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devi ces. [0002] During seni conductor wafer processing,
features of the sem conductor device are defined in

t he \MIRIMEZEA TIONEO F-MASKUNBE RCUT'ONDEERISINICON ETCH
processes. In these processes, a photoresist (PR)

material is depositgdceirdii® WRTRE eRgTIdeN 1s exposed
to light filtered by areticle. Thereticle is
g0l | yTize mesasinpb@tion thats to shefatrhaioned seintdonductor devices.

e ary feature geonetries that blaock lig from

pf‘g@ﬁ; at i My R IGUEAUREr (ater Pracessinso ERFfuray ‘P&‘e praRisppfyictor

t t L i.aht t : .

t RGALRRe SOEnL e Futek Mink YR bAR AR BRI foblses. n
C lient palce sesyp@hbtoraist PRt dateplidt degsitat omaicevafal angduldn is
that a devel gper can renove a portion of the

pEBRSEG L Light filterediby) a refigley e getigle iy genssdlnd glass plate that is
p ' ' t i -
R L G e e
metiretigtaths reticdhe unexposed regi ons are renoved.
Thereafter, the wafer is etched to renove the

uHNO3I yi rftererasingfhroyebrhe Fréiclkss Bsdisghheantagtethp suifass s the

. t i i 1 .
s G 1 PR i
Vatadtls$ s ghnkitat de9sisp@icap hehoveespEtio@bethk phvdresise Baterial. In

ultra violet (DUV) photoresist Is exposed by 248 nm '
| thyrase qlopasgiclphppresist Auea lsa Hgi ergoseriregionsmrp gengoved, and in the

sch ti.c.Cr -sect | ] viiew of a_ ph resi k
S R s R
Mahkredfted, hasvaTaSK e@R&NioNgSot2the uhb&1yihd MaRMablr6h they®ks that
108 may be over a substrate 104 with one or nore

| aspaioslonges postecicdly heamotosesist matesial.japd thesetrdefiag dre degiyed
b eihgs§ukicog substrate. FIG IBis a schematic

cr SSETEECHT ORET vi ew of the phot oresi st mask 112 and
STA00aPN eV &ibus d¥REratd R of hb@Feslseat W8 & n N ®eep BRANIolet (DUV)
etched into the silicon etch layer 108. The etch
ppbetessist miespesediyR48mdekighut Tofacilitaty widestanding, Flie 1A is a
resulti.ng silicon li.nes.to, be thinner an t he.

C St YRR B A RSt PRGE 1 1118 b dispn eyl laver
et 08, ThOFhdTBeSisSRNK" B 2tHAS B 8p&ihes 122. The silicon etch layer 108

may be over a substrate 104 with one or more layers disposed between, or the silicon

etch layer may be the silicon substrate. FIG. 1B is a schematic cross-sectional view of
the photoresist mask 112 and silicon etch layer 108, after features have been etched
into the silicon etch layer 108. The etch process causes mask undercut 116, which
causes the resulting silicon lines to be thinner than the original mask. It has been
found that the deeper the etch, the more severe the undercut.

SUMMARY OF THE INVENTION

[0005] To achieve the foregoing and in accordance with the purpose of the present
invention, a method for forming features in a silicon layer is provided. A mask is

formed with a plurality of mask openings over the silicon layer. A polymer layer is
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silicon Iayer is provided. A mask is formed with a
plurall of mas n|n s over t ilicon |ayer. .
pOFRATY %f‘ﬁélFe ‘inég%lﬁpofi‘?‘f’]é‘ adVeroseh&e ﬁé@@@swnﬂ%wrﬁ@ﬂ%ﬂg C4Fs,
h}’&ﬁﬁﬁlﬁa pfaﬁﬁﬁ FORP@S! 'dE%&sﬁl F%gB&gg%gg f{}n{:e? frofxf%@‘p[ﬁgma for

a pla fromthe deposit , I ng a polymer
faohmmﬁésgkmduanﬂsmpgmgnma&moﬁﬂngd&qnﬂﬁnmaﬁdrﬂmmpmmmyo

the depasiting the r after he at . | east

sé«zfeﬁgss WPBEESQOEY%“ ey epepery/oy fl wmaa@r?@ams% gas, forming a

%Pa\é\fng groﬂpthgmﬁ Eg égﬁavghlcfl QEIFLNR1yPre oS HE ATk ?olgmer on

eni ng gas ctively renoves the deposi
pbbyaeras ofdthe phirdlagwf ofasl h}&npligsl rvéith teypeot tomksmpqnlymm on sides

with respect to deposited ynmer on sides of th
pPhLhaIRrpligof mask OBgERgSH @@f stamn&thspv,spwgg fhen 6b]éiiﬁtﬁ@me of the

filtalft 01“ g—:@@#& ca i a% ]%] ed plTHé gihll:(gﬁ/ lagér Cfg"@ﬁ:hec{ &ﬁ(&l%ﬁgﬁe mask

are op e silico aerlsetc roug

naﬁ&dﬁmﬁudhmﬂ@m&edyﬁolyner | ayer. [0006] In another
mani f estation of the invention a nethod for form.ng )
f 800001 es Tnngthey mpgifsstatigy of thednyrngipn dapcthed fogdaemiag features in

F QL MRy Y\cqy‘e}"ls &l# d”"Aﬁ# Rl é‘d i Fﬁl\ﬂﬁh (§'6F Enatsfg Spennrl]%s over

S|I|con con

ptwlﬁnqwb@he siBcqDlaysras plaaétﬁin d Iﬁiasiﬁppl‘@bés@ dhzﬁﬂlﬁﬁr tAhgolymer
mask by flow ng a hy drogfn free deposition gas

céyss @tdﬁp@ltéé Qéﬁtth%\ma% flovimg 4 hidergendrep IdaBQﬁﬁl%)rg?é €9rsisting
|
de%ggtl? Hy of%{;lﬁli)ﬂllgo %e?pl%%‘ﬁﬁ% % e%ml‘?agxgoﬁg, 1%§1n Hﬁ]aesgl%ffr% the

S a@md&ntgas fdepRiaing apelymat frbﬁl&ﬁ& pRO8a ma EIt magtkz.o @B6hds to form a
stoppi ng the depositing the polyner after the at |east

