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tenperature conditions wth good inpact properties.
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Non-limting exanples of polyam des honopol yners and
copol yners are pol ycaprol actam (nyl on 6),
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Such tri-block copolyners are comrercially avail abl e
such as the styrene-butadi ene-net hyl net hacryl ate
wo 20061036763 products conmerci al ly avail abl e as PSBWNB2005/034034
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of the SBMtri-block copolyner are conpatible with
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menber of the snectite clay famly. The

montnorillonite clay particle is often called a
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S an organl ¢ or sem -organi ¢ chem cal
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Whlchptgf: {1?12: e?sAngg%? 15 l}ﬂ% U%SE}I%H. gﬂ&tﬁ?—lﬁ" @%Qaﬁ%‘i’l&{}ﬁg&c &Za non-
unifor? 61cR FRIfRE acroy @y siirfade e sititrateridds i s astoundi ngly

smal |, nmeasuring only about a nangneter fétﬁ QS{I@P ﬂ i ord
[0021hf a neémsther sqly QR ey ERR PRV Hesiiimeter o p Fh#mpF in order
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e nanoclay into the ultimte conpound, provided
procebdiad chdmd)ep,l iasthidniendensifysl 16b mqamnsbb&tanmdlm uniferm, subsequently
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[0022%2 ncentyh kv of ﬂl’i@%&%g@ﬁg Gh&S arcdiré@HRHeAs end Paratus for tuning a
nocor, Inc. i ngton Heights, Illinois

setof(plnwmamncﬁsemg@m and Pol yOne Corporation of Avon
Lake, Chio (www. pol yone.com in a variety of
nanoconposi tes. Nanoconposites offer flane-retardancy
properties becausg/MMARVOTOTHEINS/HENTION nul at i ons
burn at _a noticeably reduced burning rate and a hard
[0023har f oFhesinyentionaclaigs.fineae emhediment én e RIFSHR Professipg Histem, to a
t
meth%# %ftgﬁr It lo?'r&dsgﬁef fla %x&ésgﬁg s{eg 'P?ey ﬁ’ireﬁlgg nxécé%@é‘éﬁgd %‘a first
plasnﬁaf @m{pﬁsﬁ@neﬁltrals%hd admtind plamactayor oefdﬂdseldaﬁma pioeessing system. The
amde matrix, preferably durln he pnn% rizati oq
me‘fh@ql alé@ incddes gtchingrip 4B SIARESP & EF& "W&fs ¢ q%é‘ir%}ﬁé?‘m ioning a
mova%?e{mf’g?ﬁin rlngb?oﬁfdet @Eﬁbs{rgt\é EhdOf 4 b%tttoﬁ{ ﬁﬁ?’ac@ Bf the uniformity ring
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is ab@e thd sagnedeightas exdmodurfant obthe shilsstratey ambsttikiyng a second plasma
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meth§§ aERleRRlcRdes @t%hfn%% & secnd e gﬁs‘téﬁﬂe W&t iy eREo1E @B Isibstrate; and
he various ingredients of the inpact-nodified,
pol yam de conpound of the present invention, relative
to the total weight of the conpound, all bei ng
expressed in approxi mate val ues. Because the
organoclay is optional, the | ow end of each range is
zero. Optional Linear Terpolyder |npact Mdifier This

optional inpact nodifier conprises a linear terpolyner
of (a)




ethylene, (b) a |ower alkyl acrylate and (c) a nononer
whi ch contains a heterocycle containing one oxygen
W@r@aass3 he hetero-atom "Lower al kyl acryl at BCT/DBZ05034034
a Cl-C8 and preferably a Cl1-C4 al kyl ester of
(nmeth)acrylic acid. O these pOSSLbI|ItI€S
whereatﬂweéqh@g in the frs siepand thestehingmyibe sreond siep aﬁf-‘y%!bﬁtenﬁaﬂy
unifolpnoner contai ns an epoxy atom Relatlve amount s of
nmononmer in the terpolyner range from 55-75 wei ght
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includiggs bpBrma S%E?Prf forempbod PhiRisctt A st op g giogs. The
meth&ﬂﬂﬁﬁ&&s‘ E aRlvabe ltiﬁffofﬁﬁt}t Hhige Sotivd ﬁﬁ%u'ﬁﬁéﬂé’ hvherein a top

acryl at g yC| met hacryl ate "product commerci al'ly
surfacavedithealnliformaty’ rixxgtlaam fiskh@ginabove @ hothok ewdacehd itheplpsma reactor.
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The il PR RS us! et @i o e Fof Ao Fhts p thgplesmma
reactd?! @télﬁﬁé il MR bichhg sepsed BPMPErs oh @BuBstiate, 3Rwin 3 GirstaRtbunt of

preferably fromO to about 7. Mbst preferabl y, the
etch tmrfoumty ps thetrobstrate ispehisyed; agd panosidigning fhevaogahle ppifemuty ring

arounég}g% str tF’a‘Kiéergl tflg gqpl o(%f‘r{rﬁéj%ﬁ(ﬁﬁﬁg%ﬁ%e@ Gt 41 Qecond heaght above

the bdtREEHBRIe bRTR ;ﬁaﬁﬁh@@@bﬂ arte methed ﬁﬁdleii\hr‘chldb!ﬂ arlklng a second
t her nopl astic nmers during nelt processing
plasnprcepwtmg Q‘i’ﬁefﬁl@-ﬁy @ pewttalsyangy Pfﬁ@ms An Bé‘quéfl |e£°élfngoiﬁerf e set of layers
on th% %&b‘g{rrr%tgf\gs 1@% agé&&ﬁc%]@&mﬁ‘g? Etrcfsl \ﬁgg‘t)@gwﬁ gﬁ%@ﬁ‘alier 15 ta)ti:hleved
Whertid the ﬁtsu dmoaﬁtrrﬁretcaﬂmaomeg ahdthierspeoadeanprunte eSetcingnifermity are
performance Such optional additives can include
SUbﬁ@BWUEHP}@W&I plastics additives in an amount that is
[00258uf fi cigRlindiBRtaLRs, "‘ln QH&hé%Wdﬁﬁ&ﬁslhrhgpIQJma processmg, to an
erformance property for theconpound. The amount
appamhus fidrctuning of @ sala:ﬂpéisuia wbcestieg staps. t Theeapperatubaneludesrnegns of
?S; E{oce33|n Eeﬁfor Jance of. t he compo %ﬁl I
sriking GBS S TAGE TSRS G4 PG HG BIESEE FEgton of the plasma
proce@ﬁﬂ@ NHRGh NThe Wt soUREHesR 4R T8 BicAlgGR alfitht siéHif step a set of
reference to such treatises as Plastics Additives
layerDon alvalsstrate2 0 0akpns ohpnsitionste amorahde gmfcmrbiryarr;g around the substrate,

WAL i1l ndg ew. ¢ can select. from

Wheré‘flfaf é?ﬁlglﬁlt Sufai}‘aeegftglf uﬁgﬁiﬂ?lfyvr&g ¥ &’O iy EISI on ttacs) atpp surface of the

substEATRAY A GSeaBb of SieikNeSREdnd PN doRBistilNDssbitidlllyl cf@eutrals in the
exanpl es of %gtlonal addi tives inc|ude adhesion

plasnpy igagsele r Ehe mptbed farther ineludsaa meanapisetching i 2 segerd cighigg step the

o Rhr D IS ST A AU 0
xmo&iﬂ@@mﬁéamﬁmﬁmnﬁmﬂﬂbﬁn fire and flame retardants and

snoke suppressants, preferably es entiall
[002¢}a| ogenheigrentionsalaiesipdpether &nbq PPRtafi Glasma processing system
fal P Y Boc teps. Th
el B85 DA oy RS S o Bcosing s Th
appasatisdneiadesta mearstod’ posmolmng anmvab]esumfetmmy eing around the substrate,

ntl-blo k|n agent.s tablllz st at es;
wheralptartgjg p%q t]@ehltml BEgds at\ﬁ a&g&qﬁl B?%qlg surface of the

plas §§tor afigh %@m léd)ﬁ%luﬁés 4 ﬁ‘l@ﬁﬁs @%ﬁhﬂﬂﬁ’& ﬁ?ﬁ %lasma comprising
Itrves c be i ncluded in the conpound of
neutqalsemé idnsiin ventlasma reactan nsgansiof etthiogiirOa fiest ats/bmg s&ﬁp a sghdf layers
preferably fromO0.1 to about 30 wei ght percent. Mbst
preferably, the amount is about 1 to about 7 weight
percent of the conpound.
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Met hod of Processing Conpounds The conpound of the
present invention can be prepared by nelt reactive

