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CLAI M.[ 0001] This application clainms priority under 35 USC. ,mmmmmm
comonl y- owned provisional patent application entitled "Pl Wmd
Etching in an Augnented Pl asma Processing Systent, US Appli cati.on.Munber

61/ 693, 3PLASNVELENHANCEDRETCHINGIRAN AUGMENTED IPIDASMIiAch are
incorporated herein by reference. BACKGROUND OF THE | NVENTI ON
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PRIORITY CLAIM

[0001] This application claims priority under 35 USC. 119(e) to a commonly-
owned provisional patent application entitled “Plasma-Enhanced Etching in an
Augmented Plasma Processing System”, US Application Number 61/693,382, filed on
August 27, 2012 by Eric A. Hudson, all of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION
[0001] Plasma-enhanced processing has long been employed to process substrates
into integrated circuit dies, which may then be further processed into integrated circuits
for use in a variety of electronic devices. Plasma-enhanced processing includes, for
example, plasma-enhanced etching, plasma-enhanced deposition, plasma-enhanced

cleaning, and the like.

[0002] In the field of plasma-enhanced etching, a plasma is typically generated from
etching feed gas that may include different constituent gases. The feed gas is energized
by an energy source to form a plasma to etch the surface of a substrate. By using a
variety of masks, different patterns may be created on various layers of the substrate.
The plasma itself may be created using one or more plasma generation technologies,
including for example, inductively coupled plasma, capacitively coupled plasma,

microwave plasma, etc.

[0003] Commercial plasma chambers for etching dielectric wafer films are primarily
based upon parallel-plate capacitively-coupled plasma (CCP). In this type of chamber,
RF excitation at one or more RF frequencies is applied from one or more RF sources to
one or more electrodes to generate an etching plasma from the provided etching source

(feed) gas. The etching characteristics of the chamber are controlled through variations in
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into integrated circuit dies, which may then be further processed into

I ntegraated circuits for use in a variety of electronic devices.

Pl asma- enhanced processing includes, for exanple, plasma-enhanced etching,
pl asma- enhanced deposition, plasma-enhanced cl eaning, and the |ike.

[ 0002] | Rutdesouksiigiud pafanfeters ehaig ferestaibldh bRgsuré, dbizs B8 fded gay,flovatatey
generated frometching feed gas that may include different constituent
‘gases. Torecarh &edgms, nosves frarthe REgopsgeasteener gy source to forma plasma to
etch the surface of a substrate. By using a variety of masks, different
pat t er n§00#y beEverecwitle theseinwmerions soritep) pargmefers, hiels known that ghe chiomiqal asma
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dielectric wafer filnms are primarily based upon parallel-plate
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{0005] To elaborate, consider a simple example etch process based on CF4 feed gas
only and a single RF excitation frequency. As RF power is increased, the degree of
polymerization of the plasma-surface interaction will vary, typically increasing to a
maximum and then decreasing. This behavior reflects the decomposition of CF, at lower
RF powers to form polymerizing radical species such as CF2. At higher RF powers,
secondary decomposition of those radicals forms less polymerizing species such as C +
F. This phenomenon provides some control of the degree of polymerization in the plasma

using RF power settings.

[0006] However, a change in the input RF power also affects physical properties of
the plasma, for example the plasnié density, ion flux, and ion energy. This is because the
control of chemical properties of the plasma, such as polymerization, is affected by the
same parameters (such as RF power) that control the physical properties of the plasma
(such as plasma density) such that the chemical and physical properties are strongly

interdependent.

[0007] If the effects on the plasma characteristics can be decoupled when one or
more input parameters are manipulated, more precise control of wafer etch result and a
wider process window may be possible. For example, if the density of a specific
polymerizing species can be controlled independently (i.e., in a decoupled manner) from
the ion flux or electron temperature, more precise control of wafer etch result and a wider

process window may be achieved.



[ 0004] Even with these nunerous control paranmeters, it is known that the
chem cal and physical characteristics of the plasma are interdependent and
difficult to independently control. In other words, changi ng an i nput
paraneter (such as RF power or pressure) tends to result in changes in
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exanpl e etch process based on CF4 feed gas only and a single RF excitation
frequency. As RF power is increased, the degree of polynerization of the

pl asma-surface interaction will vary, typically increasing to a nmaxi mum and
t hen decreasing. This behavior reflects the deconposition of CF4 at | ower
RF powers to form pol ynerizing radical species such as CF2. At higher RF
powers, secondary deconposition of those radicals forns | ess polynerizing
speci es such as C + F. This phenonmenon provi des sone control of the degree
of polymerization in the plasma using RF power settings. [0006] However, a
change in the input RF power also affects physical properties of the

pl asma, for exanple the plasma density, ion flux, and ion energy. This is
because the control of chem cal properties of the plasm, such as

pol ymeri zation, is affected by the sanme paraneters (such as RF power) that
control the physical properties of the plasma (such as plasnma density) such
that the chem cal and physical properties are strongly interdependent.
[0007]1f the effects on the plasma characteristics can be decoupl ed when
one or




nore input paraneters are mani pul ated, nore precise control of wafer etch
result. and a w der process w ndow nay be possible. For exanple, if the
density of a specific polynerizing species can be controlled i ndependently
(i.e., in a decoupled manner) fromthe ion flux or electron tenperature,
nore precise control of wafer etch result and a wi der process w ndow may be
‘achieved. [0008]Inproving the decoupling of plasma characteristics and/or

process etch resul ts pRiEF pisERIPRIONOETHIEDRAOR NG gTEEt Ccurrent and

future etch specifications is one anong many goals of the various
enbodi nents of the present invention. BRIEF DESCRI PTI ON OF THE DRAW NGS
[ 0009] The present invention is illustrated by way of exanple, and not by

way of limtatiaon, in the figure f the acconpanyin r awi_ ngs d in which
e ettshce Piseetel Mgptih b3 ulaseds SREAERATAN I RO ER: &
limitation, in the figures of the accompanying drawings and in which like reference

numerals refer to similar elements and in which:

[00010] Fig. 1 shows, in accordance with an embodiment of the invention, a diagram

of an augmented plasma processing chamber that includes two plasma generating region.

[00011] Fig. 2 shows, in accordance with an embodiment of the invention, a general

method for performing dielectric etch using an augmented plasma processing chamber.

[00012] Fig. 3 shows, in accordance with various embodiments of the invention,
various combinations of parameters for performing dielectric etch using an augmented

plasma processing chamber.



[00010] Fig. 1 shows, in accordance with an enbodi rent of the invention, a
di.agram of an augnented pl asma processi ng chanber that includes two plasma
generating region. [00011] Fig. 2 shows, in accordance with an enbodi nent
of the invention, a general nethod for performng dielectric etch using an
augnent ed pl asma pr DETSIIED OESTRIPTION QR EMBODISMENDSs, in accordance
W th various enbodi nents of the invention, various conbinations of
paranmeters for performng dielectric etch using an augnented plasm
processi ng chanber. DETAI LED DESCRI PTI ON OF EMBODI MENTS [ 00013] The :
present [hayiapt | ofe iebdnt iinfich 4RPAG BEdedinbP liddiaitbith rEfefRbeRcPrbo a few
enbodi nts hereof as 1llustrated in the acconpanying draw ngs. In the

f ol | owi rgbddswentpthenf asmliuﬁrawkmstbea¢cbmpadyang|dtzsmag£ Isdhe fodloting n or der to

prowdeathqro h under st.andi n resent invention. It will be
appar entdesRHY metr%usoﬁl?gmgﬁ Pﬁagaaqeﬁekﬁgﬁdppr ﬁ%?mf’ﬁg aﬁﬁ%@@ﬁ*ﬁ i nvention
may be I%é@r’staﬁ@iﬁ Wftﬂ%%éseﬁpﬁmerﬁfonahi wilf bd zli}ﬁ)‘éfbnﬁ RGelEC tiGHekiifed ih theot her
i nst ances, Enovvn process steps and/or ‘structures have not been

descri bad, that dhemacrsmtl inventige may&qmactqun ekcténggbsqmworcﬂﬂsqfah@e speeifpr esent

i nventi vari o i i.n i ncl udi ng
nmet hods%analgt ec]tﬁ%rqlaegnce nggpnqucfl 2 8 S e%s 91&?/8 c}lq{ ﬁ"a?s %e ngﬁﬂ\’/eeeﬁtl on m ght
al so codescribet hrcﬂasllﬁi‘orﬂamf@thmreeestsb@ky db@mrad&spraseﬁompamtﬁfn readabl e medi um
on whi ch conmput er-readabl e instructions for carrying out enbodi nents of the

i nvent i y0318F hNivaHEus bt AERS are HeSertRiMetedibel SRdANLEinFReinGs ARY | ncl ude,
for exanpl e, “sem conductor, magnetic, optomagnetic, opfical, or other forns

of conpuechniquesdbisheuldrbe kephin ovindthat thedneotipy neghtraé@d@berearbdd%of Furt her,

the inventi na over aratyses f.or t| cin nhod 2Nt s of the
vent | gt S iRRiEE Shy BREET U el 81 SRlor ol AR B

pr ogr amiidhRtionsfof drfWin@uilit étﬂﬁiﬂ&nélﬁi bedhe hmnﬁ@e &amﬁciwaﬁtsﬁ)raf THee

i nvention. Exanples of such apparat us i ncl ude a general - purpose conput er

and/ or éoawte@;sﬂaéebléwé Ay deciids foiex b’pﬁmcp%ﬁ‘@m} pegptisnerier and may
i ncl ude i o R,
dedi cat e g%?'ggr ﬁ&hb e&%ﬁrﬁgﬁ?ts ag{ pte E)dlrﬂ%t e varl ous tgacsokmspug)eerrtai ning to

enbodi mreddablefcotléeFunthwethe divention may also cover apparatuses for practicing
embodiments of the invention. Such apparatus may include circuits, dedicated and/or
programmable, to carry out tasks pertaining to embodiments of the invention. Examples
of such apparatus include a general-purpose computer and/or a dedicated computing
device when appropriately programmed and may include a combination of a
computer/computing device and dedicated/programmable circuits adapted for the various

tasks pertaining to embodiments of the invention.

