; e3eyyj HN6T} 614 0 C T 2003 AN SOTROPI C NI TRI DE ETCH PROCESS W ,g b@.l.
SELECTI VI TY TO OXI DE AND PHOTORESI ST LAYERS | N A DAMASCENE ETCH B&H 2003
FI ELD OF THE | NVE sent invention relates to patterning lines in
a silicon nitri de’ﬂmmmmmmmmm on a sem conductor wafer or on another
mul tilayer structure. , OF THE I NVENTI ON | n sem conduct or
fabrication, it is of t en deS| rable t o lani sotropically etch thick dielectric
films with high aspect ratio features (e. g., 4:1 or greater) wthout
excessi ve R GtLan HEI S FAFHN FRPABE8r @ETS t H BFR 9% BBT = HITyh TO
sel ectivity dormxize |AEIcRESTsTILAYERE €QNA OXAMICICENS HRY SYyRMzCations,
the profile of the patterned nitride nust be vertical. Current
state-of-the-art nitride etch processes do not achieve etch profiles which
are sufficiently vertical orFEEEDh QF ctdsSI@S/BEMTIION have' sufficient
selectivity.to oxide. As an exanple of such an application, formation of
. device gates by a damascene etch process requires that a nitride nmateri al
be etched vertical | YPEoPECEfRh & MatOThXiede URgt éPi BRLGABRERBat nehe
nitride. Theastopitayeniofiddelapdr ofd@edrainen dkemisohaiByed, wansh an even
t hi nner gate_.nx A S The thickness of the stop |ayer
is const rg%neg %HSth g%‘lg#]%%/g}/%} rset%)"@g&ﬁ ‘Wi t hout significant undercut,
whereas the thi ckness of the grown gate oxide is determ ned by the device
performance characteristi gacxBraOaN® eendust ogvigriden deposited and
pol i shed down to the nitride. 14 0 CT 203 2 In a standard gate etch
process, a hard nmask is needed to ensure adequate and controll abl e
{sel ectivity to the thisestopndiayerr ofalrheratdlonoxiide isabeéteal . Patterni ng of
he hard prgkrwhihb E@Sbﬁisbfké%f%giif ééy% Q%ﬁ%&rﬁlﬁxgEEkP§t9£ 4o nested and

|solated lipe varjation. Mre particularl (y owa standard
(i.e., noHd5heBidReShafe B EH proridseeof (& Jnul 14| Lapér 9seaterure 10.
Str uct ur ewibhbnt| adesssoneuctdyogad e &t acdcokpanylihyCpRonbt ek der hatd mask

14, | d | d | 16b of
t he Bﬁit g?eglggs }Sﬁ Qé}b?? %ﬁ){eets(%oc% or(%\slleis lgyéanggsggg g??’é:jngn topoof

silicon nP¥ifae- ha%ﬂ A’k 411%119/19%%1@0115‘% ey predskel afekhespattdieted o form a
pattefn inithedbandsoask ‘JI@J&"@Ic&P”QﬁﬁQ@itn%ttaQeLB% Eﬁ&tgfe RftiNge
phot or ESI§E *Xa§roc The p hgt or es%%é i S s E \5‘%1 | eavi ng the
patterned s RPEFT de° ha by Helbie ‘feaf Showasi H IL' 15 ai®  As can be
seen fronfFfgicigntinevpori¢ah of efidh cowasstseisdehhahdhawsk | ayer 14 which
was undersihselatedt! kaescdphity & addedid aterally during the mask etch
process, and the silicon nitride hard mask | ayer di spl ays significant
across-chip line width variation (ACLV). The difference in photoresist
| oading in the | ocahsreyi emample hef resthechnangpilsobated, | foesat Sort herf maj or
cont 1 but 18g: £ackgt bt Calisesedlie di2s! silasboolahefeg! fl,bigs. For
e

exanpl e, ne he area near 'S open ., free
of phot or‘éé %i PAtebhEt aR% , SFSA a‘t?cﬁh O5"(31(}3’01t0t Hetbiéaﬂh@émahest ed |ines
16a is opemda'hmapéasmi lﬁiﬂi’@@irséaft;m ItﬁheChﬂS:&ﬂdTeQ beheegebpVeapbt hosilicon

nitei de “end-hle Local goncents ol angl,Jeackive spect ep (2,9, Jons,

radi cal s, and pol yner precursors e‘{ﬁteet ed in
the vici nP¥ydef 1FsraveditiHes C‘cﬁJe tId et H@lﬁéhaﬁsvefyth@ ghtémcal | oading

of silicobayer is constrained by the ability to remove it without

significant undercut, whereas the thickness of the grown

gate oxide is determined by the device performance

characteristics. A gate conductor is then deposited and
polished down to the nitride.
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14 OC T 2003 3 nitride. The large area of nitride surrounding is Iatﬁe-l-zoos
lirne 16b acts as a sink for the reactive species. Simlarly, the FFo

presence of nore resist near nested lines 16a tends to shift the |ocal

pl asma chem stry relative to the resist-poor regions near isolated |ine
16b. Specifically, the erosion of photoresist acts as a source of polyner
precursors. Therefore, the region of hagd mask | ayer 14 near isolated |ine
16b is.exposed to a | ess polynerizing chem stry than that near nested |ines
16a, thereby causi ngI-rthaesitaameﬂaald grbosi ehichnptbeess chedhdad dnardski sunder t he

isolated Ij j Fi ) a tch schene
as shown | nerbl%ll% Ls#q glu%l?gohﬂldscé{lgﬁgﬂ ‘chtl ve to tathgrnnl oxi de
(not showtheut Jfrbrsffézp dﬂfrt mfnthay@alo%%d@a%t%%la%k 13atesmiied |y in a
chloride- «f ﬁ)‘l‘d)madﬁ:tbf&i%ﬂ(dhﬂtt(hh&@'éllaslnBﬁﬂ@@éelé hengaseinconductor etch is

nonsel ect i ve I lc?eni l%st reastt%dalglpgobﬁgilt g??tf‘ e % 5 Ay, br eaH(t ger ough of

the ther mal" X to cat e uncperlylr{ silicon.
This risk Iitﬁét,folrﬁaslaeislpemFaJQISy ilApentahB abovha @;‘amd@xqi dél tehi ckmass i s

scal ed dowhntssddifdieans dewge peBeeds A8 9%@l£iﬂ§yéﬂ£d§ﬁ‘&é€@ré qduced, the

aspect rat of the ate stack | nereases. I1ity of the gate stack in a
har d mask 133 Hé‘rﬁj'”@(? o8 HﬁtP‘ggu%aE‘f’ ?’/‘%‘?%k re%lsliwnground

rules. | _nrtlrternghi eha‘m meetsikor 4pr aeessd Lines D64 enf n@qeiscstan;eshcstst rip a
sacrificl alafdier mlg oxf dediaxels adlel en gFowha frsshraala adys. as shown
hi c i oxid

r |
in Fig. 2 he ness of a sacrificial therma
const r ai nétf Igx %d&g}t@ée@flsémlgdﬁroby éﬁp@ﬁbt%@lc%nd‘mli’ S?tlr]il[ﬂﬂnng of the

o]>c<| de. ﬁ\nmnu:miﬁfé:lﬁar(ﬁ i malyeexiide tagehaa@ I}Mé)k rapse s foained? tep ;orm
after the egu 14 0 T.20Q03 p silicon 24 (gate .conductor

fills the f;gi% anctt of 'a s} Itlgceor}\lar]iﬁlgt Ir“?ﬁé ? %er %%Fr%%%?é%f%etgorg &5 device
perfornand@tq\ﬂﬁrem/ferthq pherppriesastopryest chTsachhaoxdiisshiown in Fig. 4B,

ions 51 ar@mqmw@éﬁ%pte@wandaalﬁgl ERONp AL t&ise | VeI dift & dghi form
di rection. r}tsalz\y gt chi ngl pr. OCﬁedS ig ry direction, undercutting
a phot or eé}as’i I"éﬁ%g? Snd 4 iSRRFEng™t hE9patki ngfﬂe‘ﬁ%rﬂt G ¥he i ces. In
Fig. 4B, Hidcdinithrd dedtayer o50sé¢dutdnberifoidedhavérmaslsilayan 1substrate
(not showq),; Al thaugh ddie sald tlaqfedetlemegglabl iQOQr%éé'P&éxsa gl | devel oped,

some probl ems inherent in this technology still exist. particul ar
probl em | St s Frash é’r?‘%‘sﬁé@f:elsﬁtl RS F?%oﬁlk}‘f?ril délq% daznghi| e
retai ni ng dagh lsetectd bty vtso shahh fphahor estsésacitli wxi tee lvayts. Ther ef or e,

a need exigts; fiar, ss for patterning silicon nitride with a high
aspect ratio Vé‘lé}ll er@ﬁ(%{(%ﬁ/gl ning high selectivity to photoresist and oxide

I ayer's and avoiding subsequent |oss of image integrity. SUMARY To neet
this and ot her needsgheanil fiferénew @h phetpUEPOSESlo@Ming in the local

region of the nested and isolated lines is the major
contributing factor which causes the nested-to-isolated etch
bias. For example, nearly 100% of the area near isolated
line 16b is open (i.e., free of photoresist); in contrast,
only about 50% of the area near nested lines 16a is open.
The plasma chemistry is chosen to be reactive with silicon
nitride, and the local concentration of reactive species
(e.g., ions, radicals, and polymer precursors) in the
etchant gas will be depleted in the vicinity of isolated
line 16b due to the relatively high local loading of silicon



aspect of the present invention provides a process for anisotro cal

etching a trench in a silicon nitride layer of a multilayer str 0&?1?2003
damascene etch schene. The process conprises the steps of: ex0|t|ng an
etchant gas conprising a polynerizing agent, a hydrogen source, an oxidant,
and a noble gas diluent to forma high density plasma, in which the etchant
gas has high nitride selectivity to a sglicon oxide |ayer (forned over a
substrate and below the nitride |layer) and to a phot oresi st 14 0 C T 2003
5 layer (forineddever Thiee lrirgei deckayér hitahde i imoducding tilee litght density

plasim to atceh uhe exposed poLLigneal the silicap nigddde layer to formthe

trench extending to the silicon oxide [ayer. e present invention, the"-
pol ymeri zing agent is preferably selected fromthe group consisting of at
| east one of CF4, Czléamlaram@sFehet mecblydﬂsﬁgﬁéhcse)wﬁlendﬁe seldctedehirom t he

roup consiceli g qf AL heast gne of ChEg: GiPFRc G5 ANd by the oxi dant

is selecte ron1the gr oup conS|st|ng 0 eas
and t he nomeela@asfedmuéﬁte iresdetepred rmmmemgmw;ﬁcclmtsﬂ%thm d16bat Ieast

one of He, si¥ecid¢aNay,! Rhd EE@EQBEEQfeﬁ@@ﬂ@ﬁ@gﬂsﬂﬁaéﬂgfég%ﬁ%%hrb@V%@t'On
t he omdantéﬁt rlses a carbon- Cﬁﬁgalnlng oxi dant COQPOEEP such as CQ2,

and an oxi &: ﬁﬁbp§§&%§585ﬁpong eEQLR aS A G H . C TR IEhA@SHt r at i ons of
t he consti theerrs 1dr eresel écbddted adheelébans edxghesdd gas aha\esrsg a high

