2 ashing, the present

I'nventors have provided a viable neans for providing a

hydr optyplbalmorrde askaentdutfldeeing p meming nddgf etucpré washiswlibed in our

previously filed US Application No. 11/607,976 filed on December 4, 2006 (the contents of which
is herein incorporated by reference) and is shown here in Figures 27 to 30. The nozzle assembly
400 comprises a nozzle chamber 401 formed on a passivated CMOS layer 402 of a silicon substrate
403. The nozzle chamber is defined by a roof 404 and sidewalls 405 extending from the roof to the
passivated CMOS layer 402. Ink is supplied to the nozzle chamber 401 by means of an ink inlet

406 in fluid communication with an ink supply channel 407 receiving ink from a backside of the
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fabrication process. Thermal Bend Actuator Printhead

Havi ng di scussed ways in which a nozzle surface of a
w@eiontibewad nmay be hydrophobi zed, it will be appeEAU2102€00303

that any type of printhead may15be hydr ophobi zed in an

Pc nsglg)syrgteqa pseer te'&l?rwev[ e ozzle gha% rS éﬁﬂtb I ne\a{r?sn(}f a.npzzl gning 408

veal i Zes ¥ gar iFar advantages i n conmecton Wi % THe

Apipkd maid rosf @nemeomsjlq/ogéemg A %is dffit frnmhixaidk mdped. si ng

ther nAas sh(pv&efrp I%OI%CE 4 ! Or ure fé ?he HPLas amov’i_}g:c%{*t%lnqgé Xxglich defines

a di scusSlon 61 fow résen |nvent r%EP be “use

& substential pari Gfttlibeaidbarmtl‘feob(bfoﬁﬁncalln tlee mdmemgmlmdnem defines at least

%g)/t%zﬁ Elee g 'ﬁ :T;ISQ E) tﬁe Toof ?04nﬂlft§0?mbo 111% npsh\éw% r}/ ]ﬁgurlérspff to%O qhe nozzle

oehag |40§Eartd010azlé hmelrl 5 pordtfired uoﬁhe toeing hamdie4(09, ek that the nozzle

TR Fod 00 EaPR0I O (Smb YL S8kl actuated to move

towards” tHhe 00f portion yg?reans of a bi-layered

t her it nbﬂmsaoﬂ)l}/&t% fis ch@tacthrizd irahb tubt wovinggyortien 409 is defined by a

OS | ali {)e I%Kétum) b g\'ﬂ%%’ 3p ];?atr pﬁpeep a?colgll Beal réﬁlg?lﬁ 1a SlaIthlower ﬁabsswe beam
#HoHemcs thdmmt(mgé(blymcalbfeieﬁwet fetst ISQ%@f the tdﬂiﬂ ackh 0Pthe roof 404.
Ei)r?ecs%é ydo XCURIG Lé(a Zﬁl\é{tﬁg% %eifmes at least i()b/eﬁye to{a]lgarea of the

o+ @Ebl emW|th such rmV| ng roof structures |s t hat it

| s neceﬁsar%gl%ﬁesseﬁané&e 1least rtsonhe theeragoz ﬁplassloeacedapart

duri ng “act uat he' noz2Pe €na aénrl
fmm aheﬂb\mrd)laslv& bedm 4 Wlﬁocmailmmtr& thermelahsulaﬁbmgf thdevo beams. More

spec1 10@21 MO, I 9?% 1(53{1,1\%%} Plsga %nckg C}lésl?yrea WY B %v?elég It'hesnflgelr ActRe Beam 411
cmm;macd g dliN sﬂhﬂhe lhwicc prsgivobeds 4r1ébgmmg;ed)0f SQr. fTacbridging layer 413

i.0 f ng t i.n
HERR A B @RS b SRR FAT Bl D iy B by 7his s
ﬂbl 1&1@m®m’tbdastealltdﬁﬁmi¢mm df thgjaatmetdr @0 yf minfreizing (dferrnAtransfer from the

t 1p/egam4n9%ol a?s‘g’ﬁ’/g alrr}I41%OO having a moving roof
Structure was: ges ed i'n our previously filed US