[00015] Generally speaking, etch process optimization in chambers where input
parémeters are coupled in their effects on process result parameters tends to involve
tradeoffs. Tuning the etch process to achieve etch specification with respect to one etch
result parameter (e.g., etch rate) often results in changes and often detrimental changes in
another etch result parameter (such as etch selectivity). In some cases, an acceptable
trade-off cannot be found and the desired etch is simply not attainable with a given

recipe. In other cases, time-consuming iterative optimization steps are required to find



[ 00015] Generally speaking, etch process optim zation in chanbers where
i.Aput-.paraneters are coupled in their effects on process result paraneters
tends to involve tradeoffs. Tuning the etch process to achieve etch
specification with respect to one etch result paranmeter (e.g., etch rate)
of ten r elsadpgpsopriatctunigiasticnst inputparatatters trnbhelievehangesptablenalchdf et ch
result paraneter (such_as etch selectivity). In sone cases, an acceptable
t r ade- oMORGHRfOYarolS £ioh Aesuliidratdeesi red etch is sinply not attai nable
with a given recipe. In other cases, tinme-consuning iterative optimn zation
st eps al@0G1édui Femtodimentsuf the nwentpyr spk tatedueethb imenderandedci¢srmangpar anet er s
t hat achieves Le trade- of f e various etch,resul t.
par anet VUt sB0n A FERE ek Bl RO M B Bl RSt ERSR ot
i nt er depefcte 06 itlESprao®s gesalt Ipatim ot@rs ghdilviduabprotesp adsapatinteterByhaylgi ng certain
i nput paraneters less coupled in their effects on the process result
par amet dured 1p adpapngithpat is mere independent fromosliss percgssiggulpparamatess- il a nanner
that is ' f : I t e ot her
wor ds, - S o rES PRBBRR R 43R A Por e R b ER by OB B S il i
i nput pPpasretas.certai@rihdividuaingtiovesd uesult paonesas s@stantialhpindapdndestly or
subst anti al |. inrﬁjggﬁn%entl&/l or nore i@de endent frog{; otq&er, process result
par anet & IBRFREICHIR fORL Qe PTORSS Te5H BG%P?%S'i ¢ atelectifiiiig of i nput
par amet gbsoupling is fasePfuhfle &Qﬁﬁﬁgﬁﬁhﬁ&a& 0. ABhRYEpFarREBG PR achRvEht W th a
desired set of "target process result paraneters. In one or nore
enbodi nenecess igbulewithaslesise set atiovgst arcsessahsudtpadarhsterde dmapd ommorsr ocess
result para tec[s. .#n t hese cr%ses, new. an bl(zrevi orsI\é unavai | abl e substrate
pr ocess CHYCLERAT MR PRASPSHR ORI NGV bY 4P CyPHRg PRRSSSSHFRYS ousl y
unavai | gataénetdts.PIn BEscAdabesC AT AR BrovitRklsy UHaOSRBRe JuBstHdtt pRAEANRL ers are nore
coupl ed when one or nore input paranmeters are changed. [0001 I n one or
nmor e enisendifieng may he sabiae drojudingsgimesprgeinusl s vaavadable émplienast! t o i nfl uence
the pri I h i ri i e nsi. bl r etching.the substrate.
n the SBEEps SR AOGHs ihuRpalledn pletiOe PR afe ST RERbeRene
i nvol veparmgnanuienGangddar al | el - pl ate capacitivel y-coupl ed chanber with a
secondary plasna generated in separate plasna generating region. The
secondanyo@l7qs "k ¢t RGhcre chBOHRRInksY a 38HNQLryPpINHaGe bbderf¥E hﬁd?éin?l_%y&d al
species into the primary wafer processing plasma region, resulting in an
augnent &@lirgluches the primemapiperna grap sauinaigy responsipls foratehing hecubitrater lone or
nore e di nent s, the..gri.nar | as which is disposed in the .wafer
or ocess g TR s ASHBRTE Cien B ARt Impl - TheF ORGP et he
secondapyraileBplat daphditivel-sogsi 6 cladnststr iwithen seePitagd plass patbadtyd Bl asma
generating region and injected into the wafer processing plasnma region) are
separ at SePasate Plasyg gengratipgirogiaps  Ihe segondpry-plassng injpgtschemically aad/gF e which
al | ows - ' . a%‘rd]ﬁ ting region
to the E’?V%@{Y %ﬁgggdng&é%ﬁ%‘%gﬁﬁ‘g@? Iﬁc}ﬁalgﬁlfp pr e\E;ééer?tQi g‘@%‘r‘%@?@% ‘e transfer
of char gestltparihiaclaegmented primaryapldéma feelpeadessing fheabhbldrate. om t he primary
pl asma generating region to the secondary plasma generating region.

[00018] In one or more embodiments, the primary plasma (which is disposed in the

wafer processing plasma region immediately above the wafer surface) and the secondary
plasma (which is generated in a separate secondary plasma generating region and injected
into the wafer processing plasma region) are separated electrically and physically by a
semi-barrier structure which allows neutral spe.cies to pass from the secondary plasma

generating region to the primary plasma generating region but prevents appreciable



[ 00019] In one or nore enbodi nents, the secondary plasnma has an i ndependent
excitation source, such as an RF power supply or a mcrowave source, which
can be controlled to affect the secondary plasma without directly or
significantly affecting the charged particles or electric fields in the
pri mary qRhasner GarRl hititles! SR -andRE cleB®R TRIRMYorS MR SifRstyiplasafiner ate the
secondary plasnma is not limted to any particular plasma generation

't echnol ggnerating negipnito thasgeondany plexaapeneratingdegioivel y coupl ed pl asna,
capacitively coupled plasma, mcrowave plasm, ECR (el ectron-cyclotron
pl asna) [0G}1€] [ BOHR2QF nare ambedivwdisptwetsecdnderyplasmer hasphasdapendent he pri mary
pl asma %ener.ati ng region (i e., the lasma di s‘?osed abov .ghe Eubstrate
sur f ace SXGAUPRKOYIRE sUEth s $LRE POWFT SHPR)Y $1 PLHRYANeSqUILS; WE‘C PHP&I 1 el - pl ate
ar r angeggittolidddo hifectiRPaLhhdAE biasm WRIHoNEdiFR A 3R kBMfichik]$ Mrscrigpiardi ment,
the substrate is disposed on a chuck that is energi zed by one or nore RF
si gnal s charged papeles ef eectriodigldsfin thei primpary pasnagenegraangyegematTheg region is

grounde and one or re confinement, ri ngs nm e oyed to further
Jont 1 ne O fey Rp{Pvs B R eiE S ab S et B b et feote. oot rary
pl asma ipfasARNRh@hesh Wehkblddwariap Riclude, foR primlaliadRiietly cdaglet biaspia Mary
feed gas, which may include a set of constituent feed gas(es) for formng
t he pri separithiehseruplefiplasmeemi¢ronpgye Plafmeal ECR Gelpttecar-giclosion)plasmadrienent i s
nore or |less typical of capacitively coupled plasma processing chanbers.

[ 00021] [00028¢di Ini avennlwdithentpthic paimaryplasmra in the peivomyl plagmp lgesaretiigs gener at ed
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Neutral species are transferred fromthe secondary plasnma to the primary
pl asma thibugnbediment, drecssubsirato isetisposed oma ehyckithatiinencngired pigoraer peiscessi ng

or mor & RanRi of S i L o e PR bt e P BEST R e of -

the pri mad ynPbemor: q@hdpemtntaigs peiy Hehenplegsdnd diirvhep casfire thé ptiman@xi m zi ng
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[ 00022] ‘e r

subst anty . QR . ggptg I f e primary
pl asna, tstbtﬁds 1Qrgli’augv%gont r% aﬁ({)gﬁltrlrlgt r s&% %%F ‘gggcl(i:le f%’?ﬁgéeﬁg‘%taoﬁicégﬁmég?secondar y
pl asma el gasen} foadelinting thel primarg elkasmao Ahisdl CP &rapadtiecly comledplasma)not

closely coupled to the [i)rimar. pl.asma. control paraneters. .] 0002 In this
iy e BGRHRRRS ot T SR D RIS o ompiel PleC R vt SHGRHEr
decoupling control_ paraneters, and provide a greater ability. to

i ndepend@¥i2ly aby asditiande the e plasmsy 8 secoaduryplasmy is genesateedA ts in | ess
oni cve " Eub By gl Rcl ik R RN LN o@BTLMAR phidfhefheh 0

Addi t i omad luilizinpe secondatyi foed gaythatinsay inplede upetref gbnetsuat feedigas(es) fot asma

properties which carz)?]ﬁt b? achieved, usi ng conve tig al t hod ,'fyprovi di ng
hew pr o@EaEa i he S Fralery Plesifo R NuRLRARISS 2 FRnSfrEreg Moo G SRR ¢

enbodi m?ﬂb’sﬁma t6%ﬁrﬁha@%ﬂ%ﬂﬁttﬁf@gﬁm&%ﬁ%é&ehﬂ%aﬁQHﬂﬁ’é&i tgea are
focused upon controlling the diSsociation of the second’ary feed gas while

cont r ol ppencasieg eorslitamsat thetsebistueite andt thes modifping thy preemss seseltf bromed upon
control Lin tLp)e i on;za%i on of. t.he pri mar.é. f.eeg1 S@aﬁ Si nﬁ&‘Ft he nmechani sm for
cont r ol F9f SHCALIS L, s FYFETAs dtigreddo Mpniniee e inluence Qhihe PIMETY o1 | i ng

i oni zat E%Pdlmaip?%é?ﬁ%ﬂbh%@&%oﬁkﬁdf Plagmh iledkimBAM OB ifhichse ¥ ndows may be

achi eved. )
secondary plasma properties upon the primary plasma.