WE@z2106034760 process, whi ch nmakes it possi bl e t oOPOHIS2005/034034
such extrusion paraneters as tenperature profi l e,

sgre dei n, u rat.e, . r etc t ieve
on a §fsfiter herEn Bk PEpwH s pteBEbrihen spsEns ispchigued; and a
meaﬁ@'r@dsﬁ%ﬁlﬂghﬁé‘ mbvAble LRTBingty rify %ﬁﬁcﬁﬁie)éub%%‘ wherein the top
organoclay is also present, in-situ pol yneri zati on
surfage @f:@\é UpHOBRIt: HpE b %@ﬁamn@dlﬁtght ebaye bnttmn surface of the plasma

S er Qpbeni n ri zation.
e PRy S 0 R NP RO P B0
essetallo of ayutald) apndayiaof elehipglily A8sdoné étchﬁtgrété}ﬁﬂé Q&t3FBRYs on the
according to the teachings of U.S. Pat. . 4,739,007.

substrgie, Whereii R INSHE PT Ptﬁlb%liforﬁ%‘a’thﬁ svhstrﬁte is achieved. Wherein
|

e SRR PR ol i R DEBEH B ey

uqumnocl ay can be achi eved by two different nethods. In

am can, be dissqglved in .
(002755 o, Jr%q%sa{@a&’ﬁbfqaﬁﬂ DB HEROREITHbbE fessiired in more
detaiPBUBRin tHeARNRA Ql@&hptlbﬁ %f t}fé%‘ve*ﬂﬁoh Qﬁd)f gfn%ﬁoﬁ Wit the following
separate tank to thé mxture of nolten ca act am and
figurgs.- 4 wt % of water in a nitrogen atnosphere. The
m xture can then be introduced to the reaction tank.
Pol ynmeri zation is typically carried out at 275C for 6
- 9 hours undBmEmEE@rcqawr(m@fF”ﬁﬂﬁmQAwm’Gg he dry
met hod, |.24TL powder is pre-blended with dry
[0028)apr c’ﬂha@rf&nmtpnvmlpn isTRlatsinatsd by wap bf exanepde.i andtnog byrinay 0
te heated to ca
im0 Y i PR R b Sl G5 B which e feagppgomersls
referwgﬁﬁﬁrél@ﬁghfggmﬂﬁ@mhm@ut 50 to about 1000 rpm The
terrperature froflle fromthe m xer_ should range from
[0028)hout 1A ¢ itlBsteates i simplificd diggrgmpiaiasmadrocassisgsugent
comﬁ)%%t to about 275C, depending on the ingredients. The
er mxture can then be added to the reactor for
[003@]0I ynerFIGSH. RARC illistrafd asdt ofdimplified figues biershoivA®biptasma
m xture obta| ne in the mxing step above by heating

comprisingjons Fpdheualsayet 259stdeur e, t hereby giving an

0031t endegiGROBACH R

S Rt 540 R PN Aty i
accordafe ohe emb20d@t 80Me @rventiowfandabl y bet ween 2500C and

00C eferab t OCf r.rapid ress
1003 o1 TG P3RS e pltie Eies 67 ven ks PR efeastacy Substrate that

is befn@%ﬁﬁh@dﬂi §1E1§fnea{‘I’CIj ©B60 fiaBtla RAcloR eacl:@r\iﬁl t8fon€k oél%nt of the
pol yneri zation tenperature, is pref er abl y In the ran

inverftionm 5 to 24 hours. To be nore specific,
pol yneri zati on at 25Q0C. can be put to corrpl etion in
about four hours when an 5% of organic nanoclay is

us ed BET AV DESGRIPTIONIOR THE FIEGRERREDENBOEIMINTS
for conpletion when an 8% clay was_incorporated. The

[0033lesul t ahrenretcnt Biveshies wilkepvobe Mcebfpdalﬁoi@taaywmh réfeignce 19 a few

prefe@e? %fn%g lrl}e?lgsﬁhgﬁgg@sﬁﬁhstgig% gbé?ésa&ﬁglﬁ%l}ﬁ %\A@gs d:ﬁﬁzl?]e f(j)llowmg

descmpftlonaﬁmuéroﬁmpeﬁﬂicf&wﬁ& add set 1drfHGn oedeime prdederd thohigh
resent invention can be nade by elther nmet hod.

underﬁtaélémgt@ haRrESRE FEYepiQrs 1 3ib be AprssnteharavRr, 40 aig glled in the art,
percent of organoclay (Nanocor |.24TL powder) using
both wet and dry nmethods, and with 8 wei ght percent
|.24TL using the dry nethod. ;




After polynerization of polyam de in the presence of
organocl ay final PA-6/nanoclay conposite (Nano- Nyl on)
w@amwehoas7sdnpounded with SBM tri bl ock- copol ynmer PEEUS2005/034034
i mpact nodifier and SEBS-MAH or Lotader 341 0 as
conpati bilizer using ZSK 25 Tw n Screw extruder. The .
that the prysest ineentien endydiepratticas! nadoucsoment Y af shesg gpecific details. In

rocedur et ail ' . . -
other PHREEE, BB EFo ST oY ek ibiohot been doporibod n detal i
order ﬂﬁ?bt bﬁnéﬂeﬁs@?l%ﬁsbuflﬁgh@/mm mventiat. h elr types of

ol ymers before nol ding. an exanpl e,..extrusjon can )
[0034be Lar Wil rmawmh%to&ﬁgw/é\ﬁ by glaaom dielp ,%_e]é‘i)’éﬁ bydhgmverior herein

r- der - . timi

it SR RGP GEn U0 L PR8N e i
substraeetdhsunifongitng from about 50 to about 12000 rpm The

s P s S ol B B S o S
physiéo%?] S{)ﬁ{dﬁw Yerivb QM RALE o 2hERChsiatena Whe Fof B of Bhe RRRdiatlamber

e I'ngredients of the nelt. The extrudate can be
that extendsdielyamdithe subkitrags; ireordentooniaimpize the kackidéffusien of the plasma over

| l.etized, .t | et t h I d by ...
N O T
the suFﬁﬂ%@ whtl al b @atibéitsetpdriiod BEha hbutrdls @hemitab)Seadtarit€)én particular

nvention | npact-nodified polyam de conpounds of the

the neptreltenattaiits lasater dm therhdghudests iy newral reactants area, from diffusing into the

b tt“r ansportation-related nolded itens (e.g., crash
SUDSURKt met s and parts for vehicles such as bunpers and
[0036] ender $) addities; byi atiatvirggthi pREoimivwng fol lereljuseddainesitn] the

_or reinforcing fillers are also addfd (e.qg.., ﬁ{gu%g
uniforseifinelaash srocpweiap cag beapiimigad wehopt Ky, frpeiRg fgsubstrate and

‘ | | fo | icatfod HBRMes a set of
e SR DRI R0 ERE LRIl Bl st
proceSiBE ftegihete hauibingisy Finglisdatiesdeded (iret fetrh ratebie diited by chemical

of the invention are descriped in, the follown

reactigm K71p 8 SUTTESE AP FEOCFER TSV G0 UPBITR0LRE 5b0! lprgefofpn the use

of a 6l m%&nﬂﬁglﬁ% r 6PRb Hﬁ‘i%ﬂarﬁgf M ifi Rad ey akusdphiahl elerhire

exanpl es ound I ngre nts and Order of "Addition
uniforaity.e 3 shows the ingredients of Exanples 1 and 2 and

npar ati ve Exanpl.es A_.and B. Table 4 shows_ the ampunt
(003757 | e SRR MRS TS A BT P SR I plastna
proce%ﬁﬁ%g&ﬁhéé’(‘if WetiaPEIrRth Rt orHcHRke W?Fa@ffng RGn&¥ing fPéeture above the
T-Trel t) and 500 rpm speed. The extrudate was

substatd daingzedeessidg.s Thatds,soeh styuctup prasemsurfeded dor dapositing stch by-

procf N PSP R e Moo d Sl Al nae oromo
the sutaRh@, &uﬁhg WartichecomaReinhtion Haiwevas i 4 Son-3bkibes wag Miwsurrent
that use of inpact nodifier conprisi nglta tri-block

inventiopd$ gesigned psing matesind reststans Foplasma atiack te Fedycoreonipmination. Such

d .al. kyl h | ate . . ' .
e g U1 PR T PR T e .
alumBRAMESEES YAISOS)eedrivngosite {Cs@I sandaganeasur ed by Fl exur al

Modul us. | ndeed, a_ 25% reductiqn %‘F 'f?t i ffness for
[0038]o1 yar Akernatempteripdyihat sasTRbRrRlY VRlatife cichrrogigisgvhen exposed to

plasrf.éa[]o%[egrﬁ%ﬁﬁgg ﬁllcjr}%g g‘?ﬂﬁr?ﬁjl[ %s?éelr&aﬁhseg ?hﬁgﬂﬂﬂs‘ﬁ%s #a$ Also be used to fabricate

extrenely brittle

nanoclay filled



pol yam de (at 700,000 psi Flexural Mdulus) has
t oughness i ncrease by 27,000%wth a 49% reduction in