nitride seleotiui by i E'R% Qi %%gsghaﬁufﬂﬁ‘@sn@ér Jg@s;"feﬁ@blq kqand

preferably at | east "about nitri ect|V|t té oxi de,
such as att¥§§§¥ﬂhﬁﬁﬁﬁl$gitéﬁdlBFéFéﬂaBF9Sh?nlEh§¥“%b%ﬁﬁhQ? Paﬁﬁc@éﬁﬂlng to
anot her enhhediarentheofisbhe tpresene kBVERbwANintihey pover source used to
control the directionality of the plasma, such as a radio frequency (RF) -
power source, is decoupled fromthe power source used to excite the etchant
gas, such as a coil. Ipr éf &tapoprdahaRfl pagkrIsbriretech sdpla ed tsbowhe si de

oI L hg stA r uteihwlegsor)rmlatn@ tlE? %lldQcB?VhBQeE{i‘l@e@ééP&c&d ﬂ}et rﬂéﬂ?:h'e%)ﬁ%rl bei ng
et che not ne C r en I nven | | recte €ess
for ki no 02 s SRS Ionevmen el GOERER PP of dURTT ciaYET A S ALY, FRBRET)
conpri si ng e srﬁxncaﬂly flor @ cplaridé4 OerﬂbQEMEkmhsndlanmhamﬁ @gslayer
over a SUb%tercaéL%eh%\Hen%a%te lBaglctwe shahl ow LE80CcTe dS0)atd PR Lgi ons;

formng a silicon n|tr| | ayer over the oxide | ayer; de OS|t|n
photorgSISFEHVgF' (1. e P é%te stack 12) any brg%kthrodgh of %e

thermal oxide leads to catastrophic attack of the underlying
silicon. This risk becomes especially important as the gate
oxide thickness is scaled down to increase device speed. As
gate line widths are reduced, the aspect ratio of the gate
stack increases. Stability of the gate stack in a hard mask
gate etch scheme becomes an issue at very aggressive ground
rules.

In the gate formation process, it is often
necessary to strip a sacrificial thermal oxide layer and
then grow a fresh gate oxide, as shown in Fig. 2. The
thickness of a sacrificial thermal oxide layer 20 is
constrained by the degree of anisotropy of the etch during
stripping of the oxide. Any undercut of thermal oxide layer
20 will cause a fecot 22 to form after the subsequent



the nitride | ayer so that the photoresist defines a window . at i

nitride |ayer is exposed; exciting an etchant gas having constifﬂ@ntﬂgggfnﬂa
descri bed above to forma high density plasma; introducing the high density
plasma to etch the exposed portions of the nitride |ayer to the oxide |ayer
in a damascene etch process, thereby |l eaving a gate hole in the nitride

| ayer at the_wi ndow, depositing a gate conductor in the gate hole; and
renovi ng aPol¥gdt igopart dpathecenfiicomrni fille tlayeratwhersia dihe gate

conduct or fanmeoa gateipiel hayerADgt hep,@sPeSta Ol - 46 RI&SEN! i nvention is
directed t eggogt%hant gas conposition used to etch a trench in a silicon
nitride Ia%er. of" 8cﬁultilayer structure, in a damascene etch schene. The

et chant gas conposition conprises a polynerizing agent, a hydrogen source,
an oxidant, and a nop,e.g3s,dikue i scussed .above, and has high
nitride sel'ecgi,vi ty to.a si ﬂc%ﬁ %)%dgs?gl;/grl(;ne T FFhorddtsshoaper |

~ ~t 0 C T*D0039- 88/=19BFf ahotkernaspresebiratrd praent & ridntdoon i s
directed toiarcdepasiyeirosof on et ehingrid dfeaehidl, a &idd fUtyide layer
of a nultilLaygk gt ure.in_a damascene etch schene, sai d conpdsition
consi sting esseﬁ?i%??%gggé gnp%Yﬁﬁ%rgﬁf%%tﬁﬂénﬂl EHEE TS 6 t he " gr oup
consi sti ngPBPtarepéast lonerob2 Grad LComs; imnd lG3 Rt d i ran dumunty off abeut

0. 1- 25% by deel uee; arhydiggenssodf ce-selectedid r ro nsisting of
at | east ope of .CHF CHZE and H2 in anlgﬁkﬁﬂﬁﬂg “a 5ﬁ%es-30@6by

3 : CH3F,
vol ume; a noEP%dgggeaiFuéﬁ%iE%Peﬁ?%EF?QQﬁnfqﬂ§—§ﬁ6ﬁﬁﬂoonsisting of at |east:

one of He, Ar, and Ne in an anount of about 0. 1-50% vol une;
Although the art of etching silicon nitride is

well developed, some problems inherent in this technology
still exist. One particular problem is etching for high
aspect ratio silicon nitride levels, while retaining high
selectivity to both photoresist and oxide layers.
Therefore, a need exists for a process for patterning
silicon nitride with a high aspect ratio while maintaining
high selectivity to photoresist and oxide layer% and

avoiding subsequent loss of image integrity.

SUMMARY
To meet this and other needs, and in view of its purposes, an
aspect of the present invention provides a process for

anisotropically etching a trench in a silicon nitride layer
of a multilayer structure in a damascene etch scheme. The
process comprises the steps of: exciting an etchant gas
comprising a polymerizing agent, a hydrogen source,-an
oxidant, ‘and a noble gas diluent to form a high density
plasma, in which the etchant gas has high nitride
selectivity to a silicon oxide layer (formed over a

substrate and below the nitride layer) and to a photoresist



an oxi dant conpri si ng a carbon-contai ni ng oxi dant conponent and anlqéiﬁégt,
nobl e gas conponent, wherein said carbon-containing conponent is sél 2003

fromthe group consisting of at | east one of CO2 and CO and is added in an
anount of about 1-25% by vol unme and sai d oxygen-nobl e gas conponent is Q2
in He and is added in an anmount of abo 0.1-20% by volune in a relative
concentration of about 30% oxi dant in said noble gas; wherein said

pol yreri zi Ag y&gentforsmEdd duedr agen nddutde, 15gid) pokhe gﬁsﬁﬂalhélﬁxﬁl&,t}?@d said
oxi dant ar i | at] achieve.,a nitride selectivity to
silicon ox?&?ﬂ%ﬁ%%ﬁﬁdas\é%u?%gfé%tcglnégg %?Frgls%% E%Féﬁ??vﬁ)fybﬁ%

phot or esi st5gfi A Teddtidhiyes: to Iformsthe bsenpdeestendindato botd t he

f oregoi ng ganersdn d8sidd ptdyy.and the following detailed description are
exenpl ary, but are not restrictive, of the invention. BRI EF DESCRI PTI ON OF
THE DRAW NGS The i nvention is best understood fromthe foll ow ng detail ed
description when readn reheomprestendn invehtthe, ackonpanyhegi i@ fgend t 1S

enphasi zed ;{ Bl%tferaag,csg%?jeg%&WEﬁm%ﬁgggﬁé §ﬁaet l%gog{ea&i ous features of the

drawi ng are not to"scale. mensions of the ~~0C
T 2003 vafifousCeieat &R6s Gafe diisi tvalbaggnespingedisr spéaated fopmctiaeity.
I ncl uded i wrichg dreanding iare dthetf alelagwi Bgef bGUCRS;, CH,F,, CH,F, and

H;; the oxidant is selected from the group consisting of at
least one of CO, CO,, and 0,; and the noble gas diluent is
selected from the group consisting of at least one of He,
Ar, and Ne. In a preferred embodiment of the present
invention, the oxidant comprises a carbon-containing oxidant
component, such as CO;, and an oxidant-noble gas component,
such as O; in He. The concentrations of the constituents
are selected to achieve an etchant gas having a high nitride
selectivity to photoresist, such as at least about 3:1 and
preferably at least about 4:1, and a high nitride
selectivity to oxide, such as at least about 4:1 and
preferably at least about 5:1.

According to another embodiment of the present
invention, the power source used to control the
directionality of the plasma, such as a radio frequency (RF)
power source, is decoupled from the power source used to
excite the etchant gas, such as a coil. Preferably, an RF
power source is applied to the side of the structure

opposite the side having the silicon nitride layer being
etched.

Another aspect of the present invention is directed to a
process for making a metal oxide semiconductor field effect

transistor (MOSFET) comprising the steps of: forming a



Fig. 1A shows the profile of a nultilayer structure to be etched‘lti'ly
standard gate etch process; Fig. 1B shows the profile of the nul¥i ﬁ@rTZU[B

structure of Firg. | A after a conventional nitride etch process and a

conventional photoresist strip process; Fig. 2 shows the profile of a

mul tilayer structure having an undesirgple undercut of an oxide |ayer as a

result of a conventional isotropic etc Fig. 3A shows the profile of a

mul til ayer %ﬂ%%ﬁRQMQ¥kﬁQﬂkﬁMﬂi1QMeraadanagceﬁeeghae1a@chtplmaesst@@cord|ng

to the pr ESeﬂleldWetrEéerh ﬁcgati‘l%nsf}%‘eﬁohge pLehihg Qfslfﬁcé'H'ﬁJf%z@% t
esen

structure of Fllg er a nitride étch process accordin
i nventi on; Cf?r(}f"lyleé oﬁeﬁoﬁllﬁf’ﬁeal%K}%Foé?%h%’él S¢INg a
bi ased substtheatrelm dlerygart Gd lthatr edenphbnvession; dEF gne I S\h@ﬁ!@ov& he

profil e of ry. et nti progcess t
unbi ased suf)tst%ﬁa{ée}gecaﬂn@yrﬁitﬁ&hz%#% i géEBQ%S' ch?Lf.e% ot %t%,xlﬂ"ﬁ | ayer
structure aﬂa‘?jlrﬁ‘é%%tc%"tsé@ets}ledﬁﬁ £ ﬂﬁécﬁah@ﬂaéb@nf@ b Bowmtal high de

sem conductdenditey befdect transiuetion. theldighCadn2009 51 DETA LED,

tc
DESCRI PTI ON Th L d t tch
process angc} gg )5‘?0% rPCﬁthtorhsa\%g E’@regég:gg\éggﬁéggf\e{‘g;%?gs%’gbg%r%\f%eﬁ ea(rzld

oxi de and tHat2 pi@mwnmrmtmre raicsesr oprerehyal dambasgeaeget € hstheire. A
dry etch prtQC@stltﬁl&l@SlCeNé}e%tV"Q'h%h weRaB| Jes%i@%g?i@l%é%%% Qérkéu%remh

