METHOD OF REMOVI NG PHOTORESI ST AND ETCH RESI DUES FROM VI AS Field of the

I nvention 5The present invention relates to the field of printers and
parti cul avbypoNERB4bnkj et printheads. It has been devel opet/Airnovaoidsy t o

i nprove fabrication of MEMS inkjet printheads, although the invention is
equal ly applicable to any MEMS fabrication process. Background of the

I nvention 10Many different types of printing have been invented, a large
nunber of which are resentl in use. The known forms of print have a
variety of NEHHBQ REWYI%PH@@%ESIETM BTGk RESINESHRAM Wik ng
medi a. Commonly used forns of printing include offset pri nt| ng, | aser
printing and copying devices, dot nmatrix type inpact printers, thernal
paper pri Hielltef thé Inventioscor ders, thermal wax printers, dye sublimation
printers and i qw%lq cont i nuous
fl ow t%/pe 'ﬂ-}é e%nt Vhlﬂ%o:ﬁ n%eét%qhgls? qle%(fs&gm%g n&) écglclaag@an ;S)%terrs when
consi deri pgntm'aés It I@p%d de\cplmbd prynarﬂseﬂouapnow fayl;lcaSDmpﬂ MEMBSyinkjét poothstds,uct i on
and operat i.on e i el ink jet printing,
ther o olRSEhE wensiop s GRleaER] Sy pUNES LR FigR bk ot “hor e |k
nozzl es has becone |ncrea5|ngly popular prinmarily due to its inexpensive
and versa e natur different techniques on ink jet printing have
been inveh?‘g‘i? Oqur(’fﬁ’ slﬁ?{é\f'/zﬂ()xof the field, reference is made to an article
by J Nbor ed " Nafnyl difpaedt typed éﬂpnﬂgngHaﬂébégduﬁzbntald)amgbhﬁdn&bﬂmvmdh arRer spective",
Qut put Har Devj.ces tors R eck. and S She es 207 - 220
(1988) Hﬁ?se}ggg FnTléer@o‘E’ﬂgW &é’hﬂt @&%Vf‘lﬁtwwﬂ%ﬂdf ?%F@ﬁ? ng YpRE The
utili zatl ﬁl@dl@f\mtﬁ 20QBLahiNEAKISe 208! €afehly ufld fhrhsionKridi@b inkludabifRPpeHiRgar s to
date back to at |east 1929 wherein US Patent No. 1941001 by Hansel |

di scl oses!erPiRIeEned senyingfrdewesst 4 BBl tWrei @R B, ﬁl%?r@@lé’ﬁ‘?eé PipiRes; (@
printing. recorders %rﬁ@t%tpnﬁé%G%%@u@MnaﬁwEﬁnté}ls a1 il ﬁ@f)lﬂﬁ%b&h Bf tﬁ@@r‘é oRf a
continuous ink jet printing including the step wherein the ink stream
i s modal afewrngyngedalineus few berclace|taetof bmé‘tféltlfi i qwr@daa%@ea@dtp@b@a@se drop
separati 0fen é?)'nsﬁdérﬁg'a&t% R Rt?'ﬂehabﬂh& 'sln@%g P)bé{f RN LN aH@ Aoh Ylers
including 30 Elnjet "and Scitex (see also tent No. 437 by vaeet et
al) Pi ez dalraentyegs.itdigieet ip entratise, avhercal cgeh lodl@dfldrpmebcff igosmonl y

utilized j [ 0g: ice. Pl ] ISkl osed by
Qyser ot . el fbmBae BhaR MR AG s hERRFLESHHLG REREIR RIS 20T o
node of opexmsumndlyymimufmnei n US Patent 3683212 (1970) whi ch d| scl oses a
squee node of, 0 at i of a el.ectric ¢l st al S Pat ent
355747120 YaSHEE RpBlud R E TG AT G Ry B Bt FTERsYr I, on,
Howkl ns i ficldSefeahent mhide to a ams%@(mc@res (:Nmslm)aa pingzo Et@didtion aplish node
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t her mal |m()(]1e$8)pr| nting has beconme an extrenely popul ar form of |nk ] et

printing. The j jet rintin technl ues. i nclude those disclosed by Endo
et al in GB zdﬁgi‘?@“@% W@?elﬁ‘%&o%%ﬂ% y dffeggnt Fyﬁesuéﬁa?lézﬁ?onﬁQG?%‘“O%Ot h the

af or enent iRARGT [Iﬂtf&[r&?&@ﬁntﬂigsa@b&ﬁsetd dit® Kack €8 atMabMORNGhdreia Uy uasNs.hat rely
upon the activation of an electrothermal actuator which results in the

creation &#4180hRikinsel] disclosesorisple rmil epwaunus sRap! eestra Sy Ak éet Diiingh

t hereby causesy$ bgefiesbi OBy Hcet Ao dif RRAHrAREY 1l lcOntmARREAL BChrinfnd he
confined space onto a relevant print nedia. Pri ntllbj% devices utilizing the
¢

el ect r o- t HelARE thestep athereingheinkigh sifeattiumadrlHgd hyerhighlceayensy slegtiHatigdield

s0 as to cause drop separation. This technique is still utilized by several manufacturers including
30 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.

