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bottom of the polysilicon lines. At the same tlme excess passivation may lead to tapered

profiles and a foot at the base of the polysilicon lines.

[0004] Additionally, for dual doped applications, where different types of doping regions co-
exist on a substrate, the etching behavior of the different doped regions also differs.
Consequently, this may lead to profile differences which induces critical dimension variations
between the differently doped regions. Furthermore, etch rate micro-loading may also occur,

thereby negatively impacting gate integrity.
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preferred process, the gate structure is etched in

three steps, the etch gas including C12, HBr, 02 and
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spec1ﬁcat10n illustrate exemplary embodiments of the invention and together with the
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description serve to explain the principles of the invention.
[0019] Figure 1 is a schematic illustration of a stack of layers on a silicon substrate prior to

forming a shallow trench isolation feature.



description serve to explain the principles of the
invention. [0019] Figure 1 is a schematic illustration
woho@/se@msk of |ayers on a silicon substrate pPCOUSR@®4/005944
form ng a shallow trench isolation feature. WO
2004/ 079783 PCT/ US2004/ 005944 5 [0020] Figure 2 is a
schematic illustration of a shallow trench etching )
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nitride and polysilicon |ayers thereon etched through
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control. IsTa sinplified cross
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sif3h okt i e AmOE G RO hehERE v bilidh S
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Fi.qure 11 is .a Si i fi.ed schenatic diagram of
(oS e i oo Rl SEAANE ey EHEE & tual doped
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DESCRI PTI ON OF THE PREFERRED ENMBODI MENTS [ 0031]
digrprres causebpina AFSBHBLIUPHASTEEOW t he i nvention wil |
[0080) Fagure €5 &' d hiplifidd sdRdntik dWigtalh off B @MOIMERDbErRohfi@ired to provide a
acconpanying drawings. In the follow ng description,
sif¢gpmeppiaisngpas fuing an@aerfiqhoregess. set forth in order to

provide alihorOUoh under st andi ng of Rhe pr esent

[0951) deSbhal EehpBirREhbodiRgts f"fﬁe REvRRESH wil bt Qc R &letail with

reference to the accompanying drawings. In the following description, numerous specific

details are set forth in order to provide a thorough understanding of the present invention. It
will be understood, however, to one skilled in the art, that the present invention may be
practiced without some or all of these specific details. In other instances, well known process
operations have not been described in detail in order not to unnecessarily obscure the present
invention.

[0032] Many plasma etch applications rely on the generation of a passivation layer to obtain the

desired feature profile. The primary mechanism for profile control involves the balance of etch



practiced wthout sonme or all of these specific

details. In other instances, well known process
wopenar9sas have not been described in detail PATMISA®A/005944

not to unnecessarily obscure the present invention.

[0032] Many plasma etch appliécations rely on the
ngeneration of a passivation layer to obtain the .
angalepesiftpnfreartion® Bheoetch ecactions apsr geperally disedibyrrostioliedrby the reaction
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wateracti¢loresctioniproduc s harer tha ptiinaiyslepesgiogesaarca vlith thi reewdt fhyt deposition
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volailengif 1w&rqtqh>bynﬁ>ééctwe ingpspeyajedznto theRessivegiRn {aetuent s of
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evta&&f htl:n’rt1 % n_?o)re is 1tn1tg ? ﬁsﬁ)ﬁ%gﬁ ﬁep%y ioh 8P th%ISﬂlCSIQ nth\@Iélgé %yproducts

Peta 'con source
orsthe mam isyrfgee o st can tdad tto agneurtifotm dilicec bmtodmm tdméﬂtxatiorb ycross the

v aad B By PRy al e AP P ane vt i Bierispe

[0035] V&S shaNew &eﬁdh&tpplﬁiﬁtibtm reivr@ GotPdridud bpfiérh rodndiige U.S. Fatent No.

s AP R aiskatl SR oRaRerarot M dpued oo The primacy
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trén@ﬂ 5 %CLIIH:rO fléyle? %ﬂgll ha s gﬁg% §em1<1—$}1 8&51[ Hﬁg‘éfate on a substrate

nmechani sm or ro atl ng re GDOSI
sdppcprt toduplasma Fick Ch@d)eoﬁncbplhymtclgpme ehadlowf teanch bpfmg a depth of less

nd' nlgd dgl n&tﬂ lgsg 1 anﬁ(?ﬁ: R%l n3 %%éfgg%‘%?%h%essenﬁfonductor substrate
uﬁﬁgsangﬁtr&dgahlw&ch%ﬂmm a Bifison (ﬁnﬁih&hgfgag and 6, 287, 974

o1 st b e P e AR R plasmareactors

typical} Mre ané‘rély’zibdlﬁcv&s whichRBERF BnégR initiovavd enesly, ma@ﬂeud €islds, etc. to
supportl sem condu tor substrate on

Pt FEQUS Ef’pb@gtdeepﬂtyap BES OGP ArTBEY S plesEfeould be
pr%&&léh a &aﬂf@iﬂe@% fpﬂe@ﬁﬁﬂmﬁ YCPY) avalRBlehtrddh Lh@Sesedrdheorporation

mand a wd less than 0.5 gmin a silicon
Whlg &alwa{l@@gmvgwﬁM@@lawggqcﬁ%taél electron-cyclotron resonance (ECR)

plasma reactor, a helicon plasma reactor, or the like. An example of a high flow plasma reactor



usi ng an etch gas which includes a silicon containing

gas. [0036] The plasma may be produced in various
woppE~7eM83 pl asna reactors. Such pl asna react or BCT/US2004/005944

typically have energy sources which use RF energy,

m crowave energy magnetic fitlds, etc. to produce a

lumto Slty | as, r lnstance
nggﬂ <Py Wb’l“??s g?é@flﬁ%@ %@aeq i eorpmenti founﬁ%% S. Patent No.
58201818 0TI Radi EahGRbMe ;@Ncmlcécaﬁll £pdraiINplaA e SR80 éhch as the dual

‘Cor poration which is also called i nduct ively coup

frequsneyeplpsarecatelyreacigy descabed B formpeniyoread Hek Satgidio. é@@ﬂeﬁ 04.

