-0 1 METHOD OF REMOVI NG POLYMER CQOATI NG FROM AN ETCHED
TRENCH Field of the Invention This invention rel ates
to a process for nodifying sitewalls of a trench
etched into a seniconductorywafer. It has been
devel oped primarily for incorporation into a printhead
integrated circuit manufacturing process in order to
provi de an ink channel having inproved surface
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it my equally be incorporated into any etching
process. Cross References to Rel ated Applications
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bend actuator (e.g. US 6,322,195) or a bubble-forming heater element actuator (e.g. US
6,672,709). The integrated circuits are manufactured using MEMS techniques, meaning that a
high nozzle density and, hence, high resolution printheads can be mass-produced at relatively
low cost.

In the manufacture of MEMS printhead integrated circuits, it is often required to
perform deep or ultradeep etches. Etch depths of about 3 pm to 10 pm may be termed “deep
etches”, whereas etch depths of more than about 10 um may be termed “ultradeep etches.

MEMS printhead integrated circuits typically require delivery of ink to each nozzle
through individual ink supply channels having a diameter of about 20 pm. These ink channels
are typically etched through wafers having a thickness of about 200 um, and therefore place

considerable demands on the etching method employed. It is especially important that each



Each nozzl e conprises an actuator for ejecting ink,
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Several methods for etching ultradeep trenches into silicon are known in the art. All
these methods involve deep reactive ion etching (DRIE) using a gas plasma. The
semiconductor substrate, with a suitable mask disposed thereon, is placed on a lower
electrode in a plasma reactor, and exposed to an ionized gas plasma formed from a mixture of
gases. The ionized plasma gases (usually positively charged) are accelerated towards the

substrate by a biasing voltage applied to the electrode. The plasma gases etch the substrate
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eposited by a gas plasnma formed froma fluorocarbon
s@@gfr@x@ sg‘lougaﬂnglem@gp’gngd\{EMS processing of a silicon wafer. Usually, a silicon

wafer being processed in a MEMS foundry is attached to a handle wafer, such as a glass
handle wafer, using a release tape such as Revalpha™ thermal release tape. The handle wafer
is necessary so that the silicon wafer can be handled during backside processing steps,
without damaging any sensitive structures (e.g. inkjet nozzles) already fabricated the frontside
of the wafer. As described above, typically, during MEMS manufacture of an inkjet
printhead, nozzles are first formed on a frontside of wafer and then ink supply channels are
etched from a backside of the wafer. Before performing backside processing steps (e.g. wafer

grinding, etching), the frontside of the wafer, having a protective photoresist coating, is
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fl uorocar bon pol yner coati ng
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r enodiorgversRdardFEG nﬁl‘ansrt%@l tey aigack thermpal release tape ehrimiegily, also

catiihg high!9 ARdeskMd RRHnPn Dl rinse(s) and spin drying.
However, both 02 asklﬂg and EKCTM cl eans suffer from

ser | 8B:additiesn) repklern with yErafesmRnisptEpissishing inthatanispireRysends to

bd/1B{t Srhen R ¥ ibnt Beet the Sibres\RHIBE 1@%@%%@1@ Q%ﬁcﬁ\daﬂ 1Heaﬁzed
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necessary s hat the silicon wafer can be handl ed

refpFing g thaaqés Wé}@n the gick Fentrigpetthgphotoragjst peyt0, &W&& ﬂarffs

raaiauy SRRl 1849ing b sp&Ed iR SmfcRonbal rind K3 ﬁBurﬂiQKe’—ﬂ)H%&i'esﬁt Eﬁg \Rédial
fabricated the frontside of the wafer. descri

fagingybererthstchalrany meef e RBORIENE %ﬁﬂ‘?f‘é‘é’t"i&iﬁ% by fued rupw) arge

reP1LiDh BE@REbn aRBFEL Bt @p Bn fh!e &,ﬁ&mfeggtrgﬁ&i th@ BhagddliOMtiS id Pladtha. The
waf er and then’ink sug1 y channels_are etched froma
€

ragiglly Beredeteff tepnyaus lzfagd theparespendingspikpheifrymiraential pa 13 are

shBWREEBighed. steps (e.g. wafer grinding, etching), the
frontside of the wafer, havhgg grotectlve
BRI

phot Bresadially fasek stohgerminusd 265 lg ngthe Heah grnthepd dntegrated

cifd@R hén ﬁﬂ@f)ﬁftorlﬁét EQ‘eﬁo&elaQF@ﬁxle sh.elhe as@d tePRrmihlie12 e8B!
rel ease tape onprises a filmhaving a_ thernal

Pacleitewiseh el HeR FlOW-ToRYingriBk o 39@ bubplss. Fhrrefepdad fodignrtion of the

AGHOERL ¥6m tl&‘eCIHR/&}ﬁhﬁ‘é“s |td/th@ hrha\@sana 0 ndAd dRRstv@fer to be
detached fromthe dle wafer by controlled _heatin

af t eMarepyers igppiked rem 1<3_>fWIB<§’CfR%qS the Tlowrd eaeonipg igkdpeelatively
wmg%\agamé %ﬁh@ 8L vdfer @%ha B RME V3R bE ifith BnOdHm AP Atlers. The

Is well above “the release tenperature

cresftion phsharers & theyak figw i bllgblaslédqsmbée g et ivpicaty reggt igyfailure of
thERGSR UG Rltledm.

It would be desirable to provide a process, which exposes angular or spiked surface
features in an etched trench, thereby facilitating modification of such features. It would
further be desirable to provide a process for manufacturing a printhead integrated circuit,

whereby ink channels formed in the process have improved surface profiles.



the silicon wafer delam nates fromthe handl e wafer
during 02 ashing in a standard ashing oven. Lowering
the tenperature of ashing oven produces unacceptably

| ow ashing rates and does t ensure conpl ete renoval
of any polyneric residues coated on sidewalls of

etched features. Moreover, standard EKCTM cl eans tend
to afttveuld belsp ﬁafiesrréhﬂ%@s@o‘ﬂ%s‘paél UF@AY Ve Rrqcss fof regoving a
hfd@éphobie payﬂahmaymd ﬁe@bin@h&@de@ﬁllmtal tRfich d¥Rin@ ekehihg. MPbuld

problemwith ultra p ani sotropic etching is._ that
ﬁlafﬁf:rshstdﬁwplett%wegd? 61”0%5 fos sgmainguehRoD@IeEh Which it compatitle

with SRSt s@h8FH Bernl] HleadOtapd bMLURS nat cARE ddarSiiSY¥naR would further
i deal ized fabrication prgcess in_ which the etch front

bedssirahife §rq®eétp&?e%§ﬁ?r§f1%&i°@&p$ 3 Pritbpafl freerAted circpis whereby

ink RRanRBI9 kMBS inThe RS Hhle WhREVl BRLRE plopétigNt neets the
photoresist. In practice however, and referring to
Figure 4, when the etch front meets the phot or esi st

s@h&gv%@memh%mﬁhCh flares radially outwards, |eaving a
ed circunferential rim 13 around the photoreS|st

spi
pl ugn At aspect, theris prgvideds methpdolgenpyving pprlympsristegatingdrom
siBdWRAI9 bR ctchePirdidh SR8 i L8N hAfp Raid BRHoa cﬂﬂdfnﬁls@ﬂg etchmg said
charge. repul sion between a charge built up

Wik Groiasedrlasyiggtohing chaehes vdng By Hlﬁm@h‘éheﬁqna%chamh%r

teﬁq@%ﬁkéﬂmﬂh@faﬁ&&b@kb tgoral nus 12 and the corresponding
spi ked circunferential rim113 are shown in_Figure 4.

