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known.

Background of the Invention

The impact of MEMS (Microelectromechanical Systems) devices on the microelectronics industry has
been extremely significant in recent years. Indeed, MEMS is one of the fastest growing areas of microelectronics.
The growth of MEMS has been enabled, to a large extent, by the extension of silicon-based photolithography to
the manufacture of micro-scale mechanical devices and structures. Photolithographic techniques, of course, rely
on reliable etching techniques, which allow accurate etching of a silicon substrate revealed beneath a mask.

MEMS devices have found applications in a wide variety of fields, such as in physical, chemical and

biological sensing devices. One important application of MEMS devices is in inkjet printheads, where micro-scale
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significant in recent years. Indeed, MEMS is one of
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s are cture
EWEWABhStOé%,bﬁw B gmdas10 wmmmbﬁgmteﬁ‘z‘xgep&mhqs Whesesy %@@em@wﬁrmr‘;’/thaﬂ about 10 4m
m@rt,dtemkwm@mebbtg{as resol ution printheads can be

a\fﬂg\d%) nl%lﬁlgaqfc% . el ﬁrtr!:ci\_l/ﬂer%%h\%royvgﬁmg% each ng]zzlte It'}gc%u§h individual ink supply

chﬁr@ejalilarﬂezia digmeseefilonuid0 d@eﬁlew*&bmeéﬁd'eeémcelﬂym@ thrpygls pyafers having a
thideRds BSab &k 208 %uzlnd &er@@?e%ﬁcel:@ns%ﬂ@ﬁmgﬁs $nSkeWRAing ﬂ&lﬁ)ﬁ employed Itis
especnalli]y 1mportaMat eac mk cﬁa(r:ut]el I(Sj ggrpegf cugr to qp E,vgfert sngace an nges not contam kmks
sidewall projections (e.g. grassing) or angular junctions, which can interfere with the flow of ink.

In the Applicant’s US patent application nos. 10/728,784 (Applicant Ref: MTBO08) and 10/728,970
{Applicant Ref: MTB07), both of which are incorporated herein by reference, there is described a method of
fabricating inkjet printheads from a wafer having a drop ejection side and an ink supply side. Referring to Figure
1, there is shown a typical MEMS nozzle arrangement 1 comprising a bubble-forming heater element actuator

assembly 2. The actuator assembly 2 is formed in a nozzle chamber 3 on the passivation layer 4 of a silicon wafer
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may be termed "ul tradeep etches. MEMS printhead chips
typically require delivery of ink to each nozzle

wo boosagdses ndi vi dual i nk supply channel s havi ngp@r/AU2005/000455

di anmeter of about 20 mm These ink channels are
typically etched through wafers having a thickness of
about 200 nm and therefore pldace consi derabl e demands
on the etching method enployed. It is especially

i mport ant that each ink channel is perpendicular to

fer Sy an; s n n kinks, sidewal
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200 mm Thirdly, angular sidewall features in the ink
channel , especially at the junction of the ink channe
6



10

15

20

25

30

35

with the inlet 8 are produced. These angul ar

shoul ders should ideally be mnimzed to all ow snooth
w0 ndosfibksws Accordingly, there is a demand for POPATY®E000455

et chi ng nmet hods, which allow ultradeep trenches having

relatively snmooth sidewalls to be made in silicon

waf ers. Several nethods for ebfching ultradeep trenches

into silicon are known in the art. Al these nethods
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gr a§x1s f]irst a pcc? Ft)he Ipre:sent mvent Fpr{;ﬁ? esa %rf)cess for moglgrmﬁtthre ts apeep%ﬂ% o?an ink

to ihconprete
sufiplyyphannel g ggntheag; WQCPSR@WPE%M@&?@%’E" e especially

uEdcisl;{r]@mx@apﬁhmemcﬁwmgytmhaﬁnﬂdfs?pplyﬁwsm i nk flkow

t hr ough the of f the grassy spikes

and(elélqgrc?ninﬁ ﬁgs g "ﬁlaxggéga\;\%ﬁ%t ream Furt hernore, .

sharlp? ssoadireact ‘hﬁPrcﬁe‘é ivengeneprevidesatraethad of fipeeaking a8 inkjst Rripthead comprising
a pluftiity ofdkAlda, ezation b@athrs) Bsopiaat drivaWtrcdidyOmd Rk elippl eamels, spdRthod
corﬂﬁdsﬂ%th%@ \d¢ y and/or nozzle blocking. A nodification

e c c i cal Bosch process is described in US

6, 157, Q‘?‘Sdmgés“éafegﬁ’étﬂg?%’°%“ﬁ1‘qné‘de PALLPE PRy sidee |t he

App I(m)e elchiigta@lurabily sf tpndesgasiallyahréugh @itd dpp sigitivadideonsaidtwatar; i S

perfornmed using a HBr/q 2 plasma, followed by a nain

etch using a SF6/HBr/ C>2 in alternating succession.