2@Y§@@dw§200nwe teielbasilstapp sl twré?pqswé ithe polypeiadter Bye at least

f o into the as ocess
%@ oS LR b Py oRa S BT RPREGRDrsping s inc
agnyaelbryscdse mrtﬂaﬁnfi@&qﬁﬁn@dﬁmltﬂwen% Qb Bselectively
of the plurality of nmask enln%s with respect to

d egyosics e cimpgltﬁérpom@mé@ttomw thegilumhtyi thynask omkgs with

h
o e PR T R R SR RO dp B s e 380 Fopping
SkHel spRRAInk AN at FeafilsoRRGS Hﬁht}lctf@niﬁﬁS%atﬁ‘r@g aepesdd erhe

pol ymer [ayer by flow ng an etchlng gas different from
t hlélcalp Bwyeinig etrhed tmehghgherimagk @nqoflleavgmcdmocbym@rﬁeyeeby iomgng an

d ggggllgt VNS Hggr ches rr{ E‘g gisal Ilﬁilég formmg a prlasma tIrom the etching gas,

which etches the silicon layer, wherein the deposited polymer layer prevents
undercutting of the silicon layer under the photoresist mask. The silicon layer is
removed from the plasma process chamber.

[0007] In another manifestation of the invention, an apparatus for etching features
in a silicon layer under a mask with openings is provided. A plasma processing
chamber is provided comprising chamber wall forming a plasma processing chamber
enclosure, a substrate support for supporting a substrate within the plasma processing
chamber enclosure, a pressure regulator for regulating the pressure in the plasma

processing chamber enclosure, an upper electrode for providing power to the plasma

2
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mani f estation of the invention an apparatus for
etchin res 'n |ICO under. a mask wt
oB’éﬁFﬁg‘é% ??@“‘E?F’b?ﬂc Hre % Pras trﬁaeoé)éQE‘TV ng H%We?%% Q{F
F;Q%Eﬁs%@r&@i@&'&ﬂc%ﬂ? go&{&%{&l% tﬁ@q{gpelf QLRIAG, AsRbAPRP ppwer source
processi ng chanb encl osure substrate support
s akepmca]ﬂy]gormeaadbsi thafl@vanieldeimdd, hegap irdetrfar m@Mgm gnto the
nber enclosyre, a pressure regulator fo egul at
¢ ﬁ SPR F5GTENG Hhagiiper IS 6?‘6% 8ESTHG! £ shiisting gas froM the
eﬁfal ﬁﬁ% [Stes UPRRer %cﬁ&sﬁn{g@ d[? { ouldeqy h{jﬂfﬁg ch?ﬂ&ﬁoﬁ Qiith the
t he pl asmaprotessing c osure,
elgecinieo drd é@npm)sresm|h§idmgerpﬁmC4Fgaiepoms<bn @5 spomeramcmenmg gas
el ectrically connected to th q@gyer el ectrode

s SUBAY AR 2D BIRBINE LT PUBCa| D EPR FS;FO@SHW@%Y emeetefi frothe gas

g %é‘ﬁ}s{ Rﬁgmw@ ¢ QRSed Qﬁ%&le s@onf" U¢AM %%é ahdESprises at
asrm processi ng cha er encl os e, an a gas

olﬁaht&tnefpﬁdicees)dﬂ ané tomputgasadabtymedie. Thasomppeoeedblagedia,

chanber enclosure. A gas source is in fluid connection
WEPRPEES cgaguienreadable W%ﬁb?@@é@lna appHeRy ddver peed tes mgsk,

et@é’rﬁﬁhélhg Corflfifte Pbfe cdild tf?ﬁf?&lﬂg adfdroddi fr ggﬁgﬂloﬁ%as

er-i1s

coompaiiegd CLB; fidra tgasydseiendee A, Agddposision fgks HaM&Tinto the plasma
source, and the second RF power source and conprises
aPracewste GRmber. se@ayisr reaﬁwl%qﬁsd%formm@am%n gnghe

rng gsg[Ungg El}%%ge??éa%aﬁ%%&s fSP%% 'sﬁ'ﬁg apd §9lom the plasma for

depositrn er over

masleast Q0 RPFondk,Rgd @@ﬂipuﬁeﬁ‘feaﬂzﬂﬂ@a&ieefoﬁﬁdﬂnﬁg)ﬂlefdepwun@ fhe
hydr ogen free deposition gas conprising C F8 fromthe

hyabfmj:é aft¢rrtheatdessg 2@ sqsosdlt p@mpgtagregéahl@: eoderfppopareng the
CI?TO]%RCCP g&c e fng& com ﬁli)nl"ttijsre_]ﬁeg C é'lrtrgada%Fe CO%C fOI’ OOV¥dlIel$ an opemng

fro S|t|on gas,
r«ga@@&h&h&@&@ﬁlgf Ok sSapOFitd thagﬂ@nﬁqirw@gmg E;mnﬂsda Ecomputer

asma for at l'east 20 secon and conput er readabl e
C wéablo codst fop fragng hela@l@p front tha gperHeg gas \ylmtéh sel¢qtivelyihaoves

ast. cond r.reada Q
B%n eﬁas”teﬁé”ﬁ‘é%%sof“t 880 5%&’1‘1‘% e ?f%aéﬁﬁ??‘%??%?gw“h respect to
c @Biﬂiélté‘d poIoREAMH ﬁd@so&t&hé ﬁlﬁlrzflitﬁw MEsksheARBRI AnE cBAPulel RiAHable
e genlng gas source into t pl asma processi ng

F stoppinp theerpenigdeisnat t?@@tesOfr@roffﬂmpﬁm@tyaofgn@krfaatures are
Béﬁ%n’setfi? G By SR E oI SRS et PR Frsp g enask
ORRNHEDSItM pdlyhEsReGt to
[0008] These and other features of the present invention will be described in more
detail below in the detailed description of the invention and in conjunction with the
following figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The present invention is illustrated by way of example, and not by way of
limitation, in the figures of the accompanying drawings and in which like reference

numerals refer to similar elements and in which:
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features are opened, and conputer readable code for

e ing the silicon | ayer through. the mask_and

dt@gg{ﬂt eoFIE‘v&- yhel a{@awg‘%/matme%ysewzwwa o fegayres formed

f gal Wiigs tPhe LRE: Rk esent invention will be described in
nor e dlegai {he%el owin the detailed descri ption of the

I PR | orFland is ahhnigwehibwathamiof h ptdvessf thhtl roay begused in an
figures. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0009] The
pFBsadimenholthe iny§ntidn.j | | ustrated by way of exanpl e,

o ‘ Lim. Lo . ¢
R it s Zhse B RIS e Pk s R Bherfi may be

nugeerrialpsactiefngrthd mventtonl ar el ements and in which: [ 0010]
| A-B are schematic cross-secti onal views of

FI GS.
f 13 es KlGSned-Bébukaicngomputas syssemovhigh is sujtale for
Fl ' ' | [ £ f t
ChfpsBehnge DYt LRSI B BRRE SRS

F[68143 | SFIGSSSAaRtd ©hith@ @bssascplidtlRieRs OF @ Stk Processed
chanber that may be used in practicing the invention.

