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pl asma proceSS| ng react or (300) for processmagammemcmdmltmﬂm bkal €
(312) ﬁhi . The a}ppar at us i ncl udes peenEATHREE .ES.AUER. OB.ORAE v,

the cha E}gg p"t)mglq@% Iemom floltpe %Sectr%{ggl%} P Igaﬁ‘edeﬁ P?}Eﬁi@‘a for
S

hol diLng the strate he appara us turt her e Tu&¥
unlfﬁnty ring (350) that S conflgured to surround the p’@r"t"pﬁeryxtmgeft he

=R tre —Furttrermore—the—statt+onary—uftformty—+hg—+-s—coupted—toe—a

ubs
port@l(sdtT'teh@*Egﬁgﬂﬁ%“Poa‘ﬁﬂYW%ove the bottom el ectrode in a spaced
apar&== el ationship to forma verti cal space (354) above the bottom
el ecB®de. Further, the vertical space |§ conflgul‘%ﬁ‘%‘@“oﬁ@*&‘%@@%ﬁw or

ingr&2 and egress of the substrate. t he Stgﬁ’{’g{é{ ﬁj;%ego ??f"f“y_:t?l ng
kb

has & hi ckness”ﬁ.s@_t_@at substanti al | y reduces

specE= from outjsi d€ the stationary uniformty ri ﬂgmﬁeamrldtuamleﬁtgeleﬁﬁdet he

SUbSt e. a1p (314) that is configured for holding the

) ] substrate, The apparatus further includes

{ ~—304 a stationary uniformity ring (350) that is

configured to surround the periphery of

308 1~ the substrate. Furthermore, the stationary

uniformity ring is coupled to a portion of

x 22 4/ \ Ve x Tys2 the chamber and disposed above the bottom

303 electrode in a spaced apart relationship

326 to form a vertical space (354) above the

bottom electrode.  Further, the wvertical

X space is configured t0 provide room

for ingress and egress of the substrate.

320~ |
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360 Also, the stationary uniformity ring has a
e —» l—380 3 thickness (380) that substantially reduces
| 324 356 X Xy - 350 diffusion of a first species from outside the

&%
X R stationary uniformity ring toward an edge
352 of the substrate.
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23 Oct 2003 ELEVATED STATI ONARY UNI FORM TY RI NG Background of the Invention
5 The present invention relates to the fabrication of sem conduct or
integrated circuits (ICs). Mre particularly, the present invention
relates to inproved nethods and apparatuses for controlling the amunt of
neutral reactants delivered to a substrate during processi ngz3o(5 tt2t663

substrate. During the manufacture of a sem conductor-based pro uct or
exanple, a flat 10 panghyfisplsamONtRYIRE PIRIRE t, multiple
deposition and/or etching steps nay be enpl oye By way of exanple, one

met hod of etching is plasma etching. In plasm etchlng, a plasma is forned
fromthe ionization and diss%cuation!oi!giocess gases. The positively
charged ions are accel erated te where they, in

conmbi nation with neutral reactants, drive the etching reactions. In this

manner, etched features such as 15 vias, contacts, or trenches may be
form&d in the Theypegssntofnventions mienes dpethe Cfabrigationi ofilsemicoadintet oftegrited ma

et chi ng n iV erate th asma. Fi 1|II strates
a prior ngr%? R ﬁ@uéc)t ﬁ\\s/ﬁe;}eﬁ?ag%c?rlgar%r %%HB‘W@%%WF"‘{%GOPWB‘EOW@%EF pl asma
et chi ng. appatayipies &r con@eliihg e @Ihcaﬁlﬂaf AERGE SRCRAGSRBGEA td NelH4ERS dﬁnﬁ@a”ber
102 with an antenna or inductive coil 104 di sposed above a dielectric

wi ndow 1R5BCes8S pf HicsHbstiate. ant enna 1 04 is operatively coupl ed to a first RF

power source éggn E‘g:régﬁﬁfg&fn% 0@3%@"&11&)91(1&0{%119&86& g? [ c{ %P egam%e a a? mher

102 that is arrang easi ng gaseous sourc érral

et cHént oal displgaroesan mtegmtetdﬁard%”r't mﬂtipleCHepbsiﬁmaaﬁcEgt euahil@gtsmﬁrmﬁy ptectric
wi ndow 106 .a %ea substr te 112. Substrate 112 is introduced i nto chanber
102 and ERpEEkd B8y £h g sonemethrd pf fishing §5 plasma sichings ol BlesRE

el ectr Ocﬁclﬁﬂéj d ﬁlaﬁﬁ@ [Pl YrofPHR! 1‘3&125@01?31‘&?&19%@1%35{1 %‘f?ﬁéc ngso g:is%gzgfgxgr ough

order to create a plasma, a process gas IS I nput
gas por tpositiyelyrehaegediigns Ehre ncealiypleid dowands mhachjﬂ)t;trate wheid théf)4n wsinbfafibn st RF

power soufce da. lar ec field, i roduc d. i.nsi de chanber
102. The &f 8%‘#?&?166313 sddlé‘f:e Fg}cg{“gg G%é’n%n}é’i b © e@fE@EFFW Bf esent

i nsitde tiss, @&ﬁﬁ&l@br%ﬁ@ie@%aﬁrhﬁ%ﬁﬂe@iﬂ'thé B9erdiof thelsiBst3ie, 9as 1ol ecul es of the
process gas. These collisions result in ionization and initiation of a

di schar ge or Pneparticulagmethod of pRsIOETFLchOGRuSAOAD ifddttvisoREE 10SB0MEBABS
plasma. Fig. 1 illustrates a prior art inductive plasma processing reactor 100 that is used
for plasma etching. A typical inductive plasma processing reactor includes a chamber
102 with an antenna or inductive coil 104 disposed above a dielectric window 106.

20  Typically, 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.



As is well known in the art, the neutral gas nol ecul es of the process gas
when subj ected to these strong electric fields lose el ecproQgl o3 | eave
behi nd positively charged ions. As a result, positively charged 1ons |20
and negat ighpgar ged el ectrons 122 are contained insidg ’ 18.
Furthernore, neutral gas nol ecules 124 (and/or atons) are contal ned inside

pl asma 1ASisavedl Knhwo irgihe att, thd AT ok QRolcdans 8f B Grdeka rmed,
neutral gas | equl es léA‘I i n%i de %he P? asna ar gr di r?gﬁgga?%%ggfn?he
f3ids Ipse e

e
sur f ace ?Sct‘sﬁg"%{gf)@t“’r P j2h leaye kehindpasitiveln demrgeddvasreista refult,

nol ecul itivelly @Rarb B o NAIHRG i er of. ut.ral. reactants
126 (e. S@,Stnezt r‘gF ggs nol egaf%@élpgﬁ?g%ugﬁ@f/ %jg%n%%on%l%%én?‘ﬂ%plgi’i’?af ace of
subst r at & 81 Farthetmpree sptrabizas ghojeculel 624 (dbooitbms) ¢ eqiriifsikindiddplhgsndpier ed,

i ons.l 20 el erate towards the substrate where they, in
conbfnatﬂnggﬁ\gmué}ﬁuﬁ%é{"%%rll% eactants |26, activate the etching reaction. As