The HBr enhances passivation, probably by
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formation of relatively nonvolatile silicon brom des

in the passivation |ayer. However, this cyclica
w@aesi1ymbs on/ et chi ng process still suffers froPCT/AU2005/000455

grassi ng and scal | oped sidewalls, which are evident in

t he Bosch process. Anot her uItradeep ani sotropic

etching process is the "Lam pfocess", described in US

6, 191, 043. The Lam process utilizes a constant,

non alternating plasnma gas chemstry of SF/ C/Ar/He

eves. sinultaneous sidewall passivation during

th (lllfpllrl] ﬁtremhesw}thﬂhmm “Sthis avoids the probl ens of

s cal(ivb feemings rheahiy|of @ﬂsﬁn@d@s eezg¢srripetion geiMatopsiipd #syoeipted drive circuitry on
sai€@ Yr6p dj&ttidn skt ﬁlailﬂﬂaf@hﬁfgﬂ&ﬁ@‘éphlcm\hﬁw stchinB ®EMiqués; Still a

e SR QYA G HRAGS DhBl i R BB P orr
saigyphofgregisi ng and scalloped S|demalls. It woul d be

espea) abdifyinglmsiurfab bofilksnf SHidThKEuppEs cBMKIN bz';tlionjnhllﬂﬁgt an@ns

bet W6 0% Slnlybl Sorfd ok Ries BHBR!NL RNARNEL Sy bR viding uid

pri nt above, angu
com‘ﬂe& bepeen saif ik supply FideRd PidapAzle when " back- et chi ng” i nk
Sup i ythiedwapeeraheprdséndifiventiod proRies anijakitt prishieatcomprisppd Nt head

wal er S. UGB a Db URAN] Aducbipofd i T St aspect,

the present jnvention provides a process for ng
the surf A8umYy gfmpfeles f?fmeéﬂ" Fiidon a&ﬁwldeﬁé‘i‘?ﬁéﬂald nﬁZZ‘éS Hevinga
pri rbteemokings@ét th spid @efesad conpri sing the steps of: (i)

pr ovi di n g pl@mﬂf' l)fQ:BJPeSQ)le m{lﬁpﬁj cgﬁnél)stlealdﬁ% RSleach ﬂl%t frcmx(sald mk supply side,
e e

pply. c i.Qn at | east
R SR e RO oGRSl oot S R B aor ounded
i nv éhithirorthepmpprtardedf tiz swriatdpodileaf ink supply chadnels @ peimtheadsl{gbetated by MEMS

tec[;)lmlu@; head bR dpﬁ'lecﬁﬂeda\’\/ﬂistl%é\glal Jlﬁ/adé@{w et%é%éc%ues%@@gdoﬂgavallable in
actuators, _assocl at ‘g?ifl Ve, Cl I Cul

recg ] SRR I08° oF S AR HBTP Rl D P LIS Sfaﬁfg%g f‘%"'ﬁ%‘ Sc'S’f‘d/ or (‘%3 arshoulder
JUK]Q‘IlQl)VlPCdYeﬂgmaZIQAH‘ft‘eqnd il wippig channdls- Gpe m§sent invaotongitrgducesrag addtional surface
prdﬁtekmawmls&p ﬁto@ﬁ,pm(meha mAh GNP pracefd] wHidh |h£sttﬁé eeéct SekBEHAR &RV or rounding

an%gaf %1(&?(:(: Ifegtluxjes i 81? giieﬁ@]?s og‘ng @‘éﬁ%’ﬁlggl I’Lf: fslimmﬁ%‘f s fjade yg}e process of the
presinyvefition ginergllvzexipbitimaroyet jnk §pw émlshel@perﬁfdmg hvolzetsl es,

eje @ptx&mlﬁ@guﬁgma& feits aﬁl&afae@he&‘ uﬂirsapy@ cKahrtes Whe tdpdteddd/or rounded
by%he 1qrr]1 rr% n% inglﬁz}r s&r&ce%’??g.le eafl C?ﬁ ?or exa%@%ﬁ rs];nke lﬁ)méegtmg r)wardly from a sidewall.