[00022] Because the plasma properties of the secondary plasma are substantially

decoupled from the control parameters that affect the primary plasma, the new control



[ 00025] The features and advantages of enbodi nents of the invention may be
better. understood with reference to the figures and di scussions that
follow. [00026] Fig. 1 shows, in accordance with an enbodi ment of the
invention, an augnmented plasma chanber 100 having two separate plasma

gener at ipa@inctgs Qittoduddiefof gérfer@m@whe sdtofd @y plhsia Répro®nyadiittsaiibproegison 102,
which is bound at its | ower and upper extremties by substrate 104 and
upper elcertrolagramelers which areeofrégisf@cewéqd;ﬁp the prémaryrplassrr Gonrknt rings
_(conventpi %ltergnd not shown) nay al so be optionally enployed to surround
primary - plasma region 102 to prevent unwanted plasma ignition outside of
the pri | a . generati region and/or to. contr the evacuation rate
of by pr ST xRt yacpeedhep Bt i AFy i Biri Jenlieatt ReRBaIBhico,.
[00027] deboudphiag esmeslipakintet&t, antl Grovide & plester abitityl@4ndégpehdently adjushtiek 108,

whi ch acts as the powered el ectrode for the prinmary plasnma generating

regi on iudivideplugreespmsilés. ehs gsulésiindgssapstiptivigdvade-offsand @ faster capahilitine or
nore RF.sSign T 0 r 0 u r ly 106 is
ar oundedd SRR e Eh RBle Y sk Rrdcsthepluss WREh L ek pE SRR Y 0L
pl asma getdti@iallpghe @gientionlMdy alfbioperpup regityespdfgeinmary playmagrapestiesusi ng a
paral l el -plate, capacitivyely coupled plas mechanismfroma primary feed
gas conpYhich eapnehie ashicys BSIEEH%‘WCPH@HI? ’HTBYl?if“rgrl‘rﬁ“hE)wF‘Fﬁé pri mary
plasma. I ﬂpt?é'srrary feed gas is fed directly into primary plasnma regi on 102
fromprinary feed gas delivery system 152 in Fig. 1. [00028] In the exanple
.of Fig. e r i i | -pl ate
capaci ti[é%q%ﬁ]coﬁlgﬁﬁg ’qgr())rﬁgﬁggj?r)e?%ﬂe? %é:%ﬂ}bioa oéfiﬁ%%g{?t ?13%9 owéerrS Bgsﬁgiategper

text r elm' tv'tiﬁstgbyeddnemnglqﬂmin&wé fm&dhﬁﬁt_ Blooﬁtr?ln‘ptgF]heaiis@t:irafidleo];ﬁﬁlls:_ea&dmlaamG and
op el ectrode asse respec ely. In e e e o .1,
sef:)o_ndarf9edp$aa_§fhalercegir%lrpaiazpetpr§%m#\é?%‘%it%%marwgﬁgﬁmne %wctlf'r?g;}@ﬁna set of
confi neg@ﬂ&omihgaﬁei%%w&mc}ﬁ@ im kB Lasd RGN th &R cRin?n ?&ceﬁﬁbmﬂgl |y

enpl oyed to surround secondary plasma Fegion 120 to prevent unwanted pl asna
i gni t i onlisotisticteisakcduptedsfea tittamyclphssnfor genterilbing fogizatgn,ompanvddor t o
control the evacuation rate of b%l%ro.d ct exhaust. .gas(es) fromthe secondary

pl asma PEAEFLLRTHGZRAERN B nevePefaiineayiadeyHmay Be ¢EHEYS! 132 may be novable in

order to control the volune of the secondary plasnma generating region
and/ or 803t r he faapirepandiadypniagrs of empadiments of ke nxEntind By bs PRithay al so

be contr, . i t Vi : te. [00029] The upper
surface u%gég%g? x"dg‘g@?"l}e Clg(t:(??lgtﬁg% é%sag%%ﬁ%sggﬁﬁ@gé%ﬁﬁded and acts as one

el ectro t he ondar I L ngar nerating region

120. TogS%(?ée%gtrE@é?gg%“é%lf%C%@%?%Wgﬁgﬁgﬁgggﬁﬁ%ﬁtg%@éfr@?eg R power supply
136, whiaapmented plugil\ch@nBera00Mavig o Segiiat pldsmatgeperafigCicsivne. TrSEHDly 132.
This secondary_plasna is generated froma secondary feed gas conprising one
or nor e SBOWB R Fige h@ NHARAEY Dlagmarogion hep. thachsis dgrerhatyitsdpwengnd upRer secondary

food gad™iar e ry SLERI A0k G deRte Ry BRIy APty A R B N ary
pl asma icenfieneemtiads (connent@npleandlnoeshowm ey atsezcoptionall yermplopedt pl asma
Oevent: siaPe BOTERTR ks eBhoHe o eSS ARl o I
generat i;ﬁ'ﬁ’nér? %la%ﬁlﬁ%@ﬁé}ﬁt){ngoﬂe@ﬁﬂ%nd)ofr td Sore®NHRMAALEEn thabs Eﬁﬁo&ﬁ;@ ondary

pl asma may be generated using, for exanple, an inductively coupled plasm
gener at ieshaust gisées) Snonepnrhanyi phagrorgenerating regid®Fl®oi | s or antennas to
i nductively couple the RF energy to the

[00027] In the embodiment of Fig. 1, substrate 104 rests on a chuck 108, which acts as

the powered electrode for the primary plasma generating region 102. Chuck 108 is
energized by an RF power source 110 with one or more RF signals. The lower surface

106A of upper electrode assembly 106 is grounded and acts as a second electrode for the



secondary feed gas. Alternatively or additionally, it is contenplated that
t he secondary plasma may be generated using, for exanple, a mcrowave
source and an appropriate mcrowave plasnma generation chanmber. In fact, any
suitable plasma generation technol ogy may be enpl oyed to i ndependently
gener at rint¥ey pRE@AGAHNMAtygSIana §RRBRE rdEomeon. i 'Dlﬁi@%rimaﬁ)ppllasrﬁh gctrode
assenbly 106 acts as a ground electrode for both the primary plasm

‘gener at iggperried iusing aparaletiplatre canactivabr spupled Phasmpaneshanismfrom ginsimare 0.

Furt her .o | . .apr i 3 r 3 I 0 erforns
t he gas f%ééiln%a\ggrgrygﬁﬂggto ﬁ%ﬁ%ggé ‘%Bﬁgﬁ %F?t%?§ f? gléo%&%ﬁa@ﬂlg r‘n’tﬁ %ﬁ?)ﬂgla%?%rrg}rl § pl asma
gener at ipaignare fiedgad BXed Becthxiatprenary phsmaatgioh 102 éroas pébiyyfeddgasmay

i ncl ude a,shomerhead-tyﬁe arrangenent or an injection jet orifice-type

ar r angedehvery gysteindv? df Rtg- the primary feed gas into the primary plasna
generati&%)region. | f desired, upper electrode assenbly may be tenperature
cont r ol I[8@028y plnohe examppleehFign d/ besesondarydilasinadiegion! 120 iingse arothgpr opri at e
heat i ng/ li fluid..- RSN e de assenbly
106, [ 060aIF Rl sehetibell e LRRRESnii f bl o A ibBROC 2

gener at iefffehizs b tHeXtppes sig€iee 1 6B df uppar@leatrddé d3embly 19ecmddey sleiterld gas
having a different conpositiqgn (e.qg,, .ow rate and/or constituent gases
and/ or GESTRAK ] HefreRectivaly) In ﬁsrﬁxm@l%f{ lJr‘r&\rAfy speoadary plasmpgegiondgBit ant 1y, it
i's desiH H%hj Waii13l34SIHEG! §di OFL At e RRACRERY Yofleft | oned to
m gr at eb?%(f?nb% e s%gor?c}ar?’y%gﬁalg%ga gener aI?ﬁ]r?g regi on( 756 ;ﬁ%t?aégg(% ?J)rrtary pl asma
gener at ishgwnagayalsd 82 optikinatl s @mgpéai/ed pe suresundrsecqudemyepl asoh fegmm IiP0doat i ng from

t he primar | asma nerating region 2 into secondar l.asma. gener ati ng
g on PR ek AN BT eSB! (5F SHOPErEPRE HEHFTAVAE TGS bel ow nay
be enpl ouglr td PE3BihecVhcuRNBARIE of bIR0ARE EAH AU SQREHrbh IRSsdcBnddpg secondary
pl asma regi on may be set to enphasize dissociation of the secondary feed

gas overplasoni geaerating repipnel 24b dop electrodesaseernblyi g maythermgoypbheinairder too t he

i nteraction el.ectrons with neutral nolecules. to eak the chem cal bond
and to. sPoiche el Wetkb il tyulh sBR-EGE EBoh Ao Aol BEER cooci at ed
into twgediyshcodaie. athersas rddfleRccfimefiagialssene doatroBed Syatontlollitigte bgn, on the
ot her hand, refers generally to the interaction of electrons with neutral
mol ecul @odust prhgusiddteposi ti ve i ons and el ectrons. |onizing H2 produces a

H2+ ion and an electron, for exanple. By setting input parameters for the
secondarf904R%s nEhejeprer awifape 06 Bexfphperictestrode gssombhyt 1Aris gfounded smkantiar y

feed gas _over, ionjzatjon re dissociated neutral species nma obt ai ned
-t he- a8 ek OISR I e ar S TR Rt b e BBRE R 1P er e | ve
or addi tﬁcfgrbaéctﬂoaa@ssambm32tiben@gﬂs@ by @ skphrite RISRSARdapply PBesakceangr at i ng
region 120 may be set _higher than the pressure in the primary plasnma

gener at iSHBPlY €3¢ ehmerRF siganls sutopgleatiode assgmaly b?- ofhis sreondary plesmedy neut ral
Speci es %ﬁ&%?eﬁ%%?ﬁ‘ggéz%n%g%%@ e@@ QS&i}ikiﬂg oh&8} ﬁ@rel&)%sttit%[:%rséf%g@sr%r pl asrma

gener atihg regi on sure i'n the secondary p generating
regi on rfayning tiseedecoriagy plaghaeThosadbsdoy faxdezan sufed direapeaatoesecoeiagyrbi nat i on,

in one or nore enhodinments.
plasma region 188 from secondary feed gas delivery system 134 in Fig. 1.

