; hij ke3e$\ $dFB6T\ #B2 3 OCT 2p03 (12) | NTERNATI ONAL APPLI CATI ON PUBLI SHED
UNDER THE PATENT COOPERATI ON TREATY (PCT) (19) World Intellectual Property
Organi zation International Bureau (43) International Publication Date (10)
I nternational Publication Nunber 4 January 2001 (04.01.2001) PCT WO
011 01444 Al (51) International Patent C assification' : HO %7@%@86%5) .
COLLI SON, Wenli [CN US]; 43257 Livernore Conmon, Frenont, 9 us).
(21) International AgECAEED TN A HERNAPE RING74) Agent: LEE,

M chael ; Beyer Weaver & Thomags, LLP, ‘%%g;ﬁlqnt er n%}tg?onal Filing Date: 29
June 2000 (29.06.2000) PO Box 130, Muntain View, CA 94042-0130 (US). (25)
Filing Language: (26) Publication L pet . (30) Priority Data: English
EngOsh 09/ 346, 564 30 June 1959<FHEUKE0 A= 71) Applicant (forall
designated States except US): LAM RE SEARCH CORPORATI ON [ US/ US]; P0541. PCT,
4650 Coshi ng Parkway, Frenont, CA 94538-6516 (US). (72) Inventors; and (7S~
| nvert or s/ AppFit #pesent( fryentism selptey toNthe frbytativg pONEBPRAGAS inGrgraied o

Conmmon, R 555. si gnated State ational ): AE,, A AL,
AM AT AC ,ngg ﬁ%ﬂ%%% }%%1&%]5?3” Bf? PT ,n% e re%l‘\ésqﬁﬂf‘p@’,e& 5’2%%@&%% DM
DZ, EE, dpParaiises @B .cofdibilifertheGhovadVbf htratkdactalls deliverbdNio 4 Subsdthte d%ng Eg E;

KR, Kz, LC LK LR LS, LT, LU LU M, M M) M M, MN M ) ,
PL, PT, Mepespogofthesupstratys ) sk, SL, TJ, TM TR TT, Tz, UA UG US, Uz

WN, YU ZA : i d i onal ). ARL] 2 X |
KE, LS, MN |vzgé fﬁ%&%&‘%@@’%ﬁ%&%@hﬁ%@ f@@&% nf?r %%%W&tﬁz,g (?Q‘?( G|\</la
S U5 e ol s, S s Skl

. R LU MC, N, PT, , at ent , _CF, ,
A G\ ERloxd Eﬁ,wwf mpjpy O%P?theé&ftqeﬂﬁ%l%ﬂaﬁa&@mbwe)hwmmm tle:
EL EVATER{SHAT | {NARYa WNOREEMabY: ReNGhBhtich ald BsddcRrion b6 31;’%33&5 gaZs)es.Aj?ﬁ% ract: A

pl asma processing reactor (300) for processing a semc substirate
(312) i PuditvelyodegedToes aippescitraisd itorghndd ¢ie aubsteeriodicre( th6p)in cAdbirtatiomal | vy,

t he cha [ 0] i ncl udes bottom el ectrode. (314) that i.s configured for
hol di ng_%fﬁ%né“ff‘c?ﬁ?ﬁ&@%& e t_EBBt& JEAGIgRE- ity thisTRAIge Stched featyrainsicl) as

uni f18r mi<tiys, thiiteeté, 32 GendHed ndyDeTORA DM BE 2l s DE FHcQUBGrkd1e periphery of the
substrate. Furthernore, the stationary uniformty ring is coupled to a

portion of tHanepatedar mehodof pswa etdbingusehen butuciom suest togdeerate the spaced

apart r 1.0 i p. m rtical. space (354) .above t oftom

el ect roggf?stﬂlll—aljpjt§i 'e?,l ﬁ"&ﬁ%ﬁ%%? ?i fn\c(%t ! (ﬁ‘lghge B@S@Bﬁ?cha%ﬁ‘%re?%mb?@Q/B@bsﬂﬁﬁﬁn for

i ngr ess fonglaegbetching. Whepidbiiduaties pAkES prédessist Adat@Pdotudtlid Siamdey i ng
has a thickness (380) that substanti al lcili reduces diffusion of a first
speci es fHoB AN PR BAHEiEhesl 104 disnased pbeveng dieloetrid windewg)6of t he

subsgigr atBpically, antenna 104 is operatively coupled to a first RF power source 108.
Furthermore, a gas port 110 is provided within chamber 102 that is arranged for releasing

gaseous source materials, e.g., the etchant source gases, into the RF-induced plasma
region between dielectric window 106 and a substrate 112. Substrate 112 is introduced
into chamber 102 and disposed on a chuck 114, which generally acts as a bottom
25  electrode and is operatively coupled to a second RF power source 116.

In order to create a plasma, a process gas is input into chamber 102 through gas
port 110. Power is then supplied to inductive coil 104 using first RF power source 108,
and a large electric field is produced inside chamber 102. The electric field accelerates
the small number of electrons present inside the chamber causing them to collide with the

30  gas molecules of the process gas. These collisions result in ionization and initiation of a

discharge or plasma 118.



23 Cct 2003 ELEVATED STATI ONARY UNI FORM TY RI NG Background of the Invention
5 The present invention relates to the fabrication of sefigx@GFuliidr
integrated circuits (ICs). Mre particularly, the present invention

rel ates teudfmapyed nethods and apparatuses for controlli,ggmg&?lsﬁgount of
neutral reactants delivered to a substrate during processing o e

subst r at &s isDedlikngwh ietheanuhaaduitPoRimdcGRIE BB %E@rghpﬂrﬁ&gs%eggﬁ%f , for
exanpl e, display or an integrated circuit, I'tiple

flat 10 |
deposi tit(l}%céhg?% e‘fé‘tl?%ﬂfﬁﬁlﬁjo?t pEoRa b erhshigegsitBly seeygestions s resulione
et hod bosiiely chitolfion) AT SLERVOY chdr el ARAR: PHOIL Mnaif PREST LS, | 07 Mo

fromthe ionization and di ssoc process ‘gases. ¥4 y
char ged 118nuahasmatee adréinbgae cnctlevvies d24 (dnd/os atbsiky At eonthigsdintiBeWlasrhd 18

combignatj g \S%éh tral . Leactants, drive the etching reactions. In this
manner, et crhﬁe hfoga(feflu%r“éesr 19 th as 15 vias, contacts, or trenches may be

forned in thédcayerpasoh hbbees Yhaicd ahutralDR n?(ﬁé&l-!eglfkﬁfnsf@tt%o]gas%ga ?IRAI asima

et chi ng cgses an i nductive source to gen_era_te t he plasna. | ustrates
a prior teql Fpedsi thesustagsspghg substeaie by diffusiantior, thEO8nddnamovenemefl f or pl asnma
et chi ng. I ' ' : r Lhg reactor | udes a_ chanber
107 w (e bRl R o SRR D550 3 e bRttt e P o

wi ndow I0decudB) iFyypicdy formed nloag e suffdcel of sopenllil Y eCyr&puRlifdy heg first RF
powqé squrce Iiltog F Elt.her rmrcg, a SIS port 110 is provided vv|¥hi n chanber
102 ¥ hatP M & Thdreld 4 ppovyess zﬁ:ﬁag ad virseleivite wards thespbsitrate whety they, he

et chant if GeHh6iBat@ASAh ne?hiGedclBitsADsi REY&E L0 ween dielectric
wi ndow 106 and a substrate 112.s Substr at %C%F@%eécﬁgﬁ'o‘%u%ggeiaﬂlf%c‘%tﬁ nmber

102 and tithqse skiiecbin the ah there are manyifferengomer afiprocesses thansse aalyiistaPuRE

el ectrode; ! j.vel oupl.ed t second RF power source 116. 'I.n
or der tg)?(lzc?lgg?deﬁeél p 5%&1&131?(&3%81?’8%%5@6 8‘8@ S% WEh a{nﬁ{eg IR A SFFEY Tepef2nts hy ough

gas por trivéprotssyethe plasthBrrequiep kd mhtdifa pRreCIIn¥EeAbh o A rHSERGntd hSt RF
power sourfe 108, and a_large electric freld is produced inside chanber

102> Th@“I et Heceachen Onthedthsy hands i ipe dg vea progssaehdhe pihsmed s cequiradtopr esent
i nsi de thRainh re ﬁ&ﬂﬂnto?ftﬂﬁcp c?&krlaiquewaéth the 30 gas nolecules of the
In i

process gas. ese coll1sions resu oniZaton and initiation of a

di schar ge or Opt problenith& hag been-endouBETeRORBbMDN Ak aD deAddntP e BN AR233 As i's
wel | kn(‘;%@.oi %{it he art |tj?h neut r al gas nmol ecul es of the process gas when
subj ect 88" 18 FXELOLSSHS Ags RacB @ OPR-Uniom) ¢eh rajss Fop pramnlo nene amadfitheave behi nd

posi ti vehbstratd i dd elcBitBat aABstd r4te MahtanotBQSkdal Vv Iyeuﬁ'glgfe %t:! 5n! 20 and
& p

negatively charged el ectrons 122 are contal ned 1 Nnsi asha 118.
Fur ther REfcesses, autt while nps vishirigae be beundhby theond fts baltesedthantheredonpeitged i nsi de

pl asma : r 102..0nce, the plas as been forned,

neut r al lég:gﬁno og?ﬁﬁ%ﬁg)&ﬁg%@ﬂ%{%ge qdgs Of)ﬁhgé'#ﬁtr% én‘gfhle"é’ T8 fPeredgmedsetehvd

sur f aceatd fastiwerarl Refatddeebaoll talFigf 1S tRMendity®f nedtAPrdh@Ble MEREHRS Fn of
In. this manner, a layer of néutral reactants

nmol ecul es, i ngi t he chanber.
126 (e. b"{g}onﬁih?g?ﬁusgé@}'ﬁﬁq %ws%a}bo'vg apysipe af thy Hogemedectodnanditheefowr f ace of
subst r alig ndtlett cIhEERERAIP Y Neutrd&Retants disposed above a portion of the substrate.
25 Furthermore, a non-uniform etch rate may lead to device faiture in the semiconductor
circuit. By way of example, a non-uniform etch may cause undercutting in the side walls of a
trench. Typically, undercutting reduces the thickness of the conducting line or in some cases
causes line breakage, which may lead to device failure. Still further, non-uniformity etching
generally adds time to the etching process, which reduces substrate throughput.
30 One approach to achieving a uniform etch has been to provide a uniformity ring inside
the plasma reactor. Broadly speaking, the uniformity ring is designed to surround the substrate

with a wall that blocks a portion of the neutral reactants, in particular the neutral reactants