W@ RIb0BESE. By plotting toughness vs. stiffnesBC/KSZRG/B34034
VS. y axis), one can see that Exanples 1 and 2 result

in extrenely stiff and tough engineered polyneric
the mervabls wnifosmityabigs. & additien. clsanipg gF thei chamberter each processed wafer

. j | . - i Qe
wing §GREHE TN A3 X oS ety iy kS
[0039nanoc! &yshbuld wchotad that thd adoine'efehed fanturtd| dhetaig eomngniss features

and experinental results fo

) -, 19, ich, ..
such asdFraghs: eP8aqiy iast ctPmpbhe etchio i%@ylﬁaegﬂagg il ﬁliﬁaﬁtqwé“;r;tiﬂ fsfisposed on
achu%eﬁﬁﬁﬁ@d%ﬂﬂgg%g¥8%k%§§§gﬁ§k@g. Optional ly, one can add

parts the ingredients of Table 7
[0040] phr) d&f ohaeighodinXht, tlentnixidaning ntaybeghevedfinAu Siher

wax, 0.4 phr of Naugard 445.stabili zer, d Q.2 phr
substat i e Bt gy Gesh (ataF boere of i pifeatty Fehlis about the
same ALEROIs!th YutREEAEPEAPRISw (15 iktkdtd BfucR At ﬁﬁttgz&f thaRiniformity ring is
and processing ease (wax).METHODS AND APPARATUS FOR

equal Tast DB w tIBEDP OF tha ABaIrat®ROCESSI NG STEPS BACKGROUND OF

HE | NVENTI 001] Th resent j.nvention rela i n
[0041$e ner al'® F’B"tgf\lfb%%?o%f%e%ﬁﬁ E‘B{%?Wl?yn%ngv g‘@% lrt?g Inbodlieg éﬁ'gl?ﬁ%{ol 4 range of
positisrfasr frb©Wgail th T RibBeAS tPbelow BiRdudbingef or tuning a set
0

pl asma processing steps. [0002] In the pr oce,ssi_ng
[00420f a sdbenetherembodimentaths anifowmigubghimay prsmpyediingitudo a range of

...ql | ' | '
s BB 0 0 P BORE e
unifofrhy BhE aﬁﬁﬂieﬂgp of tha sebsaate) ahdthedottemartithesubsiigte.
i

substrate is vided into a pluraljty, of, dies,  or
[0043] ect andbieaether @raRo dingptnthsmeyeblepmiformity, gag isprgferably formed from

a matigﬁgélgg%t% ?lﬂ)fs{:agl Eigl%éfeﬁiﬁfgﬂv\ﬁoﬂaﬁn%% B fhelptas ?}E%P%ﬁﬁﬁqﬁ?/ Efhmber

es O erial’s ar ective
(e.g., imDioahe featiive spgdiegnThalmpesbl¢ enif¢rdatyosig shonld benformelbof a material

oSt el cometiats LhEceb0 O00EL 1B SR b
[004éﬂhi N fifhMhefhePahBSIRENES BthBiORatktials are SHPIBy&RS IRanother

hot oresi st mask) prior to etching. Areas of the )
emboldimetematerialsissétors wirbint oxide £ tzingeniyny exide/dO2), silicon carbide

.causi.ng co nents of the. erlying | ayer to b ne
si0e At S BH0LE Btwh eSidEROMY nf iy g Mother
embdiA&RSHbRHakRBAPALING HttAuMY BFdonRire, SLRARRKE, of bérilfh 2§ be used.
conprising a nono-polar or bi-polar electrode, called
Furtharradraclhe onifpeeitsstiag mapbp ferpredof an plierspigsnaieréal pyihna coating of the
bovSE uent idal I é truck to in order to etch various
above SBUONEA YIS o t he substrate. [0004] Plasma is
[0043)ener al In\an6tePEmbedimeht, fRthbwbleyurifominte dingasay Hefoausdfrom
the plasma _discharge is RF drjven and weakly ionized,
mategialg githorpdatile eich prostusts sucthasel ¢flom, Vesneheteral equi | i bri um
th i e . o _ L
0048 ¢ hangh BgBREbmbRimS, M hOGHNARKFncl Mg Ehech el @biide o
unifof@. temperatugothrowghoul the elchitippeoesaision redute thdwmemit of polymer build

ener gy. Because. el ectr.ons_have supstantially | ess mas
up ort e icRties Ob 1h6 HETTEY HOE, GRIAIAISs HAMTS Blasers dpppatiap aretited to

surfadd RARLarlBATHAE, the eoél%g?émﬁé%‘ce&' - grddidrhd %itfbﬁ that must be
cause the taster nmovi ng el ectrons to é% ost t
surfaces within the plasma processing system
subsequently creating positively charged ion sheath
bet ween the plasma and the surface. lons that enter
the sheath are then accelerated into the surface.
[ 0005] Lower RF frequencies ®end to cause plasma ions
to cross the sheath in |less than one RF cycle,
creating large variations in ion energy. Likew se,
hi gher RF frequencies tend tocause plasna ions take
several RP cycles to cross the sheath, creating a nore
consi stent set of ion energies. H gher frequency tends
to result in |ower sheath voltages than when excited




| ower frequency signal at a simlar power |evel.
[ 0006] Referring nowto FIG 1, a sinplified diagram
W@R00pl0aEAR processi ng system conponents i s ShoOMIT/US2005/034034
Generally, an appropriate set of gases is flowed into
chanber 102 throu?h an inlet 108 fromgas_distribution
cleanedy Jiherpfargsthe Teaseblegimiformity Fing isgypisrblacndigugd tgde hot enough to

preve B bOREI R0 i PO} BRRI BT U A, L eae of

[0047pubst r Hbﬁe@ir{ble shemoasblausidnrinityrrthgahay beshémwl@t eondnctzon or
gl ass pane, itioned with edge ring 115 0

radiatpoEiis G i 81D diehealing Soidh (eicorPiocfiigaly). higgting lamps, fluid
passa%r s OMlad6S 1iRe, BAS n«_ib&r o@ﬁ&g‘ﬁl%'i‘ﬁnffbﬁmﬁl Asereraid b 8mBb&aHt, the

cessing c as helping to optim ze
tempepdtarerod theliovabls uhistmutyeringlmay p@mdmamélydzostrolﬂm Fpoerample,

system 122 is pn| ri.se f co ress
When&lgg tlwlg chggg ,ftﬁrr grf sifle gg S]g§eﬁgal)élq§g§fore the
contrc(lf‘cr 23 des@ﬂ&ﬁto IQ&E& he@lé?ﬁew@'ﬂn '53der @Fﬂmalﬂﬂﬁﬁ fche?ﬁ‘gg\e;:r e pérature.
H3, SF6, Bd 3, G,
COrres;ioudynglyeasatoyg¢nm@¢<tbsm>¢dwaterrwbelb@efw pa@laspiaot ect ed

ooss, 2, SIS CEREEAARE, SRR 4 3heG58Lr BB syt v

according @ dnc@biimest ¢fekd eent{ono lK‘dfé‘rth gowfto FIGI 3Mstovdie umformlty
control valve, and control and S|gnal-proceSS|n

ring 36P écpasiitingd pelovnsubsiraie 383 dThat i, movableivaienity Hps ¢ 302 has not been
eleva’&eg %&o el%ft o%ta%%?lgélg?é g? ﬁ"gé g.gfsf 1%1%/ 1?1%%15@&%1&%%8% 8}§en§1‘?g5308 that is
configuiéd forl dGe&iny pecies pf the phsing goxgﬁﬂe shukR 4 14nF urt@hmnteethe umform1ty

102. [ 0008] | nduct |13, t
ring %Yéserﬁ@nﬁgu']@ d?l&}u?géhgpaeggﬂ %ﬁ@%'@ﬁ% 23 a?rgazvﬁggiat llrl“%jPS ool the
amouhf! g@aeéadlgﬂn%ﬁfedv[@@é{lﬁwra% Cﬁl‘fﬂtll ‘Eo&k'srlﬁ nt in the plasm

processing gases to create p . The wi ndow bot h
[0049@ r ot ectss prmiunstly statedpions flersity ﬁQ&b; amd m&(b,euiaaldlemltyo&%)a in plasma

th field t {rat t |
3100 (ErEB08 s b HAPER S HO B HRAS Glphied Gonf AUEE PEATEgRe I
gener%l3 %thu ! tl%%ﬂ%yl«%)ﬁe Behital iBcRisNY hidBtaMHeledtsd &f thRatibsiye, a non-

er coupled to RF generator 138. t chi ng
uniforme elohbktvie8n th camqrtand edganelitbhsubseateippodnesd. of RF

e

subst4#RRAAY 3l to SEH¥Rate)308. Thatioahbnilsyitfoeity $ingBoR hasbéeh elevated
the chuck in order to achieve thermal _equilibriumonce