Al@{ngtﬁplhgt may bq qma@ﬂlqdpl}puléqr a@@rpp@g\ﬁmq the p-pé} sqpnlp( c@mjbqayows into a nozzle inlet.
The PRRek Gie ,trssamnseixhd\ a'unkta@walp |ta)6er§thé§€an@1flar Stfaék fAES sudh @hat they are

gene%lllg rogrgoc} oolhecf ciff {{ 2 nf(nﬂ?wm%!ag gle ru.F %J gpﬁl%gcﬁ sk Ofcd .sur?ice rather than

hanne
an guepfaspifasey T@a@@% thembgainéle f'?‘l?ﬁ‘%y%ﬁt dmthuéaﬁmgg WSSP‘G ffffulence
andl@ 2 bdbledih fdckets belthij@tig pRiecitndi g idklidflotiing e entsioaty.

bet \r”fg»?&u %e%'sﬁbﬁz%&ﬁ&l 1¥sel§1|s g)gme% @?an?’s@tlroglc 'ﬂf&% L ee?c'hmé 9f a@ermconductor

t hi resent 1 nventlon rovi es an et
(e 5 rsﬁhfﬂn}‘l‘éaé‘?ﬂ Any h;m)vp grpqqgoplc ultradeep etching techmque, such as those descnbed above may be

used to form the ink supply channels.
Optionally, the ion milling is performed in a plasma etching reactor, such as an inductively coupled

plasma etching reactor. Plasma etching reactors are well known in the art and are commercially available from

. various sources (e.g. Surface Technology Systems, PLC). Typically, the etching reactor comprises a chamber

formed from aluminium, glass or quartz, which contains a pair of parallel electrode plates. However, other designs

of reactor are available and the present invention is suitable for use with any type of plasma etching reactor.
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a wafer having a drop ejection side and an ink supply

side; a plurality of nozzles forned on said drop
wep@stiesos si de, each of said nozzl es having a PCT/AU2005/000455

corresponding inlet in said wafer; and a plurality of

correspondi ng i nk supply channels | eading to each

inlet fromsaid ink supply side, wherein shoul ders

defined by the junction of said ink supply channels

with said inlets are tapered and/ or rounded. Hitherto,

the i rtanc f the surface . profile of ink suppl .

c haa BTy e e cRurt AT S APEER B RARAS” B8 BRI (ifgduced ino the
chdwiper. Frotionizelens if ashdlepated tqwade s sbsrate disfadetl art a lovesy eecgrbde (electrostatic chuck) by

a buklsgr@da%@ B 64 SRk gv&@&mdhggl ﬁ%lpf&ﬂ){l@chh}e&i%ﬂﬁly aygdyéléabéo%barmmm of the
ars

no
SUbdﬁfaées g?l}?éﬂ COlétIa?grmarés&ée d)rovxde Cf)lrtrgglgghtgci. blasmévolta € tl; Olg:lh% ANEEP energy the
suljsptecteringraturelthe chenahar mieysupd eee- it willedf sougspdpe wwkn theRopyit pf the skllled person’s

cor&h@fk@&mm&“@@e Wv@@ glaimai r&h’t&ﬂ)ﬁﬂaxﬂaeri ﬂbtﬁ&@c&@fﬁﬁlz@dﬂcmng conditions.
ad IC}lpL(gﬂ? theion ?ufﬂc e ﬁ?)rx%rmed Rsini a S v}l/ inecPeg seE:pted arggfx,fexggton or xenon.