2



10 bottom el ectrode 114 is powered, ions 120 tend to accRi3efB8fe2dWwards the
substrate where they, in conbination with neutral reactants |26, activate
the etching reaction. As can be appreciated by those skilled in the art,

t here arewmamygiddd f ferent types of processes that use varpgmmgsoomsssit s of
ions and neutral reactants to conplete the etch. By way of exanple, in a -
neutral lpesigdiinthedigh dopsily nsviselaeastantsmgeap frammviffisingriotguhe sdstrae. dotiiai n a
greater j f | L.eagt s to 1 ccelerate the reaction.
e HRBEE R bffhof T B ATHARNE: bR et R6RaSh B o b B o

cont ai n sabgmestrepreeanngidinin aitéraning withahssubetras CRIr@eat Ge lih 8rdefLRGIbRALe OnNe

pr obl em.t hat hss beer% encount er ed _\thh both neutral reactants driven

pr ocessdBBERA™Y 6HCHA \%’r?“%r”é o die Jaifprputydghian besp configurest tmeavep ead e, For
exanpl e,dooae area of the substrate may be etched at a faster rate than
another area._|n neutral reactants driven 20 processes, and while not

wi shing to beRaerEing iokigt HedraB, aimoviable hpiforaiyding?40 it shewn in sordurgtieat er

concent ratj f . actant.s. at t.he edge of the substrate.an

t her ef or@h{ﬁ%ﬂg&d’g@‘%% ééhélf" %ﬁ%@g&%@}l&%@@; twé.thel'«’B?‘é@rbfﬁ "H'gtIOH%‘&km%gqgi g. |,
the denshtyowh postidn, ahd Figa2B ol tHedAovabledineingity fink 2020h 9R8p padideqryse they
are di sposed above a portion of the bottom el ectrode and t%erefore do not

get condlfBest Rt gt mablfaipfpEnity BagBrs it tiF dpiwe pesititorentzal sertaiton of
the 15UD0! Ak h el bF 4 IBUFRE o6 dte ARG Bl HISDES il rfidBleol GACh L devi ce
failure in the sem conductor circuit. By way of exanple,” a noh-tmiftormetch
may caudke wheteatec2i6 awwhen thdmowibleunifolhy dhg 202 is itk up Pygiieakblsyace 210

under cut,tj n educes .t he thi.cknes f the c ¢ting line or. in sone cases
causes Ible{r‘INeeg% théﬁ?g@gmb\ﬂﬂgﬁ 2 ﬁﬁ@ﬁﬁezggorfl&ﬂ&g#?g’%f‘%ﬁrp gd fogthe ingresgapfier |

non- uni fegfesd dftheesubktratgz@eneral |y adds tinme to the etching process, which
reduces substrate throughput, 30 One approach to achieving a uniformetch
has been to Po¥evdemavingiheanifpmityringdas s fidwbadke. Tripiaty medng suctuBsoad| y

spegki ng, i ' ' { S igned to surround the.substrate with a
oh I ¢ s RIS S E et dufinl BRIGHIER 8 PhisP EOereBgs Rt &y . he
neut ral snlsrateahis is beeate GTh DAOBrespresaTBadacRIHr USRS 288 bk%@iu@@ in the
hi gh de sitgolneutral reactants area, fromdiffusing into the substrate. In

this madhér Polgnersiand yhep CERHIE 15 &10yedhths degogiBaraySlake R ontathe al

r eact antsgpsahtel i i . RHE eve ' : ing with
t he subst rsat tgi &Eﬁrﬁgﬁgﬁlﬂgfi@%ﬁ%er t cl)@% %ﬁvbg%'ﬁggﬁgp&%@gé %&c?g%%?%ass of the
subst r ataad/or unpradidtshde rebults. Fonexahiple, partcecantht gubistate isorfave vieaybockad down.

Referring.to Fjig. 2A novabl.e .uniformty ring 202 is,shown in

coan nct’ |grct)1r? H\Rﬂh% SB?SEE%QI%%PS%&%?%%C}F% &‘PS W@E‘\é’bf‘ tflgg"d‘. may nqtibg ?Orglﬂdshows t he
movabl e ptopeflpardl this nidy16:d20 Aeviee Milce\WHd BREIfIrk @Redudfich Hiptoduefigows the
novabl e uni formty ring 202 in an up position. For thé nost part, when the
novabl e Agditioally the botterg clrgrodeqnayrber deatigisahtogaevetupomd dawntwithithe sact ant s 10
204 near.ffe edge of a substrate 206 are substantially bl ocked from
diffusing into the edge of the substrate 206, and when the novabl e

uni formty rAngthZQpioach © achievinga poiforhi @ch ha bsRARerAid: Datwer t he

uni f or mmt&iﬁ ri.ng. 202 ansg.t e hottom tﬂz’ectrode 208 is provided for the

i ngfbss HHYTRE g vida ‘Itfeh%f'usg’éfsrtﬁﬁl FentigRships the egisys #nd ingressipiitieor ni ty
ring hagutisirste AHBWORGKBe sIHHAS AW badkO ol th %Js't'gz;rﬂ HESsIit R otllgféortﬁéﬁe@ bgced
above the substrate during processing teng to cause contar natron of the
subst r avee sidheighe wnifewitysiog suintenkta partion efshpurdfenity sing iat@srefore thdeposi ti ng
etch by-products. (e. 4. ol yners nd en.the unifaorm ring i s noved,
Che. depReles Hiapt FRiRurca Brenifr Ta B0 SySERF aiede nidirsting it b Bkesren F

cont am dtsubytateRa i doataet Wiln phERiheht BE Yeabhi RAUEAeRAERofiRD hRa 2G0T
unpredi ctable results. For exanple, particles on the substrate surface may

bl 08k atepgs 9areduse 2 apn-upiorey gich it Furthermorre digslit profeces mokeepmernandhi s
manner , : rls t-hi swmay lead to device
fail uresgﬁ éf%ﬁg’p% ortgﬂg{orégg‘ﬁé%%%g?s%%ﬁr)%aéﬁﬁa I\?’lgtﬁ/lg' i(i]l(liﬁ eln%rﬁglf ,estlhe bottom
el ect r odifficrdiyto bleaw amf dogtribates toinnered epntamthadomnAdditibnal i copeaings inabel t .
Anot her approach to achieving a uniformetch has been to provide a
stationary 25 uniformty ring with g slit. The slit is typically configured
for the egress and ingress of the substrate. However, the slit has its
drawbacks. For the nost part, the slit is only configured on one side of
the uniformty ring or in only a portion of the uniformty ring and
therefore the species are not distributed evenly around the substrate
during processing. That is, one area of the substrate is in contact with a
greater amount of reactive species than another area. This 30 tends to
produce a non-uniformetch rate. Furthernore, the slit produces nore coners




surface area, which tend to provide surfaces for depositing material. This
generally makes it difficult to clean and contributes to increased

contam nation. Additionally, openings in the 23 Cct 2003 uniformty ring
are difficult to manufacture, especially with the materials that are
generally used to formthe uniformty ring. In view of the faﬁ:@rqgo@g t here
are desired i nproved net hods and apparatuses for obtaining iform
etch rat enifossiityOrifg Whé fRFBultYtof iﬂ%ﬁufa@tu?é)né ?9&1&11*1)!’3 Svit] o) in el £EGhA

delivered to_a substrate, while providing the I'ngress and egress of the
subst r at generally uspd ledorm fsAMfrmity ringi fornity ring or produci ng a

non-symmetric attern near the uniformt of the

| nvention 10 @hwg‘!v%\\f/vgﬁ fo%rgomé O arc;dgsi Y)%il Hgds "F’g aé’p ApsEplor
processi sigaini?@Ch ahorkOlini R AC QB 1Ak, AsHRTh qgﬁf%ﬁﬁhwm?gmﬁ%ﬁt}& thEngn@Rpar at us
i ncludes a chanber. Additionally, the chanber includes a bottom el ectrode

that 3 s Easnigdeliterechio manbairsie Whike providingthe ingrbes amgmgreas uﬁthmubmred i
| ud f t
bor 1 phor o Fibd: A8k Ul RTINS, bl e H8dncise § SPh s ol B PEYR ng- i s

coupl ed near thelmifponity eng.of the chanber and di sposed above the bottom

el ectrode in a spaced apart relationship to forma vertical space above the
bottom el ectrode. Further, HE ﬁgrti ﬁﬁ ilgace .s configured to provide room
for ingress and egress of t g S QR stationary uniformty
ring has a thickness that substantially reduces diffusion of a first
species fromoutside the stationary uniformty ring toward an edge of the

substOrat e. 20Thenimvefitiont hdatess nihaglicn@nbodiinest, 6Tl plagha $REREsihE réR0fri @ur ed for
r enovi n etched b E’F ggcts oduced during processin Additionally, the

i nner PriiEras Beigf subglate dhe gRpgTytug rﬁlilcfl‘éﬁemat apibeyy Addisendbu apar t
fromt hemaenam@ ﬁﬂclﬁestaﬁ%ttéh&be‘iédi&gg e &R Gireq oqaﬁhg IndSIERRE! Fhe oUT faCE

of said unlformtg ring is tapere rovi es a fusi on
barri er arpatatusdiiibersnelhdessnsiatianacy umlﬁcamltyrm,g thaeisi @aﬁgﬁled\t@sﬁﬁiodn@ thbe edge

of the tr ur i racessin directi gaportlon of the first
speci e32p| H%’H rﬁg‘f |Sdlf"15tr yp‘f@?fﬁ'inf’ %é‘?jéé HQffary et %IEFBE’E Fiag & cpdel to e

st at1I50anom¢m10anéncha&nb¢rnﬂld BisPOsR HRREkE Thotdhnf! RERGAL i RAackPlahi ONShi P
by a support mechanismthat is disposed substantially outside an aust

pat h of Bitigesbiuéa frnop n‘éﬂwéhmang apeosc theshatpm 4lectrode3 Fﬁi’ther,ZﬂBSveV@aﬂ) 1/ 01444

Bri ef t s PCT/ US00Q/ 18233 T present invention is

i |l ust PFS?Q%I,E dogﬁg&fegttg% n’&greﬁ aaég;gg:{ss PFﬁ:let%‘gF%e i S‘f’htéefi gur es
of the mmﬁm@mm@nﬁyamwm @ﬂ@b}dnesmhfchm:lstahﬁalllﬁe%@é},c‘ﬁfﬂ%ﬁf@'aSﬁfs?f er to
simlar elements and 1n which: Fig. 1 is a schematic diagramof a prior art

i nduct i VBEPPHIEH optsiledae flationagy ridermity ipg ewatdsarpedge loé thetsubstditagr am of a
T £Re Goun pad THRer WA B R B LERE s RonltblrRa SoutRriop i Wil Var t
i nduct i \mocbicaspmdmedahﬂ'mgrmoctesﬁﬂg.orAd/ﬂlﬁidfnaﬁy, the inner peripheral surface of the
stationary uniformity ring is spaced apart from the periphery of the substrate. Moreover,
the outer peripheral surface of said uniformity ring is tapered, wherein the taper provides
a diffusion barrier that reduces the amount of the first species delivered to the edge of the
25  subsirate during processing by directing a portion of the first species in a direction away
from the edge of the substrate. Also, the stationary uniformity ring is positioned in said
spaced apart relationship by a support mechanism that is disposed substantially outside an

exhaust path of by-products formed during processing.