[00030]  Although the secondary plasma is generated using a parallel plate,
capacitively coupled plasma generation arrangement, it should be noted that
embodiments of the invention are not limited to this plasma generation technology for
generating the secondary plasma. It is contemplated that the secondary plasma may be
generated using, for example, an inductively coupled plasma generation mechanism

employing one or more RF coils or antennas to inductively couple the RF energy to the



[ 00035] As another alternative or additional innovation, the holes or slots
150 di.sposed in upper electrode assenbly 106 to permt the mgration of

di ssoci ated neutral species fromsecondary plasna generating region 102 to
primary plasnma generating region 120 may have a high aspect ratio to

di scour agndhySeed 31 netenwaively driadditiohslby, ithhestehplags that thd sdcendary be
designed to alternatively or additiopally act as a neutral diffusion

bar ri er PlRSTSTBRERR g%@@ﬁ?%wm%&r eéémﬁreg@atlpr@waw SPHrEhRNA 3PRFPTIBfeas e

gener at 'nﬂgrorvﬁg ﬂlsﬂ'lgéeﬁé}a GEQRTY. H{ﬁét”g?ﬁ&ﬂ%ﬁl%tﬂl Cha' %ﬂlﬂ% of20. Equally

i nportant 1's t concern or uniformty’ of mgrate speci es

di st ri bu¢dhaologn nidydempnpleyed tplimkependgatip gerdratg theeigcmdar)Fpilasmml S reason, it
is desirable to enploy an array of holes or slots with the holes or slots
uni f or mMgoas1] W aekentosdd; upptretbeetbdy sssériblysl0BSikfsak a gourndatetiode gsrder to
ensure a relatively uniformdistri but| on of mgrated neutral species over

t he submhatﬁlé PﬂH‘a@pP]naFﬁlééeW'ﬁ%%l@Hl PR epd the sgeqndasy rlpwnageystatisage. [ 00036]

As anot *?gglpl?'l’z‘@rlf‘tﬂ%ﬂei‘ein%e 3o gned ﬂfg@ﬁtﬁ eP{lﬁct}Jh% RiEHIYi6s | N the

secondar enerating region e pr essure in the primry
pl asma gerfermd u‘hngas édivery fud2tiorafor e m&hawde@irgasumtagbe pramanygrlashdaow i n t he

hol es or slots N flow condltlon uld t he er of

ol |1 51 GRReTBRRGEBIT e hogFXiTalG who el uremb Tt i rhe Tliea of “the hol s
or sl ot ghol BBERRWPE aHHCERENNEHET RlecBBS t%ﬁﬁEé‘« dridht S 3t95v1aﬁlgbel ng
delivered to the primary plasnma generaling regl on 10 [ 00037] More

i npor t arthd }yumarrypfaed mnamhepsnmtymlamgmtatmgeegimsstfdﬁamdonppf-rr t he

secondar ontralled i ent from. i rret ers that
o 6 oy Rats BRg B TR b it cpEAREIR Pt R RoB IHRTT o

i oni zat icgidulaBNg BR abplfb@ﬁa!emeatlﬁ’gﬂé&hﬂgQmﬁvtpih@&lgﬁ'&iﬂaﬁ{els heRtBApp& nor e
efficient process tuning and wi der operating conditions, i ncI udi ng process
condi t i shestrpdedssendlyylO¢navail able with prior art chanbers wher eby t he
mechani snms for dissociation and ionization are highly interdependent and
coupl ed.[00@2)38As nrentionast, therseeondatyhplesto i s¢e¢n®rsopla$megwew'mgtreginnent i on,

dielectri.c.etching, in th ugnment e I  0Cess chanber. i nvol ves the
use of dDiTETH! vuss BT oR ot PR P R PR S BN NP B ¢ e
primary (égediodaste ahdRricBN R §a§é§ bEd/Br £IsQRASECY &ifrled GOnTHEDHRANY fRE Of
secondary f eed gas/primry fee as for plasma generation in the two

respect igae Mozewepayendy.dt ISrilj’SlF@éﬁ? Batneumabspeciss fomathe deqpaday plasgpdrs es from

the pr Ogaﬂggzgg ﬁq?#egt%rf}’orﬁ ﬁq%%e%ﬁ@gf%%a&ﬁa g@@m 'rggi 1{1?2@1&?@?@%@ pp@lﬁ'sn'i'?““er

fromth chani ss Vern rimary
pl asna igenéragngfdgionr N2Buashaggkspetiat am@réxebgtedrfrorﬁ a09A8hg Wer the privaryue
conbi nation of secondary feed gas into the secondary plasma_generating

regi on (PAHIEIESRERMBEFRERN H20e egondapeplrsmn g?ﬁermnggpggﬁﬁ%eﬁe@alppw) and
pri ”arytﬂg%galgaﬁebﬂh el e h?%{t% Ptélé% Iﬂﬁlb?&i regi on (which may also
m

enploy a type rre ani s or p asnma gerferation) are discussed below It

echani 00 BT o R RRurRIR e raPitEsc R FER) SropPoack oS BBV 85 0oy o

enpl oy edef orentphasizaldisngidtion ofﬂfew&d@’fdﬁr)pfea&gﬁs @t {onizatibe. mblembbsatepl asma.
There is _also no requirenent that the same plasnp generating

" t echnol sligppeigdonssfasemesallye tb‘?ﬁé‘F‘?S%tP“foFl%g?lPﬁ wﬂa@ﬁlﬁraégr%%}iq%@ regi ons.
[ 00040] b‘r&k%@ol?émlwrb%nﬁfm@?d g&%ﬁﬁ&e neuftgl é&&%@@%&{t A tge%ﬁ;tﬂ%"[g%h €s a

di fferent set of constituent gases when conpar e se stituent
gases carplisseciagdtite two hydroged aethsgiasth of whivhemay bemsuerak noaitatienm)tos, the he
constituent gases_are rrui ual |y .excl usi er in the sense that if a constituent
gas is presdand.irpfersgengiailinde weflgteaacaa%o ¢lpcttons 3ty neuffalmolggales © not

enpl oyegyrbduck PEsifies AL ahY elbishsd q§m§1'ﬂg H@;ﬁ@dﬁé@g § 8+ idh Qldher el&HRdorENt S,

the constituent gases are not mutually exclusive i'n that a given

const i t waamplpa By wttolg inputgraggemitenyhyr the sguoadaypldsmalgentratidretopmmphasige f eed gas
and the secondary feed gas.
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[ 00041] In one or nore enbodi nents, polyner depositing gases such as one or
nore of the fluorocarbon gases (e.qg., CF4, C4F8, CHF3, etc.) may not be
enployed in the secondary feed gas to avoid a build up of polyner in the
holes or slots enployed to transfer the neutral species fromthe secondary
pl asma dpsediaionnsf thegiconddry fadddezap bierdoniztioas Mdr@divsrcatédgeutrabipedies | n ot her
‘enbodi nents, polyner depositing gases such as one or nore of the
“f 1 uor oc AN apiaied indhesecongary plagmg geryptNg 188VNY) nay be enpl oyed in the
secondary feed gas and any polynmer buildup in the holes or slots enployed
t o tran$®@34i heAnenatherlaltspativesr dddginahiangeativndthepressers i thyesseordlaing regi on

R A e I T S s e o

accor da ?@@r@iﬁdé’te@i@nqmw efitagefthd Mepri@teMthe HRYRMtedRoutAl GRS Fontret hod
for perform ng dielectric etch using the augnented pl asma, processing
chanber sedoadaryplesmargengrating eegigy B0 to@minpasy plivap generaiirg weiosn 02y diecont r ol
over ioni i f e - - d . ' of the
mvent | SreRue i se e AR R RaROGHE) by BRSA Th Ao AT BRRR T
not ot heestrdl gpsdgatedmbigatidie ircaresdrithere @mbgdswsts.nt o two different feed
gases: the secondary feed gas that is fed into the secondary pl asna

gener at i{o@35¢9i A8 amdiBertdMerrativ&BF ¥ddieidl BAsvAtival theholed @r kIdtsOl JohBsosédrar Y

pl asma generating region. Further, the input paraneters that control plasnma
gener at iHPREAElesirodn asserrblytli0frio permihihe seigetgn of dissecisied pe@l 8RECKS r egi on
are ind i . . )

Gener at T focopgart Bt chctpithe REIATRDI Bl plafth biflerdiF BUBRTR0 )

pl asma ey Haee b hilgpapea pitiy/tot distedrage phisihadoedion ih tertilgs. Theswhdied drtuence or
interdependencg or .coupling of plasna results betmeen(}he,tmo pl asmas when
one pl asieds may pe Aesignaddo elamatiyely,of aditianaty a¢tpspngutral diftysien Bfrisple 5

secondar, oS: i : Rad kg region.
ot ep P g Y e O L
gener at isagndenyi pdasma genstadipg 2€pon 8205 dtqprati g impodtad iethe sonpenefaaedofmiom t he
secondary f.eed ,gas, .Simultaneously, in ste 08, a prinmary plasnma,ls
gener at QT EBIFCTREIr PRelFy SFETahin tF BOgAR PRTP? AgiesitiRetete BaTHos,
process r&Qp4Iit i_s%ﬁreszélﬁ)fbn?ﬁo?hﬂﬂﬁéy Of BI&UWraldt o withehSEaeNG s Pl asma

a

generating region and/or a processing regine that enphasizes dissociation
in the swdomaroy wiflels distrifaried zhova the eubtoate surdacg ip puslse tosensyreragglatiwelyhat

|einE 2? S: ﬁlﬁ%@l&g i{sﬁ-g;[uiti%pl oif' nmiér%?ed%reiu{;glrs%eglasagvne?t esrlllggt%‘z}tcie Pogoprtlef\lgizg Bfocgs%d the
uniformity across the substrate.
[00036] As another alternative or additional innovation, the pressure in the secondary
plasma generating region 120 and/or the pressure in the primary plasma generating region
102 may be set to encourage laminar flow in the holes or slots. A laminar flow condition
would reduce the number of collisions between the migrating neutral species and the

walls of the holes or slots, thereby reducing neutral species recombination prior to being

delivered to the primary plasma generating region 102.

[00037] More importantly, input parameters that control the dissociation of the
secondary plasma may be controlled independently from input parameters that are
employed to generate the primary plasma. As such, dissociation and ionization may be

tuned in a more decoupled manner, leading to more efficient process tuning and wider
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m gration of reactive neutral species fromthe secondary plasma in the
secondary plasma generating region into the primary plasma in the primry
pl asma generating region. [00045] The dissociation of the secondary feed
gas is independently controlled by a set of input paraneters into the

secondarnypertiag Bndiens] ticludthg Botas colditidrs provibepliadvadaBlbatithigivpraganer at i on
of radical species in the secondara/, pl asma generating region may be tuned
1SS

by var yichgmbere wherehy g meehpajsnpdopdissqrpation i iqrizatien afohigklyect r ode 132)

the flo ¥ .y feed gas, the secondary feed gas residence tine,
and/ or ?%%ﬁlkﬁe@fggﬁgﬁ%gﬁlgﬁbl oyed to generate the secondary plasma. [00046]

Th ' f th i | inth ] pl at i
regi on 100 depraserrlec iRt Fubrdiiy < doeBrt Plioh SRIRuEREnRD % ne
primary tid apiengRisiid frocéssia @lambét ihVb1SeI RO NS of 4 ResRIayRcBlgastHaE My be

generated and tuned in_a decoupl ed manner. [00047] The di ssociated neutral
speci es 1f fidierant in esprastionyfrom thenrinany feadegese dpe dyeatorvhasigmserosehe pri mary

pl asma. i I ratl I eqi is
Phon ormag ot PASaERs B A2ERo-D hodbaRphRLy b BACR BERGL AL AEPHRE ' 51y
[ 00048] twn respectdre plaxne gembadhgespicns. fThedivoeated negtFCspeieshy@n thef | uor ocar bon
(HFC) source gases, ar npl oyed in t primary g feed mxture, in

combi natFRPs f%ov@%geega%af ¥ Seicant @éﬁﬂ&@%&g@wﬁs Pt conteod e

conbi naty : i WO may be

aof ul TR EShE Rt R, I pealaR DEE pRalf Bladnd i e Bl herdp AR 5y

Si N', Sigengrampgregionhere t he secondary plasma is used to increase the extent
of polynerization in the primary plasma and/or on the substrate surface.