35 3747120 (1972) discloses a bend mode of piezoelectric operation, Howkins in US Patent No.



10 Canon and Hew ett Packard. As can be seen fromthe foregoing, many
different types of printing technologies are available. Ideally, a printing
t echnol ogyoshoui2ezshave a nunber of desirabl e attributesPCThazeovoocisade

i nexpensi ve construction and operation,, high speed operation, safe and
continuous long termoperation etc. Each technol ogy may have its own

advant ageg4 a6l diGRAVANLRNESr¢ Push AR AL RATBES ofQhe AR T streaRQBH FisEbadld ih Yis
rellablllaéﬁ_ggmer usage, sinplicity of construction operation, durability
and consu whighhdisqh Sé%%ﬂ@mﬁﬁﬁpM@éﬁfﬂﬁ@@bﬁé9§wﬁﬁé@f%@ﬁméthora of inkjet
printheads f a%éc&ﬁfyeﬂeﬂ)ﬂ MNeWBpfi R b OREESme M&'tr&ﬁé:lif ¥®puM1:-M§mfo"ilgﬁ<' gation

enpl oys a plurality of photoresist deposition and renpval steps Renoval of
rel ativel pnntmgnThwbrespr@ftmg trohmquss instud¢ thoge, distlosgdchydindoet 4l ex@B 20@/ded as 20

phot ol it hg@@%h %@?&Sﬂ lélatl éfh@hi%ﬁga%o'tﬁtheﬁ% AHidhed RGLALONSIREP! Oy an

oxygen pl oxl y renoves any photoresist I1n a process

col | oqui alnkyetlionmwg tahnig i taat telsalwohal@rapmﬁon of an eletmothdrmalfagtyptocwhiclon of
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photonesiShmméﬁdﬂb%hub&*&Mplalned in nore detail below, photoresist |ayers
or plugs of up,to ed. Fur her nor e hi s phot or esi st

rons be re
must be t hor ougHi® ﬁgﬁﬁagt g%ﬁ‘”?ﬁ/“?ﬁﬁ‘?g’é{e’éef}t YRAE P’i‘m’d‘éé%h‘ﬁ)g‘fgl‘?s 9 ow during

subsequentvaikigh- tiemmpes @Inﬁﬁ@tedﬁi@ﬂ)%y bAcAN b ePsurkhedof REROBRI altiiBNesOfThe®t al s or
ceramic material onto the photoresist. 30Iln a typical MENS printhead

f abri cat | B BEUERSIVELOPTRHONIGH PREHLen dRET WHEVAER LI, Sl %vwowﬂ%%r esi st

in the noéﬁh%e%&ﬁﬁ%&'Tﬁéyw&ﬂﬁkngﬂﬁmRBQE@®§§h§ﬁ1§£ﬁ&fﬁkﬂ§a & iRt or esi st
pl ugs empl oyed during the fabrication process therto, traditional 02

pl asn’ as Kkl cebrpequeslitiaiabbie poepistaredmplisity Of eraptusHon geetist.age renoval
of phot or g8i§ifity and consumablesHowever, thick layers of photoresist, which have
been hardbaked”and UV cured have 35increased resistance to ashing and are

renoved rel at i Velpyeseit dmbhcapyhas deydiopidoniéth@2 obiskiptmginthygds fabricated by MEMS

2011/ 0227 0 ged ashi ng
ti mes areé%g§§{$§%92%§70r ﬁﬁg%ﬁgg %ﬁﬁghEegg? ggﬁm% F%ﬂ%g 9'gshlng

ti mes andfeoovhlisghe Remsyil ngretaQVﬁQEmlayee@of@h@owﬂdésurlarbllcwn obksausel ashere i s
an ingp ea?l?o lftﬁO%gapE'fc éﬁggﬁg %suaﬁ¥ 9a01h %ta’r\(@g(?con%{tl%ﬁ e%"nhﬁ(?y 4% x9gen%?a%1%£ Swh a”ber S

actuators enera
need to |nnﬁaas@r@hﬁeeﬁﬁummanmynmﬁpﬁeashﬂmﬁmﬁbﬂmmweﬁsmagmsi@@ngﬁ as to