The Paaoﬁe%nﬁﬁsneptaﬁhére ispreided pethassof eishing a treprbdn 7 e Wafer,
saimetﬁémknpaglhgthe%gsdmt egrated circuit when the

photoresist is renoved (Figure a% The flared etch

t er nfahifiching aér%ﬂé%ofaﬁaldﬁé@%tvafe isdpndiawaies ap

sl OV‘(‘bﬁr&\ﬂ'uHQa bd&l&m&r of%?er BB L SisotBhiS DRAD ploSltof Brm a trench,
di srupti on of | ow of ink fromthe |nk channel 6

sajdyD r?%ﬁ%ﬂclsm%tem%n%ﬁ%lﬂgeaném%ﬁ*@a#ﬁps NBiF @diyption steps
depBStisH foBfhdric Bbalidg oG alk BE QS ddden;f | ow of onconi ng

ink, is relatively weakly supported b¥ t he bul k wafer
5 an EHERViesstd poliperigcopiitte by Hbing teid graickisy ebiased plapaa etching
chiRBer 1§ ah DPPlagia, Sl i vers in the ink flowis highly
undesi rabl e and will typically result in failure of
Whasein prad shamberdaRRT #war mrﬂ%e TiRasiof 1 od&8iG-abl e to
Pr OVinG&hidd RPQE AkSpresdht iffen B3NS A des AP forFhci BfideSHodification
surface features in an etched trench, thereby
offag €iched tERoFth horpIRFPTSiCOBPTIBME of such features. It woul d
furt@eprobiging %%afe@ ch)rﬁprtsﬁlg% RYdt AFc AcHRl BERBSthE AMeast one trench
manu acturln? print head integrated circuit, whereby
hayviag 2 phetAreaibty ‘ﬁ%*ﬁ%@”?ﬁm@he process have i nproved
sur f @¢Rnivakh lp@x%on Of thd phdiorti bl sftfecBhSBe REfeARSI HiAB Sxygen

to provide an alternative process for renoving a
plasma etch

In a fourth aspect, the present invention provides a method of fabricating an inkjet
printhead integrated circuit comprising a plurality of nozzles, ejection actuators, associated
drive circuitry and ink supply channels, the method comprising the steps of:

(i) providing a wafer having a front drop ejection side and a back ink supply side;

(ii) etching a plurality of trenches partially into the drop ejection side of the wafer;

(iii) filling each of the trenches with a photoresist plug;



hydr ophobi ¢ pol yneric |ayer deposited on the sidewalls
of a trench during etching. It would further be
desirable to provide a process for renoving such
pol ymers, which is conpatiblg guth industry standard
thermal release tape, and does not cause del am nati on.

It would further be desirable to provide a process .
for HEhiFBReamHYtaotforRPRedEE oTeley cisei acpupipryapd associated
dMQESREBIMy oh THe dRpRRHREbSsid TRV AL usiE h%geﬁﬁéau #46ked etching
i mproved surface properties. Summary of the [nvention
tephpigpes;j r st aspect there is provided a nethod of
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cha nggrature is in the range of 90 to

omerap%@@o%@ ﬁﬁbbcfxpwwn@uhaé%ﬁ“@%f%ae%n F@tlﬁbﬂpﬂv channels;

et ehiag n%dit?ﬁg%ekﬁbséd SlghloC AR tBures; &7 d et hod
nprisin steps of (a) attaching a frontside of

s a. d(Vélil)I srr@ewgm&wwfe@staﬂ% d@methienches to fyrmapegals iflgtsgthereby

px@@i@lﬁ%'fﬂﬁl RbndtBbetwth n& iRy E{ﬁky%f& hRPhEndIAES process
forma trench, said rocess i ncl uding
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coating by etching said wafer in a biased plasna

et ChirfOmetcOPIFE& link' & tﬂaf@nan%e&h@me@ts mﬁé ﬁeaan gﬁicatmn

chanber tenperature is int ermg 00 to
advantageppsly dloyydrophehiepqhymeasissideval @ﬁ@?‘bﬁﬁ -EZpB9¥ehaRelymer’) to be

reRlo9&E ot § Bench AFiH ot AeitRSingRicH sﬁllc%ﬁWaf%P Ov@i“heé’tﬁlg QF h @ﬁ’icon
trench, the process cogPr|S|n provi di ng a wafer
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With reference to the third, fourth and fifth aspects of the present application,
hitherto, the importance of the surface profile of ink supply channels in printheads fabricated
by MEMS techniques had not been fully appreciated. Whilst several ultradeep etching
techniques have become available in recent years, none of these addresses the problems
described above when back-etching towards (and beyond) a photoresist plug. In particular,
the problem of a sharp, potentially frangible, circumferential rim being formed in the

sidewalls had not been addressed. As discussed above, this rim is formed during back-etching

as the etch front radially flares around the photoresist plug (see Figures 4 and 5).



g o (iv) formng a plurality of correspondi ng nozzl es,
ej ection actuators and associated drive circuitry on
the drop ejection side of the wafer using

I ithographically masked etchjng techniques; (V)
back-etching a plurality of corresponding i nk supply
channels fromthe ink u side of the wafer to and
past Theroplps obprgehsions rasigﬁy flaging) arguadgphotgresisipbie rope of

a&ﬁ&?&d%%&l& (S0 tbygbéwal beauﬁgl Eb}ﬁﬁ&de@ g\ﬂéisnma%nets@ch@pwal
bi ased oxygen plasma etch her eby exposi ng angul ar

etghing elriaue sesrribed iy %87,6$+§ (assigpst o SHARAAF 01°€></$¥S)ems)
HORENeF, Yok th@@cﬁme A&drisHagIt8ls, 18y g@’\@a!nlred‘u@@ﬂlélﬁfg‘fe of@f3fing

viii) stripping the photoresist plugs fromthe
atléﬁ@ﬁbqurmnfhevlm g fies p?ﬂcemeletemf‘éméw he fospatipn og a
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daegingitheloBRGTM cl eaning or 02 plasma ashing. The

pol ymeric coating is generally replaced by nore

hydro-hlllc silicon oxide layer. By using a source of

iponal Beafyres ohie dyentionhj gsed in a pl asma et ching
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reference to the third, fourth and fifth aspects
of t Pesmy esehingreaginss e meil ispown iptherperang areichmmieTeisdy eyala
| hin
T e i i s AR P bge%%“‘”
comprisss apbprnlest fermed fromiqrrsmu@eal@qs ar QWFar“dE@wn@tné RPpigof
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ese addresses the descri bed above when
mba@kn§§Eﬁ¢hgblwmamh§mx%ﬁ@ﬂ%%ﬁﬁﬁéthgﬁwgpbreS|st pl ug.

I'n pan idus\ﬂgq@é'ncy (RF) energy source is used to ionize a gas mixture introduced into

the chamber. The resultant ionized gas plasma is accelerated towards a substrate disposed on
a lower electrode (also referred to as an electrostatic chuck or a platen) by a biasing voltage.
According, the plasma etching chamber can be used for biased etches in which a gas plasma
is directed towards a substrate. Various control means are provided for controlling the ICP
power, bias power, RF ionizing energy, substrate temperature, chamber pressure, chamber

temperature efc.



the problem of a sharp, potentially frangible,
circunferential rimbeing forned in the sidewalls had
not been addressed. As discussed above, this rimis
formed during back-etching s the etch front radially
flares around the photoresist plug (see Figures 4 and
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€ rqmpved portion

Typically, an argon ion plasma is generated in a plasma etching reactor, and the argon ions
accelerated perpendicularly towards a silicon wafer having ink supply channels etched
therein.

Plasma reactor parameters may be varied in order to achieve optimal ion milling of
the wafer. Optionally, the bias power is in the range of 100 to 500 W (preferably 200 to 400
W), the ICP power is in the range of 1000 to 3000 W (preferably about 2500 W), the chamber
temperature is in the range of 90 to 150 °C (preferably about 120 °C), and the Ar flow rate is



A radi ofrequency (RF) energy source is used to ionize

a gas m xture introduced into the chanber. The
resultant ionized gas plasma ig accel erated towards a
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onge the gikigongfurfacee Theaq ivp fnsropsing nef feposigeneidetieeisd sifjcopatoms at

grkf&eptAd wthicBreshidin Ah B rRadtack Mafeds iP1he GidEWalls Beddhdikd more
etching process. Optionally, the process of the

tapgfgent i on i ncl udes the further step of ion mlling

expogs9g,sas golﬂ #hich %ah&qaﬁe& te@}w;é?n Bpretdi@ics b HBE @ @Prdsilre ion
yp

r|n1descr| above i cal ular surface

mylking of .aeSstaﬂlﬁéeth@ffw usWEBHPR é%tham gingreat Vil thy methed

dds@bedtd ts 51983, WQ§§sed Edp fpfsllu‘}gvﬁ $16 d@l%&hc Lhselal @ abineOSan
approaCheS a curved surface rather than an ang ul ar

tapeping gesvlar s fee Frgturas on thesilswallpof uliradsep ghgnasts %}Plrﬂdyntﬂ gidieon,

thwrﬁéﬂ%tmag%e %aam REdiSEEAITbMRA tAHhD HIoBEE Bf BOFeRnt Abéntion.
| es.” Furthernore, the resultant rounded, snoothed

an d/ Iecrw prsgsareden miking (P &8s 958 M ksy ixgengrairefersin themgesent

1ntfé?195§ f0¢aBsel iE Bsdallf BALY ndRssaAUS Rouf@8% hgrul A biis 4 BMures in order
slivers breaking off and entering the nozzle chanber.
to achieve improved ink flow, rather than taper the whole sidewall feature. Moreover, low

éhe pressure

pressure ion milling does not require any special apparatus and can therefore be easily
incorporated into a typical printhead fabrication process.