moving uniformty ring in the up position. Fig. 3 is a sgl‘ir@}l | agr am of
an i nductive plasma processing reactor t5 with a stationér i ity ring
that has a spaced apart relationship with the bottom el ectrode, in

accor dancwomightiddéne enbodi nent of the present invention.pdigsoedszss a
schematic di agram of an inductive plasma processing reactor with a
stationary uniformty rindnaidPessation eiptheddrawings peri pheral surface, in
accordance with 20 one enbodi nent of the present invention. Fig. 5is a
perspective wi referrned confiquration of the uniformty ring, in
accor dance V\nwthg\ﬁlrdegéem %r%%tgolnﬁ%lr% us{('ﬁ&e e‘g r SSEHTPIE AP AP W ay %“EE%/@HP%%I

Descr i ptthofigoés dfief £corphnking debiviriitand ehich ARERFert MY GLEQR el o s e
described in detail ‘V\hth reference to a few preferred enboé

I ments thereof
as i || uREFnf i VRl acconpanyi ng drawings. In the fol | owing description,
nunmegous specific details are set forth in order to provide a thorough 30
under st andi ng of the present invention. It wll be obvious, however, to one
skilled in tHie. ditaschematic dizgrpn e 2 ptiord amiadicionplagya PrecgEias tda6eel Wi t hout
sonme or all of these specific details. In 2 3 OCT 2003 w0 01/01444
PCT/ US00/ 18233 ot her instances) well known process steps have not been
descri bed i nFigeR4ils a johemettediagran of e priomeciedsaive blasmb pousseink Recpr agaiat
i nventi . The. sent Jinvention provides a uniformty ring for controlling
t he armUnvmcéﬁéfgéjg}’?}g@ﬁ%linrsﬁﬁer %]tpé)ai%?& a substrate during processing. The
unifiermty ring is stationary with respect to 5 the plasm processing
chanmber and is di sposed above the bottom el ectrode in a spaced apart
rel ati onshi pFeThB iShihenatigshagram ef apiigrstingncivoplashesploctsking reeprarweith ar
substra : j s5.and egress) and a gap for the renoval of
by- pr Od@vﬁgﬂgﬁ%ﬁ%ﬁ%ﬁﬁqg@g%&ﬂ%ﬁﬁﬁa etching. The uniformty ring also
i ncl udes an opening that is configured for directing a species towards the
bott om el ecta}%dg. Furt her npre, tgq%dunif_ormty ring is configured with a
substantial Wt  SROPCPHTEHE RfoRdycsiye PlastRapropessing regi9t r ol t he anount of
Spees es wilhStsktBHirg dnifstmity B St Bl éi)uééd%gaxpfe%%ﬁﬂhg G,E'thhﬂs lfo%%re?e%ﬁ‘&? W th
one aspect of the present invention, uniformetc ates. for etched’

f eat ur edn ¥gordanngygthrae embodiment witshpragnainecrsiohi eved by i ntroduci ng a
uniformty ring into a plasma processing reactor. The term "etched
features" herein enconpasses e.g., trenches, 15 contacts, vias or the |iKke.
The etching Figke aschasatiohiidgtant bEansHdhiv@pBshSpidbSRAg &dc@n @ chuck within
the plasna processi ng chanber. A process gas, which is 1nput into a plasm
pr ocess ' aSHARBEY nufarmaly sing thag Basg teperedoubeneripheng sinifasd, inacemdaatewith ode
wheggei ”oﬁ%@ﬁiﬁ&ﬁ%ﬁ%eg}egéﬁ?ﬂ\éh s, the gas thereby creating a plasna.
Followi ng the creation of the plasma, the neutral species inside the
chanber are noved to the surface of the substrate by diffusion (or 20
convection)._.Power is then su ied to the | ower electrode and the ions are
accel erated t lgmig(f?efsﬁ%"t’é’ﬁ B?Ff‘gjtaé’.rgf?‘l‘i@ %%‘%%‘I‘Ié‘i‘% dhs wraRyriagdn neut r al
react anh@oﬂfanéeh@itlﬁéi{efe?f%dﬂ{enwﬁh§b&@§éﬁﬁﬁ@nthﬁfa(:t with materials disposed on
the substrate surface and therefore etch the substrate. In general, when
the density of the neutral reactants is high at the edge of the substrate,
a ngn-uni formetch het f t.he substrate is
produced. By i ntrodutFh CHF PPy g LS LARREMEIUS hot t om el ect rode
and surroundi ng the periphery of the substrate, neutral reactants around
the edge of the substrate are substantially blocked fromreacting with the
edge of the Ehegmesentieventihe wilbosve as describedat tetail withaefeRAESIOATES ipkeferRidOXi mat e

the edge of..th ubstrate tends . to produce a npre uniformetch. In
accor daﬁﬂgoq}&’?rﬁs %‘ﬁ{ﬁ’f’ Eégrlh‘ég’ﬁ@Bth‘F APENINASREER AEWingSe it the follomirg uni formity

ring i Sd@@ri;ﬁfoh?xﬂﬁﬁéi’oﬁs%p&ﬁﬁ@@@éiis%?@sreyf&#htiﬂp{cﬁ?ﬁﬁﬁ&vi&@a gl @sma processing
y

chanber. By being stationary, the uniform ri'ng reduces-particle

comPani werstnding o6 tiepresentiivehtien. nibwilhbe ehvidusy mivteyer;, tone sBilled in the art,

that the present invention may be practiced without some or all of these specific details. In

5



23 Oct 2003 In accordance with anot her aspect of the pr eéej;h&j.rnémti on, the

uniformty ring is evenly di sposed above the bottom el ecér i spaced

apart relationship. In one enbodi nent, the spaced apart relationship

provi des @o@f@s for the ingress and egress of the substl;@#ﬁ%omg&g@not her

enbodi ment, the space is further configured for renoving etche y 5

pr oduct thsr stanesd, w}knmgvnmrmm&sféps@avdgwt beear debdribed !ﬂydefggipﬁio@&r;ﬁq?uni f gr m t 3(;

ring ev . e.bottomel ectrode, a symetrical space is forned, an

t her ef oﬁg’h%:e%og{lgsoﬁ’%cweot}lﬁ?@f%erﬁ’HmBe achi eved (e.g., the center and the

edge of the Jubpteseat mvaaion pseiaddsanhifiniy ﬁr{'get'ois@dﬂ?roﬁf[ng%er &%@E? ofs}: Lies
on, un

accordarhie.vm'th anot her aspect of the present I|nven e ormty
ring i s AWiRRtedinasesEatcdyring presassing aTheunifoemigntingliststaisnzon with respedt il
react antige dihgdia ' e f the,substrate, .By redycing the
amount of Isspecilgés&gﬂgg%ﬂ@ %&Pgrﬁﬁg%g%ig%og? Bj[erli’ggglﬁﬁgf?%qeéf‘ aép?%&ép%i form
etch canclyéonatini Ehespacddmpen eclaivhaidp prides bitR aPddeFoBubstratd Ribhsfed ecONf | gur ed
to have; %Skslim%gess Lhat s?bs ant | allﬁ prevents diffusion of neutTal

8GR CETE TS §i52P Fothe Termgual ok BY PHAGHEHS Fhat pre Terpied dupingetcidngl by t he

react ant
spaced dpautifdrehiRtingaBhimiudedanléeanpiiness &%T%ﬂkmhireaﬂg JQHLEL: 1 i E;t)her al
surface of the uniformty ring is tapered. e taper 1s°co |guredr o]

provi de the bettpmpiscspdes Eprtheamonehthe unidetmity sing fiecanfigured with aspbaireial wall | ver ed t o

t he jgdoeni@felNgdSHRSLY % ' tin ortion.of the species in a
di rection a\e/:vasy fromﬁt ﬁ%hg‘& kéc%!ﬁof eeag](églgttc&ﬁ?eé;}esl%?f“&’ P @SHRsrale dBERg nent |
t he pregestssingvention is practiced in a high density plasnma 20 reactor,

such as an ipductivel ¥v.t§ou | ed pl at%ma reactor. based on the technol ogy of
the TCPTM 9600 TTI&GE Wit o8t BPectih fhepresentiyyantiam vaifewoeich eatasroreiched h

Cor por atfda@uiestin duBFRR duried\etching areichiel iy i i Lhihesh sghematic of
the inductively coupled p gscmagraiaagt Sr. Elgl'lg&srﬁcgw?l Z‘c@?@b edfdes a

pl asma PrRYERBIOFFENE FRaaber TiBgem Udtdhet featurelétheradenioympassdsalatendids| 303.

Chapber i ) rmed fr terial that is substantially
res ?;s)t aﬁétﬁﬁ%clés’ g]%ggl{ tgﬁ ?%ége H% %tgk%g %%”&B?ee‘gﬁgtgwn"%ﬁﬁrﬂe tsyflispesps AR chygels i ng

pr ocess wiitin toplpsno/prdeessing eatblr. i £ pocesdighs, hid i s infd ¥ept ":?‘:%L”E}Sées | 303

of chamﬁer 302 is t BI QﬁlPler grounded. Above chanber 302,” there is sposed
an ante bﬁbﬁse(“le@bﬁ% SRt RPREr surpdipd o anygigcmadewB@dinitee RBwmared by a fir st
RF poweRissiRiates Sheab ¢ i et wor. t shown. in_.Ei 3 to sinmplify
the illustrati o.ne)?%a f&éﬁ%g?zg%?ﬁﬁ%ﬁ%ﬂél ect rx{%g&%f’n#&@ : ’é’niogﬁﬁg’gaﬁg’é‘e'g‘e bel ow

i nduct i pentel spetieviasidas chatbeTgpimaiel yo tha sgémeionjhe litra@ b9 diffusiinqe ded

w thin 2..-Gas injector,310 is preferabhly disposed around the

i nn%lr pgrl %@%ﬁﬁgwﬁcﬁg’%é?ﬂ@@é%&hﬁ qver ﬁltegté?ﬁiﬁé‘ﬂd therionsareacselamgtegdesads source
mat er i athe sulstigte, THehRceéraBd@ Rins SRS BedAS RS etain®hOnt Qﬁfaﬁg'ﬁﬂg %ﬁ%ﬂm@ kﬁ%ﬁ{m

regi on befween dielectric window 308 and a substrate ernatrvely,
the gas&Ybmateggls dispgsed op shesubstatsomripes andithdreforeeepchethe sublsieate.clnageael, f r om

ports byhddthd ; : r. itself or through a.shower head
arr anged % nthét: ﬁ%&cﬁ gﬁg%\/tﬁ%u?l %Lﬁ%@%%%g;gﬁ}eaetd e%éf%e F%bsﬁrﬂ?’r“d'g’ﬂ‘%’b‘gf‘ﬂ?@hchanber
302 andbﬂl’!’iﬂgqnqb@@gmg atd mgaokthgmgqlgtmdaiis:ﬂsmmea. B§ ér?xgﬁ?éi{a@ﬁhﬁk&ﬁﬁtﬁr?flﬁg and is
pref.era ias a secqn power source also typically via a
rraf%hi n%"‘%%?‘\%@?‘g "!‘e%ﬁ??‘f‘fé‘i“ ungdf &%&eﬂﬂlﬁy pEie sphstrafaaneuiralirpastantie a f ocus
ring 3laourirtaé elgell she REkRaferRMuB ' | ; mAum oxi de,
posi ti oned aroungg thg bot ?gm eIue%t%rﬁ%ggﬁjﬁéﬁﬁg&g?fcwlpg%?gégen?% or

exanpl eSubgrteShe deorense ingsttaal ireAstapts dehsitypnirdinate cleadgs oBthbsibisate whii2id o t he

chuck's .2l ectrostatic force. Still referring to Fig. 3, an
exhaustpr?)%%ngoép?{%@tn&peﬁ%al | y di sposed around chanber 10 302. Exhaust port