Coduce. DT ooeS SR TRy ATy Bl PR Ra R R o
ashi ng r apesoredioweyatrifidid @caﬁpmﬂ dnmﬂilcﬂmﬁerﬁlﬁmdls (haheld/nidrdiagasfcheni stries
Lo T SLanLILER SIpunLe o, 4. (ZACK. Lo Brovi e, pioved ganng 1 ates
ef f ectas onc&isth @ANHBWEVET, A8 edi@EZdeBositInWE tdkt@8ly itick IBRrARRIst &R MeaSresistant
photoresist. As will be explained in more detail below, photoresist layers or plugs of up to 30
microns may be required. Furthermore, this photoresist must be thoroughly hardbaked and UV
cured so that it does not reflow during subsequent high-temperature deposition steps e.g.
deposition of metals or ceramic material onto the photoresist.
30 In a typical MEMS printhead fabrication process, a final ashing step removes all
remaining photoresist in the nozzle assemblies, including photoresist scaffolds and photoresist
plugs employed during the fabrication process. Hitherto, traditional O, plasma ashing techniques
have been employed for final or late-stage removal of photoresist.
However, thick layers of photoresist, which have been hardbaked and UV cured have

35 increased resistance to ashing and are removed relatively slowly by traditional O, ashing



print heads. Hence 02/ CF4 has proven to be unsatisfactory for renoving

har dbaked photoresist fromthe Applicant's printheads. The use of 02/N2 is
al so knowwoto1wazpHeve ashing rates, although the additi eeTHU2NB/®IS8s onl y
noder at e i nprovenent over pure 02 for the renoval of hardbaked photoresist.
15Accordingly, fromthe foregoing, it will be appreciated that there is a

need to 'Hﬁ%@dﬁsﬁﬂ%Iﬁ%£§&&%ﬂﬁ&g@&wﬂﬁ@&ﬁk@&k%&mﬁ&ﬂﬂM@kmg&x fabrication
t echni ques. woul d further desirable to renove 'veils' from

et ched w &@pé@mnﬁrﬁlaﬁgeﬂwhmatﬁnﬁpma@/@rrlweéﬁshmémraturmq undegiigble dgrayses or
‘veils’ fglééﬂﬁ&eééb@rlﬁéo%mﬁdge%o ARerMBMBLQIUELs (OF. 27118 HahBBs CucRLOR)

processes (e.g. Bosch process). Veils are a mell-recognlzed problenlln t he
art 20anddermg throtsking pigsdss: Miirechver (Hlete i, ¢ gespiBl @ needed Ingrepsgisheccdfidigneg oht ai n

ent r apped 4 s

e e L T

(e.g. Bosekhprivbeds) create veils that can usually only be renoved using

aggr essi ve, em cal nts. Furth onvent.ional ashing. using

02 at el evat \é\ﬁé(%mcbmatlonstoéps 1t\14%u0r11}afed gasersTg li:"g a{ehe own t%lI‘[TIgI‘OVef’i&lll’gl I‘fitgs rmkl ng

then1eveanweemdhdAm@mhmhﬁdmmﬂMMw@yCEﬁgs@bmﬂmngmymnmhgnéwmsamommﬁﬂ for a
require

dry de-veili ocess, .which is reliaple and ich d ot

Sor east v WBTORSE e PR it Bsebe e R PR SO, G Y he
above1UEHhhﬁﬂ®dsMRedehaMﬁmbﬂ@momﬁﬁiﬁmhﬁdnkﬂﬂéhﬁm&@ﬂh@&bﬁ@@hﬁﬁﬂmthead
fabrication, II reci ated that an M5 fabri 4 rocess woul d
benefi t fP%W??ﬂ% d?ﬁg§ﬁ 1ﬁﬁ§@¢9?ﬁmﬁﬁﬁ?%?égbg%n?gﬂ%éﬁg q@ '§EL vei | i ng,
eSpeCIa||ﬁDmhm§ﬁpﬂMQMB fiaheas.cati on processes which use a relatively thick
| ayer of sacr|f|C|aI otoresi st that has been hardbaked and/or UV cured.

Surmary of t helneresf (PR is dso known (hiprave petingdaiss althouglh B addidong dGi ded a

et hod Ofs&ﬁ@%ﬂbﬁﬂﬁ&ﬁ@ﬁﬁﬁ&$&ﬁ&n&%ﬁﬁ&@o@ﬁﬁ%ﬁ&éﬁ&ml&hﬁnﬁﬂ&ﬁ%&ﬁ&ﬁﬁhoy'ng a
plasma formed froma gas chem stry ggr|5|n NH3 and a

f | uorilhe- cont aﬁwr)w@lgb/aﬁomﬂ@%@%wa @amwtqddhatt%rep? é@@ﬁﬁo inpyaistheon
sur pri si nglnvieANdaAERLAAGRHAT ¥ MITRS B¥AS. AR RbRgglat es by at |east 20% at