[ 00049] [000393 W¥htioksnonquetdoatbisativhlof acoondiry fedd g3 imddeesdconday plasiikrC

m xtures can _cause greater plasma polynerization. In accordance with one or
mor e entSERETRAERME $EIONHY pePployRdsHertyednerdanisy fornpiemp genaiptiom and e

transfer b AR i i the: yJeri zation
in a hi Sﬁ?‘gﬂ%g‘?g%gf {eHctib E%r?rﬁlg?dr??%ﬁg g\%/g% er fr g’éls(g?lhg‘e'%’g?‘éﬁ%‘??mé’ﬁu n the
pri mar y GTRxsype nyehemanifogplagga generatjodp axs@iscussed belowt. | lestenild bat | onwer f1 uxes

of Hw ]l .increase.polynerization,.and then as H radical flux ingcreases
Ce. g wporpa A i Shbrb SRSt itent HESul Snem Prsrabmy cveheta |y « he
H radi cahduchively cB§Sbd plaSmél 8F EERSS rhit W) Ay b Rmitsyel Fordkhkratig Bfe H
secondary plasma and/or the primary plasma. There is also no requirement that the same
plasma generating technology/mechanism must be employed for both plasma generating

regions.

[00040] In one or more embodiments, the secondary feed gas comprises a different set
of constituent gases when compared to the set of constituent gases comprising the
primary feed gas. In one or more embodiments, the constituent gases are mutually
exclusive in the sense that if a constituent gas is present in the primary feed gas, that
constituent gas is not employed in the secondary feed gas and vice versa. In other
embodiments, the constituent gases are not mutually exclusive in that a given constituent
gas (such as argon) may be present in both the primary feed gas and the secondary feed

gas.

[00041]  In one or more embodiments, polymer depositing gases such as one or more

of the fluorocarbon gases (e.g., CF4, C4Fs, CHF3, etc.) may not be employed in the
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radicals to etch polyner. The expectation is that the effect of the
injected Hradicals fromthe secondary plasma will be qualitatively
different fromthe sinple addition of H2 source gas to the primary gas
‘m xture. [00051] In one or nore enbodinents, the conbination of Row 1,
Tabl e 1seayds feskddlto besid amild eplof poBmEd éithehoRRCr (R dmpleyddast | ve
coating) open. The ARC | ayer may, in sonme applications, represent for
“exanpl e tgBteHe ARetral gpeciesidrnthesscendary plgsma eendingdegiontn hsprimrey al so

known a i el i i Row. 1 - ful for
CD (cri }agg@%gfler%ﬁ%sg %e%?ﬁgr%?i%mfpg? 8{%%1 e\g&sbpogﬁig}sg%ﬂlos{@é gg%f%g%l ?Ig Sg&lgur face,
wher e ver yhorouf theflaochiben ghmage. g REFY NE,Fs JCIRBIY elc. pinay dbkmplgyediretheypi cal | y

required to . control feature faceting and it is therefore difficylt to
gener at éegoaflwiygﬁmasaaﬁ PREPOIYRIPT b\l@fgm 18 dhcholes orglathempioyed t ansiss i dar y

pl asma L g I | Mg ; (=3 I r formation
contr ol %gngﬁlggé@%pﬁﬁz%-eh%&gg}ﬁglgﬁﬁggg?on r%%lgﬁégﬁ?gﬁl n%r%?%;%lggvel in the
pri mary gphastng gememdy taaddeggsahwith 020si2E tethhelopms swal ag, wdfenlesgener al

et chi ng of \Si-based materials (Row 2, Table 1), H2 nmay be input into the
secondafJ 5188 na generating region while CF4, CxFy, and/or CH'Fy (with x

and y r esentjng.integer val uyes) constituent gases may he input into the -
pri mar y 010431 Figgp 6‘_?9‘”#%%9809@?0? %ftﬂ_?ﬁ% emﬁpgwgaf Ph&r 5o B XSPHOBeher at i ng
regi on i . - : %\%

pr e-di sg%raﬁp %g&tl ﬁdélp}?lgje#ﬁmg %\é@éscéégﬁﬂﬁg%&gﬁges geéﬁeg}g%hﬁd %%eélﬁ%{ﬁ in the
case of cRanbe thdt sidtdrdive despupbaddionirolmader dsstepatioddrim conital overkinuizaticon

provi ded .f.or. decoupl ed cqgntrol, .of | yirer fo tion, [00053] ,One benefit of
Phese. o heser Skl saekife,dihotiBinss A BR e tion BERANA et at 1 on
due to RGodikidmbRetthit JoBRMithEnt FaRBahd nbCSHES By isBpdritfgWRE BSnsARRAESEENT
region (i.e., the primary plasma generating region i medi ately above the

subst r atifowp fiféesynt feeshgnsese dhe seaondary deqs g8 dlras is-ed jinfo the secomdarhe pri mary

gas m xture, e a.lar fr o) f Wi L, b i ssociated in the

deconda Pyl sRa R rdiording kOB AR e hectfpelh Fouiut BRI

H2- i ndugegerMifé fegidnatFutther, thel i@ pacantddéts kit kararg) plaamd pehgatidromdlondi el ectric
materials. [00054] For simlar reasons, a photoresist strip process in the
pr esenc 15pCipting iR the wcardary plagna gepapiingrgaon argiadprandenttfepm e inpé ¢ he

benefi ci i I LXC i i ng- H2- | nduced VUV
radi at i %a tf{rg I gg(}@mﬁ“eel @%Jﬁh%%lgyaélgﬁg%lﬁgéggn &ggﬁiagglg!t& %&P%%h%gél ectric
mat er i alls thisimanfery eadh phdsma rhast beoindepeadéntly tuhed withliréduced) niinintal psraduce H

wi t hout .usi ng H2 so&lrceeg]gs in the primry ga? 'xtureiielntheinventive
case, HM lgeng%?ltmt?r Preddicy op aHm)ing £ Plaswa Grsults getivsendheryoglastidar y pl asma

to providenionk geked idtuhadi cal s but very little H2 into the primary plasna.
The source gases for the primary plasma can include N2 or other fairly

harm es Or wi: S i 9ot @%gri} i |0 for
bombar dir(l)a(?lbtlgﬁ f o}vl@%%ﬁ%.ﬁ ?f 16%;8%5‘?4%?% Qtrbﬁép g%og{é e?egrgqf Pslr@“gg‘li ﬁoa@? eto

i nt r oducecopdhryphasnz gepeatiagradion. eln stap 20dea panandteey gad iaprmidddne tikecondar y
gas m xture could include some or all of the constituent polynerizing

const i t PEMArYRLERa pENGrAIgTEEIon) o fiRP 208 AsecondaRepigIma 9 gea?ratqqg%ﬁ%er i zi ng
gases maycdalahesdlhiss arhaflodly il Gicd G08NMIAHiNaR! R M GAREA Ront fEl ON
before entering the primry plasm generati ng gl on. For exanple, a

t ypi cal poxiadefeetdgas.chem stry nmay include C4F8, 02, and Ar. |In one or nore
enbodi ments, sonme or all of the C4F8 and/or sone or all of the Ar may be

i nput i No@4he DBeringsiapy20d A—PDIYPIveEss chnditioRdisach dsdight predigs @cinat i on. The
02 may be igput into the primary pJasma generating region only in this
enmbodi meftondesy cperafing Keestthtd/ FARTAFITENE regimg thi CHRYatEEsi nput into the

second aﬂYssB&imngﬁ@ﬁcaﬁ&agg Pfa@ﬂia %Q?Jrgt‘iné}regfoqi and ‘agfr@éeké?lﬁ%%@%hhg tape CAF8 and

Ar may be Input 1nto the mary pl asma génerating reg
emphasizes ionization in the primary plasma generating region, and the like) induces the
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[ 00056] Anot her category of applications is fluorine-based etch

applications (e.g., to etch SiOx, SIiCOH SiNx, SICN, etc.) where the

secondary plasnma is used to decrease the extent of polynerization in the
primary plasma. This is acconplished by selecting fluorocarbon (FC) or

hydro f Inugfanoﬁbﬁfnact(im@ltmbweces @ame&e ascopdarty pddsntalie thpy sepwiidarpplas@ss gas
‘mxture, in conbipation with a yner-retardi ng gas such as 02, N2, NF3,

etc. as SERETRURETERI8 lg@éhﬁalamyrymleﬁ%@ the BripRaRt RIAYN EHCFBHESARHPR-cat i ons

i ncl ude such dielectric etches that rely on fluorocarbon such as trench

e]E che; I [9R04%] opEle dibsaciatien ob fersecendery fepd ges laprpiepe@c?enﬂmo@rcéledm\met n Row 3
’s 1ow of hoWOREE0Fs RRARE sEERHAE i dfeRihERoR FRTB-EANELE |0 (29 o

added t%d:génefatluEfoa@ﬁams;aﬁlss@u&%%edﬁﬁa@ageﬁn@gmfwng@églmemag@bitmfed because
" these gases act to etch poY%)( In one or nore enbodinents, the secondary
aYrdA e

pl asma Y oatiesthg Ripover ] RIEB@WieaEﬂ thgtep ¢lpstradedpd), tﬂ?eaf?}&‘?éﬂft?éﬁ to the
primary U & R fl uenci ng

t he degrsgée()%gg@ fe+c{%refﬁlr@ g%r‘%glg g%scﬁsé{ﬁ%mg?@)ei g@?lgcont rﬁéyé}pn t he

pri rraryepipdxsyreﬂtwgbrteraedmgiee@ldafylﬂasrnaol and decoupl i ng which would not be
achi eved by the prior art by sinply adding the polyner-retarding gas to the