[a@hﬂsm gr&%g; fiky b@caﬁfédl P o Inﬁﬁuw}e @ea plaSiha tdaBiol HkBtained at 2
exanpl e of a high flow plasna reac

d@c@mwwgm&xem/byezmm (PSgwpAconteojs ‘roranaamlebmoa/ iwellb of the reactor.

=R eBEPR b B RATE g5foituft SR R0 AT pPUBRine g from o

ggsrsopply éla plenem pateadhhg hrom@me uedecshder afacdiclectsc einday. Alggh density

o] B B0 L0 e RGBSR DB A e 0
expérnd RIS antenna kechcararpladr gital ¢oil mlnjg rodlel of m\ml tyme oufside the dielectric
or nai at a . desired

lasma re ai ned
wERE P hingregelat e plAR® BeerURE Satecan e B pE mpdply mounting
attilgbmexft réri@ablatdu@ted in £V GighaBardanomBe SptRPEidst thededttor.
hower h ad or,  inject rangenent by suppl yi ng gas

(O3 g a2 f‘gé%ayél?ﬁﬁl’lif’“?g W&%ﬁﬁmﬁ%t%&n@nﬂﬁb%at%wa sycf@s a cantilever
cﬂtﬁﬂ @frﬁﬂgéﬁleﬁ’ﬁ refofibB} fBpérted bl NEleMlarinfintilg 8ABEI¥nt from a sidewall

gthasrm can be generated in the reactor by supplying RF
B FgtoF r SphaprsubgtraicoypRast i ¢t ene endof @ sHRportRIMARqUaee an a cantilever

S hef, ALl Pl IR Eyly B DS o e

regeter by aspuingytivetsaanitly throughcen openingeitp thet siddwall abthelgactor. The

L{B?%%% 's%ﬁ%gféiyaﬂ&ﬁ QEhJcElli{E\éﬁ]ng&‘(?%ﬁtagggc 8?05\(&?%&% (ESC) and
tha snbftmate mybd)slrmumadrltyed diglectricnfotiseringe adhe chwnk may include an RF
S SlsBhiet o BROYaR 45 T BieS of B my R oul sistine mppess. The
etaliing gaesupplied byoarga snppiewabzlﬂovxoﬁarddge chﬁmels Q;eme&mie véindow and an

il e st i, Bbo Bt S i e AneRES! e bliber tarovgh gas

owtléasih it @DBUDROfhdSHM3QII0 iddlibeaSale® lifer GRRndIB FEMBAGDP.
fromthe reactor by passing the assenbly through an

l%a%lnTh?gvrPWS% pay alsepgaryied put ipparallebplate pl&rﬁe reag% ¥hich dgeludes an

inPd#OP Haintd1R dt A GbdidE vacuaMURdskie bR RRAGRAIISunHEdAn&$ed@8 an outlet in a
el ectrostatic chuck (ESC) and he substrate can be

wall of Sherfgesdorn Etghing gaseen bp suppbiedio # 'p‘hfgveﬂmé elepiede byesppplying gas
frbfaC é‘aQ%ul?ﬂ'f Rid a er&ﬁinr&nﬁb%ﬁésﬁﬁqﬁagf (18- %eﬁ% e ia] ﬁw%‘ac@ gy supplying

bras'to he substrate duri'ng an ng process

REtenm rogzane Sumote lelijsqyyceetoghesh@wp{hlegd eteoproflé and/artarbotigph electrode.

FOBRIRLE B LUSRAL PR AR el LR BORP gy o v

dxffemnbﬁcquemlmrgh beyaupplielio Itletb;)ttom elderod@DP. The re act or

B b BRSPS B 5L SRRl BB D s i

dqmnabh éictopd autle aspﬂha@p'a of Iﬂmiam%ac‘idm thé pcmlselﬁﬁg, the vacuum pressure in
interio I nf ai ne a desired vacuum pressure by a
Ry 3 PR COIPERd oPTTLRE S a




wal | of the reactor. Etching gas can be supplied to a
shower head el ectrode by supplying gas froma gas
weoeupploysmnd a nedi um density plasma nay be genecatsgnoumnoso44
the reactor by supplying RF energy fromone or nore
RF sources to the showerhead &l ectrode and/or a bottom
el ectrode. Alternatively, the showerhead el ectrode,
[0841] THhe reqeeas prasevae isypreferabipidesdntainer mim leyrd sgjiabletfox systaining a plasma

il i . . ! J .
inthhé T&LRRL 1h E%g%gf; ‘E(‘I)cf ﬁ)vw\f?:?e%g)r ?S%Q&rle iyt Rad B gﬁ&hé Q @i}ineganshment,

el ectrode. ' . arent "to thoSe skil
whateashia aghigh idpmsity tebed Bty tpathish dfeattor pressuroca lgabtosthe etch stop
' d . I
pobbibl, JAERGRCoAR0 ALl SaliE 1B ReckOF i BRBly @ A7 ERuce below 100
miTbe. Feamtdinm dehtydilasse aeatary ther ragatorfio prefdnebly htaespressure from 30 to
ource, etc. 004/ 079783, RCI/1JS2004/ Q05944 8 .
ROBTRE: #iReS ey b S0, PaldOSHIOHT P ) ik, hofiagent ot te
seaticandbcoredubstaie widboing etching) te wacvymeprpdsareran theisnbdtfate surface may
reactar. In general, too |aw a reactor pressure nay
b Rgter g e R P S AEL( T4k eas | m & hi gh
[0082]STHeY sk @dte sApFdrD kugpoRingi B @nfieAdhdsr MbeEKE Mdegbing etching
Ifgag)to i}g etch stop _problem  For, high density .
PigieERbhRCqokalp SYRsiraie ifaOueB de PEeR dlefsicsiont By jeagiiong such as burning of
arly oAt Biethe WutkBfte afd RihatidnAUT uRBEibT EaRahiioYs RURERE N high and
reactors, the reactor is preferably at a pressure from