can be_appr erab ek gl SechlirklcRtniinal B i 199 ool o MR €1 et
neutra

types ofcggro esses that_use varying amounts of 1ons an reactants
to conplHestet fwapisthe susacepfithequbsiraerpy diffusian,d.enéhetrredon maedmaett sf dr i ven

process, |; RSB i i n reater. co tration of

neut r al I?(gg%tleg’r%t s toé %@@%éﬁgﬁgbﬁeﬁg lr§ 658? P%ﬁr?ﬁr C%%[%ed%&’ DEWFIEAS n i on
driven pndeadses typitally fdraedulons theagtfhdead stigtraent A OodegbRALAY, vaRACENt rati on
of i9ns ta ac?eheéaltég.the reacti gn. One problem that has been encountered
wi t B? bot I REGFHPde LA ds Bysecdyans 4 A0 fond ieacselaraisriowirdmthe shissmteprhseetbeses has
been a nABoBihALWieL st Rtanfar f substrate nmay be
etched at a faster rate than aﬁgtzﬁ’:arﬁg?légfe e?clrpfﬁlrggé ?ig '}}Ste%gtbgﬁg%re%%?qe/en 20
pr ocessd¥ thospakilied inghavat, therestre mguy diffsesnbbypeschiipyoceisenthyt use tvalyigh@iousiéed t hat

there i ration of neutral reactants at the_edge of the
subst rat% é%gggg ﬁ%&%’fzfg%gﬁ}%tg céxgalgrte ?%tcﬁz‘t %Y’u@’ ex&“‘ﬁ’ifst“é?n?‘&faé?eaﬁé‘ﬁér ring
back t o dFiven pricess,htbe gdlanaa isyreqiired €iédndin & BREkAMSentafioh S BB ctdnt téegi ons
130 becaus thﬁ% are di sposed above a portion of the bottom el ectrode and

t her &f oPE°CREH B ERstoR o thewher bande idph firiven preqssseathe plagtaisrsitedposed
above a cB@hhiaQReadd c%ﬁ%nl§dfi‘3ﬁ?o?ﬂn‘nﬁto %@elgﬁ{ettgg{err&rog, ~a non-uniformetch rate
may | ead to device failure in the sem con USRS i rui t . By way of exanpl e,
a non- uni f or Pnepoblenathatdas beenenciementd witlgbéth ntial Slastentd@tivén @beedsek F ench.

Typical Ly,.undercutting,reduces the, thickness of the conducting line or in
some caéé%“’é‘raa%g%%l’ff’ﬁ%%egﬁ‘ﬁ% 1 g@on-pRifeqn ¢igh rafes Figr examnlei ene aresiafghee. Stil |

further subs@te witlybe efthéd/at Qlfeddr e 8RN AhSthé ar@dds, 4d & hi ng procesrs,
whi ch reduces substrate t_hfoughf)ut. 30 Orwe ap%‘r%éélgpﬁh{e%t%%hﬁl@/elﬁng a uniform
et cBP ha®rasesses. arst Whids ol evisking b be berindybyrthevgy, iitis belevedtaphesiga peasi or .

B dl J¢3 J ] | | i t dth bstrat
o o o cREAHIR o AR RGBT e el 9l g SRR eRara st sepaipicu ar
the neutrafasteemet RKefesring back tdIGE. ROGR deRsiQITRARPLAtbRO 4 R233d- grat ed in

t he high deniﬁég neutral reactapts area, fromdiffusing into the substrate.
In thi sT5#RR&r0 besanss they 3 disrasecabione Angrtise ofibhi hotten dstradsand thereforut r al

react anfig néitoe GHLE; sias : fromjnteracting with

t he substratge?&l%artherS(r?r%ardﬁel?gfn or%%%é%%%#ﬁ)gégﬁ%?@gg}gﬁd% PEss of the

sub%trate, tRathgrmdrerationyunifony etohsatdman lead nf degrice EativirOin Y SerdiBor@astodown.

Referri ugto]fi . %A & %B, a m)vfable uniformty ring 202 is shown in

conj unction’ let‘%aypq SEP B AJ ORI 8162 3R Fause Bdsreutting in the sidegvalsafehows t he

nmovabl etrenthf Qypically, ﬁtﬁd&ﬁ:u&ﬂ% rédhcés tﬂ@ﬂ{kkﬁ%'o&‘t}ﬂ'}on%ﬂn@i& OI%F some ifﬁest he
20 e nost part,

novabl e uniformty ring in an up position. For t when t he
novabl eCauesilise draalage; whiclr oy lead tmdavies feibwn Pribfurthemnomaniforality eeakgant s 10

204 nea . S 206 .are,substantially blocked from

di ff usi %’E{B’ﬁ?’ %9‘%%%‘9%*83%3 %@ﬁ’%‘g’%‘g"&%ﬁq’r‘%}’@d‘fﬁ%@ SR HRREbPWe movabl

uniYoor mi ty rOmgapgfidch ® dchieving a upifRessth R beéh HRAGEL OhiRFIAS B iRl
uniforrriht\ﬁ rin? 202 and the bottom el ectrode 208 is provided for the

i ngr essTSRYSHA Feagier- Jpropdly sregkiag the waifamity Fiagisdesignerivisnmourdghemibtoateri t v
ring hagith b $vatdh i I L Uk 15 at are pl aced
above t he substﬂ?a\gtegaﬁlim-r%ﬂpﬁ%i%? F%Er%%ég%éss iﬁo@gcéé%%}éeoﬁu ?rlirﬁaé‘?"’r“& of the
substrate. This is because such strzctures present surfaces for depositing
etch by-products (e.g., polyners) afid when the uniformty ring is noved,

t he deposits may flake off onto the substrate, -causing particle

contam nation. Particle contam nation nmay produce undesirabl e and/ or
unpredi ctable results. For exanple, particles on the substrate surface may
bl ock a 20 portion of the substrate that needs to be etched. In this
manner, a trench may not be forned properly and this may | ead to device
failure and therefore a reduction in productivity. Additionally, the bottom

. o e - o o o

(




species are not distributed evenly around the substrate @@ 06§ 2&cessing.
That is, one area of the substrate is in contact wth a greater anount of
reactive species than another area. This 30 tends to produce a non-uniform
et ch rat ewowoidaer nore, the slit produces nore coners angcTusohagess ar ea,
which tend to provide surfaces for depositing material. This generally
makes i tlogftedin éhg high dengifyengwtralrencientstarsap frowdliffwingrivicdbsmbsteniatiinat i on.
Addi tiongl ], ' [ t 03.,uniformty ring are difficult
to nmanufact ﬁrr g%gés]%ﬁelg)?lgle&l} tn\l;\ngifthﬁ3 ag lﬁ%‘%r%abteéa%f%fhg Iy e&?%m@ Etntg? 54363?9 J¢ed to

f or m t hesubstiafeorterpreyentddrignm Interndti@pwath thdh@ibkese oRirhgrmdr 8h 8:df @ Mewikhed

i nproved net hods and paratuses for qQbtaining a nore uniformetch rate,
Usi g & BRFTFGPLFES A S Spstat e GpIpHEY B HE esnceneaiand 's TRFIDERdd (o h
subsgr at®@wnwhi |l € providing the ingress and egress of the substrate, and