pri mary [PO0AGE S STRAgendtatiod Iof thd SHIR&S |pldsthadh ¢heoprif@yleiagensmihgregm and Ar
are input into the secondary plasma %ener ating region for pre-dissociation
q

whi | e f IvBdeRadeshy wérege%hﬂaeg odriePyt RERMEISHE Bte HE PEaTk PSR as ma

generati I dihEN o £ i:s .enpl oyed
in the elgegélt?%rl%glopagﬁa%gren%g}r%a}tehng regé1 %ﬁﬁ%rﬁ% 1%llt y pr lﬁlcg & si Fx
(e.g., HetouplidiBantorF3, SiFa, etc.) fromthe etch reaction in the secondary
pl asma generating region may be injected fromthe secondary plasma

gener at i[0@N4789i The di$ceidtdtPndutianEeyicp rdgnhe gesdatalyipkgniaege then ehipl@edppr oac h
may permt better and/or nore independent contrql of SiFx injection nmay be
usef ul f@AugRt the RrEMay Plasms: | saugmented plaspradn thequimemy plaseaigsperai®®gory of

appl i Catrgéq&ﬁlsrtﬁéﬂ ?ﬁgl%gecﬁtodétéﬁ @1%%% ecrtl(?+ fauy8f orf € ‘&?&%ﬁ%%ﬁhr 0% | nstead of

i nj ectin em ca ctivate I ca pecies, as Int ‘ous

cat egor ;L8C§0485 Pﬁ@:&Aeeor%cgtF gae b3 ﬁ:ﬁ)errllg ox%lcgr% él!’(g) (%I‘Ille %ncgﬁg%rgE { f nt 0

i nj ect RAyper I'c's s SUch

et ast aBbercexadet aft @hl6yedonitke pimhBsgas ficbdrixany) ia s:ommdatlgxh vathEH(ZCdst ed
vi brati onal states. These applications are shown in Rows 4 and Row 5 of
Tabl e 1 PaftobdEoecmsianegatfpeemiytare. (hesegombipations grehoxe ”&B@Wé lgadi2nc| uded

in the r: tahl e states
| e SRUBNAK L QLR A0S, BN Buohit- BB dpbhich (1543012

addi t i orsaO},\8iCOH, SV, 1@, stag wheedhe sccbh@ry@tasmdas yseprt@mcsasgﬁ& emant ure
because :E #s known to form gr}&ﬁrem ab] e de sities ofﬁmst ast abl es and

vi br at | GARPIIPCERGQn:i the Brimary g dpron t ﬁﬁ%ﬁﬁteéa eu ons, with a

rel ati velé/ | ow degree of dissociation. These ener %etl o eci es interact

di f f er eh®PGA%%i t K 1% well bﬁ?%ﬁ}i‘t pral gerousts of Brpddesdots: X8l es i n
the briTBhs BEAGSRIAS PHif8n Mk GlLoPlaicd {%tﬁ%ﬁgs%oréﬂe&tﬁmgn@'tﬁgt ronic

states an | ona articular, energetically
excited s%amd&ryqﬂ&kmaqbredmdeeﬁ tadicals| wh&h ar@mmmwnot}h:r;&ﬁhary(jﬁasmnd wll tend

to reduce_ the el ec n t erature (Te mar | asma and/ or
i ncreas én@q?@c% 4k %ﬁh‘é‘f Rolymerization gn a %uggI éecoupFie(i manr){eren e wafer
processing region (i.e., in the primary plasma generating region).
[00050] It is believed that lower fluxes of H will increase polymerization, and then as

H radical flux increases (e.g., by increasing power or pressure in secondary plasma),

eventually the H radicals will begin to decrease polymerization due to ability of H
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[ 00061] The control paraneters of the secondary plasma, including RF power
and pressure, could be used to independently vary the injection of
energetic species into the wafer processing prinmary plasma. These secondary
control paranmeters should influence the primary plasnma conditions to

pr oduce ridedld tosetéhpdlyme "Iﬁtéiekbecmiib@ﬁslﬂiaeﬂhefeﬂ@m dffilee imfdctel Y ralicly Rbm
paraneters. Additionally, the abilit produce a | ower el ectron

t enper athf gcprdamaplaspp &é%e\ﬂ}l@ﬁ%‘teﬁééﬁqﬂt &opythp sempte additien of Ha pdtirdl open
up h'ghgh?ﬁfbﬁﬁ ﬁw%& q#§%ﬁg|at|on pl asma regi mes which are not ordinarily

avai | abl pri rdwar e and nethods Appl i cations include high

aspect cont act ch| ar ¢ etc t he, power regime
may be hﬁ%qﬁg) (h(n?ﬁr 2“88{¥ Bte(fg “faHOP ﬁgkﬁg/ héhﬁgfeglt 13§¥r8'ggener ating
region. ukétﬁpﬁ)?h%ﬁmtlb@srs@mt m@ {a8fi- rBﬂébtllvB\é@zithgE)bpéﬁ AEHBBAR CRENYr o851 St
strip (see Row 6 of Table 1) where it is desirable to prevent damage to the
| ow K it 8emeppRlisadensarepaasenti faeekampie bottase AREmabso kppways BARE, crrer form ng
phot or e%hlSCE)PSCE)MaHn e%RRkhlal%O%BQ\k’h %&‘Eif,&’f{b 'T‘ﬁlsg;%ﬂ{b%au'\‘ﬁ oFRYWPE T BRUL Tnto the
secondary ting regron I'ssoclation to’form hydrogen
radi cal sna(yvdh;cnﬂse mseﬁdforr@]D (tmcgemet@tsmn) shmik ofhokgiongiaVol thieaglibstiraton conpar ed

to H2) and/or nitrogen radicals. Further, hydrogen_and/or nitrogen radicals

maybe i SEH&%s BT ERIPW ROWESF fss€ BOAT R@glmﬁ’d? (Bé’é"el of Taltdp 1} g bymigalbhe pri mary
pl asma g a% Bhtfd? $éaPlte fé@éhﬁ hﬁﬁ%’tﬁ@x‘e@&%ﬁ‘ﬁcﬁl@’{o Qfa‘?é rdafgege to the
|l ow-K material as 1ncreased 10 ux tends to degrade the owK material.
Cx2 may pbbyrmenplliity preddesodigting therbl, yn fieascrndgendasand gyeratig oegiod orthexanpl e, i f

desi red. Th e o] inme.in the prinar, | agnma, genger at i ng region
o] w A0t K A3t Sapisd Reine: frovasan comen iy PeithefuR) TP bt Pone i <
somewhatiodifif 8f RAtenbry1ORY i e pARlaYy blAsns geRRMRRMePbAS™ i S povered. An
exanpl e of this category of applications i's shown i'n Row 7 of Table 1 and

I s usef 6005'2 S'A}t@ﬁ%ﬁ%ﬁ{%ﬁg énetdtlelchi] bQééafrﬁét%h;ﬂQF‘ Q“E%blé'?gre qgd for
sone st ps o ti- rocessi ng sequence. ese & nts, for
certain maydpﬂpputtmtmhé secoadate plasmblgendrating wgrmmsvhiteCha Celf,, wnd/br @Hglb,vmst ream

pl asma conditiagn (e. downstre ntstrl or downstream et.ch), such that
Dot vat a8 e direaissitiog e AR SraeSipdi B BHMSOIUPEPEORN nor e i s
no di r eflashaa38pBnC TAE B&Wer r ngigfe ¢ HeprRgarg ﬁisﬂﬁ@én@rﬁﬁ’ﬁ@ &%tontcfaﬁ%ta RRPt regine

with no'ion or electron bo dnent from he primary plasma. This™ process
regi me waifatleposerfragimef (see %ﬁ\aripll"ebletlb By pec-gissograting tifelsto thasebondary) , to

phot or ediarre ghoinss [ i 1 BERES Aol Tkt REBRisRDy brbadens her © ="'

et ches. cbﬂtrélhdn%bﬁ;ﬁﬁk@efdcdE&t&le&@dﬁe@&&iﬁoﬁbﬂ;ﬁﬂlﬁxﬁeﬂ%ﬁnb@rﬂ@' oyed for both
et ching and downstream strip/ downstream etch w thout requiring the use of

anot her gh@sper ohebeddie o@ﬂié@@érﬁﬁ‘&fﬂn%ﬁtrs L PheOB ik SaMAGLE uaavibRY| d be the
case with prior art hardware. 64] One or nore enbodi nents of the

i nvent i ¢NU\BIradiatiodue toitheHp fri uhq yaabé ewat@mdduteﬁrmtthmwn@r prosessyg

par anmet er s I to a@hl eve tar

| h th
e o oenroigh fhed BE brilBn R Corke P AR ke B0 R R BRI sl B g T e

SECOHdarsMrfﬁ@ﬁdcoﬁﬁﬁrddrtbQﬁé &fde Whfe T8 paR ©f ﬂféa}frﬁnd)'&%ﬁmlﬁﬂ@eb&hh@ga region and
sinmply allowed to diffuse or mgrate into the primary plasma generating

regi on (¥ee rptinefdiyuible dissogiafeddnithe sscendaryplapmep.yIhis meyhayrehraehitsi ng

regi on), [ e ari os
wnor e it HSSEHHERAR I BOBLAOPLS b Kb B R R T 0T g
regi on. 1dhiksdiplectvic@egertalconveni ent and famil.iar starting point for chanber
~operators to start the optimzing process. By turning on the RF power to

t he secgo@tmy pFéﬁsﬁiﬁﬂQﬁﬂ%@é’(ﬂTs|d;@dt&ﬁélﬁ%m;ﬁﬁtobéﬁ@rpﬁﬁ(iﬁéb‘énmwﬂlk knob is
provi ded for controllln% t he soci ation of the secondary feed gas in a
[og

manner tdigdectiie matarialpcan bgidlesigned toneclydd the bametﬁcurttﬂerathswhuwtgledarg@lfy the RF
pover 1 Elﬂgl %ﬁg@aqﬁlz{% gtla?&%c&? W\%ad%or egf r%ﬁlc SQ¥d ownaTIOQ:ause
|ntroduc§|on i} rocess tuning er operatofrs % ch
simplifies training due to the increnental versus di sruptive nature of the
i nproved tuning process and the fact that the optimzation starts froma
known prior art-like starting point. {500065] As can be appreciated fromthe
f oregoi ng, enbodi nents of the invention open up process w ndows by making
i nput parameters |less coupled in their effects on process results.
Accordingly, tradeoffs between interdependent process results are fewer,
and process tuning may be perfornmed nore rapidly to achieve a desired set
of process results since changes targeted for one process result has |ess
i nfl uence on anot her process result when the process results are nore
decoupled In the d|eIectr|c etch appllcatlons the decoupllng of

o -, = e . o o " v o o



[ 00066] Further, enbodinents of the invention facilitate increnental
m-grat.ion to existing process optim zation nethodol ogy. Tool operators may
start with a current recipe as a starting point by turning off the power to
the secondary plasma generating region and gradually utilize the decoupling
benef i t slanfagetolodi-krdieiestrif matedals thear® raticddy bgr adimatilyyit isdifficuly ton t he power
.and/ or varying. other input par ameter% ta the secondary gl asnma. generating
regi on. uge Fiwithopt using &2 SQUIFS #ESHEIRF ATIMARY FSTgixaHE ke wyentivigage.