The preferentlah etcha gas is a mxture o and
Ar. The pre¥ent’§n Sl 130\s TS VARPs Btr bBRECed cRRRG ©f BR¢i con
nitride, stobbigen crmtarntdu ndyagremhelreshl kbengdiextdeduasor scsafsliged in the
formation of,g@atg; cepductors. The formation of gate conductors (or "gates")
is desirable in sem conductor devices such as dynam ¢ random access
menories (DRAVS) and | ogic devices. Figs. 3A and 3B show a danascene gate
etch process which fmmhérraemlnesm(e@&espﬂmh%mh is direct&d doia@on nitride |ayer
31 of a multy Myl iyl ayer ructure 30. also jncludes a
seni conduct%ﬂré% stgrgégékc I8} 3ttolonn g’ffldggl gtg 33 ARG 2 pHOt DHESTR | ayer
34 ‘whi ch f gtriel MRt kayen ids B laAd ayeT] §@Ir81t3§dr131 nen 35 bdanas Gemkanesdene

gate etch pdcass, Cﬂ[ﬁréiﬁikﬁdiﬂ/\ﬂgta@ @o&b@@@@&gng%ﬁp@i§8sFHOCGSS as shown in
Figs. 1Aa ﬂrﬁ“dp toreS|st %?’t 34 1s sedtogattern | ines or trenches
t

in silicon i AVerT BT i th WIS OF8oPPELCBt tReCHI € e 3R e

remai ni ng ORI %ay ubtlrentaf tasr détschisngd Theveesasd hss tinerh stitpped and

t he trenchese B&ear andk Bohy fordmed dom %'xﬂd@omag}bgf" LAg £§y§rp}$c}'tc?1[§51f§é led wth
a gate con%c or 37. As shown in Figs. 3A and 3B, a danmascene gate

formati on pr Cess requires near 100 % | oadi ng of resist near isolated line
35b and a 50% | oadi ng of resist near nested lines 35a. By tailoring the
etch chem stry for a high nitride selectivity to photoresist, the | ocal
variation in



~~OCT 2pp3 9 the resist .loading becones |ess inportant thani?}ﬁﬁ
standard etch process, because the etch process nust by design bel fie 1@2003

to nitride. In other words, the process ﬁan be designed to be insensitive
to a variation of 100 to 50% | ocal | oadi By of photoresist, but cannot be
designed insensitive to a variation of 100%to 50% | ocal | oadi ng of silicon
nitride (as sho I h
nitride. Mre S\Sﬁe‘{ﬁtﬁ@g&r ya%@éﬁr"?ﬁggtﬁ gsegthglv%hﬁ&'h g |d§g§b%|q ?%ll E@nﬁ%ﬁ%&nﬁ&r{( 14
around i soleitheni hitreach G acsﬁllqohelltﬁd@tl@y@mfsat multH@yeets@mwre Uas damasdtese widhh
the nitride 665id| t he | at ed ne.as shown in FIG 1B; in a

damascene gsﬁ (gn%tsglﬁ%lgp}?ggggncgwé@élg egseﬁg?ﬁ%%h a high degree of silicon

nitride exposed negdlymbiizihg Agent EBRcRA TEdn thtegiop @bndifttnges Chrandst 8as o CH, he
present invention are inportant to devel op a gas which has high n|tr| de

sel ecti vi t i @detand£:Ep 0 aamemnt gbahoyy 8rl-23va by yORMhot or esi st | ayer. "Nitride
sel ectivity" to g hufbcRAKRCRR ERAD Lhist PleakiGnCbCOMFRL €5
of nitride to oxide an%éﬂﬁslot ir;)(iede to Sﬁotore I st, relssﬁg%tol?\?eFea lh%eae?c Znt
gas of the @Ak, rwérllizlloanlamollmdé@bautrﬁoB@%@yivpﬂmge agent a hydrogen
source, an oxi dant a t.he o i tuents
are conbined in s%u %)?ans dln{%g ?el ev{:i,lbll<'lilutﬁgItg¥0 Z’Bgltsa %‘]“:E\l/tilﬁf%gge §§ﬁt§e}\5‘f at
| east aboutand:Ne iarag ahmmhoﬁaﬁroa‘si)sttsoetv@lmﬂeeast about 3:1. More preferably,
the-nitride sel ECtIVIé to oxide is at |east abo({ 5:1 and to photoresi st

is at |east abouta“4°x1 ﬁemaeﬁly&@rqam\jcoaﬁaéﬁwg&m 3k CRTpARGHt 2% SN Sridapt
present i nygmid g&h bcﬁnﬁorﬁh@%e‘r’aﬁ s%ﬂﬁ@érﬁén E&ﬁﬁm[rﬁgfs ]z(iﬂeﬁt ishFelé&é(f% fheof @
paSSI vation | ay ymarl Zl ag ent 1Is era uor ocar

sel ected f resown msgtloglpf eldeast eng ofgCO1 arat CO@aldtls addedan amﬁmoumchf@boamblZE%%

The fluori 0] I er,
put o4 OV AR SN S SAAE: B ArhiorF s WS I f ot b M e

di oxi de) I afeaboufTha -208h \hyevalaing gn ageeidti véd eoneasason deasbout 3@ doxidant rinlssid
taper of the,nitride because of its role as a downhol e supplier of CFX

pol ymer prd€MSHEs. In particular, a decrease in the amount of pol ymeri zing

agent makes the p:vhﬁrmh%amqscﬂymexﬁimg:agentﬁéﬁ@hy@n@gemeélﬁaéesaidnndth@ a§"8ikidnt,Of
. polymeri zi ng agent .inproves the nitride selectivity to oxide. ﬁe h drogen

source of t#i€ Bidnadint gasaditedingcitivg éWpuﬁltmﬁﬁlalevﬁ %ﬁﬁ&ﬁ%é%le‘étﬁ"é‘h‘i t@aﬂlhcon

etching of gidddde 1dasi@e6sd ¢dndY n'itﬂ‘aé @éédt% 'téﬁhétgfé‘é%t 164IPERGES: 1.

sel ectivity to photoresist (by both pol ynerlza I on and uori ne

scavengi ng). The hydrogen source is preferably selected fromthe group
consisting of at e nd H2 oyl d be

- avoided in sone elhv?r%sc))ngreﬁf’ ger?tglr_iggig?tcpztﬁr tehéa’gg%%gqb%%ﬁ %ral 'E%scg gP‘érﬁ%l . By

i ncr easi ng follewnigoietiled dedryigtion ere eﬁemptaey buheremiot rdsttetise| ofthe wiventidno

phot oresi st inproves. The present invention also uses an oxidant to aid in

~ the renoval of the dielectric |ayer by ion enhanced etching in the vertical

direction. The oxidant i SBRIEPOERSIRPIIONIOF THECORPWINGSf at | east one of

C0, C02, and 2. .The addjtion of the oxidant reduces selectivity to

photoresi st, becal€eDYHEIOBHS theFayidststendeiomdhe ol qugﬂe&%e%déﬁq;wleadyhﬁg as
does silic T ’En?ﬂhta i st,
etch stop grg?:d]u&éédﬁﬁglﬂg[tﬁqﬁé?ﬁog@ﬁ?}gﬁgggdv)eﬁlc rlgﬁl 0 fegl%%} EeH a?Z%E%I%H{g% IS
a conpound dohmnompractigee dleli Varioue destung vhthe drawingeare siohtp smymt Ondhd oontrazy,

pr oduct (S%Qdﬁ n@m‘r}g:f(t onpound) which is nore volatile than the original
fl uor ocar bon € OXi addition assists in renoval of the passivation
layer and sw tches the gas phase plasma chem stry CF ratio to | ower ~ '~
.0 CT 2Q03 11




val ues, thereby further enhancing etch rate and decreasing passjvatjQn
polymer formation. An increase in the anount of oxidant increasté‘ d&TZ[}Ua
selectivity to oxide. Preferably, the oxidant conprises a carbon-containing
oxi dant conponent, such as CO2, and -a oxi dant-nobl e gas conponent, such as
Oz in He. The final constituent of the etchant gas is a noble gas diluent,
preferably selected fromthe group consjisting of at |east one of He, Ar,
and Ne. Wthout the noble gas, the etchant gas of the present invention
does not ha&edg ioivgh fegltaceisvrrg avbbkiaellThrrpanded amudufedhdblce gas
shoul d be inergased irthcihaeaehfCthyi d¥ah e e L AR LHYAR s .
Exenpl ary enbodi nents within the scope of the present invention i ncl ude gas
m xtures of 1% 10% by vol une pol yneri zi ng agent; 5% 30% by vol unre hydr ogen
source; 1% 25% by volRige ¢ar bbowsothai pudfyi oo npbree mul H 15%e20% by vol une

oxi dant - no onponen L84, 0 iggm | | atJ ve caoncentration of
about 30% i@rﬁa nor%e%gag)%; tegiﬁheg.li¥5€°o y C\i/é(l) u??egtg aer#o & Sé:se.sslbr ef erably,
t he etchant gas includes 3% 8% by vol une pol yneri zi ng agent; 10% 30% by

vol ume hydrogen sour¢ey.5%sladely ¥YREUPEC£AIDUE Y &g -G/AP0oNent ;

5% 15% by val u oxi dant -~ nob conponent (i,e., axidant in a relative
concent r at isgcﬁug%ué:goﬁ' %681 hgagﬁgﬁfeag%%rﬂe. #ﬂtﬁﬁaljl%rg&%’ﬁ(} v&iHme of nobl e
gas. Even. nrorcespr éhelr ablopnvehéipob ynehe 2o rep agemtiip CRfegestshe hydr ogen
source i s CH3F; the carbon-containing conmponent is CO2; the oxidant-noble
gas conponent is 02 in He; and the noble gas diluent is Ar. The particul ar
concentrations of thd§ongt FPa%ft SPEoPECh B Pt e BUtddeee o tEHEEBFesent
kavent i on davibe am uhdesCrib@B08ndaradf usft exh depietdilzg «an ashe reedstof the
particul ar | i i.Qn,. e f jons of each constituent as

di scussed ggfg\%e.&%té)re%g%gpr}%ﬁe?S?Préﬁgcegg ant gas shows insufficient nitride
selectivity to oxide, then the concentration of the oxidant should be

i ncreased, the concemtigat Bansabwbhenpobyderigidg Agentt ishqul,d be increased,
or a combingtiol u(}fe b?:teha Iré %d;c_ji tignm t he restrencei:r%c t he nobl e gas

di l uent contributes t0o Seré&Stivity Yo oxrdes Furt e iF-99E %t chant gas
shows i nsuféfdasirelitndgnitior ittle veeeentvinyerbighot oresi st, then the
concentration of the hydrogen source should be increased. If, after

i ncreasi ng the concentration of -the hydrogen source, an adequate nitride
sel ectivity to phot o%égi‘s?%sFBPWScﬁﬂﬁo?r%ngecrﬁé\éif e 1e&par ti cul ar
conpounds cftnurd s ywifefiizi.n§Aagéheraadni trel dy drtogep oesce ashoubdnbe

sel ected iR sy pMUsEht ReLeASESHthe HF ratio of the etchant gas. A
reduction in both the hydrogen and the oxidant fromthe above conditions
yields simlar profiles because the | oss of the hydrogen source (e.g.,

CH3F) is bal anced by Rigdudii ehoet the pxdtirerof & rgtridd .1alhke taper angle
can al so be oy . y LY N i . trations of . the

et chant ga%. For ‘gixéal‘%1 Ig, b\aiﬁs?éﬁcgggggr%ﬁéf%%gogroélgrbgﬂpoﬁ%f HCSPRG agent (e.
g., C2F6), Wieht%ie& /ot her constituents constant, increases the degree of
taper of a trench in a nitride layer. The ability to carefully control
taper angle in a high.aspect tatio. _nitride feature enables easier fill of
the hol e during |at e}h r'og%sés’l%ﬁ‘évfs Rggo?ﬁ?ﬁlgf‘? ooj?hae r]d‘rq:ersl La¥¢&ntion, the
et chant gastiaeskeisied eochovenainngh perse¢sy witddsma Ulfs asewer source used
to control dumwstdigectizgpal ity of the plasma is ~40CT 2003 13

decoupl ed fromthe power source used to excite the etchant gas to formthe
hi gh density plasma. Thus, a decoupl ed power source incorporates

i ndependent control dfidsi.asPomnhtrheghabkrshicwmitdfe jdsasnh agandratbgsr
mechani sm "de lLed? +i i rdrnent energy
is primari Isy-@.tglétnttq{rr(ﬁ Iagdggyl#ﬁteggntgi gggéggtﬁgﬁa?:tr%éq Ter eaa%%{&%% Pogﬁafl ux (and
pl asma dendtabpl o isle weriicpnebatpsl Fiel dye f frchdw@nsdpsidred to t he

generating structure (e.g., coils in an inductive plasm source).