Ap pl iHretehonit Ndl ofl:ﬂzllnﬁfﬂl?e @Dp6cihiel Qldt thoadbec beubet1 14nay 200 Mhatively, be
%us hdg Orrg)ﬁ S e? rcllrec dly to t\ﬁ'h Rasswé eea?l:[ I?If(g}#éngrg)gere(g S?Iﬂguliagﬁg%i.ty. %ﬁceh design
modlﬁbzeloaes\s@mbbcywdnﬁlﬂumﬂmainbbsf the rloltzll persainanber 401

e 008895 18, Ly 13, B v
Wkirgrigyes iTtewaltdcs 44@60rmx¢t emlildnge fircormytitn the ICOODS ta@ers he

passiyat e r..4 Ko i L

N0z 7 |‘¥§e€ﬁ§ﬁ%@%§¥%‘” a dg%lorl]est og gﬁmlscntﬁlpozzl? glgamj)ﬁ%m a current flows
fhirawighl the eonmg ivcamt | ldn:twwetl theatwo coriacsLid pl @he @biaarbedm 4017is rapidly heated
‘;ye ﬁ‘lg I(:l\llrrerﬁgand%g fnr sro rgm t%?he CPZaZ Veecf)];ia_lr}l Q i the Zf% c%u%fillgéﬁe a@tugt]pr 410
awhn@lzdaﬁaescblpﬁnwm@ pfb&i&)ndl@9 pfibel rdoh444n & lrembﬂovdl%rdsTmeards the substrate

7 g%nge #e gzﬂol 489 bé"tgv%ell the %fo&%g %01%&9 569%8 a istggc ILorlltlio%t46f' 9565'0 small, surface

tension can generally be relied up to seal this gap when the moving portion is actuated to move
towards the substrate 403.

The movement of the actuator 410 causes ejection of ink from the nozzle opening 408 by a
rapid increase of pressure inside the nozzle chamber 401. When current stops flowing, the moving
portion 409 of the roof 404 is allowed to return to its quiescent position, which sucks ink from the

inlet 406 into the nozzle chamber 401, in readiness for the next gjection.
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As shown nore clearly in Figure 28, the roof 404 has a
nmovi ng portion 409, which defines a substantial part

wWo@Rooshetot al area of the roof. Typically, thePEDXI2Y7/000303

porti on 409 defines at |east 5Q% of the total area of

e A I AT BB L G5Bl o
chpfidareedntd an ﬁri'@ olﬁncwzlegisqambhesom d409 a pﬁnlthhadtdn atlnthd’atd 1ntegrated circuit. A
%rm%l%eag 1n?eD eneéin(%rglilg goglr})gléeés eae rcon %Btra?e an 'ﬁrrary é)lél 0z ezaé a:gllblr%es (typically
amged ih eowmnﬁqrmgd potht bubistrat€) 9nd drivdefreuiedfopthe aozzﬂmrm%lies A plurality
q ]_prlnthggc{ 1ntaegra[ed %1%‘1911‘[@ 181‘1\%1 gg asbélft{gl)% orrbl gl[ée(fl tﬁ ?%{n af]éatﬁlc\)ylﬁth uﬁgerp printhead, as
éas‘cmlatl T, foi]:@amnkp lAfpalldayt Caflien&s Aqlphd:amaJSNo5 O%ﬁ# 49tl|‘féed on May 27,

taI e_roof 40

C t ve?{@%’#g ﬁie?toyl/l ecer é() 2&9 ehse ca (glcfg/e K 61{1) Elcorporated by
tefraice.ar ea of the roof 404 As shovvn |n F| gures 27 and
28, at_l.east part of er a 4 11 i
spac?dﬂ aéte%n?ttlve ozzle %SEemliq% %g)? S%paslsnl \}geur se3gr%n 15 S%lrar ts(’) the nozzle
meomty Z(i)(ngswzhes ar&iernnah h@ﬂdat:nuamr o, akmgtamopzeanisc bddbr €1 and a