[ 60rpR]ing (a8 embradBnpnt afdhe @aventipnconput er system whi ch

[ it f i_npl ti I d i .
FOE rort 57 ¢ REP Sy R i b hy Bl e dositon.
Sfo0R6hr € BIENeNB hforCAdQgiFdTRE LIRSS thé ngﬁmcg of@h8 H&sKition layer.
processed according to an enbodi nent of the invention.

hydr ogen frgeAceéSt Lon. I

BQIDIN

detailed fl o6 Fre—operi-H——o Fe—HepostF on
| ﬁ)ﬁﬁgg [ Qﬂi'e?ﬂreééh@nvgnti(ﬁl RS A&L @b &0n [de QY iefekerBice to a
the etching 'of the silicon |ayer. DETAI LED DESCRI PTI ON

OFew bikefd?RIgFHERRE DN ENVBORIWENTB uf 00d8in thhecqongseying drawings. In

- Brap b etsainat, %%%S?# IO BrB I hgOE! e Bareal provide a

SIS SRPIRATH A WO oo oo

settilledirt the ian, thadde pteserprioxeinden aay be practiced without some or all of
these specific details. In other instances, well known process steps and/or structures
have not been described in detail in order to not unnecessarily obscure the present
invention.
[0019] To facilitate understanding, FIG. 2 is a high level flow chart of a process
that may be used in an embodiment of the invention. A mask is formed over a silicon
layer to be etched (step 204). The silicon layer may be polysilicon, crystalline silicon,
such as a silicon wafer, or amorphous silicon. The silicon layer is generally a pure
silicon, which may have a dopant. The silicon layer is not silicon oxide or silicon
nitride, although the silicon layer may have a thin silicon oxide layer that may
naturally form over the top surface of the silicon layer. A polymer is deposited over

the mask using a hydrogen free deposition gas (step 208). In such a hydrogen free

deposition gas, none of the molecules making up the hydrogen free deposition gas
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some or all of these specific details. In other

I nstances, wel |l _known process. steps and/ sfructures |
h&%¥ st Yﬂ@éﬁn-dgg%&’rpc?é ORI ORB B oGP A+ Hieueon Taver is
UBQE&?@&?Qﬁ%X obscure the present invention. [0019] To
facilitate understanding, FIG 2 is a high level flow
char t Egfimplepr ocess that may be used in an enbodi nent

of the invention. A mask is forned over a silicon

| p0020] t 0 1R@nekenprR dofsheRpRBkhtatidhef telihe@tioh, a6l 3 Mstrates a
be polysilicon, crystalline silicon, such as a silicon_
wafasessingr toahtbatohauke wiefliie amimptp@ertatiorefthe dypentions FIG. 3is a
general.ly. a re silican,.which have. a dqgpant. The.
SPCEBHC Vit o o PEFriing Sm Q0o e LS ey prpgiing
akddnauphThdBlashh beRBssimes] 30BYs RURludtivelly Soupldd f1&Ma etching
oxi de layer that may naturally formover the top

strdfl andingfudehe pkising cengtar @)@ havipg polagmeprocssdepdrintber 304

Ut 28 e e B BB ro- BB DB D i G g ver
nesgrder 855 rERLaGIdl e SomtRK iaNIC R Po d1&upyIY 389@Rd h bR power supply
deposi ti on gashave ‘any hydrogen. The déposition |ayer

i $5@p¥hedcifs thepplan) 324 Thentsi Witkiorpldsaypehanberi@hed

(step 216). Exanple [0020] In an exanple of an

I pg2¢ frent Biel DOP pdwEi@ntioMad50a8ts aRk(point fiol TTPtgoatee supply 351
processing tool that nmay be used in an inplenentation
oforfipaueipsHpplyR.radip Geqaency signalcttd ArdiNHe: wppdpy TCP match
p ' Y I pel wdi

Rt i TR T

afrahspdiedt ieloyw TR el idddas REpagit€ MOPEollB3B fashel plasma chamber
i ncludes a plasnma reactor 302 havin

a plasm
pPBt edde adovwingepeigy sorass el P CAﬂ_t3gérﬁ%g]@?fﬁ® ehasehes BB%H
DR 1 TR OR300t R 200 S a5

a chifasr@oBupsly RRIRE 3861 tihddugsihd@atch e ol 387,384 chuck
creé?%h mﬁthF%Zflasnaég%anber 304. 50021] The TCP

pelgeodeoiibriotdtes wahio theplgsma skambgs BHt cearingrodirgas wairent (DC)
L e T T RN R R
nggi&ﬁ@? waldrlworR PidcOaridro&ated he pl asma chanmber 304.

[0023] A gas supply mechanism or gas source 310 includes a source or sources of
gas or gases 316 attached via a gas manifold 317 to supply the proper chemistry
required for the process to the interior of the plasma chamber 304. A gas exhaust
mechanism 318 includes a pressure control valve 319 and exhaust pump 320 and
removes particles from within the plasma chamber 304 and maintains a particular
pressure within plasma chamber 304.

[0024] A temperature controller 380 controls the temperature of a cooling
recirculation system provided within the chuck electrode 308 by controlling a cooling

power supply 384. The plasma processing system also includes electronic control

circuitry 370. The plasma processing system may also have an end point detector.
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coil 353 from plasma chanber 304 while allow ng energy
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[0022] The bias power controller 355 sets a set point

f i as r supply.356 configured to supply an RF
sf@‘}?—gh " bied 4y o 48 ﬂﬁv&fraﬁ oPBHE S 208 whighicitable for
€ hﬁ@‘e&%ﬁ&n?@@odt&%} 4 cwﬁt}ch'cﬁagihg 38b %§£@in‘éﬁﬁﬁ§ﬁﬁﬁa§@§f the

creating a direct current (DC) bias above el ectrode
3pBsudtiictention. abHp tdedsHooy sroae @bwébla peysisl fateof3BGEcompiadr system.
as_a sem conductor wafer work piece, heing processed.