mgdiumohigh glynsipoplesmanseastops df éy swfiigient inree) the syertrate support fo a
teg%&rafure brerd gyemk@_sﬁa 5.0 dbﬁ?éﬂ@?l%pg@ft th incﬁﬁglaCWQHPtEl%trode for

bstrate undergoi ng etching, vacudum pressure a _
suphlyingLssRY &iae te the fsubserateedpring grogpsghnartharendrand lae BoGcfouplamping the
sﬁgt?a%éu?gr SShdpld] .%ef &Bﬁfalﬂaecarne& gl e a[sglgéxglva%a? %vh?éﬁbﬁ tefe%{rgstatically
support supporting the sem conductor substrate
clampkat gpdicngled by kinplyingirediiar (Bls) 3t acdesired prossusiebteeatle wafer and top
enou t event, del eter.i Qqus._sjde, reactions such .as
sofio e o, SHCHiortS i i S wilef B £ 5R0H0 Speife. 8 He may be
mbintatrediaonpessutenddd its HoT@r nahAeipacd baasenrtirdvafal d thenchuck.

0P EiE A Tl S Byt P SR A et rhay'B% eched nto
a biliBRER A UG shbwn hﬁlliiﬁgﬁxe 488 siliconl iidstEdid $0 [nahﬁewgf:ukg df 18Ry thereon
ec n |

.ipclude a . bottom trode for supplying. S .
inclydiga 100 Adrataride dard WQS %%@é@%@fn Shicon B desideta G0 ok bottom
aftREfLH A Rl tRERCS ) Shd 213200 KOhicRABFPbLphdidi8sist 18 which has been
substrate can conprise a silicon wafer ichis o
pigvieesly pattesaedde proyide @p apgrarg Hh dnebdinedshipvs tigshssi gacp silicon wafer,
thgﬁ)gbtyg‘%igﬂ'ﬁ)w [in@udleRiny e RAESH W HRMIRER thh Gested ﬁ%rﬁ:g locations.

surface of the ESCI In order to naintain
Theasiiconanitrigde deysr e ds onpsngsestahe fosationk of Hie apayingse20 to form a patterned
h%ﬁ%x{lgl?i ned at a pressure of 10 to 30 Torr in the space
etween the wafer and the chuck. [0043] Figure 1 - 3
[6OHHMInsapheing thechardmasks B izt BARE lafer A6\is openbdiivitbw plaseracdch. In an

may . be . et.ched into,,a,sil.icon Javer. As shown i
crRrire 5 b P i€ eBitbE B U ur il o yror and e
aﬂt&yﬁhﬁid hﬁhﬁ&ﬁv?ﬂr &llpllhiliaﬂfg feeqh&dy Angradl hﬁdﬂfé&:hﬁxﬁber&;ﬂ. bO6et at 350
A thic aver of silicon.,nitride 14,.a 600, A thi )
i e bR suppastnm, GBaSH HitRdAEich pRovch gh RFBHs by gowering
tHellegkodeary it 8®#watid) Othe BAR S ina} 8e Whdned uking a BR&Ma etch with 50 sccm CFy

previously patterned to provide an opening 20. In .
fox 68 ipqegdsshile rintp s hlemprratrest] tﬂf‘cw#ew&fag?u,t 60° C. Next, the silicon

nitride layer 14 and pad oxide 12 are opened to form openings 22 with the chamber set at the



t he photoresist 18 will include many openi ngs 20

corresponding to the desired trench | ocations. The
wei2bi4masrsai tri de | ayer 14 is opened at the | ocRCTmIS2008005944

the openings 20 to forma patterned hard mask. [0044]

I n opening the hard mask 14, %$he BARC |l ayer 16 is

opened wi.ith a plasma etch. In an exenpl ary BARC open
SamE gyressyrg Hu Frisigethe ARITIHIPOFET 40 |94 WAy rEEes%P@ndﬁmée layer can be

etéRRAIittp g sthe Cramt SanvouRes Apfdrmu&tcbﬁfﬁl\ymfé%%%mm the wafer
radio freq uency energ % into the chanber can be set %

telasgaﬁwmttabout 3 Cs dibist thal e phptatssist apd BARE pig@tipapd using a chamber
t

mEL S S0 0 BEMASS o 8 URONE N ifvins 2

scem S denté seeapkds.wi th 50 sccm CF4  for 60 seconds whi | e

[Ggﬁl %sa% nés{lll% o% 'Eh% sttr(?éﬂrptgﬂ' ﬁ%’l?lﬁgg‘f elmd %o}/(\)ae 15{ la Jer }?a(ye l'll)eer{j%emoved and

ardA3 oﬁe@mgxbnh@bnthavé become peidizad) ﬁoﬁzz:hwo& rplatshm dﬂn arbesmpiay process,
004/ 978 S2004/.0059 o
R PR £ 36 T 36 IR0 D ERE HOVRIeS & S a0t  Toe ovidized

sifidoa is eﬂchedomxrgl 30rdcei GRayrer 7 mﬁndsezvhﬂetlﬁahﬂtdmmgtthe ¥Rfes EdiiPerature at
I nt ai ni ng

CHF 00 s or 44 secon
SO e O o SRS PSS T O OB e P D st at 5
mPe taad Q806 wabd oRdReind @ipplidd PRBE aktShma0 BhehtBhEElectrode may be
pressure of 10 mlforr and 1000 watts to the antenna