This structure is shown in Fig. 4A, in which the etchant gas isf #tﬂ@lﬁc@oa
to a chanber 40 (shown in dashed lines), and the etchant gas is excited by
a first power source 41 to forma high density plasma having ions 42. A
second power source, such as RF power :source 43, is decoupled fromfirst
power source 91. Preferably, the pressure of chanber 90 is nmaintai ned at
about 2 to 40 millitorrs by using a vacdium punp 45 which is coupled to
chanber. 40. A biased substrate, such as that used by the decoupl ed pl asna
source, oscillates theEFAIEED BESEGRIPREONaPEr TRE at BAENTIRN cal | y by several

t housand volts. Although a certain fraction of this potential is shielded
by the plasma el ectrons (sheath capacitance) and wafer.-chuck agaci t ance,
the acceleration of TR PBHRECSE riky Sy 13k REFESSs amﬂ’c}ﬁrllgFg@Ef: typically
an accel er atbonseoanespamid nigt tan Sthdto HEOGE \inchHuas caddietlieonal iepet gy

accel er at e8,8kE0LDGsE Nafa bALEL | A AR o INe RTEN SURTaGRroBPd 1S
responsi bl e for the anisotropic etching in the present invention. fn a

bi ased subdfr gt éamagcenewWAt¢h FFREMEA %Rﬁrpb\/%@hs@m‘)@@séslﬁsdﬁﬁﬁﬂ’éﬁdto t he
Baflk of a wb&h&a&%@gg% @Z;ﬁ@fyhéfd@i(éiaﬁc crfitmei_els_teb;s;hr.a_t ehepposi te theI | ayer
ei ng ~ ~+ etched (such as .a sili ni t e er). In
Fig. 4A sBE??Fﬁ?BFﬁ§9c%%?laa?‘ép?%sselh§ % "5 %6n Onfic'%?}‘?ﬂe Clrffdyérké%;r' Sd over a
silicon substrane Amot WlowreseRE poventionr eél98satcel enhsesrowins 42

toward thee%%ﬁ%hEaE@sib?é@QYniE‘P{@@,Sisﬂg)ﬁﬂl%geF&h a at@nl NalBat odi rection.
The pattern . on

9L photoresi st 49 js tran,sfe({r,ed t3;‘?rectl to t g ungerlyi ng

| ayers, th8S HERPNPZPRYPack? b deridityFd Athi d&rdiaty ol 8EndaF&fers to

t he char gedopdntioke.densét format ven pd asyet e |gpradwtvent(oondbaoest ypi cal

density pl - b on. depsi I j BB h ahaut. ; 107 :

wher eas i nagnﬁféﬁgg’é%gi%g g%%%%%ﬁ%%y%;%t ilocnéasle,ssﬁlc?tr?l %%ti lg’ng};ﬂsﬂza Sgg&;}O"

cm 3. Hi gh286R/SPt Jeprasah sBRMMEEs 3Rt Tt 19HESH asna el ectrons in a

direction normal to reactor boundaries, so that the electron nmean free path

is long conmpared to the_plasma_ dinensions. This | n free path_permts

a | ower operating prgégﬁfe?ib%?ga sosa?oce%'dquel1 rcclaa}sﬁlaas e?lgr%ég‘%%eﬁfggﬁgfs%%?zati on

to sustai nwhighptasma Wrehchee koyhreatiomilalin fd wilitea pisseds of the

glr esentdl ml%‘?’tew@ﬁ“@nﬁ Qeﬁglm%myﬁﬂ f&@&h\ﬂw_ hl3dce.d !}/tﬁilQrﬂlally%ergbuQeagzﬁty
asma dry _etch chanber, although other high densi ources . (e.g,, Lam

0100) can BY G080 TETHeR: T PRI A QLT QRN AOR et Gn ity OSMIS st m 1 ar

chanber condtaiemi 3§, aagdsanpkotoeenist heapresthtwhimrerftarows welsltepr oduce t he

desired resuls. sERe RREgRUE 6o Ph e, chambsr i s preferallunknghhe range
bet ween about 2 and 90 mllitorrs. The etching of a nitride | ayer described

above can B&SnBEPEEFaL eBORRraS bPRACESE fdrs RIIHY &atét &tcOxpPgRcess

sem conducter shioghd ief Fégt.t tAnsndt DB, (IABFHIYs ot 1ldwest 34t ed uneli gs.
5A-5L. The pn s s,do e j Vie; uted, i pyt he
order i1 0Bated andcn ofqDohoRes S L I iR (o R R e o

fcherre, actordiRg otd tvhefpEheent trident3ver TYPAHNE Arathy wérHCcEUFeed for
he format ia@teef cMOBERFS Wrhb vesysthig gade oxtH8sed eanddthe<t?BAkhes

36a and 36b formed in silicon nitride layer 31 are filled

with a gate conductor 37.

As shown in Figs. 3A and 3B, a damascene gate
formation process requires near 100% loading of resist near
isolated line 35b and a 50% loading of resist near nested
lines 35a. By tailoring the etch chemistry for a high
nitride selectivity to photoresist, the local variation in



In the exanpl e described below, the formation of a. MOSFET begi n‘l with a
substrate 130, which can be any known sem conductor substrate su Ilf ﬁca'zgoa
silicon substrate. Substrate 130 is covered by a pad oxide layer 135 and a
silicon nitride layer 131, as shown in Fig. 5A. The pad oxide layer 135 is
typically between 5 nmand 20 nmthick. An 8 nmthick Si02 | ayer may be

used as pad oxide |ayer 135. The oxidegd ayer 135 nmay be nade by rapid

t hermal processing (RTP) or furnace processing. The silicon nitride |ayer
131 may cotisé Stedfs 5i 3N iand pEerRave «ast hhgkpesst ofhabout 9% nm The
silicon nit,géglga I'de\yeer h131 can be. made usi g a high te eratur(e;,é\ilow
pressure chemical  vapor Tdepositi (})jr?c(all_lﬁ&VEE pfF BERSRI O FE MM ti on
processes @aflde hesetkadtictaudingigirasien efhaotkeer chendsal thapnroddeposi ti on
(PECVD). Abdgrgatdd®ohed & $d 116QRARILEL AL ayer, £a0: b Scf’f”lt(f‘d%e%o Next, a
si ngl e-Iaﬁ[ﬁ p{mt oresist 132 is spun onto silicon nitride layer 131". By
convent i onaf® | 12¢lgritii P idt Shedosesiafer P4B2caRNe hidbe platignrsd to define
et ch wi ndoinss 4381 fiore atcsubsequentioat off sbep, tasschovscan FiLhirkBoEt ch

w ndows 133: portjons of .silican_nitri l.ayer 131 .for a,subsequent
damascene %ffﬁe&?ﬁmg@gdlgﬁas(csaesngh%tdehggr ggéés!}‘gﬁbs g%?u?%(]at% 19%Eh i tri de

| ayer is (REIEEbER Gafsttomddinsniftayde; iMonestpeabftcatich phodess, only
sel ect ed |tmesetdh photpredst e idsedata GQYRN 1 £04 FosRONA NG ddnes of

nitride. Inste of in i nal e-1 ay phpotoresist, a multi-|ayer resist,
or any ot hi(;l_rlgerrggib ion%?cﬁlaﬁgﬁg‘ogc%%rsdﬁﬁakgbenﬁgﬁlfa%‘éng%% WS The sh&se and
si ze of thelercde viaricidsal33:deef ithe thelhhedr hlndiaensions iof Rite shal | ow
trench isolgion { SHaddBNCRRT L @RS EES@@gs,ne&(ﬁeresuf% r%-lg such a CT 2a0
16 trencp/%éal o known as field oxide isolation trenches) arehtypl cally
used in RGP t G PG @SR dRsBRRPFBR BRA MR ddjncent
transistors. Local oxidation of silicon (LOCOS) or poly-buffered LOCOS can
be used instead of ) i.n_Ei 5 e resi st ttern i s _now
transferred into th?ﬂiy?ﬁ%ﬁg%\g&gfugg grﬁ e(%l%lté tb%/ésanOfap DRYieECE Cet ch
t echni que. I1FFRL Qe RLS IRRrdEnt ¢l deYRéCHept e DSMigt hdve ISHh t renches
134 mg?/ beﬁlif)ﬂid‘énsxrldmﬁezitﬁ@(‘imti@ &i ksh'umgohhex%}é Ihziy‘i‘é!@rbl&ﬁj 134 M th ad .
suitable i . a t.hin oxi J.ayer 14 e thernmal. rown inside the
trenches I%g%]?%xgéssl_h%vml%}r%rﬁ . %éls.r).{ﬁﬁi Seg?‘gﬁi{%l% r%%o?ﬁ?é#d 9 darti cul ar
if the tr é?f&]‘é%r?l?}lﬁtaﬁ@atfw o inalte@ by teerateh hydtey tdi rsitinicat €o TECS),
which is asgieposidiethiadide tepdgitbedsTEDS psuaddyi-has, I rrggular syiface
states at the |Pte}{face with sili ¢on subsirate | 30. I n the absence of oxide
layer 146,9F0cht i FHedifiSiedurfyeatiPa: LRCLUURPY AR EM 5 Mk adene
oper ati on ®fhpdidaon suhsta,atee bZAdahn, t Aed ps esente exanml ia,ugptat or esi st 132
Is removedbrard Ul  heiBle Q9nde ika¥aks148:18 &xﬁﬂ%ﬁjvrﬁ%‘&ha WL§O§ 136 is
FiTT’ed” dowr 1% £hé*Bo

deposited such that” all STl trenches 134 are, ttoom as
shown in AYIBE ECS TS Seend 1yehdsFeeax tids iy & it PevD thradeads 4: fany

ot her mat eyndlto qatierassied ofstatadeatt TEOG t a3: 1 ONGIdASe draffdragient

i sol ation @fe agj 1S Q. Leh.a t in Figs. S5A-5L) is
- guar ant eed. %ﬁgia%gdr%,gél@l?dl?é%gitg@hg?ei t[g ?gvllezge%y\;]abgoélotd Sg’t oﬁ&éng | ayer

age o
for any su%éﬂ%%r%?fe% dal afedifaditcapertsh: tOvP) planarization step. As

schematically illustrated in Fig. 5E, the upper surface of the structure is

next pl anarized usi a step.. In_the present enmhodi nent,the CVP step
renoves the ~ 4 Or&%erp%'(\)@?eﬁ]leziggsgg?ﬁw?l%%e and- @ pLasn othéhsi 1 con

nitride | d&f%esarst. inuantipperissar Paeeuk8Frofpbayes W i sudwscanplakel y
flat. Aftefo GMEiddet i genesyaefiohhigysi!lic L1 ee i
slightly reodu edlto abofg?(él?S nr?}ollon éégﬁbseqﬂger][ws]i ep (lszgéeglr:iaé%%gl_:)%,s t he
di el ect ri CSTHUIRUDED I AE58POPhaepaatBRi HePT g IwPmn sossripléned by
form ng addl tdtondadtayers odn CFop OfFst hengl @srar i zeite strd@cid 3h.qsl Ant he
present exaiwl & g, dig %qq:rﬂi%esﬁ?tc'fhgogpﬂégﬁ:nitride layer, but



A Si3N4 | ayer 131 (reduced to about 75 nmthickness); and A Si 3I\144I @’@TKZUUB
138 (about 50 nmthick) . In the present enbodinent, the dielectric stack®

is formed on top of a sem conductor structure which already conprises
certain layers and structural elenments, such as STl or LOCCS trenches.