manu
Pretﬁﬁfrathatb@mrmgs igprepngincertyuip Hﬁiﬁg avaiinyla picrplatiyely fow cest, prsplieppuesef its relatively

high thads| s &bdﬂ&ﬂ\@uﬁe‘inglfroﬂeﬂﬂks 'B}‘{Jiamyyan Glléanﬁ\ﬁhﬁma 1k‘|gdﬁ€{ﬁed in a plasma etching
rlnt
el B O B SRR A RICARE sl o LS RITERRI gy ppnncts e
tm?ﬁblr i nk supply channels Cptlonally, angul ar surface

f eatTu¢ ®Bmillhg BEbepertbemélat My @itabilenakesﬁuppbfyaugz RigpReadu® wall ¥ in the range of
5 tg %$ [n%cgr q{ero\Lorc[s 1%@ qg pl? ob:‘e g&foh&g Iatrfaw érésgllge (ﬁm sHY Im%grr) or high

surtace a ure exanpl e

P“ﬁWGﬂ%@%Pﬁ@°Wﬁ%ﬁF%ﬂy froma sidewal | . Alternatlvely, it
may Lbe p@sura g mélthg okt advefitaga that dist cpdinéitiallpfaenigblet plwema dtdking reactors are

<l r lg\b?r&gﬁé etmg r}i%)%% lb\pﬁrgss@e BrQMIng ddepho?kqulrlm s;f'»emal apparatus.

rocess 0 présent 1 nvention advantageously tapers
t h e§’é?W%\"ﬁ’g &r 5‘1‘”%&}*‘? agode pEimmsH é‘é"gh BGEHC tHEh Pty o §’r‘1|é“g has the
adgetgenial dtegper operictoclusadlly siambla dtle minfiple blariagy highmkesshide @ninilting to produce

steBARer hnB&SRy Eeetﬁﬁér'srtcﬁﬁ aﬁﬂ[%(vg’ %D&‘aﬁy ?pu&éx‘ Et&ﬁr@ 1§ﬂé¥f(§rﬂ&ﬁt {eﬁ&@@ﬁow
than an angul ar surfac hat the ink

PrSYUEReS AR PH ¥ 2 0o W?‘ﬁ‘éfd‘tgh Q‘?é’ﬁ‘é F“é‘t“i‘grféﬂ°§&°c¥ gy 8 prese produces a
nedrly ndﬂhdmmﬁ@epaa:rfd/smconatoms putzled Esm iha sypfackthdraby bresimiizing etching efficiency.

j ut tEy@]glttg‘reg"uﬁé;dtt hl%esymﬁtﬁer tnRdod ernLrQ‘me Q’Qanrﬁ%é @atﬂ oY @JutYered silicon atoms

is rf%c%ge%c%v g.lﬁfrgcjdf%(lac %sqﬁ?rta}ogla E@g faéeﬁf . e col&gmg w1th mcommg argon
iors arthepdasdas. dhe résglt g tham ghieqre pi))udmﬁblg]ed abArwheIQp}:g\mtp surface, which redeposits

refﬁabcssmcsrmnﬁ béék srn@tﬂ@momm MGerd i€ ﬁhﬁBreQHx% netSbifoltichf R Esilicon
p
atOénﬁ gtr%eét]er ept%)xfdf.l 21 ﬁeg{ﬁa ¥n an%uhar surfg cﬁtferzﬁufef n t) rge sﬂewallsq)e?omlr %8¥: talglaered

a plEsHEs. e ohich g 1¢cena@rgtg}-hereg@¢ ergpgcea}qscpbpg bpglt preseureyion milling of a SiO,
dlardatup!;mce m.@&@n Rl ia{bula&ng @aacwlmrst thefleMSdIRsceibeal UK5,888,901 is used for

tape atS(H ﬁlel? tric sV\#acc llaye \M] tl arr]l tat enen ar lar surgceat{ea?ures n the sidewalls of ultradeep
Cla‘f aval aBIme?ro va () g.

chfsml% eéfé@ ineghae erfgvms%wé’ﬁse,adllpl@@@ed?pqupel&ﬁ royl}e PEofiess of the present
im@htBhi Ng reactor conpri ses a chamber formed from

Fa)-lalrJa OPVI&%S |e tmﬁl?’n é;:ﬁ%g@r ér%f‘erﬁo Wetﬁeg»re%glp&ﬁeg CPg 1t is u?{ally only
negegsay fogpung P% angylagisideytst] deatiselin pHder 9ychievs H’epr?VFﬂ/lélthquﬁtthéhan taper the whole
sidewHlltfabikreeMbedver/B® phabstila iod Ayllidgyipe n@keqfiteasyspecart @bunmg and can therefore be
calilF S Bl {@ﬂg&&f&%&@ iR hrofaer gy source is used to