[ GO 58S thecOnaRHe] Sy SlRECRANIA Y PAYSIEY (P r3agng from an

g{ﬂ?é\%ﬁtgg cfcuif Wp‘fﬁ‘lte‘ﬁrcit%ﬁ# %F%ﬁg%%i %Qﬁalpﬁarﬁgﬁaﬁ%e%%g ug to a huge

via'a gas nmani o supply the proper
C keper sbmputee qUom petef O tehd(pincladssa monitdretO2ni éisplay 404, a
the plasna chanber 304. A gas exhaust mechani sm 318 .
i AeTRfed00 2 ghiskaliye ¢ 08 ohkay§pard 4l 0 eangromag 4d2h Aligt 4 sisp
3 icl i1 hi
CFemBd-ISBRAE el b SR8 uah P8 s, ROBRTE, g 100,

plEReR chameB iSAdexdn®24f a Blotk agrai freom@iter Ofstedii 400.
380 controls the tenperature of a coolin

r &dtaekad) tasyvem Hys ¢ s wive qadetiiof hlﬂhmtﬁ@gcﬁ@ékssor(8> 422 (also
| tr0ol | | i :
SR RO SR8, ol Do RRYB Rl

e liRCidifNneme S 240 Memb B 2AriMc13dd3. rardien pdc@ssfemory (RAM) and
processing system may al so have an end ]Eoi nt
d&sadcandy MPUORSIRGVIG, As & wall kaeva B the prisROM actyto transfer data and

colt rldct:tcleor S%ﬁh&éﬁtl%gq}yoﬁlglhg EPEJfan%LﬁAlelbl %se{do t&giic%d}%toérfaélsfer data

i npl'enenting a con |er controfl Cir

usRdinsfu@Mageh BNdiseclibniliganREL SBth of Meetypedof hikroridAnay
shows one possi bl e physical formof the conputer

systwin alnmllfuiéf&m efethe corapweimsadable Wéitaeiwquyd helpe. hfiyeed disk
el S BB 8 TR b

t Qapchy8fd P 8lso GRIMRI R of BRMEURter TYRBRIALRa daieHbideselow.
a nonitor 402, a display 404, a housing 406, a disk

dFixed diG8i26ankelchesad to %0 @, programa, datuged thrdikeRind ks Wpially a

N IR P Y ST SR N
exampk ﬁ%ﬁéciateé k106 kneGh RMmandf REaikQNPUEIRTixSY AtsRMAAy, in

Attached to systembus 420 is a wide variety of '
s appyptigasaseRrtodegsporicyl i x2ndaad Sshosfaevired! memasy in memory

ggg%‘;g!émg‘ré%ﬁ%eééff 294 legliyttzﬁ{e t fg fo%%%)an? [)F th%%ggllplelgr—tré)adable media
described below.
[0027] CPU 422 is also coupled to a variety of input/output devices, such as
display 404, keyboard 410, mouse 412, and speakers 430. In general, an input/output
device may be any of: video displays, track balls, mice, keyboards, microphones,
touch-sensitive displays, transducer card readers, magnetic or paper tape readers,
tablets, styluses, voice or handwriting recognizers, biometrics readers, or other
computers. CPU 422 optionally may be coupled to another computer or
telecommunications network using network interface 440. With such a network

interface, it is contemplated that the CPU might receive information from the network,

6



i ncluding menory 424. Menory 424 includes random
access nenory (RAM and read-only nenory (ROM. As is

wowrdos/1xkedn in the art, ROM acts to transfer JdeEEUSIAS8/065578

10

15

20

25

30

instructions uni-directionally to the CPU and RAM i s
used.Héplcall to transfer data ﬁ@d nstruc§¥ons I n E
bi°L BigH OpiPghiomatAR f0 hedehv K 1 Ris<aUESG SERETEI MRS F aBave-
MRYschiBEd ngﬁlo@@ye S. uFﬁI"ﬂQrﬁofg el Bl R itd @Pt‘ﬂ@gf&ent invention
medi a descri bed be ow. Afixed disk 426 is als
c auyleaecutd sadély @pon OREI 422 drondGRidedd@ pvérta iptwatkdesh as the Internet
addi tional data storage capacity and nmay al so incl ude
aH}/C%lﬂ“DcCH@n QORI ‘g%Héléﬂtéh%%fi‘ ROTHiEE OF Msgdosstibg,
FL@&Q@% aﬂa@lo lgﬁhlldérﬁg f ﬁ’leiﬁr&aﬁ iRl Qo ﬁrﬁ:‘rtheq 1dee to

e I'tke an s typi cal secondary storage
meotinpaeef soiae asodactharith ajct(ﬁlh@utdrh‘aﬁdab]}: rﬁécbu\mrthzttl’]name computer code

prinary storage It will be appreciated that th
" Hrcarmor BIQTEN IS YEUSFORPHEF Idementsk oaezetl%inhq media and

SEREREL I 3RS S LIERY BRI B RIUAES A RO o
mehe gradeat inkentfonr or ky may bebf tHeaisdwpllkeswii eadiaklileble to those

nmedi a descri bed bel ow. [0027] CPU 422 is al so coupl ed
t Bawng aijldp thegompyisi ppiohns ats dexamdes of sqamuies- r%ﬁdglplr: aedia

4 %}:lucﬁey&%% gotéh:ln? }edr[? uﬁ?gn%?lg ’rne%nadsu%ﬂ g?ﬁ%ﬁ?/h sgi?,:oﬂo\ﬁlpg ed(l) sks, and

eneral , evi ce may

dlrrﬁl@hétitﬁtapd ro@ﬁ&ll lﬂﬁidﬁaﬁsucﬁh@@D Re)ywbgaaafddﬁ)logmgﬁ@@émbeemagneto-
touch-sensitive displays, transducer card readers,

mapieal medigrsuphy b%ﬂoﬁth?ﬁbglﬁléﬁad@i Bardwats| dsvises Gpyqugspecially
tri
ngxﬁfgﬁlge;d t@ﬁs@&@’@%&r %}&%&g%%%&%%?g sug‘} %)sy%ﬁ,[ali:/zﬁ on- sg)gg?lf: Sfr}jtegrated

I‘ona

t elraﬁet(k\encgomgiaﬁ{mMe Io%icﬁfe@[ﬂé’y (PIO) 280 ROM tan@ rRlAM devices.
usi ng network interface 440. Wth such a network

| Eﬁempk;e ef cormpyter g n@%weavmlumﬂe,tSM@ @quoml@ﬁtby a compﬂer
L.1 m net wor k