318 i s coupliededoniancd wittmiotiee aspe@rof BHéfReseRtThven oMo urfiﬁb%&f‘l‘ihé/ js ocat ed
out si de of chagber.BOZ. For the npst part, the turbonolecul ar” punp

mai At ai FENLTEC Bp FRPERATED erastiorthe plagnarroesssing changee . By\beiostgionatyhe hi gh
densi t Vthe hitehdmtd I .| ed. as the preferred apparatus
for formng conﬂé}fjﬁg% ?/erc]lg&.:é@ﬁmﬁ@ﬁﬁ%ﬁ%ﬁg&%@%@g& Par P '85%8“%@%1 s, any

pl asma reactor that is suitable for formng a plasm, such as a 15
capacitively coupled or ECR reactor, may be used. Correspondingly, in order
to create a plasma, a process gas ig input into chanmber 302 through gas

i njector 310. Power is then supplied to antenna 304 using first RF power
source 306, and a large electric field is produced inside chanber 302. The
electric field accelerates the small nunber of electrons present inside the
chanber causing themto collide with the gas 20 nol ecul es of the process
gas. These collisions result in ionization and initiation of a




di scharge or plasma 320. As is well known in the art, the neutral gas

nol ecul es of the process gas when subjected to these strong electric fields
| ose el ectrons, and | eave behind positively charged ions. As a result,
positively charged ions 322 and negatively charged el ectrons 324 are
contai ned inside plasma 320. Furthernore, neutral gas nnlecgbqi ;ﬁﬁ 25
(and/or atons) are contained inside plasnma 320 and t hrougho HatBer 302.
To further dimCugsdhite WRRLES Rpect be tﬁ@gl%ggn't AR t]rlehﬁﬁif‘or%g%%ai es over
the prior art, Fig. 3 illustrates plasnma processing feactor th a

uni f or ni ¢¥%pol; Higpesd abRes the belterpoelewiradb oirea bipatadnrmire celatimaehip.or Ichmek) 314,

i N accor gangt, Wit c e present inyvention.  Preferabl
uniformty r?ﬂ%ﬂt’?}g%%ge(ﬁ?ﬂ%& Irglﬁgér'l_ilsh% IfrﬁvjlrgeessapS ete 05%%8%?% gbe[s%ggtélgi ng 30
react or @hsirdts boapkted etbodimpat; theaspaad istfinehes Ranfied fr gemovaliperiesd el | s
303, dielectric w ndow.308, and/or_bottom el ectrode 314). In Fig. 3,

uni f05(rjn1?r§gurcitsn%r°§n‘§6 ?‘é‘“&%&ﬂ‘fﬁ%@m %J&T%Pﬂn?fﬁa%@ﬁc%ml‘esu@ W tRe£vetiBpor t
nmenber 3&2oss Agdbdtioan aledtyode U iy sgh&wis%‘é&éd,saﬁﬁ aferir@blayms@ninigHyed to 8
2 s oc~ 2003 0#01444 PCTNS00/ 18233 bl ock a substantial anount of

react ant € GiH hadieyed de.a+ & senter apd die Iizs ofrth syhstrete thiaee subglanigdllysthpst r at e
312 froma6RRIAGhHY the substrate edge. Preferably, support menber 352 is
configured to place uniformty ring 350 above and in a spaced apart

rel ationshi p W aceorgance owitte prathar agpecs 04 theTpresemp arvedticup dliet unifdlraity oinghsp is 5

conf4egur i 2 I 4 for the ingress and egress of
subswrgat (gﬁgﬂgsggrgggg\fg%t%fﬁgi%#%%, &gﬁéﬁ g) ! 5'%%alir%a°?aln§n®?te?rf ep&mBVa% tﬁgmdl er (
i.e., robge ofithm wilishrate. fBy kgdutingttheramesntt dfespstibs proairgatd 6 itioedgg! diytht hr ough

verti cal e 354, et substrate . is in sition above the bottom

el ect r od¥ “,E&%%epianm?rﬁ%q}ﬁ%ﬁﬁﬁ%gg pueEd; ﬁ’s‘i’lﬁ‘ TR ICHE (BRI RN WS iand

novi ng venfiured liy hapé akehidkBess BatSebShARIG freRms Bebion UrtkeurdNRabiang! er

then retracts an% theg&n rops | o |eaving the substrate di sposed on the

bot t om dPERFRGUbsAte elge and Hirgugh the %%@Pﬁé@d by, b paceq apartyelatienship. Is

act i1gat egh i | [rate ma
16 cibohor bblihét, 54 Bt hird AEGRr REUAREARE RS Iotapchi? UL y

‘be inputted through the space fromalnost any directi fore the
uni f or i onfighepdde prowisdes irn bares ithat taduers yhdamamedf speciesadelivéried toethie st i ng

pl asma IGOL §F ik REbFUR! nore. the.bottom surface of uniformty
ring 3s0 |gs evenly spaced ¥ g%’r% Fﬁégﬁggmfgpgcﬁ?sf%@e rc??u(i?oﬂagrﬁoéﬁ’ ﬁgqﬂgae 314
(e.qg., pditleldubstiate. n this manner, neutral reactants 356 are distributed
evenly arouncint he tgr_lrj‘%bdstrate anghtherefore a nore uniformetch rate is

i

achi eved. Howevers THRodTae b RIERs PkeRtiop pePrachised i a Mghdensitalasmt st ur b

t he 20 owemforgaskas af DdAEiveRRoaHIES bladhrcaltdr bed 64 HeQedhhiSlosyHPGE Iropeaber i s
m t he exhaust path or if in the exhaust path, as

prefera pl aced away fr t
far avvaiy 6}59 (B’bﬂs’f‘lﬁée%cf‘,ﬂisf";]&gés geaigble o dam Besprsh (omartion\afrfrementy Chut i on 20
of gases@ts fileiraey { elfbd tdemakd st fh@tiﬁducﬁ{?é}ir cb 1%{5!@@%%?%%(3?}2%9%; Cer

shoul d not create a barrier near the periphery of the su

may i npdeAstar R0 inclydes p plpsmedrogersing chayber 3P, whichds defieddym etaoiber walks and
parti cl &o8 onfABen il | RP& i v resi

Cor r espondi ngl y,e it ?’23?)%@?%%:% Ifgﬂfi%drﬂ eayrg%%%%lHﬁatﬁréé%{%é%%ﬁ@yﬁgmggmé?raI | as
pos£Pbl eichiitg Hyea plasrha piesant mithintibe shandreg thwringpocggiag.t To peovide frosledtitioal i ng.

In a prefgr iqment. t idth (i.e.... 25.djanete of the s ort
rember (et an e bR velt Sp Lo fotis SRiralhy EBHATY Ytore b
nenber i362phekds dishosed ors hiitbiiac3d4 Srepleséial by 4 c6lDE ARG 304 & pRFgedby i t he
i ngress r}gmg ress of ”é}ﬁ substrate. I n one enbodi nent, three support
member s TAHRE PRHCE SR G KE 4 APIG I 1ot FowRoinkic 8o aply the

rel at i onBliRtiordyOPRY@Ebly, 4 disibaHt FifiSwH0kedaithata Eéi@» SVl PR irbFe SR 1M ted
by three 30 support nmenbers and that _agal nunber of support nenbers nay be
usedVso | ong TaBicalpya gasdviceter Ubisarevided withinuehambem3d2y Gaminjectar 0ps ef er r ed
enbodi Mydrer b1 Qi SHRRY SundBHIP Shed 15pi I er si |l.s. In
this e@odierfare?lt 1 S%t%g spuélce, %?4?%35%%9{) Eghag%g%:ggz %gglgt%mngfdggr 9093 wWo
0110144 4aseous source materials, e.g., the etchant source gases, into the RF-induced plasma region !

between dielectric window 308 and a substrate 312. Alternatively, the gaseous source




PCT/ US00118233 rel ati onship, has no inpedinents to the flow of gases. In
anot her enbodi nent, the support nenbers are coupled to the bottom

el ectrode. I n yet another enbodi nent, the support nmenbers are coupled to
the dielectric wi ndow above the uniformty ring. Moreover, the uniformty

ring is preferably configured to be renovably coupled to th% 5(2&2};36%
menbers. I n one enbodi nent, the uniformty ring includes a 5’ otch