Ionize a plasima gas (or gas mxture) introduced into

the chanber. The ionized gas is accelerated towards a

substrate di sposed on a |lower electrode (electrostatic

chuck) by a biasing voltage. In the present invention,
etching is typically achieved purely by physica

bonbar dnent of the substrate. Various control neans

are provided for controlling the biasing voltage, the

RF ioni zing energy, the
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substrate tenperature, the chanber pressure etc. It
will, of course, be within the anmbit of the skilled
w@essars3ss conmon general know edge to vary pl aB@BAU2005/000455

reactor paranmeters in order to optimze etching
conditions. Optionally, the iqon mlling is performed
using a heavy inert gas selected from argon, krypton

or xenon. Preferably, the inert gas is argon since

this is vvidely avai l abl e at relatively | ow cost, and,

bec BF%??“% eaéh s GP?J %ﬁahx\/e?#ay Eklg&h] t@%@e oiha@to @%Cﬂ l)lﬁfantlally 150 to 250 um,

sput g prop I-es , an argon ion plasm
or Gptiongllyrsbqun 08 dm; Pptignaply, ees e{o@hrmrgwlrwaarm B Hgrepssef S to 30 4m,

opt@aa@r9rl4m@,§n%p&pa&erryabedzsper pendl cularly towar ds a

silicon waf vrn ink_ s nnels etc
© he PBRTIS AR PR ?ﬁsrﬂ‘a%@? Bl ﬁgia AR gl g"y“’ 30 o ptinaly
15 ®125 y:akrbpeoqame ssshuioezle iMlythascaliamyter ib the rajge @85t RErmpiobtionddle 8 ka4 m, or
optlon‘?r]yﬁf" 5 to 2000 mlorr. In other words, ion
1 g‘r g/ be perforned at | ow pressure (about 5to
250 UseBy: parh il supplyyshanseldassJarger diaiprisy thamits gorpegpondigmossir gt pnd the
prok3¥\éf e PR ShliBentioMmAYi bk Liied @ tdperangulaeshatlie défmerby e dinctivo 8t the inlet and the
asqmercially avail able plasma etching reactors are
conf i gured for |ow pressure etching. Hence, |ow
pr essure ion nmlling does not require any speci al
adription f thd knwveimeer , ion mlling may al so be perforned

Iﬂ'i%grjg 1 g{o@ﬁac‘&rsgectlﬁlvgb ofd p%%ts‘«ﬁ{ gntﬁcga’]no@lé iJnlar%ng}n@i%r Jd?rﬁthead
adv ta | e

St eeper taperi n I's. usual | y obtai nab Figure 1,
The Figp® e.aﬁrtéwaasferirgﬁ“rrg“%wﬁ h@hﬂ%?fb@%ﬁ% "?Zéﬁa‘m"¥°r‘1°ﬁ °t”8m gure
with e ein@er Steedlp rdrape andairghlasppiveiianhe expprddr st ood as

fol Iy 5 1s|>'Qr.tmly bofspecHRUiduEdF 8 biriHeRitholzR aRfHednRh(¥RAna Figure 2 before
rel atlvg?/él ressures {e.qg. about 50 to 250 nilforr)

SrpRInE AR § O‘ﬁ?eijsﬁ Egpt’ﬁdt er etchl ng efficiency. Such a |ow
pr e Figue @ ispreaaivag egspectiedaw of a priteddaibly-afrmeanepiatdardfng o the present
invertioh, SRR thShRABr 3RMbIY RMEEd Ela@idiRGpB\UhhAE&postdrer eby
optim zing etching efficiency. By sputter etching at
hi gh pressure rather than | ow pressure, the mean free
£ i eaferrdd Brptodimet at ons i s reduced, because