IS PR RS e R o e AR o WP Rpu i Pk

t hﬁe@ﬁ@é&e Mn&&@@amkmlashﬁy Slso bEcbphePERIe thRERARE by a

enbodi nents of the present invention nmay execute

s gbmpytengdaim Sleimll eappdigr imayaigikepareashigpreacniggworfuenae ht
ion with a renote CPU t hat

|
G AN R S AL

agsizni on, A eTRR fRALS o R alsRoRNBRE Rtep 104@ NEIE@s A WratdBEmatic
relate to conputer storage products wit

C ervpsrs@tlon@afd@b pta sibidouetch keyer Hiv dn mﬁpmreple,dbd gilicon etch layer

E)Bsgalr. %g’?tglﬁfg r for %r,n\g]gﬁ@ %olrgll'slsa s% st ate efn tius elxz?rgg ot t%e mask 512
is a photoresist mask, which is deposited and then patterned to form openings 522 in
the mask 512. In other examples, that mask may be of other materials, such as silicon
oxide, which is used to form a hardmask. A photoresist mask may be used to form a
hardmask. The wafer is placed in the plasma processing system 300.
[0030] A hydrogen free deposition layer is formed over the mask (step 208). FIG.
5B is a view after the deposition layer 516 has been formed over the mask 512. FIG.
6 is a more detailed flow chart of the formation of the hydrogen free deposition layer.
A hydrogen free deposition gas comprising C4Fs is flowed from the gas source 316

into the plasma processing tool 301 (step 604). In an example recipe, the deposition

7



conmput er code may be those specially designed and
constructed for the purposes of the present invention,

woeoosheisay be of the kind well known and avaPCHIDF®08/065578
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those having skill in the conputer software arts.

| es of co r eadabl a i.ncl ude, t ar
ng?sn? nstse P Ffbihﬂsce%@ & e fleRos oM g5 éB@ m C.F;. The
f [ I [
h%ﬂagﬁé%h%ﬁ%%%%%% 54 ek A8 8Bk G (TEEIA BUE s 50
swmalts asl I.5@PMHzcet posiies ksgproaided tvethel vapr dediede ard -GShadts at €00
s eC|aIIy onfigured to st(ée and execute pr.ogram

is prratdesdo dishqtiont ¢lgrirode i@ frpsfarn HleélﬁP%&l%%P gas to a plasma.

c I gi

PSR ORI L0 e B 855 ot e
I hgykudatappedi(sep @AfleA westiread 9pmodusadaibsimedconpi | er,
and files contalnlng hi gher | evel code that are

kB ed By eﬁ%%@?@?ﬂw is gramdgdferptpast &9 secopdp uYlere
t
bg?&&%%ﬂﬁ@%ﬁo&at i i& ﬁ)%c?ﬁ fﬁ%ﬁgégs?% GRGR4 fm&fﬁré\;{g@@y, the

a conputer S edinacarrie
adepdsefphds protvided far aﬁteﬂislem&cﬁlﬁdsl Pstfetably, ersdepbdtiomrager is at
execut able by a ocessor 0029 A mask is formned
olkart 20041 fEgron érde(v@% &pM[zvomBre erbty. thndgpgsigion layer is at least

t r onal view of a silicon etch |ayer

Sgg&%nth%h%nqgéga&?}d “the silicon etch layer is a
crooegl | ime (&i'pbélﬁ@m giak @hydisec red @¢pBBitian $o! petvidetedepbsition
this exanple, the mask 512 is a photoresist nask,
wiiyehwith lmémsqi p@@eréwa ovmhp%m@rth@@ret @ptfhofﬁlmgetpérm niisthis

522 | examl hat
pEXaUR Ee depos %)Plggf 1s pure " aPS?C%HS Fi Ceorﬁsuolén V\}I‘E'mn la)i¥%

uwﬂ,lde@lﬁ@fd%@pf@eﬂfé@sk A phot oresi st mask may be
used to forma hardmask. The wafer is placed in the

p[%ﬁh prB@e@@pﬂgogipy@relﬁpB@@d (ptop302). /Elﬁy@ﬁi aﬁg@we?vraé@r the

OSiti nIa er r.the mask 208
F‘ﬁ Siigntoves N & bab ERgRHEpe CPr IR Py e BT ke pars of
fp@ilﬁ@lglaQé’IeJn Rdieon@skurhites, 1dakfag Ry Sid@wdIRr20 formed by the
det ailed fl ow chart of the formati on of the hydrogen

f degosdspdsyeri K. 7aly @rmorAdhtyfldccb@ew chagef theppsiing ohthgatsposition

C rising C Fs d fromthe source 316 into

¢ BERE] Sl e BuaS i Bom B Ty Shui DR Fepiia pbtosing
ewmbﬁ(s&@lﬁme; 11{ e GERPR tHeUPIADE GANRI 3t Bclor BEE, eTﬁ% Epemng
. In this exanple, the deposition gas is 100 seem C

. £Thie tdegfosned torn cg:aelnlgsﬂatsnatr(stkp aed Ih thiscxiapds 600 wratts at 13.56

VTGPt BBER: PV e edoR o8 Feteegp - ErevioudOhKiZ pgrovided
VR 8 bBltoectrode to transform the opening gas to a plasma. The opening is
provided for about 15 seconds. The opening process is then stopped (step 712). The
pressure is set for 30 mtorr.
[0034] Other opening gases may comprise CF, and Ar, or O, and Ar, or SFe and
Ar.
[0035] The silicon layer is etched (step 216). FIG. 5D is a view after the silicon
etch has been performed. Features 524 have been etched into the silicon layer 504. In
this example, the deposition layer has been completely etched away. In other

examples, some of the deposition layer may remain. Also in this example, some of
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KHz is provided to the bottomelectrode to transform
the deposition gas to a plasma. The deposition is

wW@e@siiswas f or about 30 seconds. Then the deposPCT/ngRon$esss78

10

15

20

25

30

pol ymer | ayer is stopped (step 612). A pressure of

90m rr i s nai ned.. [ 003 ref erab the .
0{@6%8%@%?3%%%}4 Oﬂerﬁé%@kﬂ%fl%@mragst Rpkanay be

p I e

SN P S s e

f sub sadludnd§1$¢m(3\@:ds dctondsen freapentaddy yountihkat dieip esample meduces or

| ayer 31 | east 200 nmthick on the sidewalls. Mre
p.ﬂ@fr%Prg %yeh@l%ﬁ'ﬁd@ﬂ%ﬁ%ﬁﬁmg@é OVB at |east 300 nm

t ﬁgﬁ%&on II"IE? 8% gﬁl"(@é hétalle{d%g]:ha-w a(?let&gﬁl Ie' &Qhegéaé]inhg 8ﬁ)cess.