Optionally, each ink supply channel has a depth in the range of 100 to 300 pm,
optionally 150 to 250 um, or optionally about 200 pm. The width/length dimensions of the
ink supply channel may vary considerably. Optionally, each ink supply is substantially
cylindrical having a diameter in the range of 5 to 30 pm, optionally 14 to 28 pm, or optionally



The ion mlling is usually perfornmed in a plasm
etching reactor, such as the inductively coupled

pl asma et ching reactor described above. Optionally,
the ion mlling is perforneqzustng a heavy inert gas
sel ected fromargon, krypton or xenon. Preferably,

the inert gas is argon since this is wdely avail able
14t0 %Smtwwuyh dgsigis. €tk ﬂmw usqg%}éggtggca& asjthecetch front meets the

froRkiad paoRdr¥sish bﬁ@ ﬂ&ﬁﬁtwé]ﬁ%a&?ﬁﬁl@édpﬁl@tchéﬂbﬂtﬂa% wm of 40 to 120 pm
properties. pically, an argon ion

(Qg6R&r H0aen)i ‘t‘i‘d& ?ﬂgﬁeﬁﬁve@eﬁ MR QT Ptﬁfaé%wn \Xﬁa thfPera?rgBﬁmel

dés § etc'ﬁ%ﬁh@fs @t&ﬁy ﬁefrgﬁieegit atd B Glspertionef Hargdawdy frdnPihe etch
having i nk supply channel s etched. therein,

frmta@ﬂtanth%%t@tn@rth%w gt stchfpringe the Rrese inventio dsiilluged to
re%k}e E| grggﬁt doBgs B tFehdH dideatf by ﬁltked w@fget %lasghtdtc@lﬁ%' ly,

ower IS |n the ran 100 to

(pr epeti%mf)x» epghgnogge ity has\gyd epfngethp epepeine 40 ¢ pptiopglly 10 to

36 %ﬁ,g& o@flonliﬂp% 025380 @pt%rfaﬁff F‘efaﬁf RRHY ik %ﬁbs@aﬁgg f”%lm(lrl%@l
nber rature is in the raq&;zgl 90 to

e
ha(vgﬂgear @%%try o B e afyo@f, umaﬁlatwpﬂéy Hgwor eptignally 18 to 20
uqilﬂté}ngtﬂ@ly,re%&g&zﬂfe & i Qb4 BEaMbidNEGhe el ¥n @R dirRnsions in
ling tines are typically 1n the range
ﬂ@FmBeP%SPd@Pﬁinutes 10 to 60 minutes or 10 to 30
M NUyeSly, Eaéh il shpw chinf3@1 Htex la@%”er BRMERF m&du@&n@mndmg nozzle

sui tabl e” pressuré. "Typi cal he pressure wll be in
injgheand thepeoces opthe BTWG@V?HP@P [may peusse fetaperoimgeth andygr round off
sHOLldbrs QEAATR ¥y BR jRRASPSMRANRE arkd QMY mpgtgygg,%em@labo ut 2 to
250 mflorr) or ﬁlgh pressure (about to 2000 niforr).
Low pressure ion mlling has the advantage that nost
IncaofﬁHFJr Qépﬁ!:tltﬁle Iﬁ'é’s%htl iR IréaiR a pRIcERIBadiRailedh i faBon of an
configured f | ow pressure etching. Hence, 1ow
dﬁﬁ@@@&?@ﬂméﬁmﬁ$meﬂﬁnﬂoes not require any speci al

appa(a@ Ila%ndln'gka%vetwmf)&thg% lehdt B ét@ﬁéd%leﬁ'éﬁ 136 af184sf SeTRALh
aﬁg pressure. H gh pressure ion | 1ing has the
hag(g\g aigessistidee ¥itebseranapering i s usual | y obtainabl e.
The @) tvRLS pBftiok BF B phdlbrBiist BY Sf3dtliRs ihO Wafdk 1o d tied Skygen
produCe steep taper angles may be understood as
plasd s, Nornal |y, sputter etching is performed at
relatively |l ow pressures (e.g. about 5 to 250 nforr)
to achi eve high sputter etching efficiency. Such a | ow
Optiqagldy the walepepigaisesz nhuality of ‘at%heg ir§phes free path for
silicon atons sputtered fromthe surface, thereby

optim zing etching efficiency sputter etching at
Optiqgallythe Bigsed @xygen Rlapma ﬁalhrern@wsw%s@@f & to than framgn exposed

sup@ldbrefe pholrbiEiigd silicon atoms is reduced, because
sputtered (refl'ected) silicon atons have a greater

chance of colliding with incomng argon ions in the
OPHASIMPreBB™l of NforficiSdtle ghdtotdIRE exPoBRRRAMS features in sidewalls of the

trench.

Optionally the process further comprising the step of:

(c) ion milling the exposed angular features.

Optionally trench sidewalls are concomitantly hydrophilized by the biased oxygen plasma
etch.



cloud is formed above the substrate surface, which
redeposits reflected silicon atons back onto the
silicon surface. There is an increasing net deposition
of reflected silicon atons ogreater depths, which
results in angular surface features in the sidewalls
becom ng nore tapered. US 5,888,901, which is
i ncorporated herein by reference, describes high
OBfiR A ESichRftant BYdrbphilGan ifclRleFRendvale 6 51 bR EBm the
usi n on as the sputtering gas. Wi t he net hod
“ﬂ@éé%F g in US 5,888,901 is used for taperlng a Si
di el ectric surface layer, rather than tapering
angul ar surface features on the sidewalls of ultradeep
Ogtienaheths bissedagequmlasma pich isgyrformen jinsa platmrgichingyreastor
readily nodified and applied to the process of the
present invention. Low pressure ion mllin éh %
05@0%141? ylaprga efehing wepqtgr bay e piay paster infhe resqRf 38 100 W.
i nvention, because it is usually only necessary to
round of f angul ar sidewal| features in order to
Oplégrially e pleprpocteling fercter g chagbpraressyia i theprage efR teh§|elorr.
sidewal | feature. Moreover, low pressure ion mlling
does not require any s eC|aI apparatus and can
Optimplly forms prat fapripthead; fpfrisplinnniecsss i nto a t ypi cal
printhead fabrication process. Optionally, each ink
supply channel has a depth in the range of 100 to 300
Optionallysth gtebad) tyenalsig an ik supplyghapsel fope partheady about 200
p.m The w dth/length di nensions of the ink supply
channel may vary considerably. Optionally, each ink
Optigaplly/the inksupply ehepneh hasy deehyllm tharangapt KAVO 3 Hn-di amet er
in the range of 5 to 30 pm optionally 14 to 28 p|n
or optionally 12 0 17 to 25 pm Wth such desig
Ineay fariher pepeptitle nresenidmventign pspidasfinethod of fbrippsing @ltﬁkﬁwhead
1nf9§1ec&e%1 ctrbgt coﬁxfpﬁﬁh@ ] gﬁram?,mf ‘ﬁBﬁ?els %ecﬂb&&tuaﬁﬂ %gsﬂélﬁtbd/ &
each i nk supply channel” has wi d 0 gm
ciycgitrygod i saoly ¢jigpnelsa thg mgthod ﬁ@‘PWS@fg tbﬁk/%?PS 2@0 g m or over
500 ﬁ" r%ﬁﬁgta%%? thﬁhq fr&rﬁ1 arg %{ectl&es‘i"degiﬁ§ a b&dkGik supply side;