| east 50% or at Ieast 100% conpared wth ashing rates 5 using a
conventional O2wpilaSerfirber dasirabR/ N2 MoV @ ymes. from etchithdasenérpdiaadesitili ng to the

resent i J cp ~ -\ e] t V, ate in
Pontrast MR ERaERRCRIL ARG LAY S I AR oS
f1 uori ne- eowst@pinicwly pyasssisse. CBPsch process). Qi amrazwelllyecogmeedfﬂrwn mehegnt ai ni ng

gas i S Pr gé(%]é ndt&lougll glfgéau?tl 5 pe%mvg.t\;e}/ls brglcgllycc(?)g&lerlnén[r Ilfj(g %})ae%l?sy (%Lttéelpxﬁi rlatlshan 5%

by volune uor 1 né-contal ni‘ng gas | OW so as
to avoid eltahimlgwmgh aage@rallly sitinomAdxyrdachen pmmmh@aﬂolﬁlherdomungamisionomhach

UL pys b BRI L bR EH SRR I8 SRR el SRR B,
rati o of Q2cdNEBichlsolventd. Marticamnoe, @hveaQonkl isBin@ uding O, at elevated temperature
typically compounds the problem of veils, making them even more difficult to remove.
25  Accordingly, there is a need for a dry de-veiling process, which is reliable and which does not
require aggressive wet chemicals that may damage the wafer.
Whilst the above-mentioned needs have been presented in the context of printhead
fabrication, it will be appreciated that any MEMS fabrication process would benefit from
improved techniques for photoresist removal and/or de-veiling, especially those MEMS
30  fabrication processes which use a relatively thick layer of sacrificial photoresist that has been

hardbaked and/or UV cured.

Summary of the Invention



150ptionally, a ratio of 02:CF4 is in the range of 40:1 to 20:1.
Optionally, the gas chem stry consists only of 02, NH3 and CF4. However,

i nert gaswe2udi2as He and Ar may be present in the gasPChati28a97091088 f
required. Optionally, the photoresjst is hardbaked photoresist and/or
UV-cured photoresist, which is particularly difficult to renpbve using

conventional OF aQfst Qs%fe&ﬂzthé}% N G iRlasimRd VMRLROME 'photéﬂaﬁs@f%ﬁﬁaﬁsuﬁitrate the
conventi onal ashi ng plasma usual |y |eaves residues (*veils') which are

pr obl emat Methpéemplayiset plagna foppaddred) 3 gas chapdistphropriang: &b, Nesand affiptikness of
at |east g, fHiGhOHR, n%thﬁ‘é&lo%%céoﬁﬁngiéaQﬁe%fr&%ﬁt%ﬁvelfécﬁl%ﬁ%mﬁgl? d Adfvhrﬁég)%usFyCGIf fold

in the formation  MEMS structures (e.g. inkjet nozzle assenblies
Opt i onal | mpreves ashitagatesplryent jogstap) foats hesst 5@% & achre k00 %asempdied wiuasking gate¢sool ed

to a tenpgy ‘H&ﬁﬁégb é?h?a&ﬁﬂﬂﬁn JN&§ME9a 30C. Optionally, the nethod

is astep o cation proces such as a printhead fabrication
process. Mstoiedrd Iatcprdlmgm tpirotsortesicgtioniconmontetlyved cilnetthek vist itz z| e

chanbers and u t II t he photoresist is a
protecti vseubtszggg mcm‘ﬁ aswgllHl OnV H On%a;? azs%% W@s IlEfglatr%d/ or a mask for an

ani sotropic daapmnﬁacﬂmumemmnmmhggmngCEDRIE) process. In a second
aspect, there isS. provi a nethod of fabri atl an in head, the
met hod conpr i s‘:)lﬁ‘é)g'i”ﬁ(elhg ?18%%“6 GPRIAINING 8as 1S Presen %aa ‘Eﬁlﬁ?‘ﬁtﬂ/ %en&ﬁtﬁ)ﬁber s on
a frontsi delegfthaa M}e«olmﬁo She @hd@int ﬁamhnmiammgrgamsasuaaﬁ hépt idwgsoaas to

correspondi ng.ink. inlet. d wi.th photores . WD
2011/ 02274 Sraclely] gggﬂﬂmﬂwmgggﬂpﬁﬁﬂ}h%&@ﬂﬁﬁ1y channels from a

backsi de of t F@ptmilsfr th8 ﬂb@ﬂrfefbbﬁtaﬁlﬁg Feek pMbdnbinttheoak Blentisity@h § c@lctr@@gsh Wi t h
phot or esi st; and removi ng at | east sone of the photoresist and