en free deposition to provi osition
WAInret¢ ggs oy fidwed frperthe gss s@uﬁre 3dépm9|tlﬁe plagnd pi@tesaing tmit301

hydrogfn free. In this exanple he d%p05|t|ong%as
plitey B8 fb%‘é%ﬁi‘@élpﬂ%éherf‘é%}hg%sllﬁ%o%%@s? GTon Thgyegh gas is

p'EﬁMéfQﬁ%ed' t%h%i&%%@l%%@ eﬁ%’gfz %é%k P 1‘33&52)3&1%& W 1356 MHz

aerlsoene aviewa

t bEp@ke@ﬁs pidviredltaytertop sleopéateethd -200 t/diltsSat a@R@ KBz ptdvéded to the
eni ng_ process renoves the parts of the deposition

(¢}
gmm@}wﬁa@ togrnafors ihg %felégas P @RJFSHY- &Fhef@mwm‘@ded for

a2l POTERRY, TREoERRP DL ST Rlong Rues 8180 1 on

I $O037] Afln@lﬂ%ﬂleﬂﬂnﬁla§ al c%nfﬂl@t\@d of k1Nt étbifing asd 8&dkiEidn steps
316 into the Elasna processing tool 301 (step 704). In '
t Hiag beyserb| Ruchishert émitwgl sépps wonlBdepsais frrdess grn 10rygeonds. It is

B N R S e Nl A T

Elzeﬁfe@ﬂiaﬂel@ se€oridb eaas@ R sedpped pfige, diekad b5A vmicblsprafﬂe%o
rovided to the bottomelectrode to transform

t [w3§ben| Aghaygh theoetgh gzlsaélmmtmhea}dpﬁetﬂw AYN¢ 8s {he opering gas

t 15
SEhRREY il SO S M BT e U B o R o e
[ R34k ﬁgnh&l% o%@ﬁﬁg gﬁ]s, A4S RSo®RY nf QP RIfeencetth s Aers. More
O and Ar, F and Ar. [0035] The silicon layer is

epmﬁ@dblc/suhe ptcm‘[@)gas Eha@nisBPis differens then tietopening gasétemigry, since
eh}f:oetcgﬁlig gz}esecﬁlglgwtr{ygég?eﬂg 4etgl?1ﬂgg gi?lcgnz %vh%?&lg t}Peeoeprf]:nﬁlthgged
chemistry is used for opening the polymer deposition layer.
[0039] Preferably, the silicon features have a depth of at least 500 nm. More
preferably, the silicon features have a depth of at least 1000 nm. Preferably, the
silicon features have a depth to width aspect ratio of at least 5:1. More preferably, the
silicon features have an aspect ratio of at least 10:1.
[0040] It has been found that the presence of hydrogen during the deposition
causes an undesirable type of polymer to deposit.
[0041] In addition to eliminating undercutting, it has been unexpectedly found that
this process provides improved control of the etch profile and allows quicker

processing.



this exanple, the deposition |layer has been conpletely

etched away. In other exanples, sone of the deposition
WO 2008157088/ renmain. Al so in this exanple, sonme PET/KE2008/065578

photoresist mask 512 remains. In other exanples the

phot Qr esi Jmask ma letely etc
QP;S‘& tel er@?ﬁi\?’@& ¥SPI?§°IY§ OrEgfqngf H g SlﬁlﬁgllayﬁF @Penmg of
I
¢ AR MR e U%E%é“%*?w%%‘?’?e;@% BPELFY il Pma
ebnmnna@a&ammaercuttlng, as shown. [0036] FIG. 8is a

nore detailed flow chart of an ex | e of the etching
piiMeE s, Whilethininygatiqnshas Ibs%%esw%qr%nl prig My sevsi peefefed
I
5 BBedfitl SERRENRERSL T ORgAO Sk iy Lt
etadlichgfall within thansdmrofekis irveatiot & bhagd plsadanotes tiegd there are
808). In this exanple, 600 watts at 13.56 Miz of power
i @agw aleraative wasos Bl menteg the decthosy and appayarses Oéfhemesent

o R L B B AR e

abolticludthgsacaiah alterdfiénse paiubgions,a0a Saribss subsitutegpivednts as
(step 812%@ 0037 In ot her exanples, a conbination of
10 slﬁfélrtvlthmé fide %mﬂ Heleere oldhe Bresps ImEptioe used. Such
short deposition steps would deposit for |ess than 10
seconds. It is believed that multiple etch and
deposition processes, especially with depositions
greater than 10 seconds cause a stepped profile,
instead of a vertical profile. [0038] Although the
etch gas chem stry may be the sane as the openi ng gas
chem stry in sonme exanples, the plasnma fromthe
etching gas is different fromthe plasma fromthe
openi ng gas, due to one or nore differences in
paraneters. More preferably, the etching gas chem stry
is different than the opening gas chem stry, since the
etching gas chemstry is used for etching silicon,
wher eas the opening gas chem stry is used for opening
the pol yner deposition layer. [0039] Preferably, the
silicon features have a depth of at |east 500 nm More
preferably, the silicon features have a depth of at

| east 1000 nm Preferably, the silicon features have a
depth to width aspect ratio of at |least 5:1. Mire
preferably, the silicon features have an aspect ratio
of at least 10:1. [0040] It has been found that the
presence of hydrogen during the deposition
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causes an undesirable type of polyner to deposit.
[0041] In addition to elimnating undercutting, it has

whews/1smekpect edl y found that this process proRCTHES2008/065578
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i mproved control of the etch profile and all ows

qui cker processing.[0042] The invention also allows
the formati on of the deposi td ayer, opening of the
depegiddigmheqayer, and etching the silicon do be done
insitu i1n a single plasnma processing chanmber. [0043]