304 ftqmecllrma&édﬂ by, a@mlméal 8. THelilersishoyn &y ElGe A, by dniroduging a
umfopfﬂxtf%laa% @cgl\r}c:ﬁpé %q%k d%ﬁ%gﬁr{dﬁr%thg E%&l& th%eﬁls)s‘?lla?enheutral

um gas
reactdREEhdRE\WaESN of ﬂhe sﬁﬂiﬁﬂt&‘& a6 ﬁlﬂs{mﬁtlslllbbblbéladdeﬁroﬂl meacting with the edge

addition to renoving the generated heat, the heli
of theymbstaate ol hel destogse encutsal Parind fak sFqupg they ?f{gm of ﬂ&f‘ofﬁlﬁﬁt&te tends to
pocl S rl SRR o8 phfot UORASASh SRS p B
[0051\]/bst pl E}Smeqmive@%lgﬂsngg thedtesgin ofithe nadvableamiformity edg hxy-s1tu the

sophi sti cat ed co uters co i sin erati
densify Bghangiil i QhyBY 1 B eh ST B A el fone (e Vasous ypes
( e ThiaRl
of pl{gﬁﬁ%@ﬁlﬁs&ﬁésqgat%%svﬁfgsteg%ﬁﬁ?% é girrjlrﬁlee ﬁg%bgsglg g%stesﬁ‘)ge r"]fe i I]l;/stment
may subséquguilgbelp dmpeoveaidld, camﬂa]ne Wea@lhmoﬁu@msthlronghwyst em
and a specific recipe. [0010] In general, there are
three types of etch processes used to etch the various
| ayers on the substrate: pure chem cal etch, pure
physi cal etch, and reactive 1bn etch. [0011] Pure
chem cal etching generally involves no physica
bonbar dnent, but rather a chem cal interaction of
neutral nol ecules (neutrals) with materials on the
substrate (e.g., A, etc.). Subsequently, the cheni ca
reaction rate could be very high or very | ow,
dependlng on the process. For exanple fluorlne based




subsequently accel erate toward a negatively charged
substrate. Pure ion etching is both anisotropic (i.e
w@rinaosq@ad |y in one direction) and non-sel ectiRET/UTIVA$/034034
is, selectivity to a particular material tends to be
very poor, since sputtering rate of nbst materials are
[00524i mi | aiThe improvemeniga subsiateimitormity sarpbe substaptiple Hoggxample,

referriy tgcrp)'wptﬁéjl(sj % omgilﬁ{e% Qé/i’ ‘of ﬁja%'gre.ﬂ:g f gﬁ?)@&?}%}%ﬂ%&ﬁﬁ& is being

ener gy
etchecRﬁﬁﬁtu e TCm2300chlaghi E)actoﬂlvﬁﬁclcalalveﬂhbil@ﬁemrﬂ:m Reskarch
t chi nf%l conbi_nes bo«%lh chem c ikggnl?egi{lgcesses in
Corpqrateréro derpaRip (& ALROSHING Lo PR f eRtony
[00535’hOt Or 83 bo thé1d¥er Qﬁél@ %er Is(‘sh))wn%:ﬁﬁ@ﬁ dklds 419n%bove layer
t he Iasrra enhance "a em ca process by strik

414 ig disposed {1 haryer 412, tchmpssrhg it dbommthyesulddgdisposed a layer 410,
hreakj ng t he cal t(g of t hle at@gs on the .. TiN.
compaipg 3REIRYMG ere clagerd st 18y e fOg e pmprising Ti

Abové ?%%f A EEhMfetE dfsB@seH@&R@' Rﬁd ﬁflall}h absRARyGA06RRSE @ﬁcﬁsposed
Since 1on etching is mainly perpendlcular whil e the

photocdsfsm cal etching is both perpendicular and verti cal,

Tousdie, PERERGHSL LR S KBk FubBER VG ek Plaaitons o
plasnia%élﬁe B}gcuﬁﬂw frh& st 9 hiaRRialk Hefrf didied. [HNEAN, blemerésist 404 and
one l'em t hat has been encountered with both pure

BARE H@ﬁramtc@doﬁmgg}ﬂﬁwﬂw @uenmwbaﬁgd gigh ppeasss t¢.g. 10mT pressure, 1000

wer Bk b5 A B0 P05, B30 A B e o

40 depfe@€ €8Rius). tSihse e n@{sairé gerib@dllyLdsatstﬁtg thy chemieul progess, the movable
t het hi ckness before and after _the agtch process and

unifognify Hngpeadaéo bapesifiensd sybstardially eguapyo thesubsteate-t i ne:

os| R SRl IR TR S G e o0

10m MBI Whics sttt ke 200 sas ok {DORC G124 1 SCCMs
the thickness at cert ints before.and, a .
BCh P e RS ChliedNo ans oF SHEAgh e reipror 1P AFSChREs and with
subst&?é & eramg o?ﬁ@ﬁeéﬁ@éé’@el&% ). axg fr?ﬁ@p Y%'lﬂb%)th@fonﬁ he ﬁnerally

nmeasurenent I1s: X = ere
assisting the themieslqiroceas, ehemoaalslp enufcmmtyprmgneedsm berm)smoned

sub trat nd the total nunber of points. [0016]
SubStﬁF"I‘? "’ﬁrt?ra? %‘ﬂpﬁ ars%nuni formity is defined as: J1

[005((]Xmax Asikp)3, Al 910 3 1Ol AlsinpQf chiorfi¥Mba8ed GOR pAIcess wing a chemical
the substraté may be etched at a faster rate than

- process (et d Omdr prassure 6@@Néuraiuct1@ Wu?ﬂofWrwaemwfnﬂgﬂ 2auds Clp, 100

SRR AR L 24 BocHR) o 8t RS BB i
substlrdté‘%nﬁierdtlﬂe 2010 degeesCElsuse S{dWeﬁ»%r %ﬁ%ﬁﬂ@re%bmsﬁtepﬁﬁme movable

d to device failure. Still further non- uni f or

unifosmiyi ring hgebrenaiosijionedisuchithas thebatiom ef the Pﬂﬁolﬂﬁlﬁr’c@%@ is 2bout the

h
o T
substéﬁt@dll@lﬁdmid ne&tralﬁ fone eastng withilst gdge of t}iécmbmmrpﬂoducmg a more

often in a ch mcal or R E et¢ch process, the etch ra
uniforey efghy With thy mﬁvghlerunafrmpmé rlea gbplsre PW@’%@H&FrW%H@&%‘mW of

¢ rat
aboug gt%r#) ga trlgég%nol%sa%g@%(% e sur ?gac e, or %&/’I%F%Ar%nst% g E}w movable
unifoeinéth aing, the anspaidusimintioawsifrsiityds abositi 2¥eto abofttiiA9]
Referring nowto FIGS. 2A-C, a set of sinplified
figures are shown of a plasma conprising ions and
neutrals over a substrate. It is often advantageous in
t he processing of substratesito etch as many substrate
| ayers as possible during a single processing session
(i.e., in-situ). For exanple, in-situ processing tends
to mnimze the handling of each substrate, and hence
to inprove yield, to inprove the overall production
t hroughput, and to help mninmze theanount of plasma
processrng chanbers requrred It mould therefore be

a o o N o



substantially uni formanong the various types of
pl asma chem stries, since a substantially uniform
wW@b@soss78ensi ty general |y produces a substant i BET/¥S2005/034034
uniformetch. FIG 2A shows a sinplified diagramof a
pl asma processi ng chanber, in which the neutral )
[0057fiensi t yn stepd lkndtepRe TN 408 éngehed usingin ehlerine-based etchant using
RIE substantially uniform across the surface of substrate
*114. [0020] In addition, the portion of the plasm
[0058] hat extrRrFimIIp ey @teﬁ 51 ic@tgadod 14 ketchod asingh RIERY a chemical
create a larger volune of neutrals available tg etcﬂu(nzloo

process{e.go dgimT presspis, 80 indueivePonishFI8 Y bipshepesd eyl
s oSt el . g
scorfd Bl e ARSI i ARyl S MRout s gesdof

movablg uddformsispshgnti al |y uni form subsequently producing a
non uniformetch profile across the surface of
[0059% ybst r aVhile s inyesivnbasfeg crztmddle fegms ﬁxg§ev;§5al preferred
emboﬁﬁ%én?é’vtﬁeli]@ L @0BLEhS, ?Enﬁt&@ticﬁfs,aaﬁﬂﬁbqﬁﬁ@féﬁ%rwhieh eA1P®{thin@he scope
substantiall'y equalize the anount of neutrals over the
of thisinlysttiat For leravapler althiough frequesssigvertion hos betradrspribddyin

use ions, narrow ng the chanb uld also caus re
conngehy VG HYSTEGRECEATOHE BYPLBR PG LS NIRRTy G PRt
Exelaff@l k. pihhsmwaprhiogend wigsyeasear! &€.),| dier plasma processing systems

concentrations, and hence the etch rate, at the ed

: . the edge
may tfusethe Thigtistentive mag|aso temsshuiih sabsiiags|of vadensdliawetarn (c.g., 200

a_pl.as I QCessi_n h elyq . ' j '
e, 00,8 SRR SR, Sy PP A W PR by
alternRfi GEWEY\EE ithplifentin b gy medib@dloDhe bidsent dgvention.t he
surface of sSubstrate 114. [0022] In view, of .the