concon1taﬂﬁF?ﬂwéqﬁﬁﬂYQEP%he i nk supply channel s by subjecting the backside

to a first plasgiRnfIRr MREo bF ONNA, fsiif ®E rB@SoCENDL Sty Sconprising: 02, NH3
and a fluorine-containing Optional 'y, the nethod conprises the further

step df: @@ﬁ@@dh@ﬂmﬁpgﬂegﬁﬁhHW%ﬁ%@$%ﬁ4B9t%ﬂb}ectlng the frontside to a
second pl asma (ﬁﬁfoﬁﬁfpy fnb Q{@ &erﬁ@&?%m@@%nl&g?m Nﬁgﬁn&@ﬁ})ﬁb%%g 1n<%2g[a§"é§d NH3. 10

Brief Description o Draw n i onal” enbodi ments o he present
|nventlonmwhh$Hﬁ@ML@@n@@§dmﬁﬁédH@?g%ﬂyﬂ@$mbﬂéﬁpmédonIy with reference to

the acconpanyi @[gioq(glﬁ?\,’\{hg gﬁotoﬂegstma&ﬂﬁked photoresist and/or UV-cured photoresist, which

is particularly difficult to remove using conventional O, or O,/N, ashing plasmas. Moreover, the
20  use of conventional ashing plasma usually leaves residues (‘veils”) which are problematic in
themselves.
Optionally, the photoresist has a thickness of at least 5 microns, such as the photoresist
used as a sacrificial scaffold in the formation MEMS structures (e.g. inkjet nozzle assemblies).
Optionally, the substrate is attached to a chuck, and the chuck is cooled to a temperature
25  in the range of -5 to -30°C.
Optionally, the method is a step of a MEMS fabrication process, such as a printhead
fabrication process.
Optionally, the photoresist is contained in inkjet nozzle chambers and/or ink supply
channels.
30 Optionally, the photoresist is a protective coating for inkjet nozzle assemblies and/or a
mask for an anisotropic deep reactive ion etching (DRIE) process.
In a second aspect, there is provided a method of fabricating an inkjet printhead, the
method comprising the steps of:
forming inkjet nozzle chambers on a frontside of a wafer substrate, each nozzle chamber

35  having a corresponding ink inlet plugged with photoresist;



Figure 1 is a partial perspective view of an array of nozzle assenblies of
a thermal inkjet printhead; 15Figure 2 is a side view of a nozzle assenbly
uni t cel Iwehown2eTa9Fi gure 1; Figure 3 is a perspective @®CTARYDIISE
assenbly shown in Figure 2; Figure 4 shows a partially-formed nozzle
assenbly after deposition of side walls and roof naterial onto a
sacrificial pf’la-@cthﬂ{g%l& s%bplkz%b{eﬁlhels b Whackidt Sf e RS RBG kS nREt ilBnOREZI €
assenbly shown in Wgure 4, |gure 6 is the mask associated with the
nozzl e ri imlestRIPLLEHY PHI%OYFﬁilfijmné . Figure 7 shows the etch of the roof
layer to for m&ﬁ@vﬁ@fﬂéa@t sQB@Bf tﬂgl%ﬁdt(masﬁ: hWoﬁc&nliaﬁtl}adeO\%'ﬂﬁlQ%tlhly tpﬁlfy the

nozzl e assenbly shown in gure ure I's the mask associated with the
nozzl e opelrinpgs @ts@hle@iﬁ@\ﬁhﬁha¢8@®¢@r8masmlfgmeé from asfireness ¢higaiséych of t he

roof matey, 6@1}&1@}‘]6 KL G ) Bldei P Iﬁﬁhlﬁg%zl e openings; 25Figure 11 is a

perspectlv nozzl e assenb in Figure 10; Figure 12 shows the
nozzl e assenblth@halkyrthba@‘ﬂ@dd@nmésathefumlﬂrstengf Figure 13 is a perspectl ve

of the nozzle %‘%8%9*) ?{ltherl;g)gvmremrs} sgbﬁgc%n%éx m%‘d(’é% me 'nﬁg asm%ﬁ)‘% gggoci ated

with the backsidé ¢ gure ac(f<5| de
etch of t heecbmkgas uippliytrycloanrighg: |Oahm1NHe waf er 30Figure 16 is a perspective
of the nozzle assenbly shown in Figure 15; Figure 17 shows the nozzle
assenbly after backside ashing; and Figure 18 is a perspective of the

nozzl aoasBeietescisftionnf ibe Drawimge 17, 6 Description of Optional Enbodiments

As foreshadowed abave, the ent invention_ma used in connection wth
any process reddi’ff ﬁ@fb?% g?fet ¢ PriBY BYeadnsyill rﬂ%v‘?&‘i‘éﬁmb‘?dt bywWayi ﬁ’ﬁ‘Wpi?