di srupt ifygg ?g;g ngﬁ%fgg@ﬁdg@{ %%9 nfigfuck fo%oth %@&ésnmogﬁa;@@ td ﬁ@%iﬁigf@ectwol

operators. I's I nvention has been descri be erns of
sever al Hradiaisted verydate hemte the pranaryplasneal The sturongasepfor the mimanys, and

equi val ents, whi.ch Il within the scope of this invention, Although
To s PR Ehalyds N R bR B oy S it SpLe iz i B el e b

i I'1 ust r ghl povidioR®tor lbbofibhidasenti fbhedagip&ct to the invention. Al'so, the
title and summary are provided herein for conveni ence and shoul d not be

used 0 (BAUSSY T U, HOBAIORE B BGableR) TRcRBEEHymEHEhDERem ks 0BT aC 1 5

witten'in a hi brevi ate ormand IS ereln r conveni ence
and t husesindatychlasnia, e senqidayyeghstroixtwe sould enaude sometortaHeof theecambtituemtvent i on,

which is expressed in the claLns. If the term"set" is _enployed herein,
SUCh t eRINTACTARESAASCrUERS B955Ra ! festrofho DA SPSenamESY BB HEHRLARTADS  meani ng
t0 covergaghhfay RNSre-dNsolRIcE it RReQMAaFBIRSha gdrleratig Wedombe@rddtédfiged t hat
there are many alternative ways of inplenenting the nmethods and apparatuses

of the phepmmary plasom gemarating région. horeskample;, atymebé dxidagtchichemistrlylmay ng

appended_ gl ai be interpreted as including.all such.alteration

por mit ac e EiyBa i i i & o pisimeiien® kb U BE IR T Bt cope o
the presefile dr AN & tHeOr mafchM Yot b@theisscobldatysbmaSgenefatinfré@éhd ptar et chi ng
a substrate in a plasma processing chanber having at |east a primary plasna
gener at idigosiatoronlhald: may be smuhingo mem@}%matgenqaﬁiwtegwnwﬁamb@d from
o Pt Rk S E 6081 30 WO AR A ST R o BT T U e
conprising. providing a prinmary feed gas into ‘sair’d primary plrasm

gener at isagpndagyi glisma generatinp Gsdioh fug pae-dBsamidnnywHikatle §al dndtAr Ray be secondary
pl asma generating region, said secondary feed gas being different from said
pri mary MREAtY é]g)q primary plasma generating region.

[00056] Another category of applications is fluorine-based etch applications (e.g., to
etch SiOx, SiCOH, SiNx, SiCN, etc.) where the secondary plasma is used to decrease the
extent of polymerization in the primary plasma. This is accomplished by selecting
fluorocarbon (FC) or hydro fluorocarbon (HFC) source gases as part of the primary
process gas mixture, in combination with a polymer-retarding gas such as O,, N, NF3,
etc. as part of the secondary process gas mixture. Common applications include such
dielectric etches that rely on fluorocarbon such as trench etches, mask open, barrier open,
etc. These applications are shown in Row 3 of Table 1 where the power regime for the

primary plasma generating region is low bias.

[00057] It is well known that small amounts of O,, N, NF3 added to FC or HFC
mixtures causes decreased plasma polymerization, because these gases act to etch
polymer. In one or more embodiments, the secondary plasma produces O, N, F, and/or

NF; radicals which are transferred to the primary plasma, influencing the degree of
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generating a primary plasma fromsaid primary feed gas; generating a
secondary plasma from said secondary feed gas; etching said substrate
using at least said primary plasma and neutral species from said secondary
plasma, said neutral species mgrating fromsaid secondary plasm

gener at ipbBmiceightddh (b9 iffhchciig thtudspred Spaytienemalalnga eRBaM br akidaes sai d
sem -barrier structure. 2. The nethod of claim1 wherein said etching is a
di el ect cpeiral) irthe pgmanhplasrae With agtegraeaif gpntrolitad deepuplipg adidy would nehi d

or | mary ChPaL Ry RO EHBE bt By L8P Had e e e SRR R PAFRORE Bt O o

secondapyodeseghs@agtur&a a non-pol ymer formng gas. 5. The nethod of claim1l
further conprising setting input paraneters for said secondary plasna

gener at [0@)58¢ 91 Rlbre®r 8028 8fmba&intbnkS NE; ahd AR affinf@diiftoIRE w&dﬁdaq bREmagas,
wherein said secondary feed gas includes H2. 6. The nethod of claim5

wher ei n geggrating fegipnyfor predlissasiatior Whtle fuerocabas gassa end O er4inpetimp thand CH' Fy
where X p%nm ry pl%gr%a IgQ eer'\gc%{g r\égiloH.e T one embodiment, a silicon top electrode is

employed in the secondary plasma generating region and chemically produced SiF (e.g.,

SiF, SiF,, SiF;, SiF,, etc.) from the etch reaction in the secondary plasma generating

region may be injected from the secondary plasma generating region into the primary

plasma generating region. This approach may permit better and/or more independent

control of SiFx injection may be useful for cell etch applications, for example.

[00059]  Another category of applications relies on a different role of the secondary
plasma. Instead of injecting chemically activated radical species, as in the previous
categories, the role of the secondary plasma in these embodiments is to inject hyper-
thermal energetic species such as atoms and molecules in metastable excited electronic
states and molecules in highly excited vibrational states. These applications are shown

in Rows 4 and Row 5 of Table 1.

[00060] For example, He, Ne, Ar, Kr, and/or Xe could be included in the secondary
process gas mixture, in order to inject metastable states of these atoms into the wafer
processing plasma. Alternatively or additionally, N, could be included in the secondary
process gas mixture because N3 is known to form appreciable densities of metastables
and vibrationally excited states under typical plasma conditions, with a relatively low
degree of dissociation. These energetic species interact differently with the primary
plasma, as compared to atoms and molecules in the primary process gas mixture which
are introduced in ground electronic states and thermalized vibrational states. In particular,
energetically excited atoms and molecules héve lower ionization thresholds, and will tend
to reduce the electron temperature (Te) of the primary plasma and/or increase the plasma

density.
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7. The nethod of claim1 further conprising setting input paraneters for
sai d secondary plasnma generating region to enphasize dissociation of said
secondary feed gas, wherein said secondary feed gas includes at |east one
of 02, N2 and NF3. 8. The nethod of claim7 wherein said prinmary feed gas
i ncl ude$0@ds1] eafhe euirobparaingers ¢litle secobhdary ptdmagincldiigRNpogergdd. 9. The

nmethod of claim]l further conprising setting.input paraneters for said

secondaPyespirasten dlemesed te igepagienthy Yoy dhpicstion 08?%&?@@&?%% igto thaj d
d t
o - ar gon oLt e AR pHRGHENALE TheSRRRRRALY s A pBah A HRFRIbA RISy Gac

I ncl ude$hea;bmhaas;ﬂasmaeconﬂltmngmproﬁl2ceanmlm ttﬂdtlamrfaﬁbyrdmnuldeahﬁanmhag gas. 11.
The nethod of claim1 furthe rrﬂ ing settin e}rameters for said
secondaPymraeirey @ﬁr@mﬁqrﬁg‘\id@gqna y1'8e aWhRaoips bee S3pErHRF SOl Sai d

secondaiymp @&t Offmarypidstia Wi sé&ﬁﬁﬂ%lé(sxﬁa?&éﬁsﬂ?ﬁqduﬂ%ﬁ%%% }h%h-lonl 2. The

. method of claim9 whérein said primary feed gas include 3The net hod
of cl ai Muk /flewidisspcietaerpplasnarggesnes Wiigh argmat ophnarily teaikabieowitls piior art

hardware and methods. Applications include high aspect ratio contact (HARC) etching

or cell etching, where the power regime may be high bias with high density plasma in the

primary plasma generating region.

[00062] Another application may involve low damage photoresist strip (see Row 6 of
Table 1) where it is desirable to prevent damage to the low-K material (such as at
sidewalls or bottom of vias) while performing photoresist strip. In this application, H;
and/or N, may be input into the secondary plasma generating region for pre-dissociation
to form hydrogen radicals (which tends not to generate low-K damaging VUV radiation
compared to H») and/or nitrogen radicals. Further, hydrogen and/or nitrogen radicals
maybe increased without a corresponding increase of ion flux in the primary plasma
generating region. This is advantageous for avoiding damage to the low-K material as
increased ion flux tends to degrade the low-K material. CO, may be input into the
primary plasma generating region, for example, if desired. The preferred power regime

in the primary plasma generating region is low bias, in an embodiment.