Sum&dmbewo?%w&tﬁ Perigy apd the stohgse gan epide BAfoscom Edm i scqup P2 and 14
sct Fl%e BN Sraink A4S lhe%fé} térﬁﬁét'itﬁre Qf abdde6GA ¢ Bn &Idapm pr8\&de desired

d photoresist |ayer have been renoved
roam@a& altsvoreat@féis and/gf CP coptrolady silippaceoninining gﬁstg@h ﬂsr &m« pan also be

adggd R)I tHe &Bn Asn ARdr Higlt tYenBh Sthifchge 24 ﬁskéﬁo&ﬁ ﬁ'ﬁg '3S e wafer can

set at B mrori an watts power Is suppli
bemhmﬁmlngwé minitelHE dip fodowdddyra deinized wetdr spgi rigse5 0 s C c m

0§ i 4 R SRRARICNRES o7 ARG Bt BEIRLSL 125 scom Oy and no

Si€ukeitlitiah ¢o theyetdhegast Asestiown tih Fighe 4; hianbarchyr less arbewsé profile and

soBfrenciied B FRrorstrshRl BePRITEoR e Hatteh utbe obtained by

addbeud s1ﬁ2&h mtdilﬁngD Queto the dtchhRs.eFedurgass e Pholontdrugephl dba trench
sccm SC 02 and 14 sccm whi | e g:aﬁ nt ai ni n%
érs fegh-gonipining gat 136‘56% ufing thefapllquptrench etch.  The

treﬁk@ Wnﬁi@urg §1§d\ﬁ1ﬁﬂ Figu@dehN@cla il 75Reh 01, Lard i 06m Si¢1, Figure 6 is
control, a_silicon contajning gas such as Si Cl4 can

a phatemiseograph 9 ppersd fgechss Ewugga@und&fltt@?s ang bafterEs aseresult of using a

sﬁ(foﬁ%ﬁtaﬁﬁr{g%ﬁg Hhngfle @21ISP AWML nFi gure 3, the wafer
can be cleaned using a 2 mnute HF dip followed by a

[08€7] driguresd’ wed & eresshematics sapreseri@ive jof miggigreschy Assshewn in Figure 7, a
s1ﬂéb9t&d§éﬁ0°1% ﬁ&’é% O%acg Zﬁag/glg M EdnUF it ﬁl fuﬁés”f gls B&Sthﬁg\sa?;%ﬁof oxide

SCCm Itiron to t
3%khdAA0 Arthick @J’P@of@olylsmeon 3oncRed thickdayer bfcm}mn pitcifé 36 and a 2000

t t A
Aa%%}( lﬁﬁ% er@?)tﬁ%gslsg g%’t h ﬂgﬁﬁ%gn ggr{egnerc]le clu&ie gge gi’n&? 40 therein
cmelspcmdlmg(t@thedmdatlmg; 0@&3 #ate etdhe I’mhohidgpaappr&blged thatsthe baraier layer is
otom crao rap trenc struc e forned.when a
R P SRR Rl cht S8 NG B 8 B Bitechte that the
hdrdr@aukhinegatd applidstion is silicon dioxide (SiO2) or silicon oxynitride (SiOxNy). In
addition, the thickness of the barrier layer may be 300 A, or any other suitable thickness. While




trench structure shown in Figure 5 was etched with 75
sccm Cl2 and 25 sccm SiCl4. Figure 6 is a

wohoi4mmss ogr aph of tapered trenches havi ng r oBQUa82004/005944
tops and bottons as a result of using a
silicon-containing gas durind0the shallow trench etch.
[0047] Figures 7 and 8 are schematics representative

a pifiglg opening 49 dshshopy is Fegnre 7.nin Eichingegaie staictuggs| dncawalfathere will be

i) RS oS B g BXRES 1 AR BED L T ayer of
[0p48]yAn bxenqxlarsaprocas 200 gatetelphak ad foflews.ofnitgllyj © timmingsiegas carried
011%' Wlthb eg%%gﬁglg pgesrs]Qrg %1 af i<5 Jn%X fand Ihe t%n pi%)ef %et af8 400%&? The etch

|nclu e openi ng
gas dor s fdrshinggstdpocah freslido datsccmn $1Bpfand he s@m 0. eﬂ“hén tHet s111con nitride

tajgtothy § srcbed B e Plafioet it 1 SeRE RS & moRYE i fenifily the siticon

nltrfdetliiyér a6 contéspbndaipro eied @eding At Thég thdysolghilivs id diclgatie four steps
Si02) or sili

atlon is silicon oxi de n
W@l&ﬁ bregkibgongh sten, A et .2 bttt B 88 g over ech. Tn
the %%aﬁﬂxbﬁglﬁﬁe ANEhativB 18 paddbhtAt 1R sudde Ot tREkilisen 1s8diIRd because
t hi ckness. ile WD 2004/ 079783 PCT/ US2004/ 005944 10
sognesshagisrics pathi BT, do npteetaditbapiOz ﬁasnﬂvg)a pifoymly. Jt wilkbg apgarent to one
KIS She At tHE RBer@MhAcHARisRY oGS CM, the B& om%akthrough step is not
openi ngs 40 corresponding’to the desired |ocations of
nachsayatle she firsOnah cih, s eharter 5 S5t YcldsuTar and Gawratertach set at 800
0 [
B AR T B sch 79 Q189 4 52K 5 eem 0
Incth¢ saeoiad pametchstbe claitnbéﬂﬂ setat 3QsmTWh@n®thc lantegsis fadat 35|ﬁ)eNatts The
et%'fh é%f onﬁlg Sét%c% ?gngagn elr'ﬁc.!,’f)[ 1ncl:'id&s% g ‘g’(gc(rt:n : S e?ccche)(azs \ﬁsr etch, the
clfahﬂaﬂhﬁrse’saitSOathrﬁ ambthﬁnﬁ%atm sxﬁpphvd 6@0 wattsogever.N{ hd: Btch gas in the

the sill 3 308 ding to.th -
°%H EW?‘ :’ﬂgcll ; : I}ﬂf{e }q‘{,(g:i PI} ?83?0@%)1 % iA?Fllngﬁ gontaining gas

sueh@p SlCleGarﬂh: ddﬂé‘d fdd&sﬁrét ddk&akd Madgih ti/epthedvéd dtéhtto improve gate

n etch, con ng an er etch n
p{éﬁ %PE%W‘HBY} fgbgﬁﬁﬁ@rqﬁaaf%t %P‘a@ﬁﬁ%‘gﬁw QpenirigH2 extends
toiHéEaﬁ@Sm@éﬁ faes@vdnu&pigutesz et ched because some
chem strie do not etch the Si O2 easil