exenpl i fi ely weth Agerthe t@ﬂaambﬁpﬁi‘yldglﬂwlﬁgékmmldgrl nthead fabrication. The
pr esent App?,l cant has previously described a fabrication 50f a plethora of

i nkj et print hd@¥e { & RiFHAERPTIPRANE M RN 0 YR DPB1e W@h%@ésﬂf@rm@ﬂnkﬂ% not

necessarypfi@hddgscri be all such printheads here for an understanding of the
present i nventl on. However, the present invention will now be described in
connedfi on wi tIHgwe 2 Fersidslvipupisinezalorsntly nitgesho indieetd: and a nechani cal

thermal bend agfpased ﬂe%éc%(ze erth@ﬁd}?l@%selﬁﬁymgﬁiﬂfg‘afe Ahe present invention

will be readily apparent fromthe discussion that follows. 10Referring to
Figure 1, therlégirs4 slivoinn partiply-foro¢d prrinptsenlly aberpepositing obsidsl wallabid spolof

nozzl e asgghliy %aslg&g}é[a? o%or@s'f%gla? sShow one of these nozzle assenblies in
si de-secti on and cut away ghrspect ve views. Each nozzle assenbly conprises

a nozzl e chanbtégur@d isfagrerspettiby ofNVEMS2f1a bysewlly islorwn in Figure 4;

20 Figure 6 is the mask associated with the nozzle rim etch shown in Figure 7;
Figure 7 shows the etch of the roof layer to form the nozzle opening rim;
Figure 8 is a perspective of the nozzle assembly shown in Figure 7;
Figure 9 is the mask associated with the nozzle opening etch shown in Figure 10;
Figure 10 shows the etch of the roof material to form the elliptical nozzle openings;

25 Figure 11 is a perspective of the nozzle assembly shown in Figure 10;
Figure 12 shows the nozzle assembly after backside wafer thinning;
Figure 13 is a perspective of the nozzle assembly shown in Figure 12;
Figure 14 is the mask associated with the backside etch shown in Figure 15;
Figure 15 shows the backside etch of the ink supply channel into the wafer;

30 Figure 16 is a perspective of the nozzle assembly shown in Figure 15;
Figure 17 shows the nozzle assembly after backside ashing; and

Figure 18 is a perspective of the nozzle assembly shown in Figure 17;



techni ques on a silicon wafer substrate 2. The nozzl e chanber 24 is defined
by a roof 21 and 15sidewal | s 22 which extend fromthe roof 21 to the
silicon swbspriape74d. As shown in Figure 1, each roof isPdeiatzedd/doyospart of
a nozzle plate 56, which spans across an ejection face of the printhead.
The nozzle plate 56 and sidewalls 22 are fornmed of the sane material, which
i s deposi pegriphorRiMIPEmBodiaehdsf i ci al scaffol d of photoresi st duri ng
MEMS fabrication. Typically, the nozzle plate 56 and sidewalls 21 are
formed of a cehdicehafeivedrabaye; the pressniagvediion mayrPedpiki erAngtion with eRyPrerewi t ri de.
These har g, nBhefhls ohﬁl\f)ﬁ)rgfgp bR, iRFRRGY bl &3nbBfiedRl b eRehfioRuSt ness,

and their |nherently hydrophilic nature is advant ageous for supplying |nk
to the noMHMS ekiariyathsaddgbripptiana e freseny A@elnqa@trhas previous[Redesprih¢drpfabrsatidne

detail g of A, - ning 26
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bubble, which forces ink through the nozzle opening. By suspending the heater element 29, it is
completely immersed in ink when the nozzle chamber 24 is primed. This improves printhead
efficiency, because less heat dissipates into the underlying substrate 2 and more input energy is

used to generate a bubble.
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fabrication steRS [FRYidESIPAES hiBebssiROSf tﬁ@ﬁ&l@eonﬁﬂMed/\@lfe%Jafémyth&Qhﬁh&llﬁCt ed to
backsi de 25ash|ng only or frontside ashing only ardless, it will be

appr eci at basksigggrinding apdetelingtgpthighess of about 150 rmcrons ( igures 12 and 13). After

wafer thinning, ink supply channels 27 are etched from the backside of the wafer to meet with

30  the ink inlets 15 using a standard anisotropic DRIE (Figures 14 to 16). This backside etch is
defined using a layer of hardbaked photoresist 50 exposed by the dark tone mask shown in
Figure 14. The ink supply channel 27 will make a fluidic connection between the backside of the
wafer and the ink inlets 15 after removal of all the sacrifical photoresist 16 used in the

fabrication of frontside MEMS nozzles assemblies.