[006G] or egoiAwdyantages nclide meghqds and Arnareesos ARtIRzIag Wingkilifyin a plasma
tuni f _pl ' . . .
e L

acros€ HhedifERMtproddlses ip b ptusmaphanbas miginsyisg anmufactuaingwyidid groblems,
of tuning of a set of plﬁsna processi ng steps. The
and opHpREAS PRSNE REases g tRFNgAY i r st pl asma conpri si ng
eut r al i [ i i ions and
0060t 2 8RR oS e SHE, DR i
variatiorfs hay bemade toghs tisplosedsatbalimbiaty shile oemainingtywithin the; subject and

..pasitioning a vahl e. u igg&nit .ring around the

Splms‘%lg%et Yo @gﬁ?% @8?‘?1 188 P%‘Hﬁ% of the uniformty
ring is about the sane height as a top surface of the
substrate; and striking a second plasma consisting
essentially of neutrals in the plasm reactor of the
pl asma processi ng system The nmethod further includes
etching in a second etching step the set of |ayers on
t he substrate; andwherein the etching in the first
step and the etching in the second step are
substantially uniform [0024] The invention relates,
i n anot her enbodi ment, in a plasma processing system
including a plasma reactor, to a nethod of tuning of a
set of plasnma processing steps. The nethod i ncl udes
positioning the novable uniformty ring around the
substrate, wherein a top surface of the uniformty
ring is at a first height above a bottom surface of
the plasnma reactor. The nethod al so includes striking
a first plasma conprising neutrals and ions in the
pl asma reactor; etching in a first etching step a set
of layers on a substrate, wherein a first anmount of
etch uniformty on the substrate is achieved; and
repositioning the novable uni2ormty ring around the
substrate, wherein the top surface of the uniformty
ring is at a second hei ght above the bottom surface of
the plasma reactor. The nethod further includes
striking a second plasma consisting essentially of
neutrals; and etching in a second etching step the set
of layers on the substrate, wherein a second anount of

N . - N .



striking a first plasma conprising neutrals and ions
in a plasnma reactor of the plasm processing system
wab@etai7idd al so i ncl udes a neans of etching i PCHUB2005034034
etching step a set of layers on a substrate; a neans
of positioning a novable uniformty ring around the
substrate, wherein a bott@hf\BPface of the uniformty
I i s.about the sanme height as a top surface of the
What’s?ﬁ@%‘?‘?ifse; and a neans of striking a second pl asna
consi sting essentially of neutrals in the plasm
reactor. The nmethod further includes a neans of .
1. et chi nb 4 plasma prasasing RicHY 2 Sl d ¢fduripg obp sptaf plasmgprocessing
ste St?qrg ’??L#g trate. Wierein the etching in the first step
PS, ERGPTheS et chi ng in the second step are substantially
uni f or saik{rRQ2Bist plaema coteptisinmnnevttalst and jonsinarpdasmes reactor of said
enbodi ment, in a plasm processing systemincluding a
plasmp PEOSRWINEHERBYE, to an apparatus for tuning of a set of
pl asma [ AhERS T, t ' es a
nmeans 8@1%%21?? iﬂg%i ng a %%R/ggeltgpﬁi&?odﬁ% S{dggﬂrr?t%g around
t he supstitiaiag anierblemnmiotrity Sug irmuad sfid shlstraie, Pherein g bottom

stk Sl b SO RS SRR g e
nmeans ofiikildd ;ﬁeicﬂlgcll Blafrhé SbnsihiAg BB:cARATHY d{Siehfald @Y tdidbRisma reactor

and ions 1 the plasma reactor; nmeans of etching in a
of said plasiha ptacikessmg systgp;a set of | ayerson a substrate,

wherein a. fi.rst amgunt, .of etch i form.t .

subst r ggcglr}gsm g@ﬁ?og@ee&m%%epas% gehq g ; garyg}rse%losg |ﬂ¥ glugﬁtlraﬁ%’

t he novaRlsn S0l bRAHgtN kit Fstatepuind shidetchilisinrsaidesecond step are
wherein the top surtgace of the uniformty ring is at a

subsiagiaby undpyht above the bottom surface of the plasma
reactor. The apparatus further includes a neans of
striking a second plasma consisting essentially of

2. neutr alThe neth®boiclaiin Eiveieidig aistepaf skaning seitl pdsng rsa@qr is
the set of layers gn the fubs rate, wherein a second

condugtadiniior & theistap afisiridngsad eshPidg@asubst rate is
achi eved. Werein the first anmobunt of etch uniformty
and the second anount of etch uniformty are

3. subst amtheahdtodiof dlainn2, Wixadd kaidstepeof aledniogiseid flasatancacior
of the present invention will be described in nore

COMPESRS waiggpmu%cl@qpeprggqsg.i | ed description of the
invention and in conjunction with the foll ow ng
figures. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0028] The

4. presentThermethod oficlais 1, wheseinaeiddndmableaynilormuy simglcemprises a
and not of, Limtation, in the figures of the

mate%ﬁé%%ﬁ%%ﬁggﬁg%?&{}?%‘gs and in which |ike reference
nunerals refer to simlar elenments and in which:
[0029] FIG 1 illustrates a sinplified di agram of

5.  pl asna Preovebed nficlaips ¢ ewhaseimsaidanaterial compoFesmuagz. 2A- C
illustrate a set of sinplified figures are shown of a
pl asma conprising ions and neutrals over a substrate,;

6. [0031] FeGRethddoBelainh 4sihdatia saidsharptialfcoagrises Y40;.
di agrams of a novable uniformty ring, according to
one enbodi nent of the invention; and [0032] FIG 4

illustrate L AR i .

7. exenpléﬁ%”%ﬁ%gépa 8ﬁ%ﬁ§?h§§ﬁﬁ§?H%Qéﬁ§ﬁ% ?%é%ﬁ?ﬂ%?n a
TCP 2300 plasma reactor, according to one enbodi nent
of the invention. DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS [ 0033] The present invention
wi Il now be described in detail with reference to a
few preferred enbodi ments th&eof as illustrated in
t he acconpanyi ng draw ngs, hi the follow ng
description, numerous specific details are set forth
in order to provide a thorough understandi ng of the
present invention. It will be apparent, however, to
one skilled in the art,that the present invention my
be practiced w thout sone or all of these specific

N .
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order to not unnecessarily obscure the present
i nvention. [0034] Wiile not wishing to be bound by

w0 b@ege753t i s believed by the inventor herei nPCTYEB2085/034034

10.

11.

12.

13.

14.

novabl e uniformty ring can be used in plasm
processing applications in order optimze substrate

et ch uithé orethadyof damab whereimsaidmatssial eRmepiiey Ceo.
novabl e uniformty ring can create a substantia

physi cal boundary between the edge of the substrate
and t hehpafethodof@aibnnE viletsieaid hawdial céhptises xtitmds
beyond the substrate, in order to mnimze the back

di ffusion of the plasm over the edge of the

substr i S,q 1 : ' ] [ can be
positighga“%%ﬁ§ﬂ¥$%ﬁﬂgQwﬁg¥§%g§?#§#%@&?? ﬂ%ﬁfﬁ??'that
bl ocks a portion of the neutrals (chemcal) reactants,
in partjcul ar neutral reactants.located in the

i b ok mohedaiciam homtraedc Bl Podnios R
into the substrate. [0036] In addition, by allow ng
the uniformty ring to be adjusted in-situ, the

uni f or ihe ynetiiodeefoiaipr hodwseis sa nudgriab eowprisasiZzOa

wi thout first renoving the substrate and adjusting the
uniformty ring. That is, if the conplete etch

appl i cghi PREhATHUARM A WiRkeiR baid hRfQES cOBPEERREcHhiane a
uniformty ring is both needed (i.e., etch rate is
limted by chemical reaction rates at surface), and

hon+ Abcreatsd SERREL A B fody BB oty AR EGprises o

then t unitormty ring,

materid] ka0 bERcrMes & B voltild ettleprbdhcts avhen bryusedrad sadd/firsablasma and said

uniformty. [0037] Generally, novable uniformty rings

seconplasigener al | y not been used in plasma processing

15.