S p Utﬁgﬁ{eggho(rvﬁ @Fr&o@ﬁ ;ﬂgt)leag hézkl@ Qﬁng’%ﬁm@ﬁﬁavfﬁ@ki@ul& sBjuR@t €I which define a

j m%iil?ogg)%geeggg ?&W'&g %}g%ﬁm and the in%? ({nl‘ lr;]ege a%glga(r) %gul% Il g’arel nnnteyby prior art
ultfadrepresching lnotheds déseribed Abeve praitlethsﬁm@e@ US et hppr'@a‘we% 1Yz8,784
(AbyfhibdnEICd QETEDR)| ah 101728970 (Fpp ks R OMrBOTY, B6th 51 Whiich @18 inBdtpdratd@erein by
fTher e is an increasing net deposition of reflected
€ 1T'con atons at greater depths, which results in
angUReBirring larFets . theeseit e saniink serrky chanerboReforeremplghihpgpotoresist plug 10.
Th@Hfaﬁm[ &ip&é’h&[’pamuﬁ boyoBBdhd HOdnd thaBhodesistPlug DT O qbﬁ)ﬁﬁiioe ghith the present

mver?t}or ap thxs gtf p%gt&g%b c %%e \Q?& is I;U gﬁed% ﬁ'gq%l’fc;n%uihg@m a plasma etching

ectric surface u ng argon as
rezcle OBW eperar“ﬁgawrs or/w Plasma etRhine TeEPIOREY BRSUFY %amr“ﬂ by e person
skfleB38Be 201 i s used for tapering a SiQ2 dielectric

S ur f[ﬁﬁ‘qg l\@%&) h n En‘}’lﬁ etrxe Jn sl&)@@e(?sr 1'1 QQ ta@QQHJy @r&u%&oﬁx@?&chm and

f eat ur es e Sl ['trad ee channel s ﬁdt ﬁzge
feremswn%ﬁprtre%ﬂhwr ‘Pﬁd‘s"“f?é'l“’rﬂﬁ‘ﬂw"\ln‘ﬁ?f O ahapeet 4Py ‘?“hﬁar’r‘r‘*ts "Ff arrangement
as@pph inFikutea, Haligy yieed So@denf12 Whech fefipsbajincliontemeendiy.inl¢t §and the ink

suffifRaiig ion mlling is generally preferred in the
present |nvention, because it

nec &8s rdherRETHE: BT BRI r tE‘? ’H‘B “Py s, %p{}?eéssmqy e either fully
tag@red @8 shoen @aElgieor merply pardadly fomided. Inither ¢asgt therempvabaf stamjyangled shoulders
the whol e sidewal|l feature. Moreover, |ow pressure ion

mlling does not require any special apparatus and can
t herefore be




easily incorporated into a typical printhead
fabrication process. Optionally, each ink supply
webmsnzdzohas a depth in the range of 100 to 30BCTMT2005/000455
optionally 150 to 250 mm or optionally about 200 mm
Optionally, each ink supply channel has a dianeter in
the range of 5 to 30 nm opti®nally 14 to 28 mm or
optionally 17 to 25 mm Optionally, each nozzle inlet
has a depth in the range of 5to 40 nm optionally 10
11 ﬁmlg/ém‘)rme%ink ﬁtpv& gu |th§¥rté e}‘g gxd Y mrgps %ﬂiés ogg\x%lélle % a.ng@lc aI;]r bubble
formatjonopti onally 8 to 24 mm or optionally 12 to 20 nm
Us uad wilY, of ®&6d)bd dpfrectattd ﬂlbt}{herFbﬁﬁﬂﬂ&ienthﬂEas Beeh Ads@BEd il eBIBR tvaY of example

ancI tFat {nﬁdlﬁcatlon(s)gfr detglp %e gie w%z lhg %: epe o?tiné m\%gtgontmch psrdgt?n%?g%rthe