subj ected to ashing, either frontside ashing and/ or backside ashing, in
order to renove the photoresist 16 and furnish the printhead. Exanples
30Backsi deoasti/mgr4of the wafer shown in Figures 17 and P8THdR0E&@0issmed in
an ashing oven, using the optimzed ashing sequence shown in Table 1.
Recipe 1 was used for 15 mnutes, followed by Recipe 2 for 5 m nutes and

then Recipe 3 gQfovhQr MePbBRsist gt MR 3litbickside 1@ fenfo?E Bk PadkGiat he
chuck tenBerature, which is cooled using helium WO

2011/ 0227hgtEkedpiptos/sbbiass ayl a pedensd the nheecf photoresg d b pliegingrhe dpiide ( niror r)
80 20 20 | kB lridufs 1220913282k 440R N R { S S @B hsh cdfhiddhs QéschiREEMhe

Example below with a sequential three-stage ashing process.

5 In a conventional ashing processes, an O, plasma is employed for ashing the photoresist
16. However, in accordance with the present invention, the ashing plasma is formed using a gas
chemistry comprising O,, NH; and Cl4. When the plasma is formed from a gas chemistry
comprising this gas chemistry, superior ashing is achieved in terms of increased ashing rate and
reduced damage to nozzle structures. Moreover, veils resulting from backside anisotropic etching

10 of the ink supply channels 27 are also removed using this gas chemistry, obviating the need for
aggressive wet-chemical removal of veils. Experimental details of ashing conditions are
described in more detail in the Example section below.

Finally, frontside ashing removes the remainder of the photoresist 16 to provide the
completed printhead shown in Figure 1 to 3. Frontside ashing may utilize the O,/NH;3/CFE, gas

15  chemistry in accordance with the present invention. Alternatively, frontside ashing may utilize
an O,/NHj3 gas chemistry as described the Applicant’s US Publication No. US 2009/0078675, the
contents of which are herein incorporated by reference.

Figure 1 shows three adjacent rows of nozzles in a cutaway perspective view of a
completed printhead integrated circuit. Fach row of nozzles has a respective ink supply channel

20 27 extending along its length and supplying ink to a plurality of ink inlets 15 in each row. The
ink inlets, in turn, supply ink to the ink conduit 23 for each row, with each nozzle chamber
receiving ink from a common ink conduit for that row.

It will be appreciated by the person skilled in the art that the exact ordering of late-stage
MEMS fabrication steps may be varied. For example, the wafer may be subjected to backside

25  ashing only or frontside ashing only. Regardless, it will be appreciated that the wafer must be

subjected to ashing, either frontside ashing and/or backside ashing, in order to remove the

photoresist 16 and furnish the printhead.

Examples

30 Backside ashing of the wafer shown in Figures 17 and 18 was performed in an ashing oven,
using the optimized ashing sequence shown in Table 1. Recipe 1 was used for 15 minutes,
followed by Recipe 2 for 5 minutes and then Recipe 3 for 10 minutes. The temperature in Table 1

refers to the chuck temperature, which is cooled using helium.
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Table 1

Under the sequential ashing conditions shown in Table 1, an excellent rate of photoresist
removal was observed. Moreover the ink supply channel 27 and the ink inlet had been completely
de-veiled, as confirmed by SEM. By way of comparison, conventional O, ashing or O,/N; ashing
required about 70-90 minutes of ashing time to remove the same photoresist, and left significant
veils which had to be removed by subsequent wet-chemical treatment.

As expected, the excellent ashing rates and de-veiling were also observed in frontside
ashing experiments using the O,/NH3/CFEy4 gas chemistry.

From these experiments, it can be concluded that gas chemistries comprising O»/NH;3/CFEy4
provide superior ashing rates and surprising efficacy in de-veiling compared to conventional
ashing conditions.

It will be appreciated by ordinary workers in this field that numerous variations and/or
modifications may be made to the present invention as shown in the specific embodiments without
departing from the spirit or scope of the invention as broadly described. The present embodiments

are, therefore, to be considered in all respects to be illustrative and not restrictive.



are, therefore, to be considered in all respects to be illustrative and not
restrictive. WD 2011/022749PCT/ AU2009/ 001088 10 CLAIMS: 1. A nethod of
renovi ng woaboresi4et from a substrate, said nethod enpl egirng2e0ypoassa
formed froma gas chemistry conprising;, 02, NH3 and a fluorine-containing
gas. 2. The nethod of claim1, wherein said nethod concomtantly de-veils
et ched vi ggAmssai d substrate. 3. The nethod of claim1l, wherein said
fluorine-containing gas is CF4. 4. The method of claim1l, wherein said
fluorine-containing gas is present in said gas chemstry in a concentration
of less than 58Gf¥oYoF dfiBving alotJ&@stﬁgﬁmgoseate,%@nﬁ&ﬁod_e\e@%ﬁga P
fluorine-containing gas i1s present I1n said gas 15chem stry in a