(or sl otatk@dls ARy bRE b(Wréléhsécﬂ ¥eor ?Qﬂ@@lﬁfllt MR BRIwAR QK th% R e 1@9?01}"&}0‘3

configured to keep the uniform ring rn a spaced apart relati onsﬁ

Cor r es pohHIONET jeadasangadi in éﬁi%ﬁhﬂycmp ignday. eSutisirgte 3 fris/ambbduckd dnto tzhmber

processi gs/rm, r eact or

to have jlagsagzaggg\%ﬁ%efl ﬁ.ge'ﬂ&\ég%gleé St‘% (1: eeffrttso'%ﬁ l%%tro % n%Hé‘Qn(? arf r%%ra aclzaesad in the

chanmber by becondh KRF1oveir sbyrco 36 i(ase hypambg vid mnamtrﬂmgt ﬁHﬁWblﬂI} plF(mhe:imn@, a space

for tzhe [ nd_eqr BsS of a,.substr £ e 354 is used to renopve

et cndd sy U8t SEnROSBHNRT o e RH7 Aok 2 CindBR0F rie e Bl anai

subst r atsaci3 ds?aluﬂimnﬂﬁdldey poditiond® aSRAE Ehel BottBMQYdcHBE. SCRRK Bl a9 refrbi@net ched

by- product s W(Ilﬂv sit onto the side walls of the uniformty ring near
15 ity a2 55 Ko

the per {Flggteostatie) chugk, yevgh sspees subptirte I to theschye @Ffa%n nay
lead to wédﬁggt@ud:ﬁﬂteam nation. By providing a space, |ess material will .
deposit on the uniformty ring and, as a result, yield problens associated
with particl eStdborfaring it Fign 3w pxHaastrrogUuERdis trpicallyedispose] amuid thaather :
t hr gugh h 0 aye to be
cl canad e orian® ppit I E R BTG RS RLED [ by bviee Y oL S

bel i evedutside of lkbarebarh3(2at &or sth@(inwjaetmrtmthfeaiubgmdﬂewlafraﬁmmp hﬁmﬁtﬁﬁ@itﬁé; are

br ought rate. and ho S he.res ases are taken_ out.
provi di néBaO%Q%tg ge%%rgﬁ?m ft €4 e%iza é‘ﬁb‘f‘t’ggtg‘ éﬂ HentS §“°6?’6‘é1tf8’8 dray be

r enoved reskatis embloyeliaciib prefmbdetﬂpmns fod ﬂmﬁﬁfgmoahwﬁhg tiRes sid K-8GRow{ t he
substrate angﬂg as._a result, the etch rate biq be increased. In a preferred

enbodi meERTICURHE 20pd restits, gy Plasmay reactan, bt is spidably 108 faminee Plagmprydh a2 a 25
Vert1BCa|ca§@ﬁﬁelyfd@.ﬁp1Eﬂ|@rE@g&&%@r%&gj’s@@s of the substrate and a space for
exhausting by-product gases and particles, while substantially blocking the
edge of the sQPéEeﬁP%‘ti@gg’ Brataerdgh Cfféﬁsﬁ nlgsmaeeumcabssrgeatstmmnsnto lehamtzer 802 ocat ed -
at the f f h vertical
pace. prongy duER B 100 obiafistal Alodotahi, S gls gt pllfer et

Fur t her r@fcandunlpfgeretectrig fieldiy MCeélmﬂat:hgnbeeGOI oThaleleetia ﬂeldthecqiﬁaﬂepher y of

substra Th refore ng has 360 t hat

pr ovi detstﬁaélg%f:%%bbgr erlemﬁgs %r§§8F@§ﬁF cfﬁ%*@é%r ‘6‘%‘%@&?‘ ‘ﬁg ﬁ}g hﬁlgé%rra
regi2dn 32deanbovef the frbeess yad ackhesd collibishy adsait 34 ZoniZPinCald YhitiRRNGNY 360
defi nesdth i nner pengﬁer&@s% ce of the uniformty ring. Preferably, 10
2 3 oC i* §e ROPETB 444 i QED A1 theyarh the nowlises semiequipsrafdhe o
direct PréR@CERSVAAI huBfebied td thebdGriiy! fia%S: Af1al IRe %%&Bﬂ@faﬁd 184be Be}hﬁtt
density of the plasma is controlled and confined through opening 360, the

et chi ng PeSHURY cBatged ipns e AR Tesiln Posisivelyrhargsd tiosadl? ands D‘Pailgﬁtf Olmgt:d cal

val | W leleck6d3340Ql éﬁ‘ﬁtaﬂﬁﬁtlﬁ&?@éfépmé a5y! tﬁurﬁl%ﬁr%fée %upr?l ﬁ@ﬁl Jiahd will
tend produce a nore uniformpla low (e.qg., She SUrtace of the
subgPr atl&d/oratoms) erecontained msmeiaemalﬁlz@amcbthhmgbom hhamlrméoz peri pher aI sur f ace

f th f dicular to th trod
"t should bo oo i AR RRREE St Blyehion 160 PRt BRGSOl Bt aper 1o

di rect falte Fd. &nﬂia.ts(raateg plasma)l]:ﬁ't)cessingIi'&tatoeBOOrwiﬂe&S@mfoaﬁ\iﬁyrﬁ@ B0 e is
substrate sur eded.  Far 05|t|vely sl oped taper wil|
direct & B?Sggtag ecb(S’H(Q,‘el E[Péjeo(ﬁr Sltucﬁi;ﬁs“ t“oa"FWQ d@thdtnetaﬁ??c%‘tfﬂgﬁ P58t and a
negat i vedwntém PederBpAlnifdirhity fifte 950 BGlatiBndre $3@ e HONGS M s to
t he Sd ge of the sibs?r;tle ﬂg’ ﬂ% urttflern Kf he ge%nl ng Jﬁ&érxg‘rbt}ﬁ{ef%?ér]nty

ri ng? hadea5tos fRgds (oqupled & AcPatien hf dhe hambendpe. @hambe wallss 802 tdiclecnypi cal | vy,
L e, SUPSHAREI0S ab Ok ARSI 9 Fid b hSRLAL BHET56 i GolFudty OPoni N0
with a circul ar cross section t ends ce”a nore uni m et ch.

In one &niskanbrerwallst8 itk metvppord fmaniter dpénAdq;tmmllyr eaifermityheng 660 équal to
about 1 5 substrate size of about 12 inches. However, it
shoul d ]eéfér%o@gg l{f?gg{eadtéte present inventionis not limted to a parti cularly
si zed substrate and that any sized substrate nay be used. Accordingly, the
di ameter of the opening is preferablyggreater than or equal to the size of
t he substrate. For the nost part, the nore symetrical the uniformty ring
is wth respect to the periphery of the substrate, the nore uniformthe
etch. Therefore, in one enbodinent, the uniformty ring is an 20 annul ar
ring. Additionally, a gap 370 is preferably provided between the inner

per| pheral surface of unlformty r| ng 350 and the out er per| phery of

. A PN Y

U'TD



11 23 Cct 2003 Therefore, a height that balances the ion density and the
neutral reactants density is used. In a preferred enbodi méhg, 0EheXf§8i ght of
the uniformty ring is about 1/2 to about 1-1/2 of an inch. Moreover,

uni form t worotpged50 has a thickness 380 configured to sulsiesveanshsiy 5
prevent diffusion of the species through space 354. By increasing the

t hi cknes&ock %@bgﬁﬁm%m&@tﬁEW?tamswé?a‘étaaﬁtogatﬁql owviegign 853 progimapthe ed@of wi | |
tend to . CEEhL eased amount of neutral reactants
will di f%ﬁgtgﬁ?jnto eﬁgglt%%a%%ﬁ%%gﬁ%%e%g%. Preferably, the thickness is

confi gured t dProferably, support nembpodRiibtefighied onplaenboimgting 3 40ebbd GlNESS i s

greater than or | t.0 about 1/2 of inch. In a preferred enbodi nent,
the thi cﬁpg‘s:% P %ﬁ g%%if Sty ilé’f:f(ctfl"l“.1 elFﬁtéO@[%léEﬁ@ssga@Fl apybrefpioptimisty ring is

l'i m tsed, config@re o providé Deerfie dpdc® 35 LAY treSAIE:sANLE BorBRET sf 'E‘E}Qv or the
nost par t he open area shogﬁ)d be confi gurgd tggal I ogvu]%éﬁgtggtﬁ?'b rmzi‘{cul ar

t [

punp to feramplesaiupstrasais viantiereeddychasdlenii-comohy etm yéthesorki thahmbydsaben t he
desired ghapher s ween .t he chanher ||, and the
uni f or mi tyﬁri ngori%éﬁlﬁsi %I #gﬁglgﬂggée%&fbg 3%?.3?;%%%‘@% {315’5tral)ep’§h‘1 Bpiion a%vé’fﬂéer ably,
the di stbotiom d80ois apiminbshoed), tispésed insite texhawst cl@diotle aid@odifz 0., area

bet ween teheca ut si depﬁgri rlr)eter uniformty ring and the inside perineter of
the chanBereal) Pghs Yl sybsirals Bamdbe handler. ofhedindier then ravects pecithe pintdsepsopeni ng
of tibe plespidific AMNRAEaIRBGed oh the®oRbBIRLEEL | | b @NGnd S
about 2.5 i ng_(}ﬁz_s. SI\/br eiggdgr, 0i t esﬁ_oul o? be nc}tﬁ dgﬁﬁgﬁ%@é&%ﬁ‘ﬁﬁo’ﬁ’ﬁn&pﬁ?‘% ng may
be conf i Guflcl astivaisdite heldthy subsra inele Adydntagedustyh thechmermayife openi ngs

are provi ' - t gases, and_maj.ntaining the _desired
chanber mpasd bt HEYRL: Bk A 8lcc 800 81 IO IR e B riRer O ng

i ncl udespresettdpemntiah magbe hed curteanfipedstiph eludia proctRER sydteing. hi s enbodi nent
t he taper cr%at s a fIO\AD/in a directign away fromthe interior of the
uni formty ri H&.Ee“?qﬁfesﬂ‘ﬁ GHPT SRS CH U F5e 456 serprly spasedBomithetep ed to
the 125 Quifadeds? boforh BRcte 304 (8 & Ypddift: 1 g{gs; el %g]lﬁji?dl NGhcbi§ 33gRuNt  of

reactants delivered to the edge of the s frate rirng processing. To
facil it atigribitesbeyssly eround thetsibstatpod theodforeaengue esidorin étclvantis achieveid.g. 4 shows

a uni f orym i i aper. 403 inside.,a plas processi ng. reactor
300, Tndsioiehli ot B PubE R ol BmiRE rtusnEh B5 BRuiat ases romgaibes
bot t om eheswiatcatle thbeGore alftkupporMBRAbELs ﬁ‘éfefrab‘ﬂyoﬁacé&m“%P oRSRE EEHaUE p¥th or

correspopd to the chanber wall 30 303, the bottom electrode 314, and the
exhaust lglﬂrﬂ[’e‘?‘ aust 3t fafianay fiqrpthe substratppspassibis tp, ensurp de eveBdisibutnd | gur ed

on bhe ' i farm ty Ii 2.and provi,des a sl ope
hat? oxLEes B BRRErELRSER: O T S8 Rroh miiehs TR BB

i nput t edweanthopdripbery loithioanbstrat. A bpirizs may #RS:de shef rwBLgaséshehiciP@ey Red (€. J. .
ions, electrans %qg neut%al .rleact ants) wi.ithin the chanber are directed

t owar ds ™98 VPR jeh rales an B%rpcEB%NW‘Q%QW}IWMP@@FPW%@M%DS@%ubst rate in

a vari et(orefpon@isly, i Aprers@BIRI Sy ho QiFpbRneRRErines i t he
surface of the sggstrzﬁe by diff u?il_ﬂgn_ or coneecta?%%dggﬁs%lgg@%%%@nd to
nmove t o BEViBS tgstrangih wersupppst e peiforaits rivg. 2 praferied rmbedigient, etvédthi(ad.) . For
t he,fosty; Mhe [ ter the tapered.uniformty ring
10225 PR ol e ebIFSEnBBRE Wil PASRURMT it olim et ARy bE bibekt o 41 0
t hr ough neehet Bgreférably positiencd sidhohatiit does hotdn@eeaiith tBe HREROShARQFsL N ar e

di rect e%ﬁ%o rds exhaust port 408 al ong taper 403. In this manner, a
porti on “5tS ‘Wé‘tespeci es are driven in a direction away fromthe substrate
and t her ef or qn bikCeriRalhat, hea SkHBhSn SN f & 10T €
parti cul arlgi/ rrlegi on 420, i's reduced. Fuﬁag%?%rt(g?&tgﬁ%‘%nzfggﬁ%g}bglgftﬁ)e hel ps
t o maxi Abaged anaet rplatigishig. Bowetes, isyhouidde nbted chagy thednvemtisi ispoE im#tOBby theee