flarlng i s usual |nskg ficant due to dispersiaon of
Y

char@e eiolkye # Plémltywé treg aftiaBinto e dyopteiesticnrpifiersd the miaker;

avoi @%nﬁﬁngﬁacﬁtoﬁmeﬁrle@hbMthJﬁlﬁ)t&és% gg; i nvention is
still "used renmove pol yneric coatings fromtrench

si detidl fosmipg a plusadistofeeiresepndinenoadess PJé‘Fﬂoﬁ getuatprs prsagsdciated
drRRCRIRF & ﬁ‘le Uﬂ)b & ectlﬁﬁissu@ o R L felr 'ﬂsﬁl{'ﬁthf) Q’E&Qﬁ‘caﬁ% masked etéigng

pm optlona y 1 30 pm or optional
te@‘mqueptlonally, each nozzle inlet is substantlally
cyI i @5’ riaCR letchﬁlQX bﬁgal %r &*c@i‘?&b&{dﬂgﬂnﬁ Q@ny‘%ﬂﬁﬁe@ﬁoﬁi tﬁé’hﬂ?s
tional or optionally 12 to
supplvendﬁaf ﬁhvwlaf;fer toeaé hasmhz z’h@Orlemt ugh;s substantially
Cubodv Péﬁfdvng 24091&1 of 818 bibrSHe B ﬁfg%?%uﬁj&tm% B Wafth 8 Bsed

y, each ink su g y channel has a

omygﬁgé@muemhetb@pbx drapsing angelarsidewplh iatures imthe kesupply channels;

(vii) modifying the exposed angular sidewall features; and
(viii) stripping the photoresist plugs from the trenches to form nozzle inlets, thereby

providing fluid connection between the ink supply side and the nozzles.



inlet, and the process of the present invention may be
used to taper, snooth and/or round off shoul ders
defined by the junction of the inlet and the ink
supply channel. In a further,aspect the present
i nvention provides a processS for facilitating
nodi fication of an etched trench, the process
Opténmally W Argulap siflevlldfoaterenigclydemeirpmbeatial rum prgung at least @part of
th® Eﬁ‘ot&’eﬁii Sfhe! the BeAmdrBRiaPlim bERS Exﬁa&% bSrrr@ﬂiWhg YYD Bach
otoresist plug at its base; and (b) renoving a
Ph%rtlon of the photoresist by subjecting the wafer to
a biased oxygen plasma etch. Optionally the wafer
conprises a plurality of etched trenches Cptlonally
Optipmally the eeoeﬁwgeﬂarm%gfﬁ% featupss areapasiificd by 2epepicn wifling. t o
15 gm from an exposed surface of the photoresist
lug. Optionally renmoval of a portion of the
Ot»}mi}ﬁlt»f the prgpn ion puliag saeryias apd/praggngds B exppsed apgwar sidswall
fehiies. trench. Optionally the process further conprising
the step of: (c) ion mlling the exposed angul ar
features. Qptionally trench sidewalls are
concomtantly hydrophilized by the biased oxygen

Oﬂ%%?@ﬁﬁ?%%@???éﬁhg cluges ?é%% i hg%gécgﬁerlc | ayer
fromthe trench sidewalls. Cptlonally t he bi ased
oxygen pl asma et ch is perforned in a plasna etching

| asnm S
S R e e R R A e R R e
oxlype pidsasrehet chi ng reactor has a chanber pressure |n
the range of 20 to 140 nmiflorr. Optionally fornms part of
a printhead fabrication process. Optionally the etched
Intarfentiehaspect #erd i krosidppanyinkjhigprindiead iotegated ciratitfelaitated by the
i nk supply channel has a depth in the
abcpe' enrhofle%ﬁﬁﬂ‘tdo 300 }pm In a further aspect the
present |nvent|on prOV|des a nmet hod of fabrlcatlng an
In al}uxjt eclt L peelsa drov1dQ& ? gf r(e:tlncr)%]iil%ett ?o(i}gmr@nrcl c%atp
plura f Yy o PPVEES ejec on ac 4550Ci a
ofdn etehed tmnckcdﬂﬁhec;nnarsdlcomtva&u sad methbxammajrsmgtehhmgealdh wdfer ina
bla%g Es Sa en u} hce Jargc el (s)tlr,]lg %rlt géplzsnp Kegem ﬁ% n&ber IemBFrat%re i§ gl the
mmgmﬁ9@kd60ﬁg a plurality of trenches partially into

the drop ejection side of the wafer;

s ewalls

Optionally said etching chamber is an inductively coupled plasma (ICP) etching chamber.
Optionally an ICP power is in the range of 2000 to 3000 W.

Optionally said wafer is attached to a platen, and a biasing platen power is in the range of 10

to 100 W.
Optionally said chamber temperature is in the range of 120 to 150 °C.
Optionally a chamber pressure is in the range of 30 to 120 mTorr.

Optionally a chamber pressure is in the range of 60 to 100 mTorr.



(iii) filling each of the trenches with a photoresi st
plug; (iv) formng a plurality of correspondi ng

nozzl es, ejection actuators and associated drive
circuitry on the drop ejectﬁgn @ de of the wafer using
lithographically masked etching techniques; (V)
back-etching a plurality of corresponding ink supply
channels fromthe ink supply side of the wafer to and

Op@ctally &1 A6t H’Js%%n%erd{’lgb‘ USthe fahbd of 58FBYPAY @ portion of

each photoresi st plug by subjecting the wafer to a
bi ased oxygen plasma etch, thereby exposing angul ar
opliciaMPdaid 188t 4eESled BidgtBcHsiHk h§1HﬁP$déliﬁ%] annel's;  (vii)
nodi f'yi ng the exposed angul ar sidewall features; and
(viii) stripping the photoresist plugs fromthe
O\E)tﬁ&lﬁ%}‘ﬁﬁox&genfﬂm afdQ8 &i®cHallb&iis in thOYRR &IV 20 B R0iselnn g
| uid connection between the ink supply side and the
nozzles. 14 Optionally the angular sidewall features
Obﬁkﬁllaﬂ‘ﬁﬁl Achl o Tl BT BOEah & of14073 80 Qs at | east a part
of t’he photoresist plug, the circunferential rim
bei ng exposed by removing a portion of each plug.
ObRInh APl poiyniiSic €3RAS &h IRARIhMic RidiGHBinler f €at Ures are
nodi f1ed by argon ion mlling. Optionally the argon
ion mlling smoothes and/or rounds the exposed angul ar
OticSPald trdnBRE Yh Gk-sufpt) LR koF ah BRjRpGRALHON M |11 ng
Is perforned in a plasha etching reactor. Optionally
i nk supply channel sidewalls are concomtantly
OPYALRPAL hie §pR¥nidA8l 1AL 85&Hh iKY BRE: dTha s R0GkiERns | N @
urt her aspecF there is provided an inkjet printhead
integrated circuit fabricated by the above-nentioned
OPRnRFsaid ifk Sipbly'chdlBb! 1BSPEGHL b4 1esti1B0 RfQyisded a met hod
of renoving a polyneric coating fromsidewalls of an
etched trench defined in a silicon wafer, said nethod

Oﬁtmw StOki&d FRAiA 9i_1i§<ﬁf. \gaﬂ\ﬁqu chalcliléa téla hﬁdﬁ%@ﬁer%ﬁg H&hesive tape,

etchi'ng chgﬁéer using an 02 plasma, wherein a chanber
saidesighed mengh beipg d¢fined e bagksiflgeof ofid wafer.o 180 C.
Optionally said etching chanber is an inductively
coupl ed plasma (I CP) etching chanber. Optionally an
OptEpalhoaisiadhesive tape frthermakyelease tB00 t o 3000 W
Optionally said wafer is attached to a platen, and a

bi asi ng platen power is in the range of 10 to 100 W
Optionally said adhesive tape is unaffected by said oxygen plasma etching.

Optionally said oxygen plasma etching does not cause delamination of said handle wafer from

said silicon wafer.