Whi | e tyhi s inventi on een descri bed in rms of
sver art pEepRfGidb st Al ARRE PO b IET  Ons,
per mut &rhfSa nALEwYtBral eSS WIshdsk wheniggibvea tlRNlfcon layer;
which fall within the scope of this invention. It

shoul ddepasiinge prdyraer laypaoverrbe magk sompnying! t er nat i ve
ways of inpl.enenti t he t hods..and appar.at u Jof
tha present PRV Mmoot EtRR dn G B0 R S e
the foll ow RgnARPEPHGHa Glodi (FE dBfoditiiresaRy et ed as
including all such alterations, pernutations, and

vari ous subdepasifing agplyrei feern shegasned for @f ket A0 tseronds;pad
spirit and scope of the .present .invention. CLAI What
5 ol ai mod 16oP0s T dPRBRE RGP P A raeD segpas:
silicog &ﬁmfm@d@ i pbReier {QeMcB@pAsiARSK Wi th a
plurall?y of mask openings over the silicon |ayer,
deposi ti ng &dopaoigarespehmgegasiover t he mask, conpri sing:

oo = gm0, L8 RS L0 B R , Eocv
dapasictd plyePO ¥SRImS 61afe gfﬂ@alf@ asmasK ﬁﬂ’enﬁfgls hwg@skspeb to

seconds; ahd stopping the depositing the polyner after
t depaited palsmePon sideoridbe plopany ngmuskeopejngsi andd pol yner

| ayer, conprjsing: flow ng an opening gas, formng. a

ol asma 1 on CREINE S FRFE G AL - sarsc b by
t e cdepasichatdplymer on bottonms of the plurality of
mask openi ngs with respect to deposited pol yner on

si des efchingahpsilical laygr thfouptnghe opérind gsposind pslyoeplayer.
t he openi ng when at | east sone of the plurality of
mask  The method, as recited in claim 1, wherein the etching the silicon layer

comprises:
flowing an etching gas; and

forming a plasma from the etching gas, which etches the silicon layer.

3. The method, as recited in claim 2, wherein the opening gas is different from

the etching gas.

4. The method, as recited in any of claims 1-3, wherein the depositing the
polymer, opening the deposited polymer, and etching the silicon layer are done in situ

in a single plasma processing chamber.

5. The method, as recited in any of claims 1-4, wherein the mask is a photoresist
mask.
6. The method, as recited in any of claims 1-5, wherein the deposition gas

consists essentially of C,Fs.
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features are opened; and etching the silicon |ayer
t hrough the mask and deposited polyner |ayer. 2. The

woreaoRoso1eas recited in claiml, wherein the etPR¢i/OR0DSIE65578
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silicon Iayer conprises: flow ng an etching gas; and
r asma fromthe etchjng whi ch et ches
t ﬁe si e af?thoalyésrrwée@ RRaY ﬂéflﬁ%s 1-BaTofher SogpprisinEdF RoNing the

ma\gpgﬁ@agabogllagi élqg gas is different fromthe
et chi ng . ¥hod as recited in any of

c ai ms re|n t (? |t|n

opem né[‘iig %‘Iet C&)epas Le 1te ymar’ wher htecdh|8 ?ﬁolym la et is at
| aaet 208 En GO¢lEon ﬂhef‘side'sl of ﬂleq)lﬁalmgloe nralslasp@n@gsoc essi ng
chanber. 5. The nethod, as recited in any of clains

194, WHGE GlehddNgs fBRd 1'11%12@m|5§" ArRregs thatat BS00%m E[lhﬁ( deposited
met hod, as recited in any of clainms 1-5, wherein the

d ppkymet po thegrades ©f Hel [{tisligss emtsk apkyingd elithiR8tey nnddnentting.

nmet hod, as recited in any of clains 1-6, further

CQOPI i TheehekiIMDN Reitddia dask, adreae e slepeitifothy FBlymer,

| ayer. 8. The nmethod, as recited in claim?7, wherein.

t ﬁéelu%ﬁl@idﬁwltsé pylmer,l agg efching the siliserstayoge Aene iisgk in a

on. tﬂg si des. of hf urallty of mask openings. 9. The

né?ﬁ &m“nwlyggﬁlnﬁcln ‘1a|n18 wherein the at | east

h|c osited .ymer on.the sides of the
pl 8T al i ﬁi Q%agskfe lﬁf‘éﬂi“r?gaég’e‘i RERR S may é%%H{i?tP%lSt mask.
10. The nethod as recited in claiml1, wherein the

déBosi Thagethed, polegitestin cpani, m\élefeweﬂ@éﬁg@@aﬂﬁ@ugq@@pw@ﬁ

he silicon |layer are done in situ in a
e%eﬁéﬁgTﬂgjb proceSS|ng chanber. 11. The met hod, as

e mask i s .a Ehotore

|te in |n t
%?e 1?‘?8]66 Bch {WHher ROBPUSiRg Ke

tﬁaxﬁﬁg@ﬁM&h@ngés conS|sts essentlally of C F8. 13.
The nethod; as fecited in claim1l, further conprising

4D vi He M}?horﬁ?%( reglte% in claim 1, wherein the deposited polymer layer is at

IJ:Inask and

least 200 nm thick on the sides of the plurality of mask openings.

15. The method, as recited in claim 14, wherein the at least 200 nm thick
deposited polymer on the sides of the plurality of mask openings eliminates

undercutting.

16. A method for forming features in a silicon layer, comprising:
forming a mask with a plurality of mask openings over the silicon layer;
placing the silicon layer in a plasma process chamber;
depositing a polymer layer over the mask, comprising:
flowing a hydrogen free deposition gas consisting essentially of C4Fs
into the plasma process chamber;
forming a plasma from the deposition gas;
depositing a polymer from the plasma for at least 20 seconds to form a
layer at least 200 nm thick; and

stopping the depositing the polymer after the at least 20 seconds;

12



deposited pol yner layer. 14. The nmethod, as recited in
claim1, wherein the deposited polyner |layer is at