w t hout noving the uniformty ring or producing a non-symetrical flow
pattern near frf@fﬂuaitcffigrﬁﬁﬁ%B,ﬁgnovgblmifqmﬁwrtdgé%Mnthmoolﬁhn’éﬁ@i nvention

rel at es,_ i tona-pl a ocessing reactor_ for processing a
e conditf PR RS Bline! 0PI T e A 0SS B surm fomai BROAG: |y

t he charibedoivn pbitkes ard Figt 1B shools €igl hedsld habrhity SYI020K bRy hasitidiolrd ng t he
substrate. g%%@%ppargl%ﬁl};aiq%”herp';l'nCLUdeS; 'a'qigaél onarséum?ormty ring that
is confiLE)"uIF1 hien Ff‘e‘mff@ IBheng/2Ef1s trle Soplwe pPosaiics, neuinat tsestants e, t he
St atih ONaY bl UL b Lbiard Soe0b Blisthndifly i dRePREI hushlg ihIGncLREREr and
dlsposegmabgw&b%ome ectrode 1 n a“spaced apar re al] ONg 8to form
a verti su hdnghdbmpvabie wlifechitpdeg 20Lis idée up phatisgaspaabigpace i s
configurep to rovtj de.roo or ,i,nqress and %ss of ., the substrate. Al so,
Lhe st atFoIsaH JRRIPETR i 207 e s Polor clecieadsoiot v arpvided B MifPBFFY educes

di ffuzi Qgre@%ofahd‘%ulb&%atéﬂ%gi es fronguf Si de]c t hehst at ingng_ry uni foLm' ty ri ngI
toward an edge of the substrate. n a further enbodinment, the vertica
space i s confioygradmpype thepifemytyaingthas ith frawbeiks t Bypinaby unedngiinimgs

pr ogessi Lk L i i pheral surface of .th tationary
Gt 15 vk LR eloubidf QIS BroRBlrR ISty (ARG EBiSp Rai QR oy e

Mor eov erspbstriaie. Ghiséds bepense stxd safuctsites pregent @lrfiad fbr depokBingieto)l byiphgiues t aper ed,
wher ei n .t he t%ﬁgfé) rovi des a rgi ffusion barrier that reduces the anpbunt of

the fird¢8spd IWhes theduifgrpifering s gayed, thedepasitsumayi ffake eff@nio thy

pr ocessSigiigkirid. GtiBs ba LOdh ' ' ' Id i on away
fromt hg e(ttlrge° %'19 sltﬁ%{é&gggg?@g?%@% g@%ﬁ%ﬁﬁ@ﬁg@ %E(r)#u?%gnn% If‘ 15/3%?% ng is

posi t i omadfor ynpsedliciablpresdts. Hpoexamplzl, particdesi the bybstrate spyfae maydtdekai smt hat s

di sposed substantiaall tsi n_exhaust . pat h of by-products forned during
pr og(gssS"ngl.on&%%eﬁugsﬁg%tﬁa'%?ﬁeﬂg%‘/% ﬁ%eglﬁh&“ JOEgT Bé@%‘ilﬁ rﬁﬂ‘&fﬁa’ﬁforﬂ‘?@ Dr awi ngs
PCT/ USO@fcb82pandithi nidyasAith deviveeilin@and thetdrdr & kétbOsh MpriR¥infy. exanpl e, and
not by YH\\Iad?c/!'tpf limtation, in the figures of the acconpanyi ng “draw ngs and

I

i n whi cHdditiegallyetherbetiem clpgiadeanay heetoafigured i mevearp 2ol dawn withdheisame whi ch:
Fig. 1 ig,R schematic diagramof a prior art inductive plasma processing
reactor.

LA

Another approach to achieving a uniform etch has been to provide a stationary
25 uniformity ring with a slit. The slit is typically configured for the egress and ingress of the
substrate. However, the slit has its drawbacks. For the most part, the slit is only configured on
one side of the uniformity ring or in only a portion of the uniformity 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-uniform etch rate. Furthermore, the slit produces more corners and
surface area, which tend to provide surfaces for depositing material. This generally makes it

difficult to clean and contributes to increased contamination. Additionally, openings in the

3



Fig. 2Ais a schematic diagramof a prior art inductive plasm processing
reactor wwth a noving uniformty ring in the down position. to Fig. 2B is a
schematic diagramof a prior art inductive plasna processing reactor with a
nmoving uniformty ring in the up position. Fig. 3 is a schematic di agram of
an inductive plasm processing reactor t5 with a stati onaryo%nbgtoz[q%ty ring
that has a spaced apart relationship with the bottom el ectrote; i

accor danggifomnity fing REMBHIIRMo Blank SR, eés?@éial'if'}(ﬁﬂf RN mafifhs Zhﬁ;{t Sar@
schematic diagramof an inductive plasma processing reactor wth a

st at i onagsperpiyfusedhiot prm ithpunifeamithiaimga t apered outer peripheral surface, in

accordance w . odi ment of the present inyention. Fig. 5. is a
per specti ve v]}ngvv{/g‘gf()??epﬁ)g%)}n eﬁ%?ﬁﬁi%ﬁ?‘%{f Oi_ﬁefd Re] O‘E%ﬁr\d(ﬁp Sﬁ%, in
accor daneitainirizha anercentiadinTeh rafe, i ﬁﬁlﬁﬁf%hnit?\&ﬁ{g tPRontrd Bt AhdRH
Descrj ption of Preferred Enbodi nents The present invention wll now be

descrd begastanty delayaredpor subsiraie.onleide providingile prgrtssrand @gemsh ofithemnbsratdyer eof

as illusty [ ' rawings. In the follo description,
NUITET OUS sdgi"???‘}tg“ %@tﬁ %?ﬁ‘g%gﬁ%ﬂég{]gpgro{ HP cg}gdgrnoP—gyW#é hi H?)t?%gh 30
under st amdr thg waifotrthgy gngsent i nvention. It wll be obvious, however, to one
skilled in the art, that the present invention may be practiced w t hout

sonme or all of these speci fn&" ilsf I 2.3 OCT 2003 w0 01/01444
PCT/ US00/ 18233 ot her i nst anee 0 s steps have not been
described in detail in order not to unnecessarily obscure the present

i nvention. The present invention provides a uniformty ring for controlling
t he ®Wnount of Tlepewvertord ralates, int@d smbalisiehistté af plashs ipheccRSiNE @6&tdidfor The
uniforrritﬁ ri.ng is statignary with respect to 5 the plasm processing

chamber RIRESFEE & sepioRdueipoiHbsirae Boe @aparate dnaledes aj chamber adeditiapalh

rel ati onahbRaminctiRRE GhoRBAY dedi gt R SR ea\‘fgldﬁﬁdjggtﬂ% Sip3RAECThE"
substrate transfer (e.g., ingress and egresS). and a gap Tor e renoval of
by- pr odrpparatusfurtherdnélodesedstatinnang ueifainityginglthet isndohfigntet Yo sieund! (5O

i ncl udes__an e that is_canfiqured for directing a species towards the
0 e BB ASTD 0 i P ERREL 5 Doty Sl aa R ot e o

s ubstbantgoationnaF [thd Qhifib&k ARE FispBstioibvaPEE iR RELASIE aL! giac dd;%gé&m.unt of

species distributed to a substrate during processing. |In accordante wth
one aspdéltignshihio frase yertical snace ehoveuthef mtione elebtrodet eBurthieny theteihigshl

feature rkng et ching are achi eved by introducing a

uni form'SSP g&rlfgn(%ﬂ?%%%aggﬁg %vsl(rir% OP?)E SEEH® %@85’5’?5 Ogﬂjé %”b?tﬁ%tf"et‘&clfsféghe _

f eat ur esstatiogngi uni RAQOIRAESES Lihdokneds @aﬁmmﬂi@é}@ BIAB&! @itfu¥ibASrY fifshe | i ke.
The etching t lace while the substrate is disposed on a chuck within

kes
the pl as‘iﬁﬁclﬁ'ir%%% sils the statienary wpifprovysingtewardwr elgeiof thergubsiritnt 0 a pl asma

proggssi ng chanbgfime i i = r~suppl.i ed to. an el ectrode
wherein the gla: ener%ljye?nl Sg%%lltétﬁgéf\éﬁ%gl %&%"D’g\ﬁ@%%?‘g@f%faf?@ﬁ&“& eﬁ“ﬁ’ﬁgr%ﬁ