16.

17.

because of potential contam nation cause by placing a
novi ng structure above the substrate during

pr oces Sihegnethddof ¢laim 4,uelersin said materigh cemprisessiaffoaces
for depositing etch by products (e.g., polyners). Wen
the uniformty ring is noved, the deposits may fl ake
of fontyg, LAEnSHBFLILA §; widtAsHiE iRAéddl ehfprises Vesrplel.
contam nation. However, 1n a non-obvious way, the
current invention is designed using material resistant

it or | S THEOA RET L T TR P P COBPTSG b whitpailly pure

plastigXi de (Zr@2), silicon carbide (SiC), alum num oxide

18.

19.

20.

(Al 20G3), ceriumoxide (CeQ2), and quartz. [0038]
Alternate materials that generate only volatile etch

et | on. hpusaepd SEQREE 4 PnBHRSR SR S S Ry R

used to fabricatethe novable uniformty rings. In

addi tion, cleaning of the chanber after each processed
waf er uEhetgethodaf eleined swhere said mayablsipiernity fifg is heated.
bui | dup of deposits that can flake off is mnimzed.
[0039] It should be noted that the term "etched

f eat ur 3"a plasned proecsdgpasssintdingragslasnicieadtdr, a method of tuning
trenches, contacts, vias, etc. The etching takes pl ace

of a sghof RlasnprePoaessinEHWs| WIIIsE8sed on a chuck within the

pl asma SRW R &Bﬁiﬁﬂg@ %%ifénrgl\?tgglqgl HoHia gﬂrréf@,r\;fherein a top

t he uni‘tor ring n-situ ert

surfaseibBdafthimifdrinytyaingaik at ofitshheighttbbras bottem strfadeatf saidglasma

bottom of the uniformty right is about the sane

hei ght as the substrate) and bel ow the substrate (such
that the top of the uniformty ring is equal to or
bel ow the top of the substrat4). [0041] In another
enbodi nent, the uniformty ring my be noved in-situ
to a range of positions fromequal to the substrate to
bel ow t he substrate. [0042] In another enbodi nent, the
uniformty right may be noved in-situ to a range of
positions from above the substrate (such that there is
a gap between the bottomof the uniformty ring and

e Y a1 " . T a1



(e.g., inert to the reactive species). The novable
uniformty ring should be fornmed of a material that is
W@Rioe/ 0853 t hst and the plasma envi ronnment w t hBOL/US2005/034034
unduly contam nating the substrate. [0044] In another
enbodi nent, ceramic materials are enployed. In another
reactognbodi nent, materials such as yttrium oxide (Y20),

zi rconi um oxi de roR)., sildc [ Si Oy .
21 U nHRBE L ARYeR porBlpihg AP et e plasgra pepoto
may beeldbRd. in bFirgrpdhings stepd ediofeiytrs oiied @ibkts, wherein a first
conprising yttrium_zirconium, alum num or cerium nmay
amoupieof gtebdmifbrrhity en seid subsirete isacisyadi ty ring may be
fornmed of . | t g?ﬁﬁi' i i ‘) cai
above RERt 1?i§%1;ﬁ§ sﬁi&l{lgé\f‘ag S. '[Ob%ié‘f%fﬁ]% Ercglrlllgg ﬁfgrslagSt%e’%rem said
top suefaboel JaRhiniforméty ringdbbea secofdheiplitbovaspidrbgttdme stufaceed said
frommaterials with volatile etch products such as
plasnaeack; Vespel etc. [0046] In another enbodi nent, the
movabl g il PLITbR plabild chibidlingleadnfil,PéfQichiglsa uni for m
tenperature throughout the etching process and to )
r educ e etchingadmasatondfetghihy step sdidisét df lgyersront saisl sbstrate oxherein a
f the iforn.ty.ring..Geperally,,.pl asma process
Seco“ﬁ@ﬁ’&é"fﬂt ‘?LP&’;FH ‘émn%"é%ﬂy 88%?’61 %‘B?et?ag%'é af’lé‘ﬁ%%f ature. That is,
the cogligfeid had FeAREoAht6RotcH RBf@AREAA s4ih8echRARSIJUhOHE etch
t hat nust becl eaned. Therefore, the novable uniformty
unifomitygare sulptatieHpbhifomonf i gured to be hot enough to
prevent polynmer deposition on the side walls of the
uniformty ring. [0047] For exanple, the novable
21. uni f or nink Yndih&Do MR, kRt a Biep 00 Bidbiging 6id Plasma reactor is
radi ation. This may be inplenmented by heating coils
condyctedgprior &b thetstepoadistriking spadfirshglas@aps, flui d passages,
and the like, inside or outside the uniformty ring.
I n anot her enbodi nent, the tenperature of the novable
22. uni f or MikeyndthétoM@EynbE] ,auticosimtaid sleb i cleaningIshid plaskmrreactor
exanpl e, when the plasma is charged, the heat inside
comprifes acWalsrless aytmelea PYciSSses, and therefore the
controller is designed to reduce heater power in order
- to maintain the proper tenperature. Correspondingly,
23. heat i Thgencthed eficlhbiyn 2hevlieesin eaid Wvemblehmiformyy nog comprises a
pl asma. g0048] th@a 3A-B show a sinplified set of
materigl Jefidiant toplasia a ble uniformity ring, according to
one enbodi nent of the invention. Referring nowto FIG
3A, novable uniformty ring 302 is positioned bel ow
24. subst r &fte R&@Bod Fhelbim 23, whwveiblsaid mmitérial gpmprisdsyypaga?
has not been el evated fromelectrostatic chuck 314.
The uniformty ring also includes an opening 308 that
25. 15 confrigun&tod 8f cldink 83, witdeif BEE n@ferdl chMPrifdsABITR,.
towards chuck 314. Furthernore, the uniformty ring
may be configured with a substantial wall thickness

26. Gistri oRaRePbo A e Er 0o S i BTk Ebnges PBBR

As previously stated, ions density 320b and the
neut r al densitg 320a in plasma 31Ca determ ne the etch
27. uni f or iTheymethed aheleim 3B swhireip saidanaderial wemprisesdeOnf
substrate. In general, when the density of the neutra
reactants is high at the edge of the substrate, a non ,
28. uni f or nTies :@bthbe bivekaiin DB ewhesinsnidandetad gemplis¢sherium.
substrate is produced. [0050] Referring nowto FIG 3B
novabl e uniformty ring 302 is positioned
substantially equal to substrate 303. That is, novable
uniformty ring 302 has beenisl evated 304 from chuck
314 by an anount 318. Unlike as shown in FIG 3A by
introducing a uniformty ring above the chuck and
surroundi ng the periphery of the substrate, neutra
reactants around the edge of the substrate are
substantially bl ocked fromreacting with the edge of
the substrate. The decrease in neutral reactant fl ux

o o a1 " T a




may subsequently help inprove yield, and the overal

production throughput.[0052] The inprovenent to
waawsis@se uniformty can be substantial. For PXEDPL085/034034

referring nowto FIG 4, a sinplified set of |ayer

stacks of an exenplary substrate, is being etched

in-situ in a TCP 2300 plasma reactor, which is

avai |l akle fr . . COr. ' .Fr nt,

2. Ch oA o S R B s PIRR
[0053] At the bottomof the |ayer stack, there is
shown silicon oxide 414. Above | ayer. 414 is disposed a

30. | ayer 4hs metknfoet datag3riviereansaid nfaigyist comprises ahinaig¥ed
a layer 410, conprising alum num Above |ayer 410 is
di sposed a | ayer 408, again conprising TiN Above

31. layer AW6 ndtkodeof daini 23 sderkiBRCmatanthl €omptiseg Zr@bhove
| ayer 406 there is disposed photoresist. [0054] In
general , each process step conprises a set of plasma

32, Processyg ?ﬁkﬁ*h&d SNSaif B vHRLRS SR hREdrRE c RS 28€odiah.
the set of naterials being etched. In step 1,
phot oresi st 404 and BARC 406 are etched using RIE with

a fluorine-has t.c rqcess (.e.d. 1OMl. pressure .
33, T000 VPSR TUE FOWBErs a8 whsrdE bRy Ypgeompriss o
mater$ € gBilerstbda bdtQ0latidd etch pduét Svhee BRSIsad t Qidfirst Blasma and said
degrees Celsius). Since the ions are generally
secondPasyig ng t he chenical process, the novable uniformty
ring needs to be positioned substantially equal to the
substrate. [0055] In step 2, TiN 408 is etched using a
34. chl ori Mhehagkel ef dfinp3 eaRseit said thalirkal Cenpriset Weflon.
pressure, 1000 Watts i nductive power, 200 W bias power,
100 SCCvs Cl12, 100 SCCvs BO 3, possible additives CH4,
N, an r j . I : : ,
35, Snd wi (e SRS, (eR Bid i 3icl Loipats Ve
Celsius.). As in step 1, since the ions are generally

assisting th hem cal , pr,ocess,..th vabl e uniformt
36. 11y noRtmaBode st $1.OHE6 St AL PP Be APy Rkl pure
maﬁﬁybstrate. [0056] In step 3, Al 410 is etched using a

chl ori ne- based etch process using a chem cal process
(e.g. 10l pressure, 600 Winductive power, 200 Wbias

power, 100 2 00 SCCMs .BCl 3, -addi t.ives N2,.