Mor gpver, ered. surface .advant ageous redyces the amount of corners
ana ur rorrrin R B G BB K PG PIE Rt i oAbt oty

Typi cal pyovideGuppitso Mﬁﬁﬁi@ﬁﬁggﬁﬂ@@?kw %ﬁé&nﬁﬁ@%he%ﬁ%ﬂq?%erﬁyér@sr oduct
deposits (e.g., polynerié. As is well known in the art) increased deposits
may | eaaoqpﬁedgo Hrechpapersidgpvadls. Ip s prapedimentt herspase. formesry theshaced apabist r at e
t hroughput due to increased uniformty ring cleaning. 15 To el aborate
further, Fig. Sis a perspective.viéw of a preferred configuration of a
tapered uniformty ring 500, in accordance with one enbodi ment of the
present invention. Tapered uniformty ring 500 may be uniformty ring 402
of Fig. 4. Tapered uniformty ring 500 includes an opening 502 that defines
an i nner peripheral surface 504 of uniformty ring 500. |Inner peripheral
surface 504 is preferably a vertical wall. Furthernore, opening 502 is 20
configured to surround the periphery of the substrate. Al though not shown,
the bottom surface of the uniformty ring is configured to be horizontal.

e . - N .Y ) e N~




In anot her preferred enbodi nent, the uniformty ring is preferably forned
froma material that is substantially resistant to etchi r%Stﬂ'CT@[]@I asna
present within the chanber (e.g., 25 inert to the reactive species). The
uni f or m tyworoimgeshoul d be fornmed of a material that is gighgudeprigsssd hst and
the plasma_environnment w thout unduly contam nating the substrate. In one
embodi néfletionglipdiep e impedimangg te ther flovp pfgasesalih gnoshep kmpedimehin theropgoey

enbodi i i | um num oxi d uartz or Vespel by

Dupont Che rﬁeg‘gﬁr@@gg%g rt(g‘[l[ﬂlg g?lt%g? gﬁ‘éqfoéf\%aﬁg YEWO@BT Eﬁ’%e@&ﬂ“"lﬂ&rt HBPRBT e, the

uni f or mimembeisrage compled @ the Hivkdirifwiadsl hfcve e uniBity gﬁ30 entirely with a
t

coating of t abov tiqned materials. Nboreover, e support nenber may

ne
be forned i n“&"OVHT M HARHETIngigprefepably eunfigpgd B bagemerablyieonpRETs 1600/ 18233
In one spfBiihdntRRPITh 67 drdbdRherk thSudi D | trateshaving
t her eon gﬁ?@al um num | ayer (e. ge.nft’hgélggg)\éﬁg% F\gglr@gg}ésr%%ﬁgoﬁlogﬁje@r ?‘lﬁt)??fe
af or eme Maipg Eih theayprerpnen e <hoi ghoveac Toe hely ¢ enfigdbdtoriasi theainibinsity

represent.s: ISt r~and the etchant. i ncl udes a,
chlori ng@géﬁ %ﬁ‘%‘ﬁ%’%?@?@ﬂf ,Coge%@ﬂng?lﬁﬁ'e JofQdy rne ivgasily ramayabler ¢ hi s
i nvent i dwomithe potessingthadtbet. OR @ngand the Uhi@dmbiyZRE caslSiHa 1§mftre9é5%0 ul ar

conductive layer, .a particular mxture of gases, a particular set of

pr ocess PR ' AaHRtRF Becansy @ Jfan anlermitydingan bt nlgead ie errbamberfrilephessur e
withi n 4he Rty @amed.i oned plasma processing reactor systemis preferably
mai ntai ned fromabout 7 mlliTorr (nT) to about 20 nil, and nore preferably
at about 10 mrddition trgprevidingagpactier thomgREs anltersaofomdiirits spice3e4 abl y

mai nt ai t,,.500 t.s o 1p.t 0 about 2000 W and nore preferably
at aboupﬁ?Ei 6%%%%%@?%%“&%&‘%&?9% S’F%/?\Iém?fg‘?‘fr%e D¢t Fomdbssiase oisubisicer abl y
nai nt ai B Thpioallyalfautspadcd@s watited 4 WrtibPoRO ehedAQ-phbaRBdyileBod i Shab! v at
about Zagﬁi&véh?g‘rgjtﬂg etching. Additionally, the gap between the antenna and

t

t he bot fl oyuiomgity g feapths perphsasof smbstratestAo e maBtigneds sifie waktd i nt o

t heygpro : - S A ubi c_centineter er Jmnute
(scity SERPOOnaP RARE pteif Ratmifod e R ingl U JE% el Vi 865 30
sccm | en Boniferny ringtaed], as hosseiteyicld problenishasdelanad with R8tidé cddi@nig@pgaonent
source %ﬁls%sﬁémc\é b}g cal ed a?s) needed when smmller or |arger substrates are
i nvol ved’ UCeGFyEhepre, upsitate ABroughpyt may be inrasedibseause iemaifomsiponent
gases (ihg whi dBryaReao 0% BARdQF ofién. @ percentage of one particular gas flow

rate) is inportant, the absolute flow rate for each conponent gas may be 20
nodi fi ed as Whienef wishinglodwrboued by tedty ot snatso delised dtaethsierbsate Addi t i onal |y,

bothy RF [ I vel s . imzed to achi eye sui t abl e overall
SoCR TEgREHHBeR Wokad BEEPEIIHE B5uSIR 0 e S aBE RO Vit e Beshleei st
prof i | ear rken gity By sy sidmaapale@rodiMatedo Ge\sabbualRaLd, McbySiadlets hiy BN

alternate er&)o% nt,. the élgtjﬁgprmty ring is heated to provide a uniform
t enper atPESL K g%ﬁ&lﬁ‘f’kly i isniby o sba shexsyrfaeerfithaubetrathendamsant  of

pol yrer relul, b et 190 ny vk ifrSMEd aces of the uniformty ring. For the nost
part, the cooler the area, the nore deposition that is likely to occur.

Ther ef or e, tIh@ peaferregremibogineent ghe spaqedeban sddtipnshimisidiuetbntd tdygotiaé aenough to

pr exent r.feposition on the.side walls of the unjformty ring.

P oy vl ke AP BRI Bnd lert S et dile P Aot Fruce b atics b modnch ¢ 1 s

pr ef er agabes and pamiclkE,aitile sHiemantiEONbIeEIGH: the e@éle_:(iﬂh ther%Bsﬂa'fheﬁémﬂghQﬁ?éi process
e

drift adversel¥ effects the etch results. refore, it Is preferable to 30

keep t HERhTRRSFaRES et aplogaied aj Hieraripeyiphennef thownifoamity fiog. Boeforblysthag, t o
obt ain ‘Qﬁig&?gﬁgﬁ}wiﬁ&a&E&aﬁd#row&(”e%g{ ﬂggd %@%ﬁ%ﬂfg’f ormty ring may be

heat ed by cori on or radiation. . Frent ed by heating coils
(e.g., el ectiurtberbioys, ,unifemnitywing 30Hs corffiguied tPaFRAGE e ptddphery of substrate

30 312. Therefore, the uniformity ring has an opening 360 that provides a passage for the species

to diffuse downward from the plasma region 320 above to the surface of substrate 312.

Typically, opening 360 defines the inner peripheral surface of the uniformity ring. Preferably,
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2 ~ a~~ 2~3_ WD 01/01444 PCT/ US00/ 18233 and the like, inside or outside the
uniformty ring. In one enbodinent, the support nember i go@@]’%g&d to
supply heat to the uniformity ring. In this enbodinment, the heater conducts

heat thro obf¥gassupport menber to the uniformty ring.
because of at?gue probl ens, the uniformty ring may i nclf ughﬂﬁ({lgg%’res for

al | owi ng opemérrer Bl iseapapEred diteat aﬁslﬁ&lbﬁumﬁﬁ‘?ﬁﬁmy 'ﬁl‘érhﬁufaéehﬁtﬁees'm o8 UferOf the
i i omatically caontrolle or exanpl e, en the pI asma

uni form dob B

is charg e’i‘sl‘rtg Oﬁa’ﬁtp&lqsﬁél%‘é’nfrﬂ]éed&’iémneéélﬁe’#@l dpgning §6& ﬂl@ﬂtdnmgmnctsftor e t he
contr ol | 8¢ mofe HhESHANES thOmb& S BhelerRONG ' nt

proper terrrrglerat ure. Cortr esPongﬁﬁag%&% 1{}65? [ salég}rqué?eél? glﬁf/b éets vx/nen
there i sbsraussithessimighpwalt will tsad prdncefa monctunforfoplegmi Mgy (4. @eloﬁg)e@grat

invendio over the prior art. of
examrakl e, eé ﬁ\t\ﬁ%nt 0%9;5?18%?0 sf% 13%563?%{%'?1 i IRRSF RERRher Hﬁfaﬁﬁafth?s
confi gur mdfdrmrty tihg bé pgpasicubith gbESHn élfectﬁ:ld@s HoRERS, it SRLIERAR ?%'tﬂaﬂ'tﬁ/e’
stationary uni forégléﬁy ring substantially prevents diffusion of neutral

r eact ant YRSHPEFIRETH SPITRG &Ray ingluderpdapsy b direst e glasing ¢e.pr iou8ds grgtenodesstrer ef or e
uni f or m gh&hed BRSsuBsRAGNL&Y r , ent, .inv

provi des a srgatce At ABOUT tﬁeeﬁgllﬁ?cfgcg&g Fe h‘f.’)s‘%t“ﬁ)3|i Oqegllapre’éﬂﬂtﬁlhf?ﬁt a

unwant edg@@ewnmamxﬁ I@dedﬂcedgmfrthmgxbeﬂmhmnm ne@stively @5pidtrapePatlt i Cl e

h b d.
i 01 ondr et RebPUERRo T Pof PR Br pLife Shsufinpl o dosi on t hat makes i

easy to mnufmrmrmdopdn&@mfﬂmmf%ﬁmh@g hés*&%haﬁvtﬂﬁrgfntzﬁe{ WitHeS an

annul ar ring thout slits or openings (e.g., nore surface area and nore
cor ner s) SR \A%W“lbﬁéat"m Beiaagy. the suheirsviseirculyand sherdforetibis ipragersbli tshave

openi ngs Fm t urth bei ng evenly
spaced fardodn}%e%qng%%gcﬁr\ré@? eé()% Sﬁﬁqﬁﬁm# %’g St0§¥ (#uf:%gf":? ‘H’r\’%ﬂ?ﬁ@ s#BSce of the
subst r at @nhoshrmn@dhn:@amemfdlm qsnmgsugrbatartﬁdi@%quﬂ 1Bt UWDidcREshed ch rate.
Still fur r [}ffﬁ 2 inﬁegntronrs easily renovabl e and therefore can
be cl eanél %e{ ‘Hﬁi fehes- Slopererait @meatfh@wrﬁv@mslaWentr on
has beertirfieas kpedicilary QraFsubi MR -Bf &F &4 raféﬂp{ﬁ%éﬁfsﬁ A%ch ar e

alterations, permutations, and equival ents %pe of
this i niandipgater ofithe peaiing ‘igypreferably grgatedhmatequm«; theaize ofrﬂﬁ)subdnher mn ive