Nonet hel ess, the dielectric stack can be forned on any kind of

sem conductor structure, including a sjgple substrate, a preprocessed
substrate, a sem conductor device conprising other circuits, and so forth.
The stack may wltgo digclase iaddihei shdlicenl peddeniiori gelleyerdiodinie
subsequent; step, (n@fe SHOWRhe 1630Gt LRENENGEETeas3&  uRaPPAL©-4:id hogr aphi ¢
process is used to define the | atera the gate | ength,

Al sjze i ._e. .
LGATE; , antPRyatlsilAREr WEATES FA4TiAE EﬁSBéSSfofhétﬁa*f%l%i%"r & dMF e
formed. Thieo BXps@ssi s "gfatoF,pbodl anér isrerserkd s L helrprpeseritcudppl,i eation to
describe oale stLLChyras, REANIALROLLE OMLEDE: 36T GoROUSLRLS Stydicture. The
pillar can"have any shape and siz€, "as"long as"t srde Wal |'s are vertical
(i.e., ~PrefQ € M0 riE gger-pefdisoul an whrehepdspett the anmurferrifconduct or
structure)pol imShosl vy heyat adprBowsvene hhatigat sepibtassthavd ng too high
an aspect ratio tend to tall over after formation. This step is not
illustrat e‘axb%%ause there are many different ways to define the | ateral
si ze and shape of the gate pillars. Basically, as shown in Fig. 5G an etch

W! ndow 140 ! S provi dggs iH]/c?rJg?e%i %Bu%éko%“'@he_-rggcﬁ!aﬁ@ fid,shape of etch
wi ndow |40 is about the sane ‘as the lateral _size and shape of the gate

pillar to BESFER et Vehe IefgRNGE SeCEAMM AR TRON P T Mest 1 | engt h of
t he gate hotegy&dtaileh intrassingl tisoatrepy)dehtinesptbeegat el detngtity Thi s
gate length t 1n t et f LVe e e - order to form
the gate hg eﬁi@(—)??%ﬂgga% e&%orb%gtthl %ﬁﬁﬁgg\égf\%ggggngggcﬁg‘%%’Er)wpr ocess i s used
to transfefCariengin®h) wi ndwvvyogesyisqagdcenishereésrablyeskledsd nto the

di el ectri crsbacCkne Theo it @ fQrdMNOB fREE pPeasessnkSokhetrgessrirped above in
connecti on %aEth Fi BA)éagd 3B. As o!qusﬁ)ussed .g{)?ove the RIE process can be
optim zed tH e'n?dl'cgi{ﬁrop YORRSH i BH G ke VOGRS 1 PEBR nitride |ayers of
t he di el ecenvirghmekts | fon e fmtes ewiasoranpkeegusheigaie fbammdlhlon. RIEY

process is;destgnedy t th&tHbdMe JH Hiladegbayebarédd and A8drphe the _
dielectric sﬁac .and to stop o ad oxide layer 135, as illustrated in

k. apd n the'p

Fi gure 5G SFLeFELYhpbrtambtehe i JBPECTRFity to pad oxide is 4:1. or
better, because otherw se the pad oxide 135 may be strongly attacked and
its thickness reduceg, T 5c|§no¢ f_t | £, i ch is about
the sane as the thi cﬁ%%slgpeof t relr,l?i%l{ggglr iacggt ggEnggA%%}?%né%r%%F)
defines t héPh&RghFem?viher hdile plialectirds daivhy it éopxpraned h yet to be
formed. Thetphlihgrisetivé ngerdtsi ddie djateettiypi.calrthy bgibehveesn 400 nm and 200
nm ~ ~ ~ . high.  Fut FET il | ve_.a.gate. .l ength of 50
nm and eveﬁ%’égé %‘J%%Ig%%]tcogﬁioﬁ%ca%gsgg éae\él:sllty()irlf%dgfuglgh_gg?%e aL|gll ventive
process. TRe- withh qlittien Ofe thgperippaheyedfcednsRirGionialt ydtce el ectrodes

is betweenpBubbasdi 50UMmelfiss thavighdtdelisned tbesgabe bekeed5Ordm the
di el ectric_stack pad oxi noved fromthe

ack g%e remai(§1der af. . tdedl 35 gay.be re
bottom of RS Gat82AblE. *THI T it 1B& Hohe fidiSg a Ky dPoFrantie Wt d (HF)
di p. HF i sPaéllesurortebechuser daerate aeled soxi ¢échageppl88cubsitnaioes not
attack sili-egnis b%rgtﬁi%ﬁoasﬁea‘torreatti%e feRval, ohnpad;gxhde; Layer 135 at
t he bottom of ga S hol e 150, the resist 1.48 is renpved. After pad oxide
| ayer 135 FSMBBHBFefBRY Yehbvetpdidy SKawt i thi . PSLYMET bF &7 s295R tdef i ned
gat e oxi detd49omayabprbouaed(ascts M Q0 gompbundheviititckines®rand qual ity
of this ga L . a i hdepende f t i ck S ality of the
pad oxi de P§§g§%§5w%e£§%t£ﬁo§lﬁg ?&éj%ﬁé)ﬁgﬁbtsog'be%%i 8%2?8{;%% t he pad
oxi de |ayepdggg}opfa§§1§§§i¥qxgemoval of the passivation layer and

switches the gas phase plasma chemistry C/F ratio to lower



Before the formati on of gate oxide 149, a sacrificial oxide Iayeq fnﬁt%
shown) may be forned at the bottom of gate hole 150. This sacrific 1&2&93
| ayer is then etched away and the structure is heated. This short sequence

of steps heal s possi bl e damage (caused by the gate formation RIE) of

silicon substrate 130 at the bottom of gate hole 150. ' As illustrated in
Figure 51, gate conductor material 191y{s deposited in gate hole 150 and

Wit hin uppernost silicon nitride |ayer 138 of the dielectric stack. It is

i mportant t@leasurenéheby gamtmchmia@fumt etical r&% aﬁﬁpheteéysiméyl s the

gate hole ate n terlal 141 e silicon

deposi ted %ggfﬁ%§€f%n OEQHq% JégbCD ﬁﬁg ag %R %e FT7co

anor phous @KFﬁé@h lnGIeQSQﬁ(§eﬁ€§ﬂ¥?1¢daﬁ0béxaﬁéd aﬁéeﬁﬁéﬁéimrnﬁﬂelnto

pol ysi |l i copxatiant| abmpr POLNta |¢’hrtkidﬁi-cdnrtaf1@ﬁhg BRYdEBRtEEbRAPoMBLEN 1S

sui tabl e as _a, gat e conduct or g Fé d" into the 9ate ol e 150. The
present inv8htion $&mndtd |nP§é PG BBPySi FREoRCRTRS T T 13%i%i con may

or may not ibheHdoped. Dopants can be introduced into the ponS|I|con ei t her

during the polysilicon deposition or afterward. It is an advantage of the

i nventive process that the ponS|I|con ate does not necessarily have to be

doped when the sour cERanfiRehi fPirdgitditacd ithel gR€BantTE@SpdFy3ili con gate

gayl be silhebldedgak ndDD@ezQEd t;kheeﬂxtasﬁcwesrétlefc&féal gabmonhat gpsupand a cap
ielectric eposi ted to protect ate _duri.ng s

proce55|ng,gg¥ gglg gpp o%ﬁ?%xe?ne fﬁﬁhe%bélﬁlg th tﬁ %EQPE é%%ductor
mat eri al 19eblg 9ﬁana‘ﬁli1§a¢¢@na@t e et ﬁélec@rm@@pédlnmntlgui deesimota CMVP

process. Ahhee RhgRagbzatioRityd e l&&Qfé’mStTh%ls| i ean BhbLhdeckaysk1d38 of
t he dlelectrlc EtﬁE§ i s exposed, ;as_illustrat Then, the
t

di el ectric98FatR® bpel rerpReet Fhe hﬁlseéﬁﬁ%ﬁ ﬂFVdEgI8§ég§ 13g°Qhd 131
are strippbdgbsenguglbt phosphoric acid. After conplete renopval of the
dielectric stack, a protruding pillar of gate conductor material 191 with
vertical side walls 192 is uncovered, as shown in Figure 5K. The processing
can now be conti nued®¥AmRL¥% % RBRUAIEINS é"éﬁﬁd%ﬁ?%?@%c?ﬁb%ﬂe f or
exanple bprE&eﬁblmhasﬁtlomnlnéduﬁexﬁaﬂnmmwnuﬁ&stacessung Bpdvbewhee

Dosign. © CHBPURL- 101,206, 260509 (ol MHLGY, §5085:,1908) o DUL| gty

subsequent st define urce re rain region
199- - f noPYaI"Pé}ﬂW gdheoRC@Ata fEing tf;pmmealﬁtrapu éR-8P%shvt Bdléopant s, as

shown in Fbgidant-mobtd Zas2dompondhich@nnel, lo¥3desict wat edrundeipeath the

pillar and_hetwe raln |on and sour ge redion 3 hus defi ned.
The channngPengﬁﬁaléoﬁbout Net s ﬁ% {5 4 A §t3 éhg?ﬁgbéc géﬁg%%

sour ce- chafiféhmeand dekle- @h&nnéﬁﬁﬁﬂ@w¢b0e§h@r@tsheep and abcupdegwel |
defined), aedeghsyovgxbﬁ@ ga&m@fmzr&p ahtdi 904s36ed 8HOYE1uMLt hough

illustrate nd descri bed ference to certain,. specifi
Lrbodi mont Y8R RaSET ShuReS; BBty b trereds SRBE A Nt aRacy to be
limted toceheodenti| §3shotwby Ratheng axdrdaods nobdief beat conpormayt be nade in

thfhdei a'dl §iWet hi 8¥35§n§ﬁﬂﬁ)e apg%g@lrka@ 242l Rt 8 rohpble shl [F and
w thou eRaEE'nga r?n;ndelégvgggléglvolume of noble gas. Even more

preferably, the polymerizing agent is C,Fs; the hydrogen
source is CH3;F; the carbon-containing component is CO,; the
oxXidant-noble gas component is 0, in He; and the noble gas
diluent is Ar.