ed to taper angu
aﬂ@hﬁ@ﬁdeﬁ%mﬁeflned by the Junctlon of the |nIet and the
channel . Brief Description of the Drawi ngs Figure 1
shows a perspective view of a prior art printhead
nozzl e arrangenent for a printhead; Figure 2 is a
cut away perspective view of the prior art printhead
nozzl e arrangenent shown in Figure 1, with the
actuat or assenbly renoved and the ink supply channe
exposed; Figure 3 is a cutaway perspective view of the
print head nozzl e arrangenent shown in Figure 2 before
stripping away the photoresist plug; and Figure 4 is a
cut away perspective view of a printhead nozzle
arrangenent according to the present invention, wth
the actuator assenbly renoved and the ink supply
channel exposed. Detail ed Description of a Preferred
Enbodi ment Figure 2 shows a prior art printhead nozzle
arrangenent havi ng angul ar shoul ders 11, which define
a junction between the ink supply channel 6 and the
inlet 8. These angul ar shoul ders are forned by prior
art ultradeep etching nethods descri bed above and in
the Applicant's US patent application nos. 10/728, 784
(Applicant Ref: MIB08) and 10/ 728,970 (Applicant Ref:
MIBO7), both of which are incorporated herein by
reference. Referring to Figure 3, there is shown an
i nk supply channel 6 before renoval of the photoresist
plug 10. The channel 6 is etched partially beyond and
around the photoresist plug 10. In accordance with the
present invention, at this stage of printhead
fabrication, the wafer is subjected to argon ion
mlling in a plasma etching reactor. Optimal operating
paranmeters of the plasnma etching reactor may be
readily determ ned by the person skilled in the art.
During the argon ion mlling, the angular shoul ders 11
are tapered by sinmultaneously etching and redepositing
sputtered silicon back onto the sidewalls of the
channel . The result is a printhead nozzle arrangenent
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as shown in Figure 4, having tapered shoul ders 12,
whi ch define the junction between the inlet 8 and the
w0 ndosaesps y channel 6. Dependi ng on the pressuPer/AUL®S/000455
bi as power and/or the mlling tinme, the shoul ders may
be either fully tapered (as shown in Figure 4) or
nmerely partially rounded. In18 ther case, the renoval
of sharply angl ed shoul dersl1ll generally inproves ink
flow t hrough the channel 6 and m nim zes pockets of
cLhidul ence and/or air bubble formation. It will, of
—course, be appreciated that the present invention has
been described purely by way of exanple and that
1. nodiafpkeat foonaiifpibe tledudick pably ofacleasmaeinkfupily ¢hartnkidn SEiothend, said process
o [ ntion, which is defined by the acconpanyi ng
cmg“%%%%?%%%ﬁws‘l. A process for,nodi@yin t he surface
pr ofi} |PEPvigme 4 printheadepmpsigine 3t ffpst ang ik sypp ﬁﬁﬂ%&ﬁq n a )
pri Kit) Headillingaiddt ipseeisissupmyghaingi Nng t he steps of: (i)
providing a printhead conprising at | east one ink
supply chanpel; and (ii) ion mlling said.at | east one
2§ nic TBRBFS OFtith hapereibsaprshegt Smereses KRt ik LR GREral T
said printhead conprises a plurality of ink supply
3. C h aﬁﬂ@ﬂr&:ess 3 claﬂi‘ € wWhéQe ﬁr%xﬁar@&rfa@é Bdetids In theMuew ARk bY s@i g Wad bne channel are
surface f %ures inHIhe sidewal I s of said at |east one
tapgT Y& o E% ¥ 5488 d/ or rounded by said ion
mlling. 4. The process of claim1, wherein said ion
4. M | IthiGodess oft@dich ©WHBEn balll iéh mil18S8 BerBinGeh inn@labrRechiaf reackyr.
The process of claim1, wherein said ion mlling is
performed with an inert gas selected fromthe group
5. conghsitrpossy obflaira b.opderein kefdyipst riHingis derfoaned pith 4 inetriges sglectsa Egra the group
coffstirgloPdrgbn keyph @d&tdan.sai d ion mlling is perfornmed at a
pressure in the range of 5 to 2000 mforr. 7. The
process of claim1, wherein said ink supply channe
6. has The rfesptsiaf dlaim {.twderein présionypilling)y Perioed ef apfepsurg in thefange of 5 to 2000
miRkocess of claim 1, wherein said ink supply channel
has a dianeter in the range of 2 to 30 nm 9. A
printhead conprising a plurality of ink supply
7. c harfhebrecesswhadine iL.nvhergin spid ipfisurnlishingel b3sadeng ia the fapge of 100 to 300 4m.
modi fi ed by a process according to claim1. 10. A
nmet hod of fabricating an |nkje r.i nt head conpri si
8 plu Pfgf PSS ? H‘HIB E’zvfhgr?,g Saécjnglf:stu{’ ) ncth%{gfl b%\stag lra%lfe]leral\nsts ocIeat @30 3b .
drive circuitry and ink supply channels, said nethod
9. CONMIY bridinB chrhiRisifid £MBaligfof ink subpl Eraiies, whgreid saldihiesuppatiniigs are modified
ba.dr0£ q%chi n §ide and an ink supply side; (ii)
YPERPHG K " BIUFAT ity of trenches partially through said
drop ejection side of said wafer; (iii) filling said
10t I eNCRAKAWE fablicRROIMAIGS printtiead(cbrprisibd plirily o ngbles @dctidnjact@dtors,
assg)glétt%g %ge? cgrdxlxitg%ng 12\% szulppq)$ éhanenlelg,%%i& r(r)xgho% %&Mﬁ&?g thte s@eggof:
(i) providing a wafer having a drop ejection side and an ink supply side;
(ii) etching a plurality of trenches partially through said drop ejection side of said wafer;
(iii) filling said trenches with photoresist;
(iv) forming a plurality of corresponding nozzles, ejection actuators and associated drive
circuitry on said drop ejection side of said wafer using lithographically masked etching techniques;
(v) etching a plurality of corresponding ink supply channels from said ink supply side of said
wafer to said photoresist;