37. B aeon Rt (Tt 2o ot i iad B  eie:
and with substrate tenperature of 40 degrees Cel sius).
However, unlike the previous steps, the novable

38. uni f or Mheymethedjofelainb2@rwhsse said mexable yaiompitt ringis heated.
bottom of the uniformty right is about the sane
hei ght as the substrate. As previously described, the

39. novabl gnunildsaiaproyesking gy st sdrodppaablsyfobluaiile oteidet f slasma
fromreacting with the edge of the substrate producing

Processing FepH §PMPFIANGt ch. Wth the novable uniformty ring

in plac -~ M - 1] I f: ' . 8%

about - 1ose s el kU b QoA oot an1Gh in¥fihda reacor
of saidrpisagocdssineysieabl e uniformity ring, the

max- n nus-mn nonunif%rnit .1's about ﬁooto abqg%

5% [ 005%¢ans lﬁ’f§1icblg§184n il ¢ P a5 Of (Y IS ONR Fhelgate;

usi ng . 0. .

Fnal| st pSASARE nRyb i AiFR ronR e sutite, whetein
a botidhisurface of seddruniddbrnptyadesis abeutghe afwhepels as artep sBBOe W said

i nductive power, 200 Wbias power, 100 SCCM C 2 100

SCCMs BCl 3, and with substrate tenperature of 40

degrees Celsius.), without the need of a novable

uniformty ring. [0059] WiilB this invention has been

described in terns of several preferred enbodi nents,

there are alterations, pernutations, and equival ents

which fall within the scope of this invention. For

exanpl e, al though the present invention has been

descri bed in connection with plasma processing systens

from Lam Research Corp. (e.g., Exelan(tnm), Exelan(tm

p— p— 11 P Y \ 7 _ o ~ o,




alternative ways of inplenenting the nmethods of the
present invention. [0060] Advantages include nethods
war@eappss at us for optimzing tunability in a PCEHERR05/034034
processi ng system Additional advantages include
substantially inproving etch uniformty across a set
substraik; et ch processes in a plasma chamber, minim zing

manuf act ur i i.el t i a2 0 cai
proceotiy S S oot pbETn cPAt AR SRrtpIgoPARRAR in seid
plasm&¥@ppl;ary enbodi nents and the best node, nodifications
and vari ati ons may, be made taq the di.gcl osed 4 substrate:
erbod FEARSORAHINGS ghie PO CRE AIER Stifl Geliipess omyfpjd substrate;
spirit : | I ORL: ' fialshiaWeEshd step are
ol ai ms PR A AP S Rrd §ep and sl clhig {1 @ ettind scp
substaptigltyewsiforgn. system a nmethod of tuning of a set of
pl asma processing steps, conprising: striking a first
pl asma conprising neutrals and ions in a plasma
40. Teact ompotysakils Bf ASHR3 NRARESS hREEpDY Sle@Ring ShidRilAiehd Radtor is
first etch%)ng step a set of |ayers on a substrate;
conduptediptiootu thg step b vtzdking said first plasya.r i ng ar ound sai d
substrate, wherein a bottom surface of said uniformty
ring i s about the sane height as a top surface of said
41. substr ghgapsdrituk bNdaitn S6GAHMeiR s@d RRep@PRRiasingR@id plasma reactor
essentially of neutrals in said plasm reactor of said
comppsea arveafpriess eyt olepndyesesty et ching in a second etching
step said set of |layers on said substrate; wherein
said etching in said first step and said etching in
42. said squergpahiap oftlring 89siiRmtin ahidynasableamifority Ting comprises a
met hod of c?ain11, wherein a step of cleaning said
materisil sesiptant tnplespa ptiackonduct ed prior to the step of
striking said first plasma. 3. The nethod of claim 2,
wherein said step of cleaning said plasna reactor
43. conpri S&s appavatue of elasn 42 whertieaaidpngera somprisdguartz.
met hod of claim 1, wherein said novable uniformty
ring conprises a material resistant to plasm attack.
44, 5. The Tﬂétagg&a £ of Ligiiiu4,; whdeihQhi stk Gal BohEse Y205,
conpri ses artz. 6. The nmethod of claim4, wherein
said material conprises Y20 . 7. The nethod of claim

‘ 4, wherein said teri C ris ttrium8. The.

45. et hod 0¥ @PHA{YS 4 C@H’@?‘éi Wﬁ%g@&%%tﬂ‘%h COEBRSF -‘Efg%“m'
Ce@®. 9. The nethod of claim4, wherein said materi al
conprises cerium 10. The nmet hod of claim4, wherein

46. sai d mekherappiratie Wb claie 42 Avipreinisaid mpferipferopagiset CePai m
4, wherein said material conprises alum num 12. The
met hod of claim4, wherein said material conprises ZrO

47. - 13. TR Jpphfaad oBtlathadvhereihaldanmetial cdniprisey ceaium.
conprises zirconium 14. The nethod of claim1,
wherein said novable uniformty ring conprises a
mat er i t r Y j ts

48. when e>a<lf esag’ggliagl%g Zicgﬁlﬁi%rz 2?’ ﬁ%%gs%ﬁg%ﬂgﬁ%%ogﬁégggﬁg@ >
plasma. 15. The nethod of claim4, wherein said
mat eri al conprises Teflan. 16, The nethod of, claim.4,

49. wher ei nlheappassset icm ddnphesisalgonpisrial comprisgdalyayngy
of claim 14, wherein said material conprises a
substantially pure plastic. 18. The nethod of claim4,

50. wher ei nTigadpparmisefickimei@rpheeassaid metesni comprises ZrO,.

-
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19. The nethod of claim 1, where said novable
uniformty ring is heated. 20. In a plasm processing

W@ Y®besq753 ncl udi ng a pl asma reactor, a nmet hod PET/USIVOFQB4034
of a set of plasnma processing steps, conprising:
posi tioning said novable uniformty ring around said
substrate, wherein a top surface of said uniformty

5p 'ing I%‘gg%wfaégatk{ § cllﬁﬁ{ %%&P&M Sif P%?&&?g@gﬁé@%c&ﬁmn

sai d pl I'ng a conpri sing
neutral s and ions |n sald pl asma reactor; etching in a
first etchlng st e l.ayer,s on strate

52.. wher ei Al aaPHW@PS 3%qu§(?§ﬂ Sl g etlvltgﬁmg&pag comprises a

materﬁyﬁé{ g&{ atéssa %‘E DogHRGcH HBaRH WA Bhosd § SARVERL ﬁlasma and said

around sai d substrate, wherein said
seconﬂplasmurface of said uniformty ring is at a second
hei ght above said bottom surface of said plasm
reactor; striking a second plasma consisting
53. essent ’I‘Bla %gpeeiltupspélaﬁ\h 52, viiegdth REdinfatéid @6RPEs& TdTiond
step said set of |layers on said substrate, wherein a
second anount of etch uniformty on said substrate is
achi ev 'whereln aldfir 0+ ity
54 and saildCSRRBHES 8 il S%fw%(r %uq’%%glfrlﬁlt% B&gpg& Ve
substantially uniform 2 1. The net hod of cl ai m 20,
wherein a step of cleaning said plasma reactor is
55. conducildg appar@ﬁus pbclpie 5 %,t‘g]?ﬁf@fl Sélﬂrmfl(‘?%%] COEIPEiSeS & Wbstantially pure
lsugl asma. 22. The nethod of claim 21, wherein said step
Plastiyt ¢l eani ng said plasna reactor corrpri ses a waferl ess
auto clean process. 23. The method of claim 20,
wherein said novahle uniformity ri ng{ anprl ses
56. mat eri dite@pprauapf CI@Bn AL auhgieispidapatetsal COMPEISERA ?ﬁ%‘nﬁ’f
claim 23, wherein said material conprises quartz. 25.
The nmet hod of claim 23, wherein said nmateri al
57. conpri SR ayf@fdatus 26 claifh 89 mehdre daidimaablemn@rmikh eingiiheated.
said material conprises yttrium 27. The nethod of
claim 23, wherein said material conprises CeQ2. 28.
5g. The metfjad, o, r@éé%ﬁ%syéf@iﬁ HREIRd™ ?aq)lé%aet%b@tbr an apparatus for
conpri ses ‘ceri he nethod of claim 23, wherein
tuning af @ setatf plasseb pcwmm&ﬁsp%bmprmng The nethod of claim