Fol | owi mgoduses modadedoturing grbeesghgs veddifidiallpetheridhersRephes! kltsicd o rtthe
chanber are noved.to.the surface of the substrate by diffusion (or 20
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reactants at the surface of the substrate rea mater | I'sposed on
t he subgtdiffusionbarrige hatireducdsdhedmomtel tie filsespruias tielatosed forthg edyer &l the when

th i f.th t r.al tants is, high th d f th bstrate,
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and surrounding the periphery of the substTrate, reactants
spaced apart relationship by a support mechanism that is disposed substantially outside an

exhaust path of by-products formed during processing.




around the edge of the substrate are substantially bl ockggiiﬁ@m rueﬁcti ng
with the edge of the substrate. The decrease in neutral ni2d ensity
proxi mate the edge of the substrate tends to produce a nore uniform etch.
I n accor dwmogaOw4s h anot her aspect of the present inventimrrudobveszsni formty
ring is 30 arranged to be stationary with respect to the plasma processing

chanber. By being station&l f I rawiggseduces particle
contam nation associated with a noving uniformty ring. 6 23 Cct 2003 In

accordance w her pe of the present invention, the uniformty
ring is even|@Q8%§%g§§’8ntgh§‘6%§fuftﬁ%e%?ﬁX"%’,ﬁ%ﬁ@{}?l&?&g PPy Wi tatipmyin

rel at i onbsafigured of ke c@nPoging@riwindshad sPakieR liIRPRFdredct hahbART M PRIy des a
space foceiethe IB%’LSIF!'S and egress of the substrate. In another enbodi nent,

t he spad&Pregisian ichonfi gured for renoving etched by 5 products produced
duripg processing. Furthernore, by placing the uniformty ring evenly
across the bottomelectrode, a symretrical space is fornmed, and therefore a
nor e uni f or mFég ¢ s echerbeticatigran efla prorgrt, indreve plasres prabeisinp eeagdge of the
substrate have substantially the sanme etch rates). In accordance with

anot her aspect of the present invention, the uniformty ring is 10

di mensi oned - 34hs2 sphemnatid diagrarewéapriok 4rf indictine plasme piocesing eREloRRE at hat

are proxj L e of, the substrate. By reducing the anmount of species
pr oxi m&@&%@%ﬁge & thed °“§’LP(?§‘?U|°5“[ e, a nore uniformetch can be
achiieved. In one enbodinent, the uniformty ring is configured to have a
thickness that substantially prevents diffusion of neutral reactants toward
the subst r at El8eddés aschemy REa pperdet ipdustivelpldsiy probrssisp erpetdr withnt
relatio oW : ment, the outer peripheral surface of the
uni f or m@ﬁ%%gm@%%%ﬁu%%ggper is configured to provide a diffusion
barrier that reduces the anmount of species delivered to the edge of the
substrate by digectig&éa. %orti on.of the species in a direction away from
the edge of T ¥%e> SASheMAts digeran, ofandinductixe Plasa PRORSSING T4RIET pr esent | nvent i on
IS ¥ acklimectdtionay DhBhfie I iSUS i | vely
coupl ed pl asnma rgggct or bas@g&%ﬁﬁﬁéﬁgﬁﬁéﬁ%ﬁ%ﬁ%&;ﬁgmﬁ@@P@P@gg%ﬂg{kasma

r eact or in §geprépndesvithvae eabpdimeniorfithespreResiamention Cor por ati on of Frenont, CA.
Fi.g. 3 illustrates a sinplified schematic of the inductively coupled plasm
reactor. Plasma reactor 300 includes a plasma processing chanber 302, which

i s defined byiga4 shashetatioalidgr308t anGhALA0E pMehd I%Qe%sihgréaa%ierabl y formed
froma material that,  is substantially remstan? to 25 etching by a plasna

pr esent YHRRFAFORIE Ui ring that hes aipprredsesiterperithera) soficdsinanceedanct witkal  pat h
to ou ; : -of chanber 302 is typically grounded. Above
cha%{)erB%O%%m?hlgé}gg?gémt%%%ée I:}‘tzlaérqf'antenna 304 (represented by a coil).
Antenna 304 is powered by a first RF power source 306 via a matching
network (not.shown in Fig. 3 to sinplify the illustration). Preferably, a-
dielectric w lﬁdgwas‘ﬁési’i’%g’ai"?ﬁ’dﬁféld’f%psw{ﬁnﬁa‘erefﬂ?w the wiformierizgan 30

Typi cal hatordan@asith sHeRetRBinthPof the PleQitk fREnMat NI N chanber 302. Gas inj ector
310 is preferably di sposed around the inner periphery of chanber 302 and is
arranged for rel easing gaseous source nmaterials, e.g., the etchant source
gasgs, into the RF-iRduced .pl asima. regign betyween di.el ectric wi ndow 308 and
a stibstrate 312. Al té¥# $SCHIDLRY QLCIRdged sabediments3 ot 2003
materials may al so be released fromports built into the walls of the
chanber itself or through a shower head arranged in the dielectric w ndow.
Substrat e 31Phd mesentinvabtion ehill ndvo be Hesotierd i dRadREkhdEBRASED aFBw dreflivak 314,

whi ch act S ottom.el ectrode and is preferably biased by a second RF
power s%ﬁ%@nﬁ%&ﬁf’gﬁ IﬁWa@QI“F e\ PPePmPaRYng Aawingse inbe Kollowing t her nore, 5

chuck 3decrimbnORinh @Rl shycifid il GrSset REMSn Bf'd@gto_sﬂ'gviggﬁ ﬁfcoi?tfuggl y made froma

cerami ¢ material such as alum num oxi de, positioned around the bottom
el e¥t r oeslersandiag o8the prasyntimysnidere it wilt by olexansposevantoRBE skdlked ot thestat i )

chuck, Wﬁ't' tﬁg' px%?e%' fn%§ntisoﬂt?1§e&rb%tpef‘ac§i%gd \%Rh(}u? seon(feh&'calfll o% tl?egé gpaegi%c details. In




by electrostatic force. Still referring to Fig. 3, an exggﬁi.rpg 318 is
typically disposed around chanber 10 302. Exhaust port 3 V& ic ed to a
t ur bonol ecul ar punp (not shown), typically |ocated outside of chanber 302.