10949} lagww?A fsta mn‘hﬁ S%ﬁa% fiegrem ofnan etelkiprafidy wthoqtﬁhe use of a
s1ﬁ55n éoh?aﬁmﬂg@d’s% {HaQtchING Th S tntdhur6 QMR MRS ofer %tchtstéﬁ Me@éate feature

breakt hrough step i S not necessary. In the first
IWGH thraugh HL02¢ feclusiacrotsdies 1@0 gfothehase of aachr of e @tcﬂll'@te features. As

T En B ol the U bE RN prolHS (B hificon singers are
resrmwnd dz., duking theeoxsectdn eltemahlgh eetleshivity trethe fvatido eleedssto sbetmamtamed
ngl% PeHQ %r_r%?l%r «? ﬂothCII'; -€ %Eg?xns iZst era?l&l I’ér?gvn\'\%%s ox1de Spitting is 2
plddomafish By ssfivh (he. gatenmhh@ oo vthe getbCIhatertldi,els ﬂbt&ﬁtxetecﬂn&ly in small

set at 80 mlorr, an enna p tts

et orog g GG AT 1 U, Be e R R RO B
[CD50Fille, OB! i 6:€ Rk &pl@i hholaiidrogtdph SF aietdbed @atsl ﬂsat@l@ Nwith critical
contail ning gas, such as Si Cl4 can be, added t

RSN GO RS abeshe G189 CORRBITGES 8,16 OFg-tch process in

abdORI2AMEW BIRbR enfolfnich€ofdRd i &tioRNSilvbd-EtnthiviRd £4s ikt silicon etching
control. After the polysilicon etch, an opening, 42

gescmisiag inqrensesthe ganoantodd sidewall pagsivatip ik ordsr [ Bfigategany notching.
Thus, gate feature 102a through 102c are shown having a notch-free base due to the sidewall




[0049] Figure 9A is a sinplified schematic di agram of
an etch profile without the use of a silicon
woami4a7yisag gas in the etching gas m xture dur PQ@g/uSkm®4/005944
over etch step. Etched gate feature 102a through 102c
i ncl ude notches 100 at t he bdte of each of the
etch-gate features. preserving the gate integrit

Paggivatia PéQYéfieéﬂ3Ytt}F?ead€’(t1@H of pilieiseichipghgns pky) oig iembefbment with respect to
ha?d k430 %‘éﬁ ﬁ}gﬁfahﬁm@ Gidewalf Rassgr'ziﬁdd"ﬁlafnﬂﬁ c&h‘éféfs @ft £Ri, 0, X-based

step ect|V|tytot e oxl de needs
mmtandtvath% deinga ﬂlﬂlegqsleqrfadmpmﬁ adogonse p-gebmlm, eblormcs flugrine, etc.

O%eeﬁgv\hieﬁl hﬁ% cnt Wil Exggz(ilﬁt gﬁd The 1 cgeh ity b d v dEbenfichr 3R He'¥ch chemistry.
Hab,cihe dirg éive etch\stepy iricnrporatd $111cdnoma>l the @aissaramaslayﬁsfudm ithregsubstrate

t chi of the silicon underneath, ther
throutg rea[cb vm e?chglgprosdugtrs] g %VF%/F ray peh%ﬂdb # ﬁ’? ygg%on etch,
dlntfngahe et'«:thﬁﬁ :g@i; ¢hef @hidonrlasat bypraductsiaga depladedrams | toOt’me depletion of

sl (??gtlﬁ%!g? g{@&g{gggy giddl e %g% Igc g.glg\%g{]cﬁpasllgﬂlléc%gtrgt%% ig gmreased

Asnbadh BN pRivithe id avant deihg thl dveE-6idh 68p bl hk BEis@Spakdivation at
the silicon et chi ng as mxture increases the anmount
thef ags QWA [ng) a5 P AftRdRdi by B griphing spRcies Jatudngnip notching of the

§dhNBe. HoWSer, BRtRAdftRAIIBicdl) ABrid e Wahr-&&e &e}? K11 replace the
own having. a notch-free base due to the sid

d%@@@/ siicon g vinsty expphedipioths siigon material being gichedh pr ovi d ed
[0@51]tf|‘i§uré‘i6h§ ) Qiﬁlpﬂfie(f bdob L QR &Haf E’dh@&a&a&agrhrﬂ 1ﬁﬁb@ratmg an etched dual

nbodr nment th respect to hard gat
dcmsé [Ehte Striasirs. HGWe gapib\eare compaspd of m—dvpeﬁwpblsshcqm ivdiils tgate 112 is

cogll;lpoged%rr o Q(I)_p & 8@9%13?00 rﬂigh%{lldﬁ)le ai%xjgaatéi 9‘5{ :ﬂiqhn% aréﬂkc%g %lntammg gas

gens, rom ne,
duringdhe endire ech:proce@n enhshies Itle:cforrmttoh of apassmmthdn lapqm; thenebu mitigating

d1§tgf%hgfcﬁt§?:§1§/sh %thrsrl?%ﬂa? Ope, tga{1 mgrﬂ}ét%lr(%g ot e sugﬁc‘frl%eo rr%lg agatognt of the
lateirdl iattaok dantalyotving wids thie \daping myﬂeaymng ftl’(edmtts’mps sfihs tgai@tetch process