In a further aspect there is provided a method of etching a trench in a silicon wafer, said
method comprising the steps of:

(a) attaching a frontside of said silicon wafer to a handle wafer;

(b) etching a backside of said wafer using an anisotropic DRIE process to form a
trench, said DRIE process including alternating etching and passivation steps, said passivation
steps depositing a polymeric coating on sidewalls of said trench;

(c) removing said polymeric coating by etching said wafer in a biased plasma etching

chamber using an O, plasma,



Optionally said chanber tenperature is in the range of
120 to 150 C. Optionally a chanber pressure is in the
range of 30 to 120 mTorr. Optionally a chanber
pressure is in the range of go o 100 mrlorr. 15
Optionally said platen has A tenperature in the range
of 5to 20 C Optionally said platen is cool ed using
whereistid ehamber igmperadre ihig theagprgegi A0 118 Coxygen f1 ow
rate to said chanber is in the range of 20 to 200
seen1 Cptlonally an etching tine is in the range of
Brief Descrgrion ¢ '-inetlonally said polyneric coating is

a hyﬁfgelrehqpa M&&%W Pl B0 B erhh o G

is an i nk supply channel for an ink rint head

Opt i Bigaie|2yis QEavRyiPISPeStippYigw eﬁ@dﬁ@qhzwaga jallyj fahricatedprintaead
ndz31e Qﬁm@em&g With thé Qetii&T=0RHblyPohbRAZhd the S App1 P naRhbd Bkpbsed;

channel” has a depth of at |éast 100 m crons.

Opt i Bighe|3yis acyavaypsTsaretivg view pEthe prifthesd npeAlearapngement shown in

ng adhesive tape, said

Féﬁ%%%%%%?g%g%abe?ﬁk%%gﬁ%%ggmé% a backsi de of said

waf eFigueydtis Hepdaway psﬁpfeft%ﬁ@\s Plepareglly fahsicptpdpragyjart printhead
ndz8le @R Eeh AR EwitRE h&’ﬁ% |a¥se§191y461ﬁ6“é9 $hy e iARGpIT channel exposed;

unaffected by said oxygen pl'asma et chi ng. tionally

sai dFigwgddna wtme@p@ﬁmge\ﬂ gt paer agtpratheynogas pArangeypent

§ con wafer. In a

ﬂ@ﬁ??ﬁggmgggggﬁnﬁﬁggé“%gﬁg?gégggg%m@hethod of etching a

t r enBigure§ iga aitaWay parspRetieg views af aipartigdlyHehwicatedprinthaad gozzlse
ar?a'hg&ﬁen%ccm(i )tk Bebdnd leéhn%ﬁ QRtSthé &t&ﬁor%@eﬁb@'r&h&@@ and the

er to a handle wafer; (b) etching a backsid

ink sunplyehpenc] eppsed; an anlsotroplc DRI E process to forn1a

tre nﬁ@ure g "H gcma§ pREPLESSvib W 6 e beﬁgalgj AE1ARE bAhead nozzle

et chi ng paSS|vat|on steps, said passivation steps
arghagryadnt $hqgnap Bigtrg freafie iop illing ghesirownigrwnial sy of sai d

tre nﬁgmre @399 a SRl 'p@xgpe%ﬁ{féjvﬂp Bf’ e f)érﬁalﬁlq%ﬂc%d pﬂntﬁéag RbA%

said wafer 1n_a biased plasma etching anmber using
argngEnpthawrin Figge 6, afisestepmngsanal t@rﬁﬁ’@éﬁﬁlsta enperature is

| Nt RGuE 90064 SHiM ﬁf?crsg}aph&@ aSilicorPivhfel halPg 45 k@ﬁahmaeﬁ-e&ﬁh% to

Drawings Figure 1 is a perspectlve view of a prlnt ead
witlin 3 e of corgspndingtironbplugs; pri nt head; Figure 2 is

cut aF@ere RE fssaﬂﬁafghif“éﬁ SENﬁWcRyfgra%H of Qﬁﬁédn%%r sh&tihd Ardnéh back-

fabri cated printhead
etched 5 um beyond a front plug;

Figure 11 is an SEM micrograph of a trench after biased oxygen plasma etching
according to the invention;

Figure 12 is a magnified view of Figure 11;

Figure 13 is an SEM micrograph of a trench after argon ion milling; and

Figure 14 is a side view of a silicon wafer attached to glass handle wafer.

Detailed Description of a Preferred Embodiment

Referring to Figure 14, after fabricating MEMS nozzle structures 50 on a frontside of
wafer 5, the frontside is coated with a protective layer of photoresist 51 and attached to a
glass handle wafer 52. The glass handle wafer 52 is attached using a thermal release tape 53
having a permanent adhesive layer 54 bonded to the glass handle wafer 52, and a thermal

release adhesive layer 55 bonded to the protective photoresist 50. An outermost surface of the



nozzl e arrangenent, with the actuator assenbly renoved
and the ink supply channel exposed; Figure 3 is a
cut away perspective view of the printhead nozzle
arrangement shown in Figurq72 aPter stripping away
the photoresist plug; Figure 4 is a cutaway

erspective view of a partially fabricated prior art
EF% hepdle yafer pdis metallized oy gesrkment topn ¢leqiqistatie platen &ya plasma
e@gﬁgemﬁyw;ennved and the ink supply channel exposed;

Fi gure IS a_cutawa étya?erspectlve vi ew of the Erlor

CL

ar t mhthtbﬁ@aﬁ bl WaferntZrig prgwine thereit Hikrvafier Sps Bpgk-gtched ina

pRih£EcIAd dHRb&To aWRY¥ bhdk8id® mts@gpqeﬁéhiﬁnem Wy sthilddiiraBisbirdpic
a cut awa per;Eectlve vi ew of partially fabricated

DIRE ptosess stehymapbrousabfor %%‘86‘? difiee-t 0 t he present
' NV e RkfeRthg t¥4 fgtl‘rewﬁlel%% é]h@&fﬁ b ﬁ%ﬁ%ﬂ)ﬂca&ﬁ Wﬁ&d@ﬂggrﬁtg@cucult

nk supply channel cuta

a%férb Frette hmgefrqm @WH&SHPM% Slé@?q ﬁbaﬁqsve)rqi Bhei vcaé%rédo 51?4 H%bead

pﬁkQ@réilﬁ plu@ 110 ANGBEEBA S AYMBes kifd plfdggll@rcﬁnﬁg ba@fél@er etdtp, the etch
the circunferenti al rm Igure |SaCUtaV\ﬁy

ﬂfaréf @6@8}( pupwards wvgivsra rediallyBared eigh tgmrinys 12 aad eeprisprondingad

c1?&%§ér@ntlaﬁﬁ&qggﬁyﬁ§@ﬁar§mmg1 Figure 6, after stri ppl ng
away the photoresi st ure 9 is an SEMmcro

a si REEBmeiRFiEvehathr h@ck hed wafehwewp ikigwe ér#?ewgwed toa

bidbedxPeer pREMPEicIE kb sﬁ&%si%gég f&:ﬁ@&ap s\peForndel Y Sashid ebching
a magni fied SEM m crogra P a silicon wafer show ng

chpmbeigising spitpdly-cotrelled @a%ﬂ% Riapiag pever P PeHer. phagper pressure and
etbhiggife. rhe bs@bx RN plsibh OQGh ARHVES 2 porddnSIrel: p"ﬁf)&)feglst plug 10.

bi ased oxygen plasma etching according to
TheRestiqn remevertiigiyfticienptojexpase thegpiked @@umfeémﬁelfnmul Jure 11;

Fig UA@dﬁé’haﬂ? t@@bl%@g@ﬁ PEERPRHIE mBves %ﬁ’{‘&;’&k@‘h&lﬁé f18dr8&tbon

ion ml igure 14 is a side view of
p@mwémm %Flé?waélﬁ p&@h & sppplyyphageel faaplpang g ih a hydrophlhc layer

o8OATHE Hu PSS oh RbiyRiar &fatu?% Sl gidvedls %@gﬂ(% channel 6 is

Referring to Figure 14 ter fabricatin nozzl e
tygicplliciormes<iugng @ﬁ anjsqtfopistIRE @rasess. I%eaweellwsg the flgorocarbon layer

with @ Hif&bﬁiﬁ&' §Ozclg§ér afle Wirfabe Iﬁf dﬁét?&% SEthk ‘ﬁﬁ( s'uﬁM? Ehaﬁlflel 6 are generally

photoresi st 51 and attach %tass handl e waf er
ingpovedyethgpepdlectingibn thermat r@}easszanesvheﬁ spevmesdheafprgp tq the handle

w&t@ﬁf’ﬁﬁl 5pa¥t?cluﬁ§‘%§ al IR %veﬁf%}{él '%Herﬁ’iczﬁ %pa ﬂ% %%é éﬁ@/or
| ayer ded to t gl ass handl e wafer and

hlglPréan?&Iatuf? @h@aé@laamwgil paveidgder 55 bonded to the
% r Otl g&%ﬂrﬁ&g tPRRErO N it ShePdshoMl iPHLEE BGS fubfiel RFRg Al iof Afling

in a plasma etching reactor. Optimal operating parameters of the plasma etching reactor may
be readily determined by the person skilled in the art. During argon ion milling, the exposed
circumferential rim 13 is smoothed down, which improves the robustness and surface profile
of the ink supply channel 6.