For the magfoieats, the turbonol ecul ar punp maintains th @,t}gg te
pressure inside chanber 302. Al though, the high density,eP| n uo@{?fzis/%y

cou 8 l e ;:I . qﬂ@aé&t&nCﬁssWdhbiomylaﬁocass didps thpvealioe bléém:ie&ﬂfjb@ﬂ al &bl‘éa%if Alorde? Eﬁ: 89
conduct i; s. sho articularly good results, any plasma
s RS AR R Ran

react or at 1s’sui ’moﬁ‘g a plasma, such as a 15 capacitively
coupl ed or ECR: pesit biventbaprdVeded 5 8lifoEah EpPendl I .create a
pl asny, rocess %as is input into chagt.)er 302 n@%irl%lﬁé}}] gacysug?é]fjségptl%r 310.
Power i $% ddp g snsratedyring prepaseing 0 Zha it fogmity risg isREatipoag witheesper 1306, and

a | ag ge igd Qgdtd ' ' J i.0side champer 302. The electric field
accel er at elg t heﬁgéﬁgﬁ&#ﬁgaﬂg?& (ggpé’é%]drsac]?r?ge %\92’5&1&” SHLPfn @ [RAcE pAFle r

causi ng reliéonship. Ebe $riackel aphtt kelativasigp pro2filesbbtR aUbRS O subfidtdRERER as. These
col lisi (?ﬁ'%esré C?Jétei idoni Zﬁti n and .i ?'hti ation of a discharge or pl asma
320. As T5TWerT “HESITYAEP AE s EmoyHof hypradyets ik angderaed idutingetching process
gas WherThs ubjf@eit@eing alsb RRERIeSI] (ﬂj&ﬁin@ltl%@ﬁsrdoﬁﬁ%dr§+fé)?dlr&%ﬁ ?Llsga?cﬁé’sqn\xsfardsa nd

| eave behi nd positively charged ions. As a result, p05|g|v y charged ions
322 and WfgEpmescliods Eiheamenecibe noifrndp dingrieconfintrail nétl aisobstariaphas m 320.
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f eat ur epragessinge i nventions and their advantages over the prior art, Fig. 3
illustrates ﬁllbasr’rgiﬂ_@roc ssig&ﬁreg tor 300 with a uniformty ring 350 that

i s di sposed agt t YOO8 BRET Q4 e @EsseRitsRion 1nifornnetels tatasdamatehedi t h one
aspect _ dlankhiondREGANe duivgBlchR ard kB BB erodtRirh bt fi% 350, | ©
stationary wth respect to the plasma processing reactor s coupl ed
to a poPEFBRPEFessing reepigrbEre teen tptched fatives” hamid encfPassetiea). sednthes, Wi ndow

308,; an . 314). I.n Fi , ynifornm.ty ring 350 is shown
cou?osl edgélgéc(t: i gﬁ‘%g{%%ﬁfﬁﬁgg@hw e%\plgifp‘ﬁ%}ettgﬁﬂﬁ’ﬁ'é"fte §$2§P°?€d]cﬂntq gl |y,
uni f or mwithinrtheygjaSfOprocessingéinpibbl. VA Biabds @S, Sthid i 3
011 01444, PCTNS00/ 18233? | ock a subgt antsi%gf aﬁohgﬁglpg%ﬁﬁozaa@%%%@?&\ﬁ%%h are
| ocat ed “HATFE & SHiress “ﬁ‘?]CBJI PRYYE Sinpticd thpn edfctrodbwhereinghe3RP efigrgyn cont act i ng
t he subgisiRiae: sdfppor t 2 1s.configured to place
uniformty ri rS19 ggatﬂa%%%%gfeg%{&ym a épaceg%gggrig%gee?rgztﬁ’l% gh]eg’&lwntah&?ﬁottom
el ect r oBRiIghspecigyipsidpthe sbamabpapte mmled o thasirifpeios th seibicbydeflusi (8F Ovi de a
veriica 4 for the i.ngress. and egress of substrate 312. By way of
exairglpl e%ongggg’g%? rgg?relgf}’gnts?pftlfg‘?@rtﬁ%@“ﬁ&°]§gtFPé'ﬁ&P‘éFhe(1°‘is.aée. accelgtgtsd towardsii t h a
fork) t thatubuatesTHdeociéthred fodb a1k hafiM Aokt BY QUANEHELE hE QostRBEGP54,
ectrode, a pi

Once the,substrate is in position above the bottome n (not

shown) , V4 83tEialy dispesed entiipsubstaterivriasecand tonteforeratchtbe subgtrater In geatrhly, pi cks

up the ; .nihe handl er.then retracts d the pin
drops | ﬁggf%éaﬁlﬁﬁ ?ﬁgk {slﬁﬁrsa ?%gﬁigﬁ%fls & g%lsaé E}l “of %g? ?ufeth'f) 61{%516‘?*?’@ OB YygEn pish

posi t i obetWesn the crotes sidhgige 55/ ihis sabistryte i frodeBUC Ry infirc@Gdihy A bBthrry gk d t he
substrat,e | | ace. . Advant ageousl y, the substrate may be inpufted through
thgg s pa‘{l:bé’ V¥ ?18%0%%15?&%%@@?»%#%5 theperiphesy phthe pebstrafe, nentralaeastants ring of
the preasmid thewdpalof 8RR siRYralRQr ' |54 NG; cessing
syst ens. Furthe%armre, Sjt heabotﬁ%g%%ﬂlggrgcg%d %%I? 3?#4‘31@#%%%@% evenly
spaced Yu4bgrte: fac despeassinqigntral seactanisidonsitypratimete tiockelod dkhé sulgtrate pandatd el ). I n

this D& tants 356 are distributed evenly around the
substrate zgre] %ﬁ%p@hﬁéﬁ&é nore uniformetch rate is achi eved. However, it

shoul d be ndtectotdante Wiﬂemﬁtl&ﬁ@ipkctlmfﬁéﬁfres@ﬁ)ﬁn@ﬁ&ﬁ!rtﬁ’e ﬁrﬁﬁnﬁit?yl’lf’lgfs gases
around the substrate and therefore the support nenber is preferably placed

anay f rBREHde B Hatieanpithrespect o theplasien preerssisg clipatbier. Bysbding statiwgryt r om t he
subst r ah€udfHrRas si . 0 . Lskribution 20.0f gases at the
surface of the%ﬁggker%ggégﬁa&}ﬁ%# B?tgltn E}mﬁgﬂgﬁ(ﬁ%%{l mrrtgﬁbnéorvnﬁgn%ﬁgnﬁ%’?n%reat e a
barrier near the periphery of the substrate. A barrier nmay inpede the flow
of gases which may |lead to non-uniformetch rates and particle

contam nation along the periphery of the substrate. Correspondingly, it is
preferable for the support nenber to be as snmall as possible, while still
having the strength to support the uniformty ring. In a preferred

enbodi ment, the width (i.e., 25 dianeter) of the support nenber is about
/8 to about 1/4 of an inch. Additionally) the support nmenber is preferably
positioned such that it does not interfere with the ingress and egress of

t he substrate.