The particular concentrations of the constituents

to achieve the purposes of the present invention can be



14 0 CT 200 22 What is Clainmed: 1. A process for anisotropicall etchln
atrench in a silicon nitride layer of a nultilayer structure incl %003
(i) a substrate; (ii) a silicon oxide |ayer forned over said substrate

(iii) said silicon nitride |layer fornmed over said oxide layer; and (iv) a
phot oresi st |ayer formed over said silicon nitride |ayer and defining a

w ndow to expose a portion of said silizon nitride |ayer for danascene

etch, said process conprising the steps of: exciting an etchant gas
conprisingadjpstyﬂeﬁégém@ﬁm@antthktqm&ﬁgeﬁ sber pertagudxirdant, and a noble

gas dil “e”é {: %‘&'e&? e ﬁ%@’on‘é’”%re' Qcﬁa gag%gpgngtgas has
vity

high nitri 0 sald silicon oxide
photore3|sﬂlF§y§§6daﬂﬁoVﬁtroﬂmt|QKfm§%Qi Hﬁgﬁh@eﬁ§pb§nﬁlaéﬂaSBQWétch t he

eXposeg pO:ih!sQBfQ&éﬁtdnﬁtii&@rbéléd‘dldﬂﬂya)t%r oB(@;ldfeQr 'ﬁril%ﬁ:,\lﬁhér ench eétendl ng
to said silicon e la cl.a erein sa

pol yneri zi fig"™ 888 g%°%e¥€c?%% 94%#%4§u§%ﬁ4§€p£80ﬁ§F§FFﬁ§dof 8% | east one of
CrF4, C2F6, candeQBF8tiGn Jhetlpr quelsgnenfi zdngi mgentwisbpelld bai tinbyesogen

source is sel scgsﬂbiﬁgmw > SN, Cortfsre %Hcﬂ&l% atpleastsone Oéfcgl'f
CH2F2, CH3F, and H2 The process of claim1, wheref.n sai d ant is

sel ect ed fPemﬁhgaar%%)u%%s?%rﬁwdmﬁf%attq SRIECEA¥IEY €9, OCERS-and 2. ~
4 0 CT 200 23 5. The process of claim1l, wherein said noble gas diluent is

sel ected from the gr?HPtggnSIS% té%ant %%t %ﬂgwgf |_Ig‘uffJ.c'::Leng Ne.
nitride selectivity to photoresist, then the concentration
of the hydrogen source should be increased. 1If, after
increasing the concentration of the hydrogen source, an
adequate nitride selectivity to photoresist still cannot be
achieved, then the particular compounds of the polymerizing
agent and the hydrogen source should be selected in a way
which increases the H:F ratio of the etchant gas. A
reduction in both the hydrogen and the oxidant from the
above conditions yields similar profiles because the loss of
the hydrogen source (e.g., CHsF) is balanced by reduction of
the oxidizer (e.g., CO).

The taper angle can also be controlled by varying
the relative concentrations of the etchant gas. For
example, an increase in the dose of polymerizing agent
(e.g., CzFg¢), with the other constituents constant,
increases the degree of taper of a trench in a nitride
layer. The ability to carefully control taper angle in a
high aspect ratio nitride feature enables easier fill of the

hole during later processing.

According to the present invention, the etchant
gas is excited to form a high density plasma. The power

source used to control the directionality of the plasma is



6. The process of claim1l, wherein said oxidant conprises a A}C]-2003
carbon-contai ni ng oxi dant conponent and an oxi dant-nobl e gas conpone 7

The process of claim6, wherein: said polynerizing agent is C2F6; said
hydrogen source is CH3F; said noble gas diluent is Ar; said _
carbon-contai ni ng conponent is C02; and said oxidant-noble gas conponent is
G2 in He. 8. The process of claim®6, wherein: said polynerizing agent is
added in an anmount of about 0. 1- 25@6b9 vol une; said hydrogen source is

added in aaeaﬁnpmbdoffraﬂaouheSpw% tB/od&Q:léJr[%ecﬁ%lod cheblke @as dilHERL s

added in an .2 u 1-50% viol une; id carhon-co talnln
component rs gg§ %ofﬁ gﬁgahn LIS %%J?iTH§%@6§ Yol & ?CaHBTe 1. 4 OCT
2003 24 sapéW@¥|GanFCﬁobh@Og@gr@xﬂqanﬁﬁpanﬁewdd@@nmmoanoénb&as ofi aheut

0. 1-20% bywM@kuMerbR Bnéehaking GONGANIA! inRRnahidhout 13R% gxjdant in said

nobl e gas. “decoupled” is used because the ion bombardment energy is

primarily controlled by the bias to the wafer, whereas the
ion flux (and plasma density) is primarily controlled by the
power applied to the generating structure (e.g., coils in an
inductivé plasma source).

This structure is shown in Fig. 4A, in which the
etchant gas is introduced to a chamber 40 (shown in dashed
lines), and the etchant gas is excited by a first power
source 41 to form a high density plasma having ions 42. A
second power source, such as RF power source 43, is
decoupled from first power source 41. Preferably, the
pressure of chamber 40 is maintained at about 2 to 40
millitorrs by using a vacuum pump 45 which is coupled to
chamber 40,

A biased substrate, such as that used by the
decoupled plasma source, oscillates the potential of the
wafer platen, typically by several thousand volts. Although
a certain fraction of this potential is shielded by the
plasma electrons (sheath capacitance) and wafer-chuck
capacitance, the acceleration of the ions striking the wafer
is much larger, typically an acceleration corresponding to
50 to 500 V. This additional energy accelerates etching in
a direction normal to the wafer surface, and is responsible

for the anisotropic etching in the present invention.

In a biased substrate, as shown in Fig. 4A, RF
power source 43 is applied to the back of a substrate 48,

namely the side of the substrate opposite the layer being



- 9. The process of claim8, wherein: said polynerizing agent ig dﬁed in
an anount of about 3-8% by vol une; said hydrogen source is adde 2n é}T’%PQ?
amount of about 10-30% by vol une; said carbon-contai ning conponent is adde
in an anount of about 5-15% by vol unme; said oxi dant-nobl e gas conponent is
added in an anount of about 5-15% by volune in a relative concentration of
about 300 oxidant in said noble gas; amd said noble gas diluent is added in
an armount of about 10-50% by volume. 10. The process of claim1l, wherein

sai d etchanritcgas hasch Bkt ki delsebechiviide timysai)d sillni ddn.oxide | ayer of

at | east about .4:1 and to id sj st raf I a 1. 11,
The proces?u%ﬁtgﬁifng%oFo%zgr5F§P§%$%€e c'%%?%ghégﬁﬁ§E§ ﬁ??&ﬁdgggé?gctivity
to sai d silovean aosiidé chaysnbetrate| éast Hbvin) 5: Rfap@wes sairgdcphédBor esi st

| ayler_ of ataac%%tra%lé%utio%slqzieowalkﬁ@_ ‘Pﬁ@cﬁ%s&fatfé,aitmekeﬁow tigegegggrrﬁgggi gg
appl yi ng a power_ source to sai ti]ayer ructuyre to =

control th &t SR&F &Y zgaga arﬁ?Bﬁy EnSIF§F3%§§ﬁE'8ﬁ ERPGCRGP tFFayer
struct ure. 488.isThe apisdesssedofiickathy 120 Wherwidenlhengt dpvefsapphyéng a
power Sour9£n89HBﬁE§e§a%Q9h%iBgngﬂtﬁF power source to the side of said

mul til ayer structur pposite said Silicon nitride |ayer. 14. The process
of claim 12, wherein the step of exciting said etchant gas uses a-coil, and
sai d power source ispdecoupldedsieonpsasma coetersdSo e phacess of claiml,

wherein the step. .of xcLEin said e CQﬁnt g i n¢l f.orq ng said high
density p|é§ﬁﬁﬂﬁaﬁiﬁ§n§l ghgptéhgfpg?s %astﬂid%fﬁgh} ilo al' 3

typical density plasma, the ion density is typically less

than about 10! cm™, whereas in a high density source the

fractional ionization is above 10" cm™.

High density
plasma sources accelerate the plasma electrons in a
direction normal to reactor boundaries, so that the electron
mean free path is long compared to the plasma dimensions.
This long mean free path permits a lower operating pressure,
but also requires a higher degree of ionization to sustain

the plasma with the higher ion wall flux.

The process of the present invention was
demonstrated on an Applied Materials High Density Plasma dry
etch chamber, although other high density sources (e.g., Lam
9100) can be used. It is within the scope of the invention
that any similar chamber containing a gas mixture of the
present invention will produce the desired results. The
pressure of the chamber is preferably in the range between
about 2 and 40 millitorrs.

The etching of a nitride layer described above can
be incorporated in a process for making a metal oxide
semiconductor field effect transistor (MOSFET) as
illustrated in Figs. 5A-5L. The process steps do not

necessarily have to be executed in the order illustrated and



16. The process of claim1, further conprising the steps of: m?r i
sai d etchant gas into a chanber; and maintaining the pressure o lpCt?@lTl?ma

chanber between about 2 to 40 mllitorrs by using a vacuum punp coupled to
said chanber. 17. A process for making a nmetal oxide sem conductor field
effect transistor conprising the steps of: formng a silicon oxide |ayer
over a substrate; depositing at |east tifio shallow trench isolation regions
in said substrate to define a space between said at |east two shallow
trench i sofles¢oibedgi,oixe fabrigagignTsghene26atophiihed atei theanredant de

| ayer over;sabgh Sbh] con oxdde-diayer, «deposiitBe 2opPhotor £Sipdt el sai d
silicon nitride Iay r, wherein sai g resi st defings a w ndow to expose

ph
a portion BPSERTY Wik c‘b?F%VH“d@al%yB?EgSF é%nﬁSCeﬁeg%TEh wherein said

portion is over said space exciting an etchant gas conprising a

pol yreri zi.ng agent, WERAW L 3B0xb0e0h, A 2o Aphl foase df | uent
to forma high denS|ty asma, wherein ,sald ﬁan gas igh nitride
sel ecti vi tlﬁog’améaki’%lglsrﬂff i GkisyesitapEe éﬁ@/tﬂhééhdci‘)‘hol?%r@éff snown

i-ntroduci ngesadshdigtolensi St fleasimnt @asetcbil beorxpasetrpostion of said
silicon ni & I@é(eb(g olssgclod‘iesrleld ¢Qn O§| geol}&%grla grfg I egw ng a gate

hole in sa|%lbg€|con ni trd ayer . Eposi |ngagate
conduct or $hlsedn lgat@q*ﬁ)lleaye%nd3rlen@\$l Ajoan LeaBiga part Biesead silicon

nitride | aygiquhes@ip 536 di Jalyyicandychetwberns Andake PblhRreexdendi ng
over said Egagenm thick $510; layer may be used as pad oxide layer 135,
The oxide layer 135 may be made by rapid thermal processing
(RTP) or furnace processing. The silicon nitride layer 131
may consist of SiiN; and may have a thickness of about 90
nm. The silicon nitride layer 131 can be made using a high
temperature, low pressure chemical vapor deposition (LPCVD)
process. Other deposition processes can be used, including
plasma enhanced chemical vapor deposition (PECVD).

Alternatively, the silicon nitride layer can be sputtered.