[00063] Another category of applications is somewhat different in that the only the
secondary plasma is powered. An example of this category of applications is shown in
Row 7 of Table 1 and is useful in situations where full plasma processing is only needed
for some steps of a multi-step processing sequence. In these embodiments, for certain
steps, it would be desirable to process the wafer with a downstream plasma condition
(e.g., downstream strip or downstream etch), such that activated neutral species such as
radicals reach the substrate but there is no direct plasma contact. This achieves a highly
chemical treatment regime with no ion or electron bombardment from the primary
plasma. This process regime may be useful, for example, to cure polymers (mask

hardening), to defluorinate etched features to prevent metal corrosion in air, or to strip
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secondary pl asma generating region to enphasize dissociation of said
secondary feed gas, wherein said secondary feed gas includes H2 and wherein
said primary feed gas includes N2. 14. A nethod for etching a substrate in a
pl asma processi ng chanber having at |east a primary plasm generating

regi on ahétofesie @R Hglile inltRssmgeokthat i B@plel dor dkataieedld thidmagiet] pri mary
pl asma neratl ng re I on b){) a sem -barrier structure, conprising: providing
8

a prinma HMa¥iog epPavsr yorolk Aighigerier ApPRYTIaEY on;

ngygglgglﬁi se §¥§J§§%ﬁﬂﬁﬁghggghéa%g¥feﬁg%?@§r0n1ggﬁgegggﬁgﬁéh?ged gas;

gener at |smg>/di)wmstram3etth awmld bothesascdwith prier art haddagas;
[00064] One or more embodiments of the invention relate to a simplified migration
path for tuning process parameters in order to achieve target process parameter results.
With the RF power to the secondary plasma generating region turned off and the
secondary feed gas injected into the secondary plasma generating region and simply
allowed to diffuse or migrate into the primary plasma generating region (or all feed gases
inputted into the primary plasma generating region), the situation is analogous to prior art
chamber use scenarios where all constituent gases are injected into a single plasma
generating region. This provides a convenient and familiar starting point for chamber
operators to start the optimizing process. By turning on the RF power to the secondary
plasma generating region, an independent control knob is provided for controlling the
dissociation of the secondary feed gas in a manner that is not available in the prior art.
The turning on of the RF power to the secondary plasma generating region provides a
gradual introduction to decoupled process tuning for chamber operators, which simplifies
training due to the incremental versus disruptive nature of the improved tuning process

and the fact that the optimization starts from a known prior art-like starting point.

[00065] As can be appreciated from the foregoing, embodiments of the invention open
up process windows by making input parameters less coupled in their effects on process
results. Accordingly, tradeoffs between interdependent process results are fewer, and
process tuning may be performed more rapidly to achieve a desired set of process results
since changes targeted for one process result has less influence on another process result
- when the process results are more decoupled. In the dielectric etch applications, the

decoupling of dissociation from ionization permits faster process tuning to achieve high
performance process result targets or permits access to wafer processing conditions that

are unavailable with prior art dielectric etch chambers. Various combinations of primary
and secondary feed gases have been proposed for improving different etch applications or

for different etch effects.
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generating a secondary plasma fromsaid secondary feed gas; et chi ng
said substrate using at |least said primary plasma and neutral species from
sai d secondary plasma, said neutral species migrating fromsaid secondary
plasma generating region to said primary plasma generating regi on across
sai d baf000s6] st Furterreebodiments bhhe é@feheion facilitate gn@éhemtalpais@stionaur ce to sai d
_primary plasma generating region, thereby inhibiting formation of said

pri mary SpIsHEgRrocess optimyg Pﬂ‘?qﬁ]@o‘i&ﬂf&ﬁyhé‘r%oié%ﬂt&éwa)f %éla “@g’ga WDt sai d

secondar.y.: | i i r .y pl asma;

t her eaf tr%crllpéper ¥ o?@hﬁggsﬁg\?ﬁ&rﬁ%rﬁ f;ﬁ}‘ggﬁg@gﬁﬁg&eg@ﬁgﬁgﬁéglﬁ?gﬁggt% ate using
speci es régiomasbgrddaeatytigize thecdmadaplingileasiita ofitmbodismntg of iscineentfondy sai d
anot her secondary. gl asma mgrates across, said barrier structure. 15. The
et hod SFACALLY HrAB AP CpoN S ane By AR Rl PR PRI T PR MESEFIGaR ch. 16,

The net rﬁ%nﬁfgeﬁéﬁi.iﬁ% fegioMertd R aSBitthcPRRlah@be FREARGR AN l8EdvGaForbNCl udes H2.
17. The nmethod of claim 14 further conprising setting input paraneters for

sai d sedommdgetive appbmsdteesgehich a¢ridrtg inaegse ademioampha firzeoldipssbas.at i on of at
| east one of said secondary feed gas and said anot her secondary feed gas.
[00067] . While this invention has been described in terms of several preferred

embodiments, there are alterations, permutations, and equivalents, which fall within the
scope of this invention. Although various examples are provided herein, it is intended
that these examples be illustrative and not limiting with respect to the invention. Also,
the title and summary are provided herein for convenience and should not be used to
construe the scope of the claims herein. Further, the abstract is written in a highly
abbreviated form and is provided herein for convenience and thus should not be
employed to construe or limit the overall invention, which is expressed in the claims. If
the term “set” is employed herein, such term is intended to have its commonly
understood mathematical meaning to cover zéro, one, or more than one member. It
should also be noted that there are many alternative ways of implementing the methods
and apparatuses of the present invention. It is therefore intended that the following
appended claims be interpreted as including all such alterations, permutations, and

equivalents as fall within the true spirit and scope of the present invention.
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18. The method of claim 14 wherein said downstream pl asma processi ng
represents deflourination. 19. A nethod for etching a substrate in a

pl asma processi ng chanber having at |east a primary plasm generating
region and a secondary plasna generating region separated fromsaid prinmary
pl asma generating regi on by a sem CIKINSr structure, conprising: providing
a primary feed gas into said primary plasma generating region;

provi di ﬁéh%{l%%léﬁ?ﬁﬂldﬁy feed gas into said secondary plasma generating

regi on, said secondary feed gas being different fromsaid primary feed gas;
generating a primary plasma fromsaid primary feed gas, said generating

sai d prilmary AHdhethod fengitlayg agulsstatpiaci glasne processipgichgnberdhasimgsieagtener at i ng

a secondar | asma from sai d. secondary feed gas, . etching sajd
Subst r aPEIREY RESRE EPRARnETSEn P A DHP%’sigrﬁs%%%F“ﬁ%‘Pg SERUBREEY  om sai d
secondarg,nplag Pﬂmaﬁ%lgsrfﬁgér{e?éti@&@gbﬁ $y W Idbhiter srRMe aihpiRardary plasma
generating region to said primary plasim generating reglion across said
seni - barri er psevidiogarpeimary feed gas into said primary plasma generating region;

providing a secondary feed gas into said secondary plasma generating region, said

secondary feed gas being different from said primary feed gas;

generating a primary plasma from said primary feed gas;

generating a secondary plasma from said secondary feed gas;

etching said substrate using at least said primary plasma and neutral species from

said secondary plasma, said neutral species migrating from said secondary plasma

generating region to said primary plasma generating region across said semi-barrier

structure.
2. The method of claim 1 wherein said etching is a dielectric etch.
3. The method of claim 1 wherein a pressure in said secondary plasma generating

region is greater than a pressure in said primary plasma generating region.

4. The method of claim 1 wherein said secondary feed gas is a non-polymer forming
gas.
5. The method of claim 1 further comprising setting input parameters for said

secondary plasma generating region to emphasize dissociation of said secondary feed gas,

wherein said secondary feed gas includes Hs.

6. The method of claim 5 wherein said primary feed gas includes at least one of CF,,

C.F,, and CH\F, where x and y are integer values.
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20. The nethod of claim 19 wherein said generating said secondary plasnma
enpl oying a capacitively coupling nmechanism 21. The nethod of claim 19
wherein said semi -barrier structure includes a set of holes, each hole in
said set of holes having a high aspect ratio configured to inhibit the

formatign of Thephelisstof dlaifipi fireREborisng setting input parameters for said
' secondary plasma generating region to emphasize dissociation of said secondary feed gas,

wherein said secondary feed gas includes at least one of O,, N, and NF;.

8. The method of claim 7 wherein said primary feed gas includes at least one of

argon and a fluorocarbon-containing gas.

9. The method of claim 1 further comprising setting input parameters for said
secondary plasma generating region to emphasize dissociation of said secondary feed gas,

wherein said secondary feed gas includes at least one of argon and N».

10.  The method of claim 9 wherein said primary feed gas includes at least one of

argon, O; and a fluorocarbon-containing gas.

11.  The method of claim 1 further comprising setting input parameters for said
secondary plasma generating region to emphasize dissociation of said secondary feed gas,

wherein said secondary feed gas includes N,.
12.  The method of claim 9 wherein said primary feed gas includes COs..

13 The method of claim 1 further comprising setting input parameters for said
secondary plasma generating region to emphasize dissociation of said secondary feed gas,
wherein said secondary feed gas includes H; and wherein said primary feed gas includes

No.

14. A method for etching a substrate in a plasma processing chamber having at least a

primary plasma generating region and a secondary plasma generating region separated

from said primary plasma generating region by a semi-barrier structure, comprising:
providing a primary feed gas into said primary plasma generating region;
providing a secondary feed gas into said secondary plasma generating region, said

secondary feed gas being different from said primary feed gas;
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generating a primary plasma from said primary feed gas;

generating a secondary plasma from said secondary feed gas;

etching said substrate using at least said primary plasma and neutral species from
said secondary plasma, said neutral species migrating from said secondary plasma
generating region to said primary plasma generating region across said barrier structure;

thereafter turning off a power source to said primary plasma generating region,
thereby inhibiting formation of said primary plasma;

providing another secondary feed gas into said secondary plasma generating
region to generate another secondary plasma;

thereafter performing downstream plasma processing on said substrate using
species from said another secondary plasma after said species from said another

secondary plasma migrates across said barrier structure.
15.  The method of claim 14 wherein said etching represents a dielectric etch.
16. The method of claim 15 wherein said another secondary feed gas includes H,.

17.  The method of claim'14 further comprising setting input parameters for said
secondary plasma generating region to emphasize dissociation of at least one of said__'

secondary feed gas and said another secondary feed gas.

18.  The method of claim 14 wherein said downstream plasma processing represents

deflourination.

19. A method for etching a substrate in a plasma processing chamber having at least a

primary plasma generating region and a secondary plasma generating region separated

from said primary plasma generating region by a semi-barrier structure, comprising:
providing a primary feed gas into said primary plasma generating region;
providing a secondary feed gas into said secondary plasma generating region, said

secondary feed gas being different from said primary feed gas;'
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generating a primary plasma from said primary feed gas, said generating said
primary plasma employing a capacitively coupling mechanism;

generating a secondary plasma from said secondary feed gas;

etching said substrate using at least said primary plasma and neutral species from
said secondary plasma, said neutral species migrating from said secondary plasma
generating region to said primary plasma generating region across said semi-barrier

structure.

20.  The method of claim 19 wherein said generating said secondary plasma

employing a capacitively coupling mechanism.
21. The method of claim 19 wherein said semi-barrier structure includes- a set of

holes, each hole in said set of holes having a high aspect ratio configured to inhibit the

formation of a plasma in said each hole.
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