]% eregasséﬁeglel %P\}\é éiﬁfa 1¥eh a movmé IpOI'tl%{l |u\§/ ae roBeamoiﬂlf zcjzle &amber 301

of Ti Nlo‘ambr tlma)ntram\/amth piassm@aslsmﬂm 402the oomzic c@em:ing)j 08 and rim 515

el YRR AR 85 B o BB B s anc i

peissé &ﬂé“lnbdammﬁixed' bri sgatig aprtldﬂ.&éll Gfmheove(SSOﬂ behahee thalattuator 510 moves

U1, L8 RSO AP AL AR

zﬂri@gerh@lmvlmt jt pravidas inbredicile ourtls)éoﬁ:bo;aﬂlghtemﬁ@tioad/%gahathe small

%1'&1% 35 tsI |¥§18 %g a%);@o#l?)e}\% eg%arrslchlllrifgg)rog e()él r%\ﬂ%!i%f tPe s%atlc rﬁ())ﬁlongél is relied

ot towodatscraeﬂuldw ghaldluriyg ac&ium:lhn usessngthemldﬁach tcmstqn@xﬁ Qle\mdcul d

gg t :N\e/gfleb é)g%}]e 255&11115]16% %C;H;aﬁlrd] g@@ aacll1 gorre apondln% pgl%etfleagsn tmag be € constructed

dsili‘g supddd MEMS aossgs mumeh)nalmgoas mhlteleﬂ'ﬂo thse dginitgd kiaoyerin all cases the
Fnt %0k che\lﬁﬁbgn %Q&%g)tr ?tYe}Aerwme 1 f(% i é L}Ee Ceipos1ﬁ%1rofra]1 I‘O({I} ma]@erlal onto

a siktable earmﬁhel photpmlsmt scdtfaﬂdber 401, a current flows

Zggougﬁ ertnrr]le Ia\(i%eol Fisur IS 4{P M 1 ei‘se?ngthvﬁl?eennotﬁzrl]ee a%sge\/\%grcﬂ)la I1]3reV10usly shown in

Eignie 8n tlovahai aexqrhtnoisl layet @ﬂhydlepl’mbwtphb"n}aaﬁlé mmm@m id d@ail above)

(goa?ed %19 the g(% ()tlfl %ﬁc@%wg)%t}%%ﬁ% rﬁ%n%)%? 18(2)%\}4‘(1: tpgrt]BIgSeI 19 g fV%\A@] %/(\;8? émportantly, the

h}@imphdsc pdhens ubbicrlathe g4OB0 sBhwicie Fidoee Ajalp is46 @dvdetguwad polymers such

rtj,.Qn S 461 | ,
és@ ; and ]PEQléatt {hg }éavg %xt%g%ly%w gtﬁ*‘hleis 1ca11yéI ese dmaﬁtc&)r?a%séﬁve a Young’s
sedlustaf less thyanpl 00 Bifa bty proally rmgthp ordti ccf rabdus SO B fled chapacteristic is

%Xﬁageous, because it enables them to form a mechanical seal in thermal bend actuator nozzles of
the type described herein — the polymer stretches elastically during actuation, without significantly
impeding the movement of the actuator. Indeed, an elastic seal assists in the bend actuator returning
to its quiescent position, which is when drop ¢jection occurs. Moreover, with no gap between a
moving roof portion 409 and a static roof portion 461, ink is fully sealed inside the nozzle chamber
401 and cannot escape, other than via the nozzle opening 408, during actuation.