WO e@stisA0O nmthick on the sides of the plural PEHUST008/065578

10

15

20

25

30

mask openings. 15. The nethod, as recited in claim1l4,
wherein the %? | east 200 n h|ck deposi t ed polyner on
the si QBRE DeplePoyitad RPIYIFT GelSQRPEHRE ngs el i mi nat es

under cut ti Ngowdy o rﬂ&gfn%}q s 6 afe 15%‘%&6&% Hl'ia%%bérn a

silicon | ayer, conpri form
plurality oformiska plaem figs te @peﬁlhg g&d Which selbcayelry removes the

pl th I I hanb
AR )l A PR B SR
sRQd 18%@1; 098 Red drGhe 91%&9% f;f R8s it g@sdnﬁt i ng

tla CF8into e plasma ss chanber;

f or m ng a pk@pping fticospehhng vilepas idaktosongas thagpodict d)fngaﬁ
pal ymer, fromthe plasma for at | east 20 seconds to
f@?ﬁﬂ%ﬁﬁé?@#ﬁat | east 200 nmthick; and stopping the

deposi t t : :
openi n éIc?ﬁlg ﬂg% %gg‘InI/ lggerr tﬁ’z{ohglé thteIIﬁasﬁ anIi %ga(}ps%tlgcg P‘?Igﬁl%p I:I@fer,
f komprigngn openi ng gas into the plasna process
chanber; formng a plasma fromthe opening. gas which

sel ectivel y ﬂPé’h“Iﬂ/@s@tf}H@g GBS PERUYBI YHercnsIE $6t s
f th I
of the plur g(Ir)I/IIlX % Elag@iﬁ OQ‘PEIE F%fhggars hwl{h@? Q&ﬁ thQsil 51k1con layer,

deposited p es o0 ura

op@Bicngthe dapekiell ppRhIed 1dyBepreopaind mgievdmamgatf thceﬁﬁtorslay@ under
of the plurality of mask features is opened; etching
t B Rorqresit maglyetndt hr ough t he nmask and deposi t ed

pol ymer I&ggg)%et%ﬁ b8 ol 0¥ 08 3 Jfﬂbcsm Regas

dlffere plasna
ch etc es.t si]ico

ZIn ej &EF flé‘%ji IB(fIIaS}WB]Iﬁ . Ig}n FéIIFé isa II)Ihotm)f/:smt mask.

undercuttln of the silicon | ayer und
. The method, as recited in any of claims 16-17, further comprising removing

the photoresist mask and deposited polymer layer in the plasma process chamber.

19. An apparatus for etching features in a silicon layer under a mask with
openings, comprising:
a plasma processing chamber, comprising:

a chamber wall forming a plasma processing chamber enclosure;

a substrate support for supporting a substrate within the plasma
processing chamber enclosure;

a pressure regulator for regulating the pressure in the plasma
processing chamber enclosure;

an upper electrode for providing power to the plasma processing
chamber enclosure;

a lower electrode;

a first RF power source electrically connected to the upper electrode;

a second RF power source electrically connected to the lower

electrode;

13



t he photoresi st mask; and renoving the silicon |ayer
fromthe plasma process chanber. 17. The nethod, as

WO @Bus®18 n claim 16, wherein the mask i s a php€DUERNE065578

10

15

20

25

30

mask. 18. The nethod, as recited in any of clains

16-17, further c mprising. remoyin t hot or esi s

mask and dep&at {“g“d ?fd?r%lglfnglgé‘ﬁé‘}toﬁﬁHqﬁggpwragfi?ﬁmﬁf%%%%

cgggpgﬁeaig An apparatus for etching features in a
ilicon layer under a mask wi th openings, conprising:

a pl asma pr agessitiyy fateahberting gonfpom shaglasma plvaedsgig chamber

wal | form ng a plasma processing chamber enclosure; a
sEPLPT %t e support for supporting a substrate within

the plg H@ QGG &IQOIﬁlQ@tfqgle\K/ltﬁﬁf‘e g?ém[gtn cf}ﬂ@{s%?ggur €

regul at For re ulating the pres

proceSS|ng ah&ﬁhgm1ﬁa£Cﬂ&ukpomaM1gnmenmejectrode for
provi di ng power to the Iasna processi ng chanber

encl osur e; énPB%E?g%W%@PWSd%I a first RF power source

el ectrically, CRRAIN E%ggmﬁ »-L,hg upper el ectrode; a

second RF power s ce eléctrically connected to the
| over  elcentdlted eodtr@hbly doneéctédio the gasi sdurrg, asirdt MFOpdvie
pl asma processi ng chanber encl osure; and a gas outl et
f 6PUrese (8 Ste Sﬁ@orgig%F PP SLOH’é‘ep‘FOé%I?Fh“I}ﬁr ocessi ng chanber

encl osur e; Qt@%ﬁoﬁ@ﬁﬁﬁgmbﬂ EHUId connection wth the
©a

gas inlet, conprisi rogen free C F8 deposition

gas source; camp@mEﬂm@@MQﬂﬁdﬁpamQﬁmqud an etching gas
source; and a controller controllably connected to the
gas source, the fFpmBeteRcagafigeode for dépositing a polymer layer over the

mask, comprising:

computer readable code for flowing a hydrogen free
deposition gas comprising C,4Fg from the hydrogen free C,Fs deposition gas source
into the plasma processing chamber;

computer readable code for forming a plasma from the
deposition gas;

computer readable codes for depositing a polymer from
the plasma for at least 20 seconds; and

computer readable code for stopping the depositing the
polymer after the at least 20 seconds;

computer readable code for opening the deposited polymer

layer, comprising:

computer readable code for flowing an opening gas
from the opening gas source into the plasma processing chamber;

computer readable code for forming a plasma from the
opening gas which selectively removes the deposited polymer on bottoms of the
plurality of mask openings with respect to deposited polymer on sides of the plurality
of mask openings; and

computer readable code for stopping the opening when

14



source, and the second RF power source, conprising: at
| east one processor; and conputer readabl e nedia,

W@ vpns®isg: conputer readabl e code for deposiRPCHHSAW08/065578
pol ynmer | ayer over the mask, conprising: computer
readabl e code for fI drogen free deposition

@ee%ﬁﬁmﬁgfj ﬁ@ TR aiﬁ%ﬁf‘@ﬂﬁ%% gerredr 8¢ C Fe
depos' tion gas S@&&gﬁef féﬁ&’abﬁé‘@od%'f@ﬁé{&u[?% %§1§doﬂgayer through the
chanber; conmputer adabl e code for ng a pl dsna
fron1hh@kdmpﬁqk$M@hmgﬁﬁmﬂa¢nputer readabl e codes for
depositing a polyner fromthe plasna for at |east 20
seconds; and conputer readable code for stopping the
depositing the polyner after the at | east 20 seconds;
conmput er readabl e code for opening the deposited
pol ynmer |ayer, conprising: conputer readable code for
fl ow ng an opening gas fromthe openi ng gas source
into the plasma processing chanber; conputer readabl e
code for formng a plasma fromthe opening gas which
sel ectively renoves the deposited polyner on bottons
of the plurality of mask openings with respect to
deposi ted pol yner on sides of the plurality of mask
openi ngs; and conputer readable code for stopping the
openi ng whenat | east sone of the plurality of nask
features are opened; and conputer readable code for
etching the silicon [ayer through the nmask and
deposi ted pol yner | ayer.
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