actions involving etch roduct
whetl B e ARG ot ot e oap G B RGeS, the profile
deéfned irethe Hirs s@P of tHessilsdoh ie€BmAyailseelteidnin Ak Ga$ s@ps leading to profile
depl eted due to_the depletign of, silicon material tQ

glc enspgn ﬁ'@re% ettv&ieﬁqa thet\ﬁlgoyést @pp éeg&gé,clreesalso referred to as
n/p PSR idadink omassmlaasﬂh@laéﬁ%dlm&ﬁ the h@BHLNt ofa! dohfcle Qf silicon on a gas

passivation is created during the over-etch step and
mgyere dijthg laﬁgst@as% itheaetelpre- &t thetayer-giets stepf degrgases jthpeetely pate micro-

logﬁngtbteﬁ&léﬁ G #p %dﬂgd 3h 81'1 €9n ra%ﬁi‘t'lloﬁ' e %lﬂzon gas adds more

not chi ng of t I con |ne Howev er
passigiitiangn tl@flmss,lthemhy reldncmgghq iepaghafitheclatornl stobdiffirerices between the

FEB pE&Vi ously supplied by
L@@?I%%ﬁ P erlaﬁﬁbzﬁ%%gg ch ? [0051] Figure 10 is

[0052]i Agxlordingd addmgs sﬂmon-ccmhahmg chemehé etcld gagnixmre during the silicon
id traxln tch ual ..do a ructure,. ..
el b ek Vel S o RSB0 BIIE 4 Bppom-containing
gaMhml tlazl @g:h%as'l. inaxttus dxmggpm eﬁbr(bg:hpstéjﬂwﬂﬂ lnmmhgesmbmel@mwﬂytto oxide.

hou e reci ate In sl L1 con contalnin

Fepermf e S rran e e s g&t@ﬁatﬁ JuStugs fripedte ion cich willreduce

theQrétaé UiFRreBtesDeMASS thédations thy Féd’@l‘i@h)prd&‘bﬁtloﬁ akd daghe substrate.
di fferences caused by the d|SS|n1 ar doped gate

ThitripyaddFge Blicanrenta s 838(iB thorHeh &t BHHG dupipg the silicon etch will

rédﬁéeﬁh@bntﬁ:ﬁi BREnsFADbiR Ber¥irted beividh d-Mped PPAIPBA biRRoped lines.
during t ast steps of the gate-etch procCess




when the etch chem stry becones nore selective to the

gate oxi de. Consequently, the profiles defined in the
woiowto7sisep of the silicon etch nay be alt er edPCIUSE®4/005944

final steps, leading to profile and critica

di mensi on differences between2the vari ous doped

regions, i.e., also referred to as n/p profile

(0083 dFiguye 1 THruassimplifiesriehdmeatic elifgran oftant ofchtdhambetdionfigimedsto provide a
. 0

mg({oépééhfgﬁmp%%ﬁeltulg_ﬁé)gn Bkr %t(%%%ce\glge ;(I-titgli @%alngbtelé tﬂf() J&‘e@?es a%as inlet 122,

top rﬁéecerbabehlléatelecmawm chludam&w spppeting mfanlofrfseme:nhdltcym egbstrate 126.

TN TN T o
foir Fma]mﬁtmgfthé bieh Ichimstreal Pedceds gds bipplye82eis ib @owamrithtcation with gas

nlBe i BB B SepstBE P4 RGP Rag g E25 <. o silcon contining

gz&l dslrﬁaﬂﬁommbammw l@baﬁrotdﬂed hﬁth@bﬁhn@s@%hrﬁh%i gbrseinﬁuuzm dController
he silicon etch nat e _t he not he
PN S R Tpg ang fpepoess gas Sapply 134, may be

ccﬁllﬁhin‘é@ o 888t @ipaisiatio Rarved coluRion! P@ HESeTbih PrRedUTh Rponse to
the over etch step will increase the selectivity to

d%@&tlaé the pessivafien sigfved condidion, the panireheranayitriggeg REpcess gehwmpply 134 to

P‘Blha SRS eohlaiiGe SH4Tth regarmtu% 18 'ItC%Bulﬁtb‘érh eklatea%ﬁée%smner 134

rofile differences between the various
may) é@t@r&t Helpiastivatipn efeiepd capditioh shrougheny lalm@blreamépmntﬂmptwrsqr the start
[

ot'?n@lg to&greac}ﬁ H‘océ‘sg??] g;otgggé 2%% gugggﬁof 1.‘[11: ltSpigOI’? g oflal ?ﬁ 88 Furthermore,

captrotlerdd# isch gmctal mumpdse esmplitérfie penawwdinentveen n- doped,

[@ﬁoﬂgg%%%m 19 gSt c?fg telldzw?b@g\él]\%oég&o F%f sﬁlgoréc?ta%lpg B1558- , SiCly

am(siuﬁmamedudﬂ“ABLEm of an etch chanber configured to
provide a silicon containing gas during an over etch
process. Etch chanmber 120 includes gas inlet 122, top
el ectrode 124, el ectrostatiraBtiuck 128 supporting

waf er or sem conductor—substrate 126 Ftch chanber
120 al so incl udes oftFEPe130 | {308 T pe in fl ow
comuni cation with BpREFP T 0fo8y@FWati ng the etch
chanmber. Process gas supply 132 is in f|ow

conmuni cation with g%l@hﬁOWI et 012800isecrghoul d be
appreci ated that a PES e¥a‘1’dré””77%‘l:b°§b gas, e.g., a
silicon containing ?‘3‘* nent i oneé) ngave, may be
provided to the chanber through gas inlet 122.