I n one enbodi nent, three support nenbers are used to hold the uniformty
ring in the spaced apart rel ationship. However, it should be noted that the
invention is not limted by three 30 support nenbers and that any numnber of
support nenbers nmay be used so |l ong as they provide support to the

uniformty ring. In a preferred enbodi nent, the support ne I upl ed
to the chanber side walls. In this enbodi nent, the space, ngﬁn%ﬁigggt he

spaced apart In @cdrdiiek &%%né@@;%ﬁ&%ﬂwﬁ%édg%%ﬁﬁ&ﬁhé Bhifdn g g'gll P has no

i npedi nents to the flow of gases. In anot mént

menber s @icBlycoisprsed above Hee otteroneledtende ripde. spheedy eparanditiveshipnbédionent , t he
support R ctrl CooMndow above the uniformty
ring. Mor eovglélt athg S&Q&F%&?ﬁ IIEI(szrulﬁﬁl dﬂrgvﬁ W* gh lﬁ?ﬁeifuarng(fgf%s “letfhe

r enovabl S},ubsttntqgl Bdartothet Iambsdnppmr ther@erdmefs sfurt}iem comﬂaglﬁéd)md irdfRdViing Etbigedwformity
rlngdnc mating with_ the support menber

(not “shotin HC%%rgg‘ﬁcgﬁéﬁpgg %%)‘%P?%ﬁ e%‘rglﬁ%‘% % Raciy ﬂPeoWHfoWItY iRg svel¥ spaced

apart redcadss gishitom Elestiie P Baineirtal dphed: isl%ﬁ&rd”hﬁd’ tHefeJ’i’(S}e I3Sm&RSrtifbrm
removabl e fron%{t gﬁﬂpr ocessi ng chanber. Renoving the uniformty ring enables

the pl asH@! fa4l tv6d hage ﬂlee%eélteaéﬂﬁinﬂien@igsétféh% substrete dgve subistantialiyt ther i ng
can be plaggeehittedype chamber while the 10 dirty one is cleaned. In addition
to providing a space for the ingress and egress of a substrate, space 354
is used to reftageorduncketitth gnqihes dupdcs of B8: priesmired eolimi, g mnfdmmtg ringriem t he

fRe t ded f
ourFREe Al aLE Ao YAMER Wil o8B SRES OSB!
ri ng neagdge imé thmsuhshetay B rahlbrag rth emBﬂﬁl ofApetien picaiiede 16 Itldseed/gal dof thé
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pr obl emscoafigred as a@veniat fhidkasss i tﬁ:itesu‘bﬁtﬁﬁt@'lﬂy NaAEVeRls WifubioR T RAHEIE factants

Furt her nor e, s SA@trate thrqti)ugh put nmay be increased because the uniformty
ring wilPVAghssabaraic,edgs apg thioneh t%%spaﬁ@ﬁwdwwsr the gprcediana; rﬁlgtlmshme Ipound” by

theomy, dnbthbSerbsimbiR] hey@e:r Isehl@ﬁeramrﬁée%}' th o t?ﬁng' ?sttgﬁ Jpow fast

‘the species are brought to substrate and how ast resu rﬁ gases
are takéeht reENO p'foal.ﬁie@dm@samsl:pm that mdumtt@ amounhef padist deaweédlgths% t he

by- pr odygts uf{% Y [ and,.ef £i ci ent f.rom about

the surfa eoo $ [)%t‘?%tc %ﬁéaghé%g%)séfgl%r em St atq%rec%(fncahw %%n rHﬁ

i ncreaselfthelsubarap?r eferred enbodi nent, the spaced apart relati onshl pis

di mensi oned t;Q Vld i C ace for the ingress . and egress of
t he substrat elngrpae “g%lgbé’%’fn&?n%ééﬁﬂﬁ%ﬁﬁ yeniion i acheed gauigh densitpaRFmR | es,
whi 128 substanduchbs yn blﬂ@cﬁivbmohﬂﬂed PldgRa BhctbIBassd B8 tHedbBnbloSybIthg hcPpemsi ty
neutr al g@@ﬁ){%nts t hat | ocated at the outer periphery of the uni formty

ring. Pr g Teqcie, W i1 ayailabls feonp L Ressargh Gogposation” offFremente €4- about
12 to 3/Mg o IRBrtECs sinfpilitd SsHaRh o oflﬁbfﬂ&d&hw rcb dgagsﬂlaﬁreﬁ&ﬂlf | gREed to

surround the perlphery of substrate 30 ore e uniformty ring
has an JRASHIrRG0 dedudep atplasmerirersssing qj@mbalg@% mhlt:thhe defiredibysa ¢hamber el e

connu i e b A 4, HERLA, 02004 RIS AR R ® >
uni 28r mietaing hya plesred presdot withibOthe clmxlﬂaee@mngzpeaesmg 0Tb Qiotdde MEALUTAD/ 18233
path to ground, the chamber wall 303 of chamber 302 is typically grounded. Above chamber
302, there is disposed an antenna 304 (represented by a coil). Antenna 304 is powered by a
first RF power source 306 via a matching network (not shown in Fig. 3 to simplify the
illustration). Preferably, a dielectric window 308 is disposed below inductive electrode 304.
30 Typically, a gas injector 310 is provided within chamber 302. Gas injector 310 is
preferably disposed around the inner periphery of chamber 302 and is arranged for releasing

gaseous 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



opening 360 is configured to direct a species uniformy to the surface of
the substrate. Wen the density of the plasma is controlled and confi ned

t hrough opening 360, the etching tends to be nore uniform For the npst
pan, a straight vertical wall will tend to give better etch results because
the straight wall wll tend produce a nore uniform plasm flgvxgc(t% g% i ons)
to the surface of the substrate. Therefore, it is preferablézt 8 t he

i nner pemhpRas Ay 8146 batfeatld 418 pild HiAT Wit Yhe'viAIg oP fheRBARER HsQHbAdugh t he
bottom el ectrode. However, it sﬁo_ulo! be noted that the I nner peripheral

sur f ace hHiPwiehbradderapgaddpdie dipleefrie adndavheSyiistising 12 és igtrodiced énto chengheeat er or
| esser : o e 4. FOr . ex -

posi ti vg%l?%gpo%b%gsethggeaf&@m% Pﬁ%ﬁ@ﬁgcgsc%rae% tté);r}1 %g%%g%? ?(gfsipé%egt)ﬁibéaﬁgdt o the
edge of hyhe senohd RFapevenrsdurae 3é6 dlsv glpycally oizesl niaaghéirg métkvbrkd.o Fdithe@sbrea | esser
concentrat | f lons to the.edge of. t suhstrate. Still further, . the
open?’ng %Mlgﬂle‘ﬂ&%ﬁ’ ?ﬁg},o&?lfyymﬁlﬂega gozfgs gngﬁg%é)r FrARLY SR Zogd csRTels Mattiel hape of
the substclabealumimicaidey positiics eidsha HetbottdmGldcGblar ClaRe U D af9t@f&eht S