Figure 35 shows the nozzle assembly 500 with a hydrophobic polymer coating 101. By
analogy with the nozzle assembly 400, it will be appreciated that by sealing the gap 560 with the



towards the substrate 403. The novenent of the
actuator 410 causes ejection of ink fromthe nozzle
Wop@Riemy10108 by a rapid i ncrease of pressure iPGI/dB210Me00303
nozzl e chanber 401. \Wen currept stops flomﬁng, t he
ggvherr}%O %rnge hoaglcélosgalg& oerme(‘i) x{vfncﬁlprow ¢S e celllent echaml((:alfseahrr}% of ink in
qui'escent posi SUcks
mhemuhkhmmﬁﬁﬁntnto t he nozzl e chanber 401 in

Irtea\?v: ﬁIWI bJ ar%rgre%lfltled Q}i (%Elci)lrnzg ?g%kle%,rﬂ% %I‘ eldﬁe ttﬁugrrzlezﬁ l'{/%relatlons and/or

mse‘,iﬁmubn}s nm;be lmadaf teplhd reastie dnvienttoo aasrhoarn nragze gicifioambodiments without
gell?fn%n‘% a? 316 SPlrljlg (l),lr S{)Ope B\’fl thQ {I’IIV?I%:[' nea ég resaf: é an ?I%F 8r§|setnt embodiments
manmﬂﬁ@esohe 1$M@ﬁhm$uh$mmamﬂx1&mnmmmaydmﬁr®mmﬁW£
assenblies (typically arranged in rows) forned on the
substrate, and drive circuitry for the nozzle
assenblies. A plurality of printhead integrated
circuits may be abutted or linked to forma pagew dth
i nkj et printhead, as described in, for exanple,
Applicant's earlier US Application Nos. 10/854, 491
filed on May 27, 2004 and 11/014,732 filed on Decenber
20, 2004, the contents of which are herein

i ncorporated by reference. An alternative nozzle
assenbly 500 shown in Figures 31 to 33 is simlar to
the nozzl e assenbly 400 insofar as a thernmal bend
actuator 510, having an upper active beam5 11 and a

| ower passive beam 512, defines a noving portion of a
roof 504 of the nozzle chanber 501. However, in
contrast with the nozzle assenbly 400, the nozzle
openi ng 508 and rim515 are not defined by the noving
portion of the roof 504. Rather, the nozzle opening
508 and rim 515 are defined in a fixed or static
portion 561 of the roof 504 such that the actuator 510
noves i ndependently of the nozzle opening and rim
during droplet ejection. An advantage of this
arrangenent is that it provides nore facile control of
drop flight direction. Again, the small dinensions of
the gap 560, between the noving portion 509 and the
static portion 561, is relied up to create a fluidic
seal during actuation by using the surface tension of
the ink. The nozzle assenblies 400 and 500, and
correspondi ng printheads, may be constructed using

sui tabl e MEMS processes in an anal ogous nanner to

t hose descri bed above. In all cases the roof of the
nozzl e chanmber (noving or otherwise) is formed by
deposition of a roof material onto a suitable
sacrificial photoresist scaffold. Referring nowto
Figure 34, it will be seen that the nozzle assenbly
400 previously shown in Figure 27 now has an

addi tional |ayer of hydrophobic polyner 101 (as
described in detail above)
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coated on the roof, including both the noving 409 and

static portions 461 of the roof. Inportantly, the
whywsopobi ¢ pol ymer 101 seals the gap 460 shoR€IT/AL2007/000303

Figure 27. It is an advantage @ polynmers such as PDV5

EQHWEPE that they have extrenely | ow stiffness.

iyprtally these materials have a Young's nodul us of

| ess than 1000 MPa and typically of the order of about

??Oe rl\l/zg‘?ethlela Efa%gc?altlgg gglrlllltﬁ Id%a |1r§%a? Cy\allaonS eaelo K& Séje{;thon ace t%e method

andisiag theateps ofnozz| es of the type descri bed herein -

flvlhtehgﬁ {) }!rglvgh 3L rpgrtg% f/abfl(ﬁa}g ziénri%%e% Cé)gnu ¥151r61%e$]1 ngtoltf ﬁ(gzﬂe chambers

atcitaua]hmVely Hydchpbidic norxleashesic] snaldsnaadcle asBcsdt feastipattinky defimohg the ink
actuator. returning to its qui escent position, which is

when d?dp ej ection occurs. Mreover, with no gap

bet weébr)l depopiting m@yer@tbfelqnmly ih;mopcuaac anlshnarlcsma'emai onto dife nozzle surface,