SR Bt 5 SR g, o,

s1ﬁ’@,BIfel glicnd coaifliap egds Majp AwsS uved! i FaRth&hdfey edbpeiith tonOthe chamber
an over etch process. In response to det ect i ng

c‘irﬁgurﬁg%‘& itRerpngs ot Qi‘%‘i‘@t@’& Y3t i on, the controller may
[0055]08 e BfB6EHEntIRRenBIOR oY adodtbr bRtabR WP Bdritaifing ighd 1§ @8ded to the gas
contai ning gas to chamber 120. It should be

maﬁwﬁé% ither BT eieh stepothe pelypilipon i 4till gighedy é‘?‘é’é‘fefat arotective deposition

bt tRO L SKE I b bilid [hyEJHﬁS?@U | hé@b&ate Br or Cl or
gm nt detection or the start t ove etc
arpmj @rgsgltabég/ elemery gegsenthie thephpiberols dppmsltgd o1 thgrgate oxide or nitridized
n r

g:ﬁQ Q;uﬂé f[t%ﬂmﬁ@ﬁe algp%cuf% Y anso(l)lrrg:g %2%%}?841 & al%osp@f)%lggc?ﬁ f(mn the SiOy

lapar aTmtcgygena@Bmc |ftarttb<tzltlm lafertthay origimatediiont itlenintrbduckien of an oxygen

ni.n are s

colnl&élll_l(ég fas or thgprese e 3f5n m?yg%n ’cor%ammg componen%'I R vesseq e. g quartz,




TABLE 1 Pressure 0.5-200 niforr Power 10-5000 W Si C14
flow 0.1- 300 sccm Tenperature -77 Cto 200 C It
wehoulodotse appreci ated that TABLE 1 is exenpl aPgTAaS2004/005944
not nmeant to be limting. That is, any suitable
silicon containing gas may bd3used. Furthernore,
dependlng on the chanber caonfig ratlon t he range of
al BRingneh @Fygewta(}%lp% cortlmgt] of the et\% &e example of

ambkyin Qburd QrNRE phikthd &P oSl gfONt: @h(ﬁild{‘ Be Qtﬁﬁreblﬁteé%ia@ Ghe etch rate
to the gas mxture in the over etch step

salpstiyidy betwesn nodysilicpp pndoxifbecomesvabinite, ig., ﬁrem @elou ejqhing of the gate
oﬂﬁ@‘ﬁ%gé;gl?o%t%@é&ﬁm%@ﬁﬁmﬁﬂun% Agﬁﬁo%%g@gigﬁigﬁ%der gg% @secfuenﬂy, this
reawlis ot maproedi gateh ndegaitye en t mipimed aifitany oxideelossh dess exiljcon srecess and
. [ h | [ [ X
s1?1?1?1§%1'(t)12rrgdu%€s 216 %P%%Esg {)f; éilﬁﬁ’l% oﬁur@lg%%drrg thi€ ?ncre%@ de etc raQe selectivity
witles© ther mudese eritdowf Gmam thé @rdsed® may dpeyae in 'ﬂreglom )wjxere pitting would
épurce for . eth [ qgﬁﬁoriginate fromthe
RS ATeY v ol %]ﬁnp&‘ﬂf’é Hec¥ ¥t ai ni ng gas or the
[0056jsIanmethef erabodiniytg.ea seliiniontcsi of Gilicompeyestt intladédi@d the chamber in

vessel WO 200 /079 83 P U82004/O 5944
ort g SiHeR oAty LiBh5oNEHE 2BOVEHREN process where
the @liebi Bdifs &ieags ibShRthily Abfleted iR RKABRIrE Gfsilicd pRIEEhe silicon
source for the plasma is oxygen gas. It should g

regpipideier ﬁwaswa?n ke teordsr ﬁoaar@’en%@tfé*eta \HoE gXaslsuadpp electrode of

the Qlichig! dhﬁﬁBer@H@ e ﬂiées%ﬁdlfﬁlﬁcérﬁidﬁ‘rc‘éewhich ‘?nay Behtﬁ%g:récﬁdurmg the
no etching of the gate oxide, as a resul

ovRs gtsh istep Oy apilying radi freqypnay {RR) Wiesrie Hheripm gle@mdae | ayer .

u [ uj
(Iﬁg?lzgk% ?d;%éoﬁlg k& &escﬂlfe% fhk Spriélglpleggplg?&ﬂ@gg%ﬁlﬁ)dgg%ms and modes of
osrationaf thespressat mrvrmtlom g{nwewcraﬂml igventiohy stewld s belvansteisd as being
hl%tF(P ! c% ttﬁen?artlé:ulﬂrg}m%o e%’ts ?llg%éésesc\rm Fﬂ%g\%xegabo@e rd?%%:?lbed embodiments
sl’muhbbes $eg=mi;zd ap allastretiven ra&her elnorestvibties apd titt shogldabes bpbreciated that

herw se, occ rov electivit
g e tnhr e SEOR I fias itlout departing rom
tigistdpe @i ﬂﬁ%)ies&ﬁ mvaﬁﬂlmweﬁﬁedtblyeh&thMQg clalﬁns or der ht 0
rovjide. t e si | or.t passi vat i n a That
[ §§’l inNgptigp hay, é{ﬂ ‘? BB dn g o1 seve ﬁXFfi“BlSW embodiments.