pr ef erabflae to ?a eni ng?with a circular cross section. This tends to

ve op

pr oduce r?‘?ﬁ‘?"’é’%ﬁ??g&r@é‘it@ﬁﬁa Ifhgfe vdidourientubstiate3 1 arike ducks surfige openi ng
i's greatigfelddiafa@d forgual to about 12 inches for a 15 substrate size of .
about 12 inches. However, it should be noted that the present invention is
not |imted tillbrefarieg tuligr Byans prhagstsnons3 Yaisaypicalyt disposethgrosnd elthnshgbst r at e
may e d. i I [ i referably. greater
o Cor et AL 2 ¥ odpRah AR Rub P R, ). SRR Bty o
synmet r iagégidet he charibeyr 32t y Fot ribe irgosivitiakt, rties pebémsleculdrepynss i mdistins athe t he
subst r at [ niformthe etch. Therefore, in gne _enbodi ment, the

uni f or ni ‘/’TO&)P%S rﬁ?%sg%rg “ﬁ%‘%a%ﬁll & ﬁﬁ% nﬁ‘.lﬂl i fedhieh fgpsity ’Bglﬁ’ug qoupled

pr ef er ahtactqriovinglegedat the @reférfal dppaRtus¥ef fopRRigondibiih@ tRePinduis fsRwm ty ring
350 and tge f)ulter eri ;t)her of substrate 312. In a preferred enbodi nment the
gap is apbireiasly zopd results, appplasn feactapthats shitable o5 foymingr RSB LpleeTY, it is
bel i16vedapdoaiveliasupled 8r BER rébctok, h&k Jsga.m ni mi ze the di ssipation of the
ions to the substrate fbetter to adjust the ion 25 flow). Furthernore, it
shoul d be notedresppadingly, By Qyder tg srsatecrrlasmaga prockssges isfifipst tiito ehambepBOL ki ng

t he neut ; : [ r snal | er gap

t ends tgﬁlgggﬂrr%% gﬁJeQPIZ%:@it' vﬁgqg{ %g?%cﬁlﬁﬁgéaﬁgéfgglﬁa %&éﬁgaﬁ@%p & S(élgaee of the
subst r at386, apday lefgeetectrisdipdhidipnaguoed inkide phaoates 302 nPhoylectric fibk ggegeramy be

cur 1 aco oy AR e Enl FRG ne e el e P P SOB e

del i20er exbleamldshef hobbeeas @as. FOTheex adlfikions asuk e ibRizAtRMMALY ififidtien i gIc4 eases
the neutra eactants nsity at the substrate edge is reduced.

i hei t |
i t1 e R Pl 32D oAt iR Yol RHBVE it i uiboine HOVRHl e MBS Bone (v

reachi n@rédags GbehdhduBiefddto ks YRILSALNrid HPAS IRE elebions, 37d Fabe %Prﬁff'd
Therefore, .a height that balances the ion density and the neutral reactants

densi t y Pratiyady ghaged jonsy As e reselt npsivivplretharged Henshad2gnd oégatively whined i t y

ring is NS i o] i i i ng 350
hosy ¢ iepuls B alsonidl shadd Plaithe 300; MlenelhSiE Ot UV BBLPUEY 3k 00 00
speéPes (uYas@tinsg peecen3iad inBide iplasme 329 Ayl thiveghduit chanstss 302.he anount  of

neutral react | Qw ugh ace 354 will tend to be reduced and
therefore a egiIrll ggésre(gy&a{%ogtll}%? éao r'S":,Sn%uttll%(r? élfvep%%tagﬂtﬂéelwqq'ﬁmagefsfodgret 8" edge of
t he substiy Fig.3 Hisfreeaplagma thiecesding kevems 300 wilnfa gufoeakity ailpe3sm Haafige as
possi bl e. I n.,one odi nent he thickness is greater than or equal to
about 1%?p8§edélﬁf"{eﬁg’ﬁ9mleﬁ¥%50‘iﬁ é’f gi?chhflé‘nﬁb%‘ﬂ’?@?ﬂce “iitheone pRaghidhe peseabout 1
10 i nch invEgor. PrefkaBlS Surorrhibe rib 3§07 Kiaki¥ndr, RGthirSspkbtth HRCladRGYE&ksindY t he

neeg to | eave sonme area open for Punplng. or the nost part, ‘the open area
shotPd Bectos i gareupled) toa) partiomef thy phamice dekachpuby vallseddatisleattioy renove
t he exh i At I, [ r re. A
i 5t ance a0 Toay angubERLREeDas ) h idhs; HERER) KR 250 HtEhm BhARY

di mensi éhebamber prallsi WS with @ wpport amcazher B2 Additibyally heifoiinstyarioge 339Gs i S
configu f xhaust port area (e.g., area between the outside
perineté&gﬂﬁﬁyggﬁﬂ#%ﬁfﬁng and the inside perineter of the chanber walls)
that is greater than or equal to the area of the opening of the punping
arrangenment. In a preferred enbodi neng, the distance is about 2.5 inches.
Moreover, it should be noted that the uniformty ring may be configured to
extend to the side 20 walls of the chanber, if openings are provided for
exhausti ng by-product gases and nmai ntai ning the desired chanber pressure.
In anot her preferred enbodi nent, the uniformty ring includes a taper al ong
the outer peripheral surface. In this enbodinment, the taper creates a flow
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zZ s oc-r zoo3 WO 01101444 PCTI USO0/ 18233 substrate in a variety of ways.
For exanple, neutral species 411 tend to nove to the surfﬂ:e @ﬁftm3
substrate by diffusion or convection and ions 413 tend to nove to the
surface owahmaubstrate by attraction (e.g., potential)pcfosoohses nost

part, when these species encounter the tapered uniformty ring 402, a first
portion Blpck Habgtaatind amaunt of eeagipnts dthich areloanted inaegioh §63 poginddOtht hdgeugh

openi ng . ' j m i and a second portion are directed

t owar ds éjgﬁtgdﬁg%f%#%%%ﬁ%?ﬁg%%%@%%ﬁ& In this manner, a portion of the
speci es are direferhlyi supgortimembti 2 invenfigfuedno plae: wifoghiptiee 390hbbiheaafigr e t he

neutral feactant nsi,t. edge of s trate, nmore particularly region

420, is T¢ ﬁ%dga aé giﬁfoﬁg}lﬁfﬁb,bog‘ﬁ@ e@%‘%‘#&é“p spesd gRarhlatignshids i ze t he

punpisng e@hnfigired BR6ViASa VeTiCIGpace 3 NS thelRrbssAA8 ek Q Mﬁl%ﬁ?ﬁ%@p.t]%’ew per.ed
ace a

surface advant ageously reduces the anmount of corhers and sur ea t hat
are typi SERMYPIER FESEE i rangdereaddyis hapdlet (ie.. raygpiamamith a fod) that moesdheur f ace
area forgy, 5 Sit ol rs), As is
Rl T knous RO FRIEE o RKRERCHS). CRERY S Bt 8 Bl BB el o

par ti cl ebattomterimd, a@in @ntshoed)) dapsset Stsidetiie: tdwoaLGERbHe iEmbang NCr eased

uni form‘;e}(t.cr'gng .cllgsear{hn%lb 15 go e}I%Il?Jorlate further, Fig. Sis a perspective
view of & preleR P S Pi8nhi ot atriholandler o s hagdigniten retety ard thg pEotopsi n
accandanesiv thb siseate ARPsABAthe Bbitbf @1 RESRER hodi ' i pﬁ‘ﬁ’ npformty
ring 500 matI;{/g be_ uni for mpﬁi ri ng 402 of Fi g.Eiﬂ ?M'?'égg%trrg%%ﬁsrsﬁ g'or %gyﬁlgng 500
i ncl udeschueK i getiateg 1o bold thesubsieats in@lacanAilyaneagepstyi, fleanbitragundydee 504 of