Next, a single-layer photoresist 132 is spun onto
silicon nitride layer 131. By conventional lithography,
photoresist layer 132 is then patterned to define etch
windows 133 for a subsequent etch step, as shown in Fig. 5B.
Etch windows 133 expose portions of silicon nitride layer
131 for a subsequent damascene etch. In a damascene etch
process, most of the silicon nitride layer is covered by a
photoresist layer; in a standard etch process, only selected
lines of photoresist are used to cover corresponding lines
of nitride. Instead of using a single-layer photoresist, a
multi-layer resist, or any other mask including a hard-baked
mask, can be used. The shape and size of the etch windows
133 define the lateral dimensions of the shallow trench

isolation (STI) trenches to be etched next. Such STI



| 18. The process of claim 17, wherein said etchant gas has a ni ¥rj
selectivity to said silicon oxide |ayer of at |east about 9:1 an ’tg@QaT(ZUOS
phot oresi st of. at |east about 3:1. 19. The process of claim 18, wherein
said etchant gas has a nitride selectivity to said silicon oxide |ayer of

at | east about 5:1 and to said photoresist |ayer of at |east about 9:1.

14 OC T 203 27 20. The process of claién 17, further conprising; renoving
said silicon oxide |ayer at the bottom of said gate hole after the step of

i ntroduci ngrsarleni ghlaenshreynpraskietd etide tive letpesedrpbFbreh afesaid

sili anl ni tt"y deahayetizeantnfoos fgend 4y gad @rexiide Fort meomeu@m of said
gate hol e

ore t step,o iting ate cand ctor i.n $ ate hol e.
21. The pr%@égg €Bt @ gpﬁFﬁﬁEOLr g?%?%riang 1 oFdg &fpd8fl§ ﬂgd by
heating sai(@os0Bst pat pol22buTher pat 0@SSS ofarciad msEd, theeednofsawﬂs
pol ynmeri zing agent is selected fromthe group consisting of at |east one of
CF4, C2F6, and C3F8; said hydrogen source |s sel ected fromthe group
consisting of at |eadf SREWBf 1BHERY - FPFXhHES L sin@3persaitd BRYdant i s
sel ect ed f reamsiiergeaupneonshet Lage oéd adtheasironddefrn@dthCo®, aand 2; and
sai d nobl e Lluent is,sel fromthe up C ISt at ast
one of He,aﬁﬁﬁogkégﬁg;eﬁgp g Sﬁ£§§%ltlgﬁ%% %% ﬁisn%%§1 ?%éﬁg ?n aTégllcon
nitride Ia@@@tbfEanngftthayé?lst¥¢@¢mﬁ$ahﬁﬂ déﬁhé@%ﬁ@oeﬂehogcheﬁe said
CO”DOSItI0@e¢%%erE&U@Qngntﬁécbﬁﬂttﬁ@ﬁcﬁé§WW3§hﬂﬁjﬁap%hﬁ%ﬁbuélng agent, a

hyd bl as dil nt and.havi ng hi gh
Y iride solSOPrPEy fotBif eahgaxfagganld‘l?gdnfp»hég 9252808, o

inside the trenches 134, as shown in Fig. 5D. This growth

nitride sel

is recommended in particular if the trenches 134 are to be
filled by tetra ethyl ortho silicate (TEOS), which is a
deposited oxide. Deposited TEOS usually has irregular
surface states at the interface with silicon substrate 130.
In the absence of oxide layer 146, such irregular surface
states could adversely affect the operation of silicon
substrate 130.

In the present example, photoresist 132 is
removed, a thin thermal oxide layer 146 is formed, and then
TEOS 136 is deposited such that all STI trenches 134 are
filled down to the bottom, as shown in Fig. 5D. TEOS 136
can be deposited using a LPCVD process. Many other
materials can be used instead of TEQOS, as long as a
sufficient isolation of adjacent transistors (which are not
shown in Figs. 5A-5L) is guaranteed. An advantage of TEOS
is that it provides a good stopping layer for any subsequent
chemical mechanic polish (CMP) planarization step.

As schematically illustrated in Fig. 5E, the upper
surface of the structure is next planarized using a CMP

step. In the present embodiment, the CMP sltep removes the



~ 40 CT 2003 28 24. The conposition of claim23, wherein: sai
pol yneri zing agent is selected fromthe group consisting of at ﬂeé{spQIeZQ%
CF4, C2F6, and C3Fe; said hydrogen source is selected fromthe group
consisting of at |east one of CHF3, CH2F2, CH3F, and H2; said oxidant is
selected fromthe group consisting of at |east one of CO (C02, and O2; and
sai d noble gas diluent is selected from?the group consisting of at |east

one of He, Ar, and Ne. 25. The conposition of claim23, wherein said

oxi dant conrpdeses T@0SalBonacdnsabpingn okiheant 1 comparidmidend ayer 131.

oxi dant - no 0 . . ~FN { t4 | ei n: id
polyneriziﬁgﬁﬁg§ﬁ§&iggggég% %é?doﬁygﬁ QgﬁPg%u%ﬁguﬁi(%igggkégydwgggf; ga:a

di | uent i s PGters &MP caPBonhdehParai A§ Ebhpofehtcarns ndgxtidend aysirg 13l

oxi dant - nollls£ gagneaRPeReRiceds t6e2abButle752dm. The conposition of claim 25,

wherein: said polynerizing agent is added in an anmount of about 0.1-25% by

vol une; '
In a subsequent step (see Fig. 5F), the dielectric

stack (Dsr) on top of the pad oxide layer 135 is completed
by forming additional layers on top of the planarized
surface 137. In the present example, the dielectric stack

comprises:

e A Sij3N; layer 131 (reduced to about

75 nm thickness); and
e A SiiNy layer 138 (about 50 nm thick).

In the present embodiment, the dielectric stack is
formed on top of a semiconductor structure which already
comprises certain layers and structural elements, such as
STI or LOCOS trenches. Nonetheless, the dielectric stack
can be formed on any kind of semiconductor structure,
including a simple substrate, a preprocessed substrate, a
semiconductor device comprising other circuits, and so
forth. The stack may also include additional silicon

nitride layers.

In a subsequent step (not shown, resulting in Figqg.
5G), a photo-lithographic process is used to define the
lateral size (i.e., the gate length, Leame, and gate width,
Weare) and the shape of the gate pillars to be formed. The
expression “gate pillar” is used in the present application
to describe gate structures protruding from the
semiconductor structure. The pillar can have any shape and

size, as long as the side walls are vertical (i.e.,



1 ~+ 0 CT 2003 29 said hydrogen source is added in an anount of ‘FQOgCszm
5-30% by vol une; said noble gas diluent is added in an anount of abo

0.1-50% by vol unme; sai d carbon-contai ni ng conponent is added in an anount

of about 1-25% by vol unme; and sai d oxi dant-nobl e gas conponent is added in
an amount of about 0.1-20% by volune in a relative concentration of about
30% oxi dant in said noble gas. 28. The conposition of claim 27, wherein:

sai d pol yrreri zing agent is added in anl8&anount of about 3-8% by vol une; said

hydrogen s ﬁgna§c@ggfdwif‘haPethd)ft}%b%létmﬂ:gnag%cg¥ ¥9£H8§ur§?' Vol urme:

car bon- con onent is added in an anount abouf 5-
sai d OxXi daFiF ﬁB%Pédglag BEORPBnEMVE S dddd b 9ads &ﬁfﬁﬂtﬁ?soha&%&tt%@ 150 by

vol une in BigRl ahi ¥epeenceatiatteid ofo abaut 3RQ axicdantornasabd. nobl e gas;
and said noble gas diluent is added in an ampbunt of about 10-50% by vol une.
29. The conposition of claim23, wherein said etchant gas has a nitride
selectivity to said Ehllscahepmdenot 14 usCrpt2@0Because there are

many different ways to define the lateral size and shape of
the gate pillars. Basically, as shown in Fig. 5G, an etch
window 140 is provided in a resist mask 148. The size and
shape of etch window 140 is about the same as the lateral
size and shape of the gate pillar to be formed. The length
of etch window 140 defines the length of the gate hole 150
which in turn ultimately defines the gate length. This gate
length then determines the effective channel length.

In order to form the gate hole 150, a gate
formation reactive ion etch (RIE) process is used to
transfer the etch window 140 provided in the resist mask 148
into the dielectric stack. The gate formation RIE process
is that described above in connection with Figs. 3A and 3B.
As discussed above, the RIE process can be optimized to
ensure proper etching of the various silicon nitride layers
of the dielectric stack.

In the present example, the gate formation RIE
process is designed to etch the nitride layers 138 and 131
of the dielectric stack and to stop on the pad oxide layer
135, as illustrated in Figure 5G. It is important that the
selectivity to pad oxide is 4:1 or better, because otherwise
the pad oxide 135 may be strongly attacked and its thickness
reduced. The depth Dgawe of the gate hole 150 (which is
about the same as the thickness of the dielectric stack
Dstack in Figure 5F) defines the height of the gate pillar
including gate oxide, both yet to be formed. The pillar

serving as the gate typically is between 100 nm and 200 nm



-30 layer of at |east about 4:1 and to said photoresist |ayer of j,at | east
about 3:1. 30. The conposition of claim23, wherein said etchant1dbd]ﬁﬁ§éﬁﬂ]
nitride selectivity to said silicon oxide |ayer of at |east about 5:1 an

to said photoresist |layer of at |east about 4:1. 31. A conposition for
etching a trench in a silicon nitride layer of a nmultilayer structure in a
damascene etch schene, said conposition consisting essentially of: a
polynerizing agent selected fromthe dPoup consisting of at |east one of

Cr4, C2F6, gﬂ FRubfr@mvesPind of 1 photle & lrd200Rvgeal arfesoaniaygﬁ@gen
source sel ect fron1tﬁ group consisting of at | east o CH2F2,

CH3F, and HZVEh éﬂsénnu%Fc%fS%&%ﬁng%¢%ﬁm%%ﬂlQﬁMQﬂﬁ% Ya"f SIBSQBQ gb?uent
sel ected fronvtheigeoppocossi stTing widtat (@astofortheobpader AlanandoNe in an

e OF oaRaHlRe 1aR030 YOLUTEL B0 QX SN (AN % AnbaBan, cont ai ning

oxi dant conponent ~and° an?oxt dant %e gas comnponen erein said
car bon-cont ai ni ng conponent is selected fromthe group consi sting of at

| east one of CO2 and %éf‘dhé‘$lﬁ§]®é‘firﬁb@-mme ofo1basi 1n2%keby vol une
and said oxy en- nob

|, e onponent i s ed _in,_an anmount
of about O. ? 2866hy 1Gof & E nP%?rE?%ﬁ%%éz%dﬁ%éﬁFﬁéwi8% §g%a58¥tb§096OX|dant
in said nobremgasd Whemetheshodt@mlqﬁﬁthequﬁauﬁﬂﬁe sdihd shya@noyendsoer ce,
sald noble gas.gi Lug aro§@90§§bda9i<13dw ) A added i Jeahaliyeeamounts to

achieve a nitride se ec ivity fo silicon oxide of at Ieast about 4:1 and a
nitride selé@%@#ﬁ@ylﬁoaﬁﬁéﬁbﬁe§¥é?e of 2¥8T | a3t Rdodtoes potzatiemy
conposi ti onsaflicbal BuBirruher eB0. sBktopel ymeriendig lagehtpaids ok2H6; said

hydr ogen soyrce i ;. sai e ga I Ar. a I :
car bon- contglm ngﬁggHggneﬁ gsggfﬁ gB a?% #Cg%ﬁgg%tﬁgﬁ ggsgﬁaléﬁglls

wher ei n: saitgmeolegner PEtey RgEnexide aliewer i h3 ant arasmnl egte labernoyedy, by

vol une; sai ¢ Nydegennseubceshs adgedci fedp @PLHEA Qfa A @K1 dE0130%bY

goaggfvofﬁkg) %rg%%dpggt%hgbgglgogPonegi ISTﬁ%k%(%ckness dyqua31t§b8¥t
this gate oxide 149 are independent of the thickness and
quality of the pad oxide layer 135. The gate oxide 149 may

also be thicker than the pad oxide layer 135, if so desired.