POC{ ! I On r1461‘ter1a kell’l Sresfl lflal’lt M) I‘%I%g\lla?g SI de t he nOZZ| e

C roq0r a h gt%an via the

nozzl GB) wwgrag)h#ﬂay oﬂmuzzln gp@utgumtsmimpzzﬂ'a gufhe, 35 s h ows

R R I T

whmvmhkpm@)aﬂﬁ@@ﬁﬂ&t@dnmmaamhydaeal|ng t he gap 560

wi th thepolymer 101, a nmechanical seal 562 is forned

whi ch provi des excel |l ent nmechani cal sealing of ink in

2.he nozzhehahdrhen 150hetcin $tep () isipedbemappriece siered), lbyd the method

gogr(}jﬂr{s] asrt%eni;%fal‘n t}e% ot‘ @eﬁé{r]l:g 2 é:gllir%{%(gndtm%%gur%g%nt; agil(lérsleidonotzzﬁee openings in said

feapesed polymudnmatenrlas shown in the specific enbodi nents

wi t hout departing fromthe spirit or scope of the

i nvention as broadly descri bed. The present

enbodiTmenttBodufelaim Et,ewlwierlu eiid ctouehuendimguslhxdétye)d alignedhdzzle openings
ve. an restrictive. CLAI M5

be. i ust.
FERRERE By bRl ShE RGP oSl 1O Ve

hydr ophobi c i nk ejection face the nmet hod conpri si ng
%)Ihlemsil etgod ofl(,c?s Erw Vere%’:l S (Ial fyer ﬁ%%f% f abpbg?%& gaﬁld polymeric
aAdrid 1sru5b<aaS| avreztsy fdny:dnhmg Iaauﬂ nczzl’eamzfdtoe surface, said
nozzl e surface at |least partially defining the ink
ej ection face; (b) depositing a |layer of relatively
hydr oiﬁhtabd:thoqm lciaime 1 vehenaart sid [@ilynpanic anatdniel im pzatbtterned to define a
I ric. ri al N |stant to
?lura ?h%zz?e ogﬁrp %%g%ns oprl(orrF) egchfng nsalﬁglozazgepﬁuﬁ? ity of
nozzl e openings in said nozzle surface, thereby
? LEVIe?féec etﬁmp%flcﬁgnrl] ?adlg?egﬁ/ {1 51% %rfor%(eg%fte\{% §¥ 5 nd(g{%p ?cki cgmprlses the
ﬂammﬁrned in any order. 2. The met hod of Clalﬁtl

wherei n StER (il J aRSh 8l PRTmBR Rhicd: SteP (D), and

patterning said mask so as to unmask said polymeric material in a plurality of
nozzle opening regions;

etching said unmasked polymeric material and said underlying nozzle surface to
define the plurality of nozzle openings; and

removing said mask.
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conprises the further step of defining a corresponding
plurality of aligned nozzle openings in said deposited

woologteic nmaterial. 3. The method of clai m 2, PGaDU210M000303

sai d correspondi ng plurality ofgy aligned nozzle
?Tgteglr ?a ee}li(?d (#h a&rrrll ,tvly]h denp ?a?c% og&:‘; ro Q vﬁe Lt nsal(fp%o%(esssjt i§ removed
bﬁ%hngorned after step (b), and sai d pol ynmeric
material is used as a mask for etching said nozzle
surface. 5. The nmethod of claim4, wherein said
pol ynEhd wethat eiclagh 6] whepdiod epatdechredstityds wed ioreghaaid polymeric
0zZ openi ng regions prior to etching