OaRk NEhtRUENAR bS tHv‘eU Bﬁ&ﬂ[&ﬂ Ml Wedgphhee thdie skillelddin the art from
source of silicon_provides the silicon required fo

consislerstion jof the éﬁeql%gatésm iafd drasdiee 10f thy dieAtion ot s ﬁabodlments and
p}%@rre@)f@dmlesedes%ﬁeﬁpabglreeﬁfoﬁﬁqﬁ Rhsiddrft el rggwi@}h #38¥ention being
i nclude the solid i con source, which nay be

dﬂhﬁé@%ﬂ@ﬁmﬁ@ﬂﬁh@wﬂﬁe over etch step by applying a

radio frequency (RF) bias to the top el ectrode. [0057]

The foregoing has descri bed the principles, preferred
Wembisdlaireetiss and nodes of operation of the present

i nvention. However, the invention should not be

construed as being




limted to the particul ar enbodi nents di scussed. Thus,

t he above-descri bed enbodi nents should be regarded as
wOkbugrymsi ve rat her than restrictive, and it sboowiSeoohe0s944

appreci ated that variations nmay be nade in those

enbodi ments by one skilled in the art w thout

departing from the scope of14 he present invention as

defined by the followng clains. [0058] The invention

has been described herein in terns of severa

exenpl ary enbodi nents. O her enbodi nents of the

invention will be apparent tGLAIME® skilled in the art

from consideration of the specification and practice

of the invention. The enbodi ments and preferred

features desemblest ahaite pohiRiticeh Bt SARRkCRMRSasma etch chamber,

exenplary, wth the invention being defined by the

SPPREHEEd clains. Wiat is clainmed is: WO 2004/ 079783

PCT/ UR#004/ aggé%ﬂ)mtécﬁng S NBeoh fith 1586 Biegkdf or et chi ng

a polysilicon gate structufe in a plasnma ef ch chanber,

conpr $tekinga pethisni ng a pattern protecting a

LvSiLi. . : A ;
b chi R ey A 4P pE Rfcon Bt o T 1o
I s uniptrodusoedilicon ontgdingigaryard si | i con cont ai ni ng gas;
and S 808 Gl SIRL e ek R RS Lo R L ining

intro%u0| con arn
@is.cl aim 1, wherein the nethod operation of
introducing a silicon containing gas includes,

flowng t silico ontai nin as at. a fl.owrate .
betwebn anoanhor Gelinds when A Dot Prmity of fufducing a
gilibol @nfaftedas athd@§0 scem 3. The nethod of claim 1
wherejin the silicon containin as |s selected fro .
the gHOUBE LisiTdicor Fopjaipips @%%%O%ir%wee@%eﬁf%f@ﬂd cubic
Sbifttheted] Sek Aninmite andizoB6ebd. Si Br4, and Tetraet hyl
orthosilicate (TE . 4. The nethod of claiml1,

wherein the silicon containing gas is one of SiF4 and

Si c143. 5. Theanatkadriglagn 1othsrem the silipey @nipinitgsanit slsgted from
el 'cBHsi&fnfg_%F SQHQ%ind%E?éiﬁ@éH@L'SYF adilc1,08iHANE SiH,Cl, SiBr,
polysrlicon y_n1tﬁat 15 unprot ¢t ed’ 1 nct udes,

exck Ceftaethyl erthositicate EEEI)t o renove a hard nmask; and

4, The method of claim 1, wherein the silicon containing gas is one of SiF4
and SiCl,.
5. The method of claim 1, wherein the method operation of etching

substantially all of the polysilicon film that is unprotected includes,
executing a first etch to remove a hard mask; and

executing a second etch to remove the polysilicon film that is unprotected.

6. The method of claim 1, wherein the method operation of etching a
remainder of the polysilicon film while introducing a silicon containing gas includes,

preventing notching at a base of the polysilicon gate structure.



executing a second etch to renove the polysilicon film

that is unprotected. 6. The nethod of claim1,
wohew@7erss he met hod operation of etching a rerarmgen4/005944

of the polysilicon filmwhile introducing a silicon

cont ai ni ng gas includes, preventing notching at a base

of the polysilicon gate struggure. WO 2004/079783

PCT/ US2004/ 005944 15 7. The met hod of claim 1,

wherein the nmethod o at| n of introducing a_ silicon

cont ai'ni ng I&a{%eth??cq’f& VRTFR thermsthed dpsragior pf ngodrcing a

tsmeorpéﬁnwﬂlgggnnglﬁdemthat i s unprotected; and
striking an over etch plasma. 8. The rrethod of claim

1, f uﬁefrn@ﬁmtgdhwmn&gf the pelysikicgn dilm apd isyaprogaetadagnsy
from M%Q%S&ée&ﬁgﬂsﬁ&ed fromthe etching of the
polysilicon fil A sem conduct or processing
system conprising: a chanber, the chanber including,
a gas8i nl ethe raethasjofelaoily fidbercompiigog:ed to strike a

SRl T o 4R it e I e

pelysilicatfilon st arved condition durl ng an etching
operation, wherein in response to the passivation
starv&d condi tion, the control{er is .further

conf i Gur ed* GGG RGBS T LI B Mhanci ng gas

t hr ougthaintter, gaschamb@tinduting)g the etching operati on.
10. The systemof claim9, wherein the controller is a
gener al p&%é@e’con'put er. 11. The systemof claim?9,

wherein t fbﬁto?@&@ﬂrd@%b@ﬁku@dﬁh@%kﬁk@&pﬁﬁﬁa {nSid8 1l chARBY?; and -
cont ai ni ng gas. The system of claim 11, wherein

the sili c&rﬁ“@B‘?ﬁglrﬁPlﬁﬁlggénglﬁétesel ected from the group

consi st RGNEH corfiglia to el 3 :
S HC13. S I B B A, and”%‘?{‘%%ﬁ)y’&’%@?ﬁﬁg it otohing

@mgwn wherein in response to the passivation starved condition, the controller is
further configured to introduce a passivation enhancing gas through the gas inlet during

the etching operation.

10.  The system of claim 9, wherein the controller is a general purpose

computer.

11.  The system of claim 9, wherein the passivation enhancing gas is a silicon

containing gas.

12.  The system of claim 11, wherein the silicon containing gas is selected from
the group consisting of SizH(,, SiH3CH3, SiH(CH3)3, SiF4, SiCl4, SiHCl3, SinClz, SiBI'4,
and Tetraethyl orthosilicate (TEOS).