Ve o HRpRTER e Bl A s APy PRRTHRG 338 et e ol pr e o

as i ncl wdbsigteathe memlajmehmtcmmerepﬁe b ér@trb%hmé}ﬂc{h@&urdfﬁhtg%g i3 as fall
within the true spirit and scope of t he present invention 23 COct 2003

Whati s PPUPHRE is: 1. A plasm processi ng r eact or f or processr ng a

sem conduct oqugugﬁglryaggap g—;mp FeSdr pl‘%vﬁlegg% L 1,\f/ﬂlg gﬁ?@g&fng vval fJ s, said

chanber including a boftom el éctro sal om e
conf i guriadfommyty rngpisOmand thy outer dermhb@tafaulﬂnammdzahﬁd mfe&e@émbmméﬁrtm ty ring

configurg ndth ri ubstrate, said stationary
uni f or m& lsra:%?r%ﬁ fe'%))#ng e‘é@@edmg '\;}'é“gstﬁlbﬂ% Wﬁi@%éﬁﬂséﬂl@"eﬁ that kayinged

apart rel @p mlmeehd Bo fnihifhe meadlssﬂrat;b@ahhs RAE B BEOYRLSR (gﬁ:r@?fntag sEth€ fn 0de,
said_ver space 10 being configured to provide r ngress and

egr é3s v aFEFtl?HB%fFr i houldste neteshthatiadaraenygan tinde tatict Igssreffagfivea blogking
t hi cknesge Jehabi rééé%gsaamﬁe%h% oftﬁéj atglnic{tﬁgtl W agfﬁr a rdfs)ttt é ec] N from

outside sald stationary un orm r1n owar g %a(?d‘g‘ “substrate,
sai d st affﬁ@waraybluwuﬁgmmmh/rea{qtal@ ahnaw ddge ofthe st tratp; ETfhé}ElBi‘eaHep&Hﬂﬁ@GﬁtHeh at is

spaced a art a éil from.a .ai de of said chanber thus |eaving an
open arég \%’We@l %@ﬁﬁ%ﬂ?ﬁﬁ?@ﬁi@’a&ﬁwﬁ%aﬁpﬁdﬁ%g and said side wall.
sai d open ar The H’ﬁéﬁf‘o?‘fHe@ﬂaeQﬁéﬁﬁefaPs&ﬁ%@gf{}tﬁ@ﬁ%um\[t? nﬁg'hgs e?én%lhp C%/t on

uniformty ring to an exhaust asna cessli ng
cl aptn 1 theghegies deliverpditovtby mbetaate sfracsample fasnmehenfommy n@meﬂaie@ lin rieegmv. ng

et ched *iﬁé n%[n?rﬂ 'llgatc&ng rd%%'&%gth%' lél';bsrprgte egflgedis ?gd% A SACPd%lOIl&H}’, as the uniformity

ring increases in height, the ion density reaching the substrate edge is adversely impacted.
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3. The plasma processing reactor of claim1 wherein said unifornmty ring is
coupled to the side walls of said chanber. 4. The plasma processing reactor
of claim1l wherein said uniformty ring is coupled 25 to a portion of said
bottom el ectrode. 5. The plasna processing reactor of claiml mherein sai d
uniformty ring is coupled to the top wall of said chanber. 320§?

pl asma processing reactor of claim1 wherein said vertical % about

1/2 of aThdréteR, & ﬁe@ﬂiiQhﬁt bﬁfaﬁc&fth@f@n ldBEdy af® the r%ﬁtr@i‘gac?agﬁ%eﬁm Tpﬁseﬂl gpMa
proces&q&#%re torP f claim 1 wherein 3aid statlonarﬁ/tzunl ring is

formed f ent, i3 haight of s wiviormity ying estbout t@@b@ttclhlf §f By a
pl asma pielsent within said chanber during said processing. 5 8. The pl asma
[ m 7 wherejin sajd stationary uniformty ring i

processing r t or | ai

formed from :ﬁgﬁo&‘?ﬁ ém%‘%ﬁ'%‘ﬁ gpe 90 hagea ghigkness érggc“é@gglﬁéd rig aubgantighy c| a| m 7

¥mer & R ravet Gilfﬁhlbﬁ)ﬂﬁm)é sp&aéfs&hsﬁhglysp’ab@gszl SBY @chaasin ﬂﬁ%@kﬁ@& Qhd e\ﬂ/hmﬁle: ectl Sd
romthe 0 nu quartz or Vespe

The pl as?‘anebl cEgé}?IH ‘(1,3 81““&% edke\ 5:5‘1 “éa{ ‘é‘fjltP Qélrad‘lﬁ’ﬁ‘il 8 hersfors dg i s

coat ed wdecleagedrmntoant c&ﬂnetlﬂﬂatreacsans;ubﬁ]tcafﬁsJeahtb)édge%f ht Sibstrhe. Phghbng, iy a

pl asma I,d chanber du sai oces 15 11. The

pl asma Bt?lgglgéslé }Sncé)}lﬁ%‘g%(f%rbecﬁs }%gea?srﬁofmé\}ﬁg‘gé’ﬂjﬁ e’ﬂlhg‘ilpﬁﬂtea‘ B%F]F‘}fﬁ%‘rsﬁreﬁ?r sai d

st at i onathyn anéduel Wi dbpur I/Agpfhasnch. Ihapeecfehet crabidimbgle hevhicknads haper of said

subsifyr atjg., 12. The plasma processing reactor of claim1l wherein the inner

peri phery of said 20 stationary uniformty ring has a circular shape. 13.
The pl asma prBecbiskmgs pthetuwifonitycting mlitnlvddehmwﬂ by theined tpdedvpbeany of

said st r reater gqual to
about 13 oo BlSghe! b bt el B MO ATEHE Bl b RO B BY REL S
t he i nnebrbgBijesplar purap to aff@tlgclatrtmﬂw the oot by- plyodmtr@sassanﬂanq:manh thell ar

Wi th saiqsief dhafba! RekiRde dilRnce H38 bRV TheRh AGRELRfor %ﬁg?' m1

wherein a pottom surface of said stationary u%ﬁ?orrﬁp%n rrng 1s | el
wi t Hoa tidfimesnsicaekioprodds usypen etpre Pedferebluethe dtanes 39this opn tprfmss. ng

react or mfexthat ﬁ&ﬂ-ar‘éﬁ\@é’ £l freh BowkdN Bk oﬁﬁfde%ﬁﬁl@{er ﬁhﬁ?&rﬂﬁ'@ % e digk mligl i onary
uni form ¥1mrel[err] the cﬁfn%:e% %va(iils)atil;[tt 1; ér%gge; thgn gf el;c_{upa)l to the area ifa ‘éhe olsagn?igt (I;fat%lg L
pumping arrangement. In a preferred embodiment, the distance is about 2.5 inches.
Moreover, it should be noted that the uniformity ring may be configured to extend to the side
20  walls of the chamber, if openings are provided for exhausting by-product gases and
maintaining the desired chamber pressure.

In another preferred embodiment, the uniformity ring includes a taper along the outer
peripheral surface. In this embodiment, the taper creates a flow in a direction away from the
interior of the uniformity ring. This flow tends to cause more species to be diverted to the

25  outside of the uniformity ring, thereby reducing the amount of reactants delivered to the edge
of the substrate during processing. To facilitate discussion of this aspect of the present
invention. Fig. 4 shows a uniformity ring 402 with a taper 403 inside a plasma processing
reactor 400. The plasma processing reactor 400 includes a chamber wall 404, a bottom
electrode 406, and an exhaust port 408, which respectively correspond to the chamber wall

30 303, the bottom electrode 314, and the exhaust port 318 llustrated in Fig. 3. Preferably, taper
403 is configured on the outer peripheral surface of uniformity ring 402 and provides a slope
that extends outward towards chamber wall 404.

When a process gas is inputted into the chamber and a plasma 409 is formed, the

species {e.g., ions, electrons and neutral reactants) within the chamber are directed towards
35 the
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23 Obt 2003 17. The plasma processing reactor of claim1l wherein said

stationary uniformty ring has a height, which is define om
surface and a top surface of said stationary uniformty 2@@%@5%. ch is
at | east madioadddy arranged to control the anmount of saigcfusmiisspeci es
distributed to said substrate during said processing. 5 18. The plasma

pr ocessi WG AR AGRIGY OF MAYSmEFPyexawice neptghspgcined Yhtendfo mevedo Sestifaeafy

uni f or m thy silbksifle by d2R5YE 8P A bn %fld?ioﬁg i%f‘l&fbﬂnmqo ggi)sﬁ%f%ﬁ](e_o}’/ﬂ% I nches. 19.

The plasma processing reactor of claim erein sal Neéss i s greater
than or substestpin atrastion &.of patentiahc For tROmoipert phiasithesp spes snddgntkeemet or  of

claim1l LR Said.stati onar niformty ring i.s an annular ring. 15 21.
The pl ashecresslioRfiofne A2, PRI Horifh afhete stpisd s 0 GBS DRbFEMEr

sur face thfougtaopbningi 410 intibk YiniforfGtyirg oD 8Pl sechhPh Rlith A8k d@PBlvafE OVi des a
di ffusion barrier that reduces the anount of said first species delivered

to the e‘ﬁ‘@@”b?or%%qg&l%%ﬁef 4% ladip mgneca) apgaiioeelshe spycibyarddrivatineg a portion
of said dijebtfidn A9 HoRSthe Sulidirtte Eﬁéz&lbl%?oré‘?@éelgﬂga?n %f%!\%ﬁlts%gl%%ygi od3@Lf substrate.