The extent to which the circumferential rim 13 is smoothed, rounded and/or tapered
will depend on the pressure, bias power and/or the milling time in the plasma etching reactor.
The rim 13 may be either rounded down (as shown in Figure 7) or fully tapered by argon ion
milling. In either case, the removal of this spiked projection generally improves ink flow
through the channel 6 and minimizes the likelihood of slivers breaking off and blocking the

nozzle downstream.



gl ass handle wafer 52 is netallized for attachnent to
an electrotstatic platen in a plasnma etching chanber
Wth the glass handle wafer 52 is secured thereto, the
wafer 5 is back-etched in a;qpl @asma etching chanber to
defi ne backsi de ink supply cﬁannels Any standard
anlsotroplc DI RE process (e. Bosch_etch) nay

used Fraily: padiefring te Fighrerfy themefes shawadn Figurei ga?%w% which
cérhyRétely! |s§1p§ ResnnSpHdardsistpluy 16 A Préades AuidicoMeb@ihetween the

integrated circuit after back-etching fromthe ink
“@%ﬁﬁp?méﬁ&émgﬁyﬂﬁa@ﬂ§1de) of the wafer 5 to and past

the photoresist plug 10. As the etch front neets the

pluq 10 during backside etching, the etch flares
Example) |y outwards to give a radially flared etch

ter m%ﬂﬁoéaa@mvﬁlgca%aaﬁwdm gm wab prepdFe BLsGaldval U§1h%73
13 around part of the plu erring to Figure 6 he

stpdard anisetHr WO@W“Fg hﬁwg&? dlametfiofd 4 end @ denth 0528

pl] REQEhOX ML itk AR BR tl%tv@ﬂer iﬂé&reﬁéﬁﬁ%ll@& %nghﬁbﬁﬁﬂ% form a
etch is Eerforned in a plasna etch |;§1 er usin

frenfiplugoVyih dhsrftontside ofithg axefer pigarheddp a glapnapdgusiater, {epbackside is

tthQM’L’@Hed t& RARR S LS RRBALR 1Ak ofhLdnBluf. I,@m 4 Rndat Bs2RBtropic
% pl asma etch renpves a portion of

r@ge@gqs §§edr§‘prb‘§cl§gie etching. 'B@rbpq:lbﬁcb(eé mga‘pégfnp}shad a depth of about

1 hnfd £ mdQ 0 XRRAEE fRFigRé & R SENMCME REHALE Rk silibdh wafer
Addi tionally, the biased oxygen plasma etch

affeéh‘%ﬂ‘ééc Hgyo WVHPé;b‘Hb‘tﬁﬂée fronBlugcar bon pol yner fromthe

S | depaddccn@s wab @oﬂtﬁljﬁe(ﬁU AR M clCRPRRRIL 1R frohERL A& dMB ot (s ;im past
th a hydrophilic er of Si02. The fluorocarbon
thﬁ épvr?é%g Busisr uigtrepic t=t ing pondifians. Kigare 10 fean $5M srigspgrgph of part
of GRERABh atfor bgck-ekaﬁmg%ét e S ?Iﬁg' AhbyADint th%lr@m S Qik&P1 C

Dl RE process. By | aci ng | uor ocar I ayer

cigprmfpreptiphrim exiendp a@ulsi tho ﬁpwé% thﬁ@thg brokerteh i @cﬁ@tchu es
co?xfplétéi?ﬂhéﬁ SHPMerorhidnnel 6 are generally inproved,
wi t hout afFectln t he hernal rel ease tape which
secuflssilicar wafst. ey Plspatr%i 3bREe; andpreetchgdingccegance pyith the method

of IR frkdehtlidVentiddy avoi di ng conventional chenical wet
cl eani ng_processes and/ or hlg -tenperat ure ashing

del afyistyadardindycsvely spuiried plasap BRIE rrgcterd “FRMfre” tpol, ﬁlrp@hed by

smé@fecﬁnoﬁ&g}\mstbxﬂsﬁag léfnﬁigﬁre’d%s fubivected to argon ion
mlling in a plasm etching reactor. Opti nal

operating paraneters of the plasma etching reactor may

be reedid yowlet er m ne@oly the person skilled in the

art. During argon ion mlling, the exposed

cir BiasRMeAtial rim 13 i3 Whpot hed down, whi ch

| MPrEy&s: e robustness gnd surface proflle of the

i nk suppl’y channel 6. The extent to which the

ci r cehrpbpidappestuiei m 13 | %ot hed, rounded and/ or

t apet&ingWi | | depend on E&ﬁsx@é&‘ﬁﬁﬁi%@ohn@' $5 THYVPC

and/ or t%e mlling time in the plasma étching reactor.

The Ghambeprepsiyrebe ei t her8dmIvred down (as shown in

Fi gub oW raRt fully tapergpchy argon ion

The wafer was back-etched under these conditions for 60 minutes. The etch removed
a portion having a depth of 7 um from the back side of the front plug. During etching, a
polymer layer deposited on the sidewalls of the main trench was also removed. Figures 11

and 12 are SEM micrographs of part of the silicon wafer, showing in detail the 7 um portion



mlling. In either case, the renoval of this spiked
projection generally inproves ink flow through the
channel 6 and m nim zes the Iikelihood of slivers
breaki ng of f and bl ocki ng t nozzl e downstream 18 0
Finally, and referring to Figure 8, the wafer shown in
Figure 7 is ashed, which conp Ietelé strips amay t he

|a

mewésqmvecbm@e ¥y shplasmaisie Bigure| L rlgo shis @ spikesh
m%‘n‘f@r“&mf ﬁ%ectioﬁl(ﬁhnélyad ﬁnmﬁnd AL ﬁ“éﬁ{@mg{ hﬁtf]ﬁﬁﬂﬁﬁlwkﬁess of 1.7
| icon wafer having a thickness of 200 pm
uma@t@d@séﬂ*@ﬁd%}ge fagk §16"?/\%ftth§ﬁ‘fPFg a standard ani sotropic
DRI EriRasste Sxylefefladha Y ihb PlagnsicaiiBitvek rQbnfidhrdants &Mws:
a dep?ﬁ of 28 )%&fmmas etcheg into a frontsﬁ%@ of the
mafer The trench was filled with photoresist to form
Fgﬁg W t hogdaeyf ront si de of the wafer
attached o a glass handle wafer, the backside is
t henBissepwedt to within 5 P¥Wof the back surface of the
fronp.phdighs: Again, a stapgdard ani sotropic DRIE
process is used for backside etching. The back-etched
mai nChanehee tempetdtuge: dept h &30°@bout 170 pm and a
di angtQmeof about 21 punBa&%ﬁHﬁéhu% doéhx?g;9 S8, 10°C
m cro raph of the silicon wafer after back-etching to
wi t hChanbeppressiret he fr ont 1Hmlgr Back- et chi ng was
cont pnHee 4o the back sujfprcenmof the front plug and
about” 5 pmpast the front plug, under anisotropic
etching conditions. Figure 10 is an SEM m crograph of

part Th@&fafg%stbﬁm&e@t L&l mﬁ’l@@ J‘S ufdef ﬁﬂeMo&ﬁﬁ&nstfm 5t20GRhutes.
pl ug. shown in Fﬂ%ure , g C|rcunferent|a