concent r afdroed BHm p @aschemiiy Sosiiping 0P el andsa fluptige-perthiwde o4s- cl ai m 1, wherein
a ratig of 02:N113 is in the range of 20:1 to 5:1. 7. The nmethod of claim
1, wherein aratio of 02: CF4 is in the range of 40:1 to 20:1. 20 8. The
met hod of 2¢l ai Thepetiwidef dhim 1. vdiegarssaidhesthiod tepycopgamlysieseidrdished a9, saiNH3 and
CF4. 9. 'I:ﬂ)gtrartret hod of claim1l, wherein a rate of photoresist renpoval is at
| east 20‘V§grea6f‘er than a rate of photoresist renoval using an 02 plasma. 25
10. The method of claim 1, wherein said photoresist is hardbaked

phot or esi st. 1. h% t ho f claiml, wherein sai hotoresist is

WV- cur ed phot or €751 Oggfff e ewsﬁ‘gg]US?neéﬁog{afﬂl%,g% éi n sai d photoresi st
has a ithi ckness of at least 5 mcrons. 13. The nethod of claim1, wherein
fg'ngefgf’ﬁt A A e el o Aneconinthe aas & pressnt il as 1 ©

chemistry in a concentration of less than 5% by volume.

5. The method of claim 1, wherein said fluorine-containing gas is present in said gas

15  chemistry in a concentration of less than 3% by volume.

6. The method of claim 1, wherein a ratio of O,:NHj is in the range of 20:1 to 5:1.
7. The method of claim 1, wherein a ratio of O,:CF4 is in the range of 40:1 to 20:1.

20
8. The method of claim 1, wherein the gas chemistry consists only of O,, NH; and CF,.
9. The method of claim 1, wherein a rate of photoresist removal is at least 20% greater than
a rate of photoresist removal using an O, plasma.

25
10. The method of claim 1, wherein said photoresist is hardbaked photoresist.
11. The method of claim 1, wherein said photoresist is UV-cured photoresist.

30 12. The method of claim 1, wherein said photoresist has a thickness of at least 5 microns.
13. The method of claim 1, wherein said substrate is attached to a chuck, and said chuck is

cooled to a temperature in the range of -5 to -30°C.

35 14 The method of claim 1, wherein said method is a step of a MEMS fabrication process.



11 15. The nethod of claim1l, wherein said nethod is a step of a printhead
fabrication process. 16. The nethod of claim15, wherein said photoresist

i s contaiweaoiwnzat49l east one of: inkjet nozzl e chanber spramtzndo/®uBspl y
channels. 5 17. The nmethod of claim15, wherein said photoresist is a
protective coating for inkjet nozzle assenblies and/or a mask for an

ani sotropiig degp @bk Vifinl DRvhSlemNhiAndHIRiED sy FaPsiftheadkiBorichidmihied, of
fabricating an inkjet printhead, said nmethod conprising the steps of:

10f ormi ng inkjet nozzle chanbers on a frontside of a wafer substrate, each
nozzl e chagberpayhing s 1LIRABHIAG phdliredii&lonBInb@BEH 1IN bR ANRkRr esi st
etching ink supply channel's froma backside of sald wafer substrate to neet
wi t h sai dn¢zgk chamberssang inkggerdy diapkelphot or esi st; and removi ng at

| east ?orre of said photoresist and concomtantly de-veiling said ink
15supply channel s by subjecting said backside to a first plasma fornmed from
a first g&s chBwingthogd of dapr I5 whgein@ad pNM3easids eprbtecior corting tmtkjah norglegas.

19. The nmethod. of claim 18 conprisi.ng the further .st :
rerovi ng. Furtes ot RefP R Rt st SRS B PR EL TS second
pl asma 20f ormed from a second gas chem stry conprising: 02 and NH3. 20.
e o o PR el S & R SARFLRTHSHE e SRRIS ses 02

10 forming inkjet nozzle chambers on a frontside of a wafer substrate, each nozzle
chamber having a corresponding ink inlet plugged with photoresist;
etching ink supply channels from a backside of said wafer substrate to meet with
said ink inlets plugged with photoresist; and
removing at least some of said photoresist and concomitantly de-veiling said ink
15 supply channels by subjecting said backside to a first plasma formed from a first gas

chemistry comprising: O,, NH; and a fluorine-containing gas.

19. The method of claim 18 comprising the further step of:
removing further photoresist by subjecting said frontside to a second plasma

20 formed from a second gas chemistry comprising: O, and NHj.

20. The method of claim 18, wherein said second gas chemistry comprises: O,, NH3 and a

fluorine-containing gas.