(vi) modifying the surface profiles of said ink supply channels by ion milling; and
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circuitry on said drop ejection side of said wafer
using |lithographically masked etching techni ques; (V)
wetaebiingpon plurality of correspondi ng i nk suppP@T/AU2005/000455

channels fromsaid ink supply side of said wafer to

sai d photoresist; (vi) nodifying the surface profiles

of said ink supply channels By ion milling; and(vii)
stripping said photoresist fromsaid trenches to form
nozzle inlets, thereby providing fluid connection

bet ween sajd.ink supply. side and said nozzles. 11. The . :
et hod b RLTIRPHE 76 PRI SR P e LorB T Bl groviding fuid
corjneptiort betyqenciid mi pugdply fide agdiaidingzzlehannel s with said inlets
are tapered and/or rounded by said ion mlling. 12.
1152 FeJtT H'eer}:mfgh%? ﬂfg cﬁa}ng Loglé/ e(seg'nosgou%rg &egllﬁe%r?ﬁq%le }%ggu[)%}‘cgﬁénlf %g‘;}i}g %?nnels with said
inlgtq axd tpperp@andipprowndédrby saad ign ilikg-suppl y channel s and/ or said
trenches are etched by an ani sotropic deep reactive

ot AR B G Fin 4 e Rl B gt S50 1 Mg

conprising: a wafer having a drop ejection side and an

131 NK TR&RIMM oI 10, RhRlinbhid knk bupplQ EhaRHRR Zd RS safdQicRtRM aRRtcRAbfan
.drqf |ectjon siﬁe each of said nozzles having a
A P S R S 4B PR 'sai d wafer: and a plurality of
correspondi ng i nk supply channels | eading to each
141 Nl @ prihth@BF5adad byhknetbPRboydifitdldaimvhrer ei n shoul ders
defined by the junction of said ink supply channels
wth said inlets are tapered and/or rounded. 16. The
15§ nkjAetinkist printhepd sempofingg| ai m 15, wherein each ink supply
channel Basfechalify agdp e@étionEdcand dn ik BupblySid€ Or r espondi ng
inlet, an ch.ch rS. L. y. ' .
cor r e5 pon RS B ARe Bftea bERESp LI Meleuce BV BBt B
15, ceifrenceding g évaif wrfersasdpl y channel has a depth in the
range of a Rty 6f c3dSpondhng idkBupplftBanhdiidgading olkeich inkeefdn @fd ink supply side,
ai i N ' | L :
g e o ARG ARG AR Hanfh ANl B orPpapercd anor roune.
printhead of claim 15, wherein each inlet has a depth
161 N tTh€inkja Peiehead of Dlaiina 5 AthetaifeacR Bk suppl@chianmklhed a 1@ gdr tibrh@a chan its
corQefspoﬁéi@ @%‘é? %a Z%Eﬁ%rgapg@ﬂ‘\lgar&lplo@grdshé\?oréspgﬁdﬁﬁ ﬁ'ﬁe‘?r in the

range o

17 The inkjet printhead of claim 15, wherein each ink supply channel has a depth in the range of 100 to 300

um,

18. The inkjet printhead of claim 15, wherein each ink supply channel has a diameter in the range of 5 to 30
pm

19. The inkjet printhead of claim 15, wherein each inlet has a depth in the range of 5 to 40 xm. .

20. The inkjet printhead of claim 15, wherein each inlet has a diameter in the range of 3 to 28 um.