Fugurmléxqa@rﬁw micsegmephtof thefresglignt am wmmhew'f spikek- et ch
CI%glfé}& 2 BGi Qctloﬁ 9(5mh§f cﬁ)lv\bﬁ thh kiﬁ&)tl"f‘ gﬁ‘fa&s trhd gﬁerfcé 9f‘§pll&h u g

he silicon wafer, gare above, was then etched
pﬂowctmg artheiveesion eftihq Iﬁ@tﬁ@ orirerd bask-athed pershersignificantly

a«%@tﬂe Qﬁ}facéﬁ/ﬁ%ﬁﬁr&)@ ﬁ{e%éuﬂegh' Gﬁa!nﬂé?l Sheb @Y Bh&&e&it A8 BReRlifped
eactor Pro" tool, supplied by Surface
aWﬁ?/’ehnology Syst ens) mas configured as follows: ICP top

POVET; wii? 3P Coule Béeaa?b%o Bl th%pthy\()re@naﬁ@l‘ugﬁﬁas v0eh deSiBEPBUrely

t enper at’ur e: ol i ng: Backside helium cooling,

byoway ofgrempla ad thm#ﬁ‘@ﬁthyﬁ ebdstailanayg mage within the scope of the

invention, which is defined by the accompanying claims.




02 flow rate: 80 sccm The wafer was back-etched under
these conditions for 60 mnutes. The etch renpved a
portion having a depth of 7 pmfromthe back side of
the front plug. During etchybfg, @ polymer |ayer
deposited on the sidewalls of the main trench was al so
renoved. Figures 11 and 12 are SEM m crographs of

CBAMMS of the silicon wafer, showing in detail the 7 pm
portion O 19 of front plug renoved by the oxygen
plasma etch. Figure 12 al so shows a g?

Lei r cOnmediodof FG&}OV’;% gjpelyicEncqRting ﬁ%‘FIWe‘é‘taUrsl LEtehsA Herhe

adenedin X148 wafed il thetholl BoriRES StcBing baid waltt in@XdiRBdHIAGa
t owar ds t he back side of the mafer Fol | owi ng. t he

ctefuygdirmperaising 2 Pe Plastia, Whefpinspid chamier sppgraRIe 1S in the range of 90
to'1geenfigured as follows: |CP top power: 2500 W Bi as
power 300 W Plasnma gas: Ar Chanber tenperature: 120C
Cool i ng: Backsi de heliumcooling, 9.5 Ton, 10C
2.Champgy i Rh&STéafn 1 1»011&@-[19 $did Q&mﬁ% Mdmb@tifan ﬂ&ﬁtlwﬁwuﬂ-ﬁ@
waf er was back- et ched ("ion mlled") under these
plawidi¢R)stbing shamsr-20 i nutes. Figure 13 is an SEM
m crograph of the resultant trench, which shows the
spi ked circunferenti al ection_rounded down
3 e oo AR Gl Ao L PGPVEP e PERCHIZOR BB
the junctions of the front et ched and back- et ched
trenches Si nlflcantly roves the surface proflle

4.of t Hee methed af glaim Erveerein S sai Wialer i§ pEachilde 8 pispstnd giasing
plge@povsgrtglaaeqang@womlmowI |, of course, be
appreci ated that the present invention has been
descri bed purely by way of exanple and that
5.modi ThCalh It Rfm dsiRidin SRYcHRRbERES em&re ltsrln 1H3@ar%6 OPE0 to
of the 1invention, whichis deflneJ)
159¢€onpanyi ng claims. 20  CLAI MBS 1. A nethod of
removing a polyneric coating fromsidewalls of an
etched trench defined in a silicon wafer, said nethod

6.conpFhesneibodeat claim & eisredn velfegiber pessuTpis4s g Ta1es ghap to 120

mTorr.

7. The method of claim 1, wherein a chamber pressure is in the range of 60 to 100
mTorr.

8. The method of claim 1, where said platen has a temperature in the range of 5 to 20 °C
9. The method of claim 8, wherein said platen is cooled using backside helium cooling.
10. The method of claim 1, wherein an oxygen flow rate to said chamber is in the range
of 20 to 200 sccm.

11. The method of claim 1, wherein an etching time is in the range of 40 to 80 minutes.

12. The method of claim 1, wherein said polymeric coating is a hydrophobic
fluoropolymer.



et chi ng chanber using an 02 plasm, wherein said

chanber tenperature is in the range of 90 to 180 C

2. The nethod of claim1l, wherein said etching chanber
is an inductively coupled yasfa (1 CP) etching

chanber. 3. The nethod of claim2, wherein an |ICP

power is in the range of 2000 to 3000 W 4. The

met hod of claim1l, wherein said wafer is attached to a
1P| at R maRsh & cRim 3] WikbreiR baAd £&hcP RMRInK s%p;\bl\z chdnficl FRRE ‘ihkj!aft
10 to 100 W 5. The nethod of claim1 erein sa
prithgafer tenperature is in the range of 120 to 150 C

6. The nethod of claim1l1l, wherein a chanber pressure

is in the raqge of 30 to 120 _nilorr . he net hod of

1% ai Fhemethpdqietaim 43 aﬁlgmﬁalddp%wawhwg@ tﬁs # Wyidth indhgrapge of
260 1O ml@6hs Mlorr. 8. The nethod of claiml1, where said
pl aten has a tenperature in the range of 5 to 20 C 9.
The nethod of claim8, wherein said platen is cool ed
134Si NPhaGKSd sTR1a0. h 3, WihefePlaldNbic suppl§)-chaA6l HABL H@ﬂl &ifat least 100
claim1l, wherein an oxygen flow rate to said chanber
MiCEOTS t he range of 20 to 200 sccm 11. The nethod of
claim1l1, wherein an etching tinme is in the range of 40

to 80 m nutes. The method of claim1, whe

165 5 dT]}?ﬁ)‘T‘?mqf ela% é,tvylwgenil 3 frantﬁ%?féb]ﬂélélic%n wafer is attached toa
hantild W@ Q&M%ﬁﬂ-‘em?e]ta& Jeid etdie@ troRibeRlg Qbfirell 81 ABabksidtEEAd N
said trench is an i nk supply channel for an inkj et
Wi nt head. 14. The nethod of claim 13, wherein said
i nk supply channel has a width in the range of 20 to
120 microns 15. The nethod of claim 13, wherein said
I nk Shegpithodad, é‘ﬁH’é 16, pihsren saidgelhesiye tage i theympl relggse tape.
m crons. 16. The nmethod of claim1l, wherein a
frontside of said silicon wafer is attached to a
18 andlhe methadrof glajm 40, athmrsty spid adbgsive taps isgmakiectrd dy s3id Apygen
plRglangndgf i ned in a backside of said wafer. 17. The
met hod of claim 16, wherein said adhesive tape is
thermal rel ease tape.

19. The method of claim 16, wherein said oxygen plasma etching does not cause

delamination of said handle wafer from said silicon wafer.

20. A method of etching a trench in a silicon wafer, said method comprising the steps of:

(a) attaching a frontside of said silicon wafer to a handle wafer;

(b) etching a backside of wafer using an anisotropic DRIE process to form a trench,
said DRIE process including alternating etching and passivation steps, said passivation steps
depositing a polymeric coating on sidewalls of said trench;

(c) removing said polymeric coating by etching said wafer in a biased plasma etching
chamber using an O, plasma,

wherein said chamber temperature is in the range of 100 to 180 °C.