20 22. The plasma processing reactor o arern ai@ Ghi f or ni ty
ring is sybsiate moeparticubaly degpad2dtisaphiced. rRiritinmns thotapatedpaRitelds terechani sm

that is disposed substantially outside . an exh t path of by-products

f or med uarxlnﬁlgzeglae’lpémwl&géfﬁ‘Wﬁ&esfgmﬁgl?exmﬁftwﬁgﬁg processing reactor of

claiin 1 wher @fidgtedRe tebpdréPdurSRAER antBocd i) RAGed Yhetankht %ﬁiéfsfzﬁlﬁe of the

stationary uniformty rlnlgy and a top surface of the bottom el ectrode. 24.
t

The pl asheEassEadRt predypealytfoyndgm the wiifarmityhag.eTypisally deoveers andaurfaqanes
rovi de ' t kal | 0 .0bstructio bet ween t he
Dot t om oo ardil BREBIEE B pRAKGAHOR 2 hard), I3 PREh kit 8 &6 fce of

sai d botinaensed dapbsicdeay 1881 to a28ealde tislRONRrtAde cohfenipitaiBd PIdacLs:SitRge r eact or
of claim24 wherei n.sai(FZJ open area all ows gases to be exhausted uniformy

from sai‘tORFpYt Ut ingfRa PHTHRELSRINgg” 26. The pl asma processi ng
reagsor of clraichbdratdarEIFIBS RQY fs@&ti?é vRd a%&é@&%ﬁﬁglﬁaﬁﬂﬁi dfgrmty ring
contacts said bottom el ectrode 27. The plasma processing reactor of claiml
wher ei n asedanifpmetyging 508 namegcaidantowith bye embglimentdf tegseentaibautdot. he bot t om
el o0t 1 04Sperd Doy BhE 3P PR L8 rBE R6FSHE%. TSRSy S4RY o1 9
includes an opening 502 that defines an inner peripheral surface 504 of uniformity ring 500.
Inner peripheral surface 504 is preferably a vertical wall. Furthermore, opening 502 is
20 configured to surround the periphery of the substrate. Although not shown, the bottom surface
of the uniformity ring is configured to be horizontal. Additionally, tapered uniformity ring 500
includes a taper 506.
In another preferred embodiment, the uniformity ring is preferably formed from a
material that is substantially resistant to etching by the plasma present within the chamber (e.g.,
25 inert to the reactive species). The uniformity ring should be formed of a material that is able to
withstand the plasma environment without unduly contaminating the substrate. In one
embodiment, ceramics materials are preferably employed. In another embodiment, materials
such as SiC, Aluminum oxide, quartz or Vespel ® by Dupont Chemical Corporation of
Delaware may be used. Furthermore, the uniformity ring may be formed of a different material

30 entirely with a coating of the above mentioned materials. Moreover, the support member may

be formed in a similar manner.
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a pedestal disposed inside said chamber for supporting said substrate; and
a stationary uniformty ring disposed inside said chanbeﬂ @MThﬁW&ng a
first peripheral surface and a second peripheral surface, the first

peri pher alwe owigee bel ng 15 spaced apart from the chanbercwaisbo/isessf or m a

first passagg t he s eri pheral surface being spaced apart fromthe
pedestal to fBPH %’e‘é‘ ‘cgt dus myvpRtiapgclgrinchyabstyrhayingshertarcan and a top

sur face @imini 194 RSE Al coflaldivl e NPeitRld i tf%fa[ﬂSrQﬁel’ﬁ%?lQ&]glfa%ai%ggg%m fhe first

and second passages being arranged for permtting gases
t her et hri6¥gH sysemnd Tde swslimpatalaoprefentstamdotopesish pyerand igetddnd igclu@isavi di ng

room for.y 1 eqress, of 20 sa strat 29. The plasm
react or ais&%gg?%égﬁ%r%g 9{1 % %“ﬁﬁé%lelaf Eﬁ“’%‘?’fh‘?‘ﬁ}“ﬁnﬁ@n &H%b@ﬁ?d ally
reduées tdmfphﬂsulansma‘d sabs‘tnaresi peﬁ‘ﬁﬁﬂ&r&:‘én@.&:ﬁ@@la?érE;gjpéﬁlédjlargﬁkgﬁrps%géSé ng

of said substrate. 25 30. The plasma reactor as recited

te th
P:]O)é: g:a rﬂ%ﬁ?"‘%ﬁ gfﬁff’%%%?lag BHPREET T/qriamgricylag plasshachamber por t | on of said
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coincides with the shape of the substrate;
temperature throughout the etching process and to reduce the amount of polymer build up on
25  the surfaces of the uniformity ring. For the most part, the cooler the area, the more deposition
that is likely to occur. Therefore, the uniformity ring is preferably configured to be hot enough
to prevent polymer deposition on the side walls of the uniformity ring. Furthermore, once a set
of process parameters has been determined, it is preferable to maintain them from etch to etch.
For the most part, process drift adversely effects the etch results. Therefore, it is preferable to
30 keep the temperature of the uniformity ring constant for processing, to obtain better control.

To further elaborate, the uniformity ring may be heated by conduction or radiation.

This may be implemented by heating coils (e.g., electrically), heating lamps, fluid passages,
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said stationary uniformity ring to an exhaust port.

i 00 ()

2. The plasma processing reactor of claim 1, wherein said vertical space is further
configured for removing etched by-products produced during said processing.
20

3. The plasma processing reactor of claim 1 wherein said uniformity ring is coupled

to the side walls of said chamber.

4. The plasma processing reactor of claim 1 wherein said uniformity ring is coupled

25  to aportion of said bottom electrode.

5. The plasma processing reactor of claim 1 wherein said uniformity ring is coupled

to the top wall of said chamber.

30 6. The plasma processing reactor of claim 1 wherein said vertical space is about 1/2

of an inch to about 3/8 of an inch.
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9, The plasma processing reactor of claim 7 wherein said stationary uniformity ring
is formed from a material selected from the group consisting of SiC, Aluminum oxide,

10 quartz or Vespel®.

10.  The plasma processing reactor of claim 1 wherein said uniformity ring is coated
with a material that is substantially resistant to etching by a plasma present within said
chamber during said processing.

15
11.  The plasma processing reactor of claim 1 wherein the inner periphery of said

stationary uniformity ring has a shape that coincides with a shape of said substrate.

12.  The plasma processing reactor of claim 1 wherein the inner periphery of said

20  stationary uniformity ring has a circular shape.

13.  The plasma processing reactor of claim 1 wherein the inner periphery of said

stationary uniformity ring has a diameter of greater than or equal to about 12 inches.

25 14 The plasma processing reactor of claim 1 wherein the inner periphery of said

stationary uniformity ring is perpendicular with said bottom electrode.

15.  The plasma processing reactor of claim 1 wherein a bottom surface of said
stationary uniformity ring is parallel with a top surface of said bottom electrode.

30
16.  The plasma processing reactor of claim 1 wherein the inner peripheral surface of

said stationary uniformity ring is spaced apart from the periphery of said substrate.
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15 21.  The plasma processing reactor of claim 1 wherein the outer peripheral surface of
said uniformity ring is tapered, wherein said taper provides a diffusion barrier that
reduces the amount of said first species delivered to the edge of said substrate during said
processing by directing a portion of said first species in a direction away from the edge of
said substrate.

20
22.  The plasma processing reactor of claim 1 wherein said uniformity ring is
positioned in said spaced apart relationship by a support mechanism that is disposed

substantially outside an exhaust path of by-products formed during said processing.

25 23.  The plasma processing reactor of claim 1 wherein the vertical space is defined by
a bottom surface of the stationary uniformity ring and a top surface of the bottom

electrode.

24.  The plasma processing reactor of claim 1 wherein said vertical space provides an
30 open area having substantially no obstructions between the bottom surface of said

stationary uniformity ring and the top surface of said bottom electrode.
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ring is disposed above the bottom electrode.

10 28. A plasma reactor for processing a substrate, comprising:
a chamber having a chamber wall;
a pedestal disposed inside said chamber for supporting said substrate; and
a stationary uniformity ring disposed inside said chamber and having a first
peripheral surface and a second peripheral surface, the first peripheral surface being
15 spaced apart from the chamber wall to form a first passage, the second peripheral surface
being spaced apart from the pedestal to form a second passage, the second peripheral
surface and a top surface of the pedestal defining the walls of the second passage, the first
and second passages being arranged for permitting gases to pass therethrough, said
second passage further being configured for providing room for the ingress and egress of
20  said substrate.

29.  The plasma reactor as recited in claim 28 wherein said uniformity ring
substantially reduces diffusion of a first species associated with said processing
proximate the edge of said substrate.

25
30.  The plasma reactor as recited in claim 28 wherein said uniformity ring is coupled

to a portion of said chamber.

31.  The plasma reactor as recited in claim 28 wherein said uniformity ring has a third
30  peripheral surface configured to surround the periphery of said substrate, said third
peripheral surface being positioned opposite said first peripheral surface, said second

peripheral surface being positioned between said first peripheral surface and said third
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plasma reactor including a chamber and a pedestal for supporting said substrate, said
10 uniformity ring, comprising:
a vertical inner peripheral wall configured to surround the periphery of said
substrate;
a sloped outer peripheral wall positioned opposite said inner peripheral wall, the
sloped outer peripheral wall being adapted to be spaced apart from the chamber during
15 said processing thereby permitting gases to pass therebetween; and
a bottom wall positioned between said vertical inner peripheral wall and said

sloped outer peripheral wall, the bottom wall being adapted to be spaced apart from the

pedestal during said processing thereby permitting gases to pass therebetween.

20  34. A uniformity ring for use in a plasma reactor for processing a substrate, the
plasma reactor including a chamber having a chamber wall and a pedestal for supporting
said substrate during processing, said uniformity ring, comprising:

an inner peripheral wall configured to define a first opening through which
processing is allowed to take place, the first opening having a shape that substantially

25  coincides with the shape of the substrate;

an outer peripheral wall positioned opposite said inner peripheral wall, the outer

peripheral wall being adapted to be spaced apart from the chamber wall during said
processing thereby permitting gases to pass therebetween; and

a bottom peripheral wall positioned between said inner peripheral wall and said

30  outer peripheral wall, the bottom peripheral wall being adapted to be spaced above and

apart from a top surface of the pedestal during said processing, said bottom peripheral

20
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within said chamber during said processing.
10
37.  The uniformity ring of claim 36 wherein said uniformity ring

is formed from a ceramic, SiC, Aluminum oxide, quartz or Vespel ®.

38.  The uniformity ring of claim 34 wherein said uniformity ring
15 is coated with a material that is substantially resistant to etching by a plasma present

within said chamber during said processing.

39.  The uniformity ring of claim 34 wherein the inner periphery of said
uniformity ring has a diameter of greater than or equal to about 12 inches,

20
40.  The uniformity ring of claim 34 wherein the height of said inner peripheral wall is

between about 1/2 of an inch and about 1-1/2 inches.

41.  The uniformity ring of claim 34 wherein the thickness of said bottom peripheral
25  wall is greater than or equal to 1/2 of an inch.
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