Rmmﬂﬁﬁgig(gugﬁrgnhgé 6. The nethod of claim1l, wherein
(c) is perforned after step (b) and step (c)
%glnpr jl" e me (f fsc alrfl) § \x(l)he{eilré sraﬁcp aé cseaI &Iay c%%%nse‘s) éar?ct ag fluorine-containing
umqwsmlsald polynerlc material in a plurality of
nozzl e openi ng regions; etching said unmasked
polynmeric material and said underlying nozzle surface
l(b deTheneethdrdeofplaim al \'Nl’(eyeimgﬁn mtlzalrti}lllgﬁa‘hniicm%prirdwdd a roof of each
nozz g Ch 119(1?18‘1% Sgp n%%s easslag Claq‘e%fl?OI'GSIS SC@% Saé(g Ihg PhCF ﬁlﬁher COIan’lSll’lg
themep efrcinyviag fwidyghotoBesist: Weffoiébh adingf claim6, wherein a
same gas chemistry is used to etch said polyneric
material and said nozzle surface. 9. The nethod of
tl.ai nTlg; methet dichis & whegaisa cloéofi eathr nozelo nipmibsess dGihed adeat partially

0 co talnlng conpound. 10. The nethod of claim
ys%dynzesfacn said partially-fabricated printhead, a
roof of each nozzle chanber is supported by a

pACT I J.‘l"ﬁecrlngil qgot}o ?nrl ??' ereTc’n Idf n%lzzqé su§ E:edi m:‘\a'é:eh ag)art roﬁllg%{lbstrate, such
conpr Sing | ﬁ&%
thetadfidephlds ﬁ}eaqinshzzicgcham]zer eﬂﬁ:ed hﬂwmdaldﬁlozzﬂemurfa(ib anghkred gibstrate.
a roof of each nozzle chanber is defined at |east
partially by said nozzle surface. 12. The net hod of
t3.ai nilicmetivvbrfelaim $ avltbraioz moéaisideaelts df sachpacadchapbertare

Il's of each nozzle

RIS e R GIBE ROHE o Pace and oar d
substrate.
14. The method of claim 13, wherein said roof and sidewalls are comprised of a material

selected from the group comprising: silicon oxide, silicon nitride and silicon oxynitride.

15. The method of claim 1, wherein said hydrophobic polymeric material forms a passivating

surface oxide in an O, plasma.

16. The method of claim 15, wherein said hydrophobic polymeric material recovers its

hydrophobicity after being subjected to an O, plasma.

17. The method of claim 1, wherein said polymeric material is selected from the group

comprising: polymerized siloxanes and fluorinated polyolefins.

18. The method of claim 17, wherein said polymeric material is selected from the group

comprising: polydimethylsiloxane (PDMS) and perfluorinated polyethylene (PFPE).



13. The nmethod of claim1l, wherein a roof and
sidewal I s of each nozzle chanber are conprised of a
w@eramwinat eri al depositable by CVvD. 14. The P&I/AG2H06H00303

claim 13, wherein said roof ang) sidewalls are
conprised of a material selected fromthe group
conprising: silicon oxide, silicon nitride and silicon
X yni Thd dehodld claith é, whetrdiod 1@kt somaiofisaid polynattie inratesial isl UV-cured after
Q%gqggpobic pol yneric material forms a passivating
SUri'ace oxide in an 2 pl asma. 16. The nethod of claim
15, wherein said hydrophobic polyneric nmateria

covers. jts hydraophghi.ci ter. being . .subjected to
5 o shaltl R SNARP AUl U SEpBF G RERLIEM" 10
pol yneric material is selected fromthe group
conprising: polynerized siloxanes and fl uori nated
pol yol efins. 18. The nmethod of claim 17, wherein said
pol yneric material is selected fromthe group
conpri sing: pol ydi net hyl sil oxane (PDVS) and
perfl uorinated pol yethylene (PFPE).19. The net hod of
claim1, wherein at |east sonme of said polyneric
material is UV-cured after deposition. 20. A printhead
obt ai ned or obtainable by the nethod according to
claim1.