21. A process for facilitating modification of an etched trench, the process comprising:
(a) providing a wafer comprising at least one etched trench, the at least one trench

having a photoresist plug at its base; and



18. The nmethod of claim 16, wherein said adhesive tape
is unaffected by said oxygen plasm etching. 19. The
nmet hod of claim 16, wherein said oxygen plasna etching
does not cause del am nati oR,of §ai d handl e wafer from
said silicon wafer. 20. A nethod of etching a trench
inasilicon wafer, said nethaod conprising.the steps

of . (QWEFPNRTIEARIRG o4 HePBNCEPigdY SHbiecking theiWafe e biaed pryeen
plasmaetandl e wafer; (b) etching a backside of wafer

using an ani sotropic DRIE process to forma trench,

said DRI E process including alternating etching and
2P aSsS THSpro&3s Sl 21 SilhetliP S Siakd bdmtised Heralits @Parshelditrdfkhes.

a polyneric coating on sidewalls of said trench; (c)

renmovi ng said polyneric coating by etching said wafer
23.n aThé poeds Ml kSR 1 Sl KeidiRthe babRAPRPEen Pl @R ReroREsASd¥Bth of 1

wherein said chanmber tenperature 1s in the range of
torl3gnt gonpgp exposesisuriace pf e phatoredst plugei | i t at i ng

nodi fication of an etched trench, the process

conpri si ng: <éa) provi ding a wafer conprjsing at |east
2bne Lhepracest ofeiim 211 wherelp femexal of ppstien effgphofessishegpgses
afIRE RRREds $ sifdwals 8tthé k&chase; and 0 22 (b) renoving a

portion of the photoresist by subjecting the wafer to

a bi ased oxygen plasma etch. 22. The process of claim
221, Thesbids dftaimal etrted bRhrsas ik |pwral ity of etched

trenches. 23. The process of claim 21, wherein the

bi ased ox ¥R mlling the cxpesrd megHiyEauesgepth of 1 to 15

pm from an exposed surface of the photoresist plug.

24. The process of claim?21l, wherein renoval of a .
2hor t TorPrafesy Helain gl orhessinirens pidevealls argsoppomitantiyiyioplylized
by the BlaSlAWRdeh pRkmb Bgh.t rench. 25. The process of claim

24, further conprising the step of. (c) ion mlling

t he exposed angul ar features. 26. The process of claim
221, Theredels dIdiRNeNwRdréle WeHchsitatt By oyMIRAlinAaRdbdes removal of a

hydrophi lized by the biased oxygen plasma etch. 27.
popfeerisrigepiam thediepelbgdewgler ei n concomi t ant

hydrophi l'i zati on i ncl udes renoval of a polyneric

| ayer fromthe trench sidewalls. 28. The process of .
2% ai Fheproceid chim 2t et Batsd pyvssn plasapglchols pprigraied in a
plRRHaf hiBGedctor 2

29. The process of claim28, wherein the plasma etching reactor has a bias power in the

range of 10 to 100 W.

30. The process of claim 21, wherein the plasma etching reactor has a chamber pressure

in the range of 20 to 140 mTorr.
31. The process of claim 21, which forms part of a printhead fabrication process.

32. The process of claim 31, wherein the etched trench is an ink supply channel for a

printhead.



pl asma etching reactor 29. The process of clain28,
wherein the plasma etching reactor has a bias power in
the range of 10 to 100 W 30. The process of claim
21, wherein the plasm etchggg peact or has a chanber
pressure in the range of 20°to 140 mTorr. 31. The
frocess of claim2l, which forns part of a printhead
abr TbarPesss ofickita 33, wheein the ink sppphwehaneel hasja.depth 49 the range of
1001816h fimt he etched trench is an ink supply channel for
a printhead. 23 33. The process of claim 32, wherein
the ink supply channel has a depth in the range of

34.00 QneYA of Wbricatthg afinkRt Adfhead mﬁe%k&‘tédcaﬂtsmn&n@ﬁsmg kjpmamy
§%Jnthead integrated circuit conprising a plural

2flesy SIPRION aglpaienss astociated dHYOTIR I gk Rty SRR, (¥ method

c&m&ﬁﬁggk%&@ygf|nk supply channel s, the nethod
conprising the steﬁs of : (i) prOV|d|n a_waf er. havi ng
a frGht PaYidipg e hayings frent drop %@cwwéeu ank a Bk ink supply ide;

(i) (1§ t GBiinga AluRlity lt&ﬁcﬁe@ﬁarﬁa‘ll? ﬁﬁ@ﬁi@ dﬂ?re}elc@éﬂ s¥del OF{HR wafer;

t he ? ejection’'sid iti) filling
1

eac h(lb)f Bﬁée%qh@ﬁ%é@%ﬁ Wﬂaa p‘w&r%ﬁl%gliug,t plug; (iv)

for nhvbgfoﬁnﬁg%ﬁiraﬁ)vo&fme@aﬁcﬁwaw BiestRaabiBStors @h&@s&dcﬂa‘fbd
actuat'ors and associ at ed drive CIrCUItr on the dro

dI@jeétft?‘P%h o thg drogfejectien siggraf the yefer gsing %lﬁega%tb%ilx gpaskpd ctching
¢ etching techniques; (v) back-etching a

plurallty of correspondlng i nk_supply channel s from
t he {Wkbackgisping agluaditioe! comespoReding ink ipalyshpusls fiopghe ink

m@ﬁ@%ﬂ%%ﬁ&ék@ﬁ&&gﬁdp&ﬂﬂ%ph&&@%&%ﬂg@ portion of each
e wafer to a bia

t or esi st p ug ectin
oxygen E‘FI%@’H@ LSt Ofﬁ&@bgﬁo@%ﬁcpg}gﬁ)g saly gqglp&[;heéqag:‘é\}%q Piased
o,;fygéﬁ MESS: e, ThBRby SpostPRIaCHRNAR iiitures(y tue)inmglmg, Yhafels;

e exyosed angul ar sidewal |l features; and (vil

stri P mpdifiies Srrsedsangplangidryall foagissi # t r enches t o
f or My a&ipBink 'Eﬂe%&orets@teﬂh%fﬁonﬂﬁ@ﬂédéh&% forMindzzle inlets, thereby

connectlon bet ween side and the
praviding dgid cgmectioyebetieach g i suepla ﬁlﬁ? g thopeerlss-n t he

angul ar sidewal |l features include a circunferentia

rimaround at |east a part of the photoreS|st sgug,

3% he themeibddtslsim af. wherpinybe mgulapsigywddeaiyresiaritding a

ciRBhbdrQfiaim 8R6HY RNd4G-a paf of (B %hé'f&%ﬁﬂ%h%f th€ biddufténtial rim being
wher ei n the exposed angul ar sid eatures are

exppigd oy egnoving a portion of each plug.

36. The method of claim 34, wherein the exposed angular sidewall features are modified

by argon ion milling.

37. The method of claim 36, wherein the argon ion milling smoothes and/or rounds the

exposed angular sidewall features.

38. The method of claim 36, wherein the argon ion milling is performed in a plasma
etching reactor.
39. The method of claim 38, wherein the plasma etching reactor has a bias power in the

range of 200 to 400 W.



by argon ion mlling. 37. The nethod of clai m 36,
wherein the argon ion mlling snoothes and/or rounds
the exposed angul ar sidewall features. 38. The nethod
of claim 36, wherein the arggn fon mlling is

performed in a plasma etching reactor. 39. The net hod
of claim 38, wherein the plasma etching reactor has a

bi as power in the range of 200 to 400 W 24 0 40. The
4amet h qrﬂe @Eth6d &icthid 88, wikedieihB plabiBa @blasdRadtir&hd H¢hambarGrdEure

ﬁ (Ranggf pressure in the range of 10 mlorr. 41.
“Wi%“mﬁﬁ d8™Pre| ai m 34, wherein the biased oxygen
pl asma renoves a depth of 1 to 15 lamfrom an exposed
back_surface of ea hot sist plu 42. The ngtho
4bf cTas metaod of gt fapteran agﬁﬁﬁs‘o Feslsms iemenes ﬁ@?@ﬁgl to
G dndRpdsid bk Siireied bf dagiepholytesishpiuli ased oxygen

p asma etc 43. The net hod of claim 34, wherein the
trenches have a depth in the range of 5 to 40 gun.

444, Themsmbéd@rdiah 36| vaemisik sWpBr Bhdhel didwialKars bgtabitantly
ﬂggnnels have a dep t h Bp the range of 100 to 300 pm

Fmﬂﬁ“?ﬁ&@%?“ﬁﬁPﬁﬂﬁéﬁ sy ety ated circuit obtained or
obt ai nabl e by a nethod according to claim 34.

43. The method of claim 34, wherein the trenches have a depth in the range of 5 to 40

pm.

44, The method of claim 34, wherein the ink supply channels have a depth in the range of
100 to 300 pm

45. An inkjet printhead integrated circuit obtained or obtainable by a method according to

claim 34.