Before the!formation of gate oxide 149, a
sacrificial oxide layer (not shown) may be formed at the
bottom of gate hole I15O. This sacrificial oxide layer is
then etched away and the structure is heated. This short
sequence of steps heals possible damage (caused by the gate
formation RIE) of silicon substrate 130 at the bottom of
gate hole 150.

As illustrated in Figure 51, gate conductor
material 141 is deposited in gate hole 150 and within
uppermost silicon nitride layer 138 of the dielectric stack.
It is important to ensure that gate conductor material 141
completely fills the gate hole 150. The gate conductor
material 141 may be polysilicon, deposited by LPCVD (e.g.,

at about 650°CYy. Instead of polysilicon, amorphous silicon
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standard CMOS technology as described, for example, by R.
Colclaser, in “Microelectronics Processing and Device

Design, ” chapter 10, pages 266-69 (John Wiley & Sons, 1988).

During subsequent steps, one may define the source -
region 143 and drain region 144--if not already done so

carlier--by implantation of suited dopants, as shown in Fig.
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: etween drain region ‘144 and sou ce region 1s thus

defined. The channel length is about the same as the gate
length because the source-channel.and drain-channel
interfaces are steep and abrupt (well defined), and the

overlap is minimized, as discussed above.

Although illustrated and described above with
reference to certain specific embodiments, the presant
invention is nevertheless not intended to be limited to the
details shown. Rather, various modifications may ke made in
the details within the scope and range of equivalents of the
claims and without departing from the invention.
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1. A process for anisotropically etching a

trench in a silicon nitride layer of a multilayer structure
including: (i) a substrate; (ii) a silicon oxide layer
formed over said substrate; (iii) said silicon nitride layer
formed over said oxide layer; and (iv) a photoresist layer
formed over said silicon nitride layer and defining a window
to expose a portion of said silicon nitride layer for

damascene etch, said process comprising the steps of:

exciting an etchant gas comprising a polymerizing
agent, a hydrogen source, an oxidant, and a noble gas
diluent to form a high density plasma, wherein said etchant
gas has high nitride selectivity to said silicon oxide layer

and to said photoresist layer; and

introducing said high density plasma to etch the
exposed portion of said silicon nitride layer to form said

trench extending to said silicon oxide layer.

2. The process of claim 1, wherein said
polymerizing agent 1s selected from the group consisting of
at least one of CF4, C;F¢, and CiFg.

3. The process of claim 1, wherein said hydrogen
source is selected from the group consisting of at lesast one
of CHF,3, CH,F,, CH;F, and H,.

4, The process of claim 1, wherein said oxidant
is selected from the group consisting of at least one of CO,
CO;, and O,.
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5. The process of claim 1, wherein said noble
gas diluent is selected from the group consisting of at
least one of He, Ar, and Ne.

6. The process of claim 1, wherein said oxidant
comprises a carbon-containing oxidant component and an
oxidant-noble gas component.

7. The process of claim 6, wherein:

said polymerizing agent is C,Fg;

said hydrogen source is CHsF;

said noble gas diluent is Ar;

said carbon-containing component is C0,; and

said oxidant-noble gas component is 0, in He.

8. The process of claim 6, wherein:

said polymerizing agent is added in an amount of
about 0.1-25% by volume;

said hydrogen source is added in an amount of
about 5-30% by volume;

said noble gas diluent is added in an amount of
about 0.1-50% by volume;

said carbon-containing component is added in an
amount of about 1-25% by volume; and
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sald oxidant-noble gas component is added in an
amount of about 0.1-20% by volume in a relative

concentration of about 30% oxidant in said noble gas.
9. The process of claim 8, wherein:

sald polymerizing agent is added in an amount of
about 3-8% by volume;

said hydrogen source is added in an amount of
about 10-30% by volume;

said carbon-containing component is added in an
amount of about 5-15% by volume;

said oxidant-noble gas component is added in an
amount of about 5-15% by volume in a relative concentration

of about 30% oxidant in said noble gas; and

said noble gas diluent is added in an amount of
about 10-50% by volume.

10. The process of claim 1, wherein said etchant
gas has a nitride selectivity to said silicon oxide layer of

at least about 4:1 and to said photoresist layer of at least
about 3:1.

11. The process of claim 10, wherein said etchant
gas has a nitride selectivity to said silicon oxide layer of
at least about 5:1 and to said photoresist layer of at least
about 4:1.

12. The process of claim 1 further comprising

applying a power source to said multilayer structure to
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control the directionality of said high density plasma on
said multilayer structure.

13. The process of claim 12, wherein the step of
applying a power source comprises applying an RF power
source to the side of said multilayer structure opposite
said silicon nitride layer.

14. The process of claim 12, wherein the step of
exciting said etchant gas uses a coil, and said power source
1s decoupled from said coil.

15. The process of claim 1, wherein the step of
exciting said etchant gas includes forming said high density
plasma having a density of at least 10! cm™.

16, The process of claim 1, further comprising
the steps of:

introducing said etchant ¢as into a chamber; and

maintaining the pressure of said chamber between
about 2 to 40 millitorrs by using a vacuum pump coupled to
said chamber.
_ 17. A process for making a metal oxide
semiconductor field effect transistor comprising the steps
of:

forming a silicon oxide layer over a substratae;
depositing at least two shallow trench isolation

regions in said substrate to define a space between said at

least two shallow trench isolation regions;
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forming a silicon nitride layer over said silicon
oxide layer;

depositing a photoresist over said silicon nitride
layer, wherein said photoresist defines a window to expose a
portion of said silicon nitride layer for damascene etch,
wherein said portion is over said space;

exciting an etchant gas comprising a polymerizing
agent, a hydrogen source, an oxidant, and a noble gas
diluent to form a high density plasma, wherein said etchant
gas has high nitride selectivity to said silicon oxide layer
and to said photoresist;

introducing said high density plasma to etch the
exposed portion of said silicon nitride layer to said
silicon oxide layer, thereby leaving a gate hole in said
silicon nitride layer at said window;

depositing a gate conductor in said gate hole; and

removing at least a part of said silicon nitride
layer wherein said gate conductor forms a gate pillar

extending over said space.

, 18. The process of claim 17, wherein said etchant
gas has a nitride selectivity to said silicon oxide layér of
at least about 4:1 and to said photoresist of, at least about
3:1.

19. The process of claim 18, wherein said etchant
gas has a nitride selectivity to said silicon oxide layer of
at least about 5:1 and to said photoresist layer of at least
about 4:1,
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20. The process of claim 17, further comprising:

removing said silicon oxide layer at the bottom of
said gate hole after the step of introducing said high
density plasma to etch the exposed portion of said silicon
nitride layer; and

forming a thin gate oxide at the bottom of said
gate hole before the step of depositing a gate conductor in
sald gate hole,

21. The process of claim 20, wherein said thin
gate oxide is formed by heating said substrate.

22. The process of claim 17, wherein:

said polymerizing agent is selected from the group
consisting of at least one of CF,, C,Fs, and CsFg;

said hydrogen source ‘is selected from the group
consisting of at least one of CHF;, CH,F., CH,F, and Ha;

said oxidant is selected from the group consisting
of at least one of CO, CO,, and 0,; and

said noble gas diluent is selected from the group
consisting of at least one of He, Ar, and Ne.

23. A composition for etching a trench in a
silicon nitride layer of a multilayer structure in damascene
etch scheme, said composition comprising an etchant gas
comprising a polymerizing agent, a hydrogen source, an
oxidant, and a noble gas diluent and having high nitride
selectivity to silicon oxide and to photoresist.
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24. The composition of claim 23, wherein:

said polymerizing agent is selected from the group
consisting of at least one of CFy, C;Fs, and C;Fy;

sald hydrogen source is selected from the group
consisting of at least one of CHFi;, CH,F,, CHsF, and Hy;

' said oxidant is selected from the group consisting
of at least one of CO, CO,, and 0;; and

said noble gas diluent is selected from the group
consisting of at least one of He, Ar, and Ne.

25. The composition of claim 23, wherein said
oxidant comprises a carbon-containing oxidant component and
an oxidant-noble gas component.

26. The composition of claim 25, wherein:

said polymerizing agént is C,Fs;

said hydrogen source is CH;F;

said noblé gas diluent isIAr;

said carbon-containing component is CO,; and

said oxidant-noble gas component is 0O, in He.

27. The composition of claim 25, wherein:

said polymerizing agent is .added in an amount of
about 0.1-25% by volume;
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said noble gas diluent is added in an amount of
about 0.1-50% by volume; '

sald carbon-containing component is added in an
amount of about 1-25% by volume; and

said oxidant-noble gas component is added in an
amount of about 0.1-20% by volume in a relative

concentration of about 30% oxidant in said noble gas.
28. The composition of claim 27, wherein:

said polymerizing agent is added in an amount of
about 3-8% by volume;

said hydrogen source is added in an amount of
about 10-30% by volume;

sald carbon-containing component is added in an
amount of about 5-15% by volume;

said oxidant-noble gas component is added in an
amount of about 5-15% by volume in a relative concentration

of about 30% oxidant in said noble gas; and

said noble gas diluent is added in an amount of
about 10-50% by volume.

29. The composition of claim 23, wherein said

etchant gas has a nitride selectivity to said silicon oxide
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said silicon oxide layer of at least about 5:1 and to said photoresist layer of at least about
4:1.

31. A composition for etching a trench in a silicon nitride layer of a multilayer
structure in a damascene etch scheme, said composition consisting essentially of:

a polymerizing agent selected from the group consisting of at least one of CF.,
C,Fs, and C3Fg in an amount of about 0.1-25% by volume;

a hydrogen source selected from the group consisting of at least one of CHF;,
CH;F,, CH5F, and H; in an amount of about 5-30% by volume;

a noble gas diluent selected from the group consisting of at least one of He, Ar,
and Ne in an amount of about 0.1-50% volume;

an oxidant comprising a carbon-containing oxidant component and an oxidant-
noble gas component, wherein said carbon-containing component is selected from the
group consisting of at least one of CO; and CO and is added in an amount of about 1-25%
by volume and said oxygen-noble gas component is O, in He and is added in an amount

" of about 0.1-20% by volume in a relative concentration of about 30% oxidant in said

noble gas;

wherein said polymerizing agent, said hydrogen source, said noble gas diluent,
and said oxidant are added in relative amounts to achieve a nitride selectivity to silicon

oxide of at least about 4:1 and a nitride selectivity to photoresist of at least about 3:1.

32. The composition of claim 31, wherein:
said polymerizing agent is C,Fs;
said hydrogen source is CH3F;
said noble gas diluent is Ar; and

said carbon-containing component is COs,.

33. The composition of claim 31, wherein:
said polymerizing agent is added in an amount of about 3-8% by volume;
said hydrogen source is added in an amount of about 10-30% by volume;
said carbon-containing component is added in an amount of about 5-15%

volume;
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34. The composition of claim 31, wherein said etchant gas has a nitride selectivity to

silicon oxide of at least about 5:1 and to photoresist of at least about 4:1.