23, wherein said.material conpr al u
ot hod TR LA EA ity SRR by PolhBhaid Subelafe, wherein
a top 40i%ee 03 4aid UREorRi Afg &f at 6lfRbtMeRdht abhierabditoatsdface of said plasma

rraterl al conprises zirconium 33. The nethod of claim
react@Q, wherein said novable uniformty ring conprises a

\A”Ete(;r Ieal Baing% thl ner%flisfp %[E glllsq}éé]é&tl%is d;{hdq&?sdlgcstaﬁl plasma

reactf; @asma. 34. The nethod of claim 33, wherein said
mat eri al conpri ses Teflon. 35. The net hod of cl %ﬁ%
wher ei nmezis@f gighiagiinp f@ﬁrﬁ&@%ﬁe%gﬁ&f ayges, Ony@l %tﬁ,oxaherem a
of cla nprises a
first %rﬁ%lg}tgﬁf:tlca%ﬂfx%gbg&g a%&l Lﬁ)s sgé%eg‘é&n’et hod of claim
23, whemedns of a&p@siniahmlglsaid m«wubte waformity emg rraund38id sTihsirate,

nmet hod of claim 20, ere said m)vabl un r
wherpia saiskion qurfapg of Fﬁd&nﬁh%%%ﬂw Bk 8 SP508 éﬁ@é%‘?o" ihid' b0l surface
ofsaﬁf;ﬁﬁ’srn?&}éﬁc £0r tuning of a set of plasma processing
, conprising: neans of striking a first plasm
conpr i smeghsnfutrikingsa savdnd plasma nomsiging sswnfigcoforeutrpls;
sai d pl asma processi ng system
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means of etching in a first etching step a set of
| ayers on a substrate; neans of positioning a novable
wa@RiobosaTs3y ring around said substrate, wherei PCHUS2005/034034
bottom surface of said uniformty ring is about the
same height as a top surface of saidsubstrate; neans
of st r inkdangofetehing itta prcasdatching steptspidpebalslayers ansgid spbstrate,
neutral § in sai I t.ory; . ; ing in a
wherdl 8 5l el S B R Pt 3R G B BRI BB
subst r gRicinbad Eirdt agriudt eft etdli mdformits ahd sdiil sedondtagmuana etch
. said etching in said second step are substantially
uniformity @e Frbsian la}hﬁéinﬁ%ar atus of claim 39, wherein a step
of cleaning said plasma reactor is conducted prior to
the step of striking said first plasma. 41. The

59. appar atlhe apparatuaivficidlin S8/ whaein astdpdofsieapingfsail plasmargactor is
said pl as reactor, .co i.ses. a waferless auto cl ean

condygied s ﬂg.steﬂ?é stifkiag gf(iérsgplaémi m 39, wherein said
novabl e uniformty ring conprises a material resistant
to plasma attack. 43. The apparatus of claim42,

60. wher ei Theapparatus of clalm S0nwhérsiassaigustan of clepingaid plasma reactor
ag ara%gﬁ of %I imA42, wherein said nmaterial conprises

COmPItSeSf WHSTICSPiY %ﬁﬁ%}%rf’ﬁ%ssof claim42, wherein said
material conprises yttrium 46. The apparatus of claim
42, wherein said material conprises CeO. 47. The .

61. appar atls apparatugioficlaim Sthwherein ssish moyableynifrmiyHng comprises a
ceriu 8., The aratus of claim42, wherein said

Inmmﬁﬁﬁ%?#%ﬁ%%8ﬁﬁpﬁgﬁgﬁﬁlCB. 49. The apparatus of claim
42, wherein said material conprises alum num 50. The
apparatus of claim42, wherein said nmaterial_ conprises

62. zr Cp. 51thprepargpacacisym S, wheretn sapl majeplompiseyquartz.
material conprises zirconium 52.. The apparatus of
claim 39, wherein said novable uniformty ring

63. conpri sHg appamtsiof @laimfédl whesery saidanatarisletompmisas Yh@s.
etch products when exposed to said first plasm and
sai d second plasma. 53. The apparatus of claimb52,

64. Wher el npzal g ot IC%Em%q%él%ﬁls’S&i LidRal GfnprisdE yttrium.
appar at us oFErai m , wherein said material conprises
Vespel . 55. The apparatus of claimb52, wherein said
mat eri g|. conpri se .Suhstantiall ur.e plastic 6.

65. The appHicAPRaragss I"%“ﬁ"l giz}"’%ﬁﬁ@r %i"cﬁmgtﬁflal @}sle%lpeaz.
conprises a ceramc. 57. The apparatus of claim 39,
where said novable uniformty ring is heated. 58. In a

66. pl asma Precappasiuspisiamdarh, whexsinushidupateripl conpprises aeriwn.,
an apparatus for tuning of a set of plasnma processing
steps, conprising: neans of positioning a novable

67. uni f or nTie/agphfelsts e Gaintefibsid dhRrialigises Al09p
surface of Said uniformty ring is at a first height
above a bottom surface of said plasnma reactor; neans

of striking a fir I I S | alk .
68. i'ons in @% gagpg% (ﬂﬁggéggpggﬂggﬁib%&ngféwq%géfﬁﬂgnnmn'
first etching step a set of |layers on a substrate,
wherein a first anount of etch uniformty on_ said
69. subst r allke apparatys efcdaim Glp sheret saidpataria] ermprgses 1@
novabl e uniformty ring around said substrate, wherein
said top surface of said uniformty ring is at a

70. second 1kd giparaaoofelsm 6, bdictednsadinfatetial cdmprdsed zirt@dom.
reactor;

=t
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71.

means of striking a second plasma consisting
essentially of neutral s;neans of etching in a second

wet@hiosJsst ep said set of layers on said substPEr/@S52005/034034

wherein a second anmount of etch uniformty on said
substrate is achieved; wherein said first anount of
etch uniforrn'ty and sai d second anount of etch

uni form Bﬁr %ﬁug %E@%ﬁﬂ%k %ﬁ&elﬂ%hldq{lmabéglmlf{glglhty ring comprises a

apparat wherern-a s of ¢ ng -sal

materf] A BedRR6S HEetivolatibneteic podugts nbin Eﬂpdsb@ tcsdabfint plasma and said

striking said first plasma. 60. The apparatus of claim

secongPlasmider ei n sai d step of cleaning said plasnma reactor

72.

73.

74.

conprises a waferless auto clean process. 6 1. The
apparatus of claim 58, wherein said novable uniformty
ring cdmprapp&stua offelagm i68) whesinstisinhatealmoagmsesl etk .
62. The apparatus of claim®6l, wherein said nmateri al
conprises quartz. 63. The apparatus of claim61,

wher ei nl“h%aagpalﬁﬁk QF Bim $8MhéreRSaid elterifibompies Vespel.
appar at'us cl[aim 61, wherein said nmateri al conpri ses
yttrium 65. The apparatus of clai m 61 wherei n said

g?t e\r/vlhzlnl:}@ ggrﬁjf'%eﬁﬁfeélppgrwg%r ThS% 813 | umpﬂgf}&l%ﬂ&mﬁaﬂy pure

plaS‘tI%fpar atus of claim61, wherein sai d material conprises

75.

76.

(8. 68. The apparatus of claim6 1, wherein said
mat eri al conprises al um num 69. The apparatus of

-CI:-:,]ZI ranpp e‘,ﬁf)ggrr g %ﬁll% %a%ﬁélj%ﬁl saﬁﬂﬁ@lrehgl n‘ﬁfr%s ?z&alnlc

Ialm ereln sard mater|
conprises zirconium?7 1. The apparatus of cl ai m 58,
wherein said novable uniformty ring i ses

a .
mat er i alhetapparagisid claiag 8 where S%‘I eYab ‘é’cl Singds heated.
when exposed to said first plasma and said second
pl asma. 72. The apparatus of claim®65, wherein said
material conprises Teflon. 73. The apparatus of claim
65, wherein said material conprises Vespel. 74. The
apparatus of claim65, wherein said material conprises
a substantially pure plastic. 75. The apparatus of
cl ai m 65, wherein said material conprises a ceramc
76. The apparatus of claim58, where said novable
uniformty ring is heated.
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