uni f or m; ' ' . surface 504 i g preferabl verti cal
el |+ FLPRHH Mo aiine SR0EkoBRGATE, BB BT uaelo Betrfumtbem i phery
of the suéstriaveatiornnbeigded notetrsfivemisting bRsR picemshiglsiaass. 0f the unifornmity
ring is confiFg‘ngd to bg) hori zgntal . Additionally, tapered uniformty ring
500 i ncl udes SIygFe: B @0t Sﬁ’%@f’ﬁé@@’@%ﬂﬁé@%%@?lmﬁc?d frore thetepor mit y
ringsi s sffedcrabiom EREREM 314 QR BpadiBied! TRlhi | ' resistant
to etchi r_lg_l:?y the plasma pr egge%ntapwi tﬁi %@%iﬁ%ﬁg@g@k%’?ag@?{s%é#ert to the
react i vedisiple¢deeypnly Arpand tiefsubstiateyand ithrege fete auhate baiférar eretdraafis achi@ic@r i al t hat

is able i environnent w.t hqu ndul y contam nating
the subditunet RAARE ol A R o PR Ak e Tt et sroa

enpl oyedubstateand theedfore MROMHPRNinemBEC prefh 1P A% PhEm At &maﬂé{;pa@& de,
quart z ﬁf)ipvesqpxﬁnlg by Dupont Chem cal Corporation of” Del aware na e used.
Fur t her fbindhe xhaust; pith.gs daraway fiom the jubseate ay passiblst tocengiirt theraven distibetiomal 30
ent iy el ' ' : ' d materials. Noreover, the
Upr ¢ L R e e P TR O R S o BB Wrer 1
01/ 01444eRQT hEPbEry®L8E substrateeAdpaict fiag irypk tiealdvwo o @ked Witiish inBy RAI ton a 12
i nch subst ratfe he}vi %&: thqﬁrq?ﬁﬂ an al um. num | aéer (e.g., a conductive |ayer)
s ot chdlMATCRLE: Bits A b Ble Ao B LRl LA SReCEe PortpeB e sUBYiem  The sk
mat er i alConespoRgiaplkSit & HRERkBIasH 15 supRYR mealbdr R a@%ﬁQﬁ% d %ﬁﬁieu@ﬁﬁe &
chl ori ne-cont ai ni rg%mgas (e.g., a chlorine gas such as d)f . However, this
i nvent i $Aving thsstrengiiiorsupparbthe upiformity tingy Insd preférsd bmboditment, thevédthi(cay ar
conguct i j 1 I f S .a,part.i.cul ar set of

pr og%s s idxagneléé?fl (Zfrrrt%et %rp 28% Iéd_r? 7& %l?ig gmpug?}téi t§ ﬁ?%‘tl} gg‘l ogsmcéh‘gﬂ‘ﬁ}g?r.’al@h@e PHREe yr e

Wi thi n mieebef Bpesfembly posidored asdehgarioies SotigtcF e GHar the Et@fdRieber abl y

mai ntained fromabout 7 mlliTorr (nl) to about 20 ml, and nore preferably
at about™°FHturi ng etching. The top RF antenna power is preferably

mai nt ai ned f neEhERRHIIRAR. Wak . ore. preferably
at about 1000 Wduri nglg et chi ngiﬁpp‘(l)'}r%n%gﬁ%@g%gg? ﬁ%gg]e\p%l\}\%{r:}gllt}ggn lél]méaer ably
mai nt ai Aeaged aramreladenshipobowener.dt igfildthe nated tiat 8RAnWhtiam i noolimited Bf @feabl y at

abo 2 ri et.ching. Additionally, the gap between the antenna and
they({)ot ? ‘%ﬁ%%&?@%&gdi at S%O%Wdt@.r %%ﬁuﬁg%g’?mkﬁfﬂ’%@%ﬁﬂf%{ sodtque #5¢hey) owed int o
t he propesiiengppivasiie uniforminpting. 2 dpeteand ambofitiehC ﬂﬁ%ﬁ?ﬂdﬂq%&r@@r m nut e

(sccm, BA3 is flowed at about 80 sccm and N2 is 15 Tl owed at about 30
sccm  ‘coupled to the chamber side walls. In this embodiment, the space, formed by the spaced apart
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It should be noted, however, that the flow rates of the conponent source
gases may be scal ed as needed when smaller or |arger subg E (63 203

i nvol ved. Thus, while the relative flow rate anong the vari ous conponent
gases (whwohiomys be expressed as a percentage of one parddi@udpdvis2e@s fl ow
rate) is inportant, the absolute flow rate for each conponent gas may be 20
nodi fi edelaionakipdug ne snpedisesntrod sheeflay 6f gasemn tin sudiistr embedisieric the sgjdirt i onal |y,
bot h RF _howe e gptimzed to gchieve sui tabl e overall
etch rate, p Soa?é(;%gﬁgk&ég g%({}?ée&?é%a Y A TR O R t@“e@ipi’%‘él et ch

profi | e membersgiryenupley s iendiidirRrwih@dw abdde iR unsfoRsty @i stack. In an
alternate e dinent, the yniformty ring is heated to provide a uniform

t enper ature W Gh B ﬁ‘@“@tré}gilﬁﬁreéfﬁéﬁé%@ﬁamd tobereaedly tmpkeddaitie of

pol yaer stnpohtGndiibedy) 17 and WP . Nl IR el s nost
part, th?i_jcool_er the ar eég?o%ﬁﬁgér%oq?iuﬁggggf tn #%lnnc%iggté%{os}é %’{r%é?hy@f %lmﬁi ur.
Ther ef ofmting éth g uppari membpdr feptiskovare Toe hblkys @ofigirgditodaep thehaifbwiityenough t o

prevent Wy Ahe side | s of the uniformty ring.

Furt hor fop e dRRAT A REE. Colaotalioine FufhreSiiners UL FmMERE 1 ¢ 1 s

pr ef er alfios theprassing cinitee NREMOIMENS hnﬂf&nﬂ%ﬁihg eltflesttheplaRsd reP@bitto PrOCESS
drift adversely effects the etch results. Therefore, it is preferable to 30

Y Ul 1

keep t h82YdrPRptime derruseRelaRuniiormitying cag be Blaeaddn thefcbambperodeleshng, t o
obt & n BEfyteRE iCHEQ! . To further el aborate, the uniformity ring may be
heated by conduction or radiation. This may be inplenented by heating coils
(e) g., el ectlﬂiaddltlfy)q Prheidhllgmquicalrfwithe fdgteissja(tjxmaqmgesa su(]j:ﬂrateﬁapacea,f%"isZ%_ WO
01/ 01444 R 233 an Lke . inside or gutside the unjformty
ring. |f1‘588%‘e§%’g8%§%n )- Pf?‘%‘g’gsgﬁép%ﬂ*é%%ﬁtqhglgc PR TEEcs of sebswgley heat to
the uni B Mypially, ifgio shate i proviaedOPriBNGS the a%héa%tﬁsd&%ﬂﬁu%gosﬂ%ﬁo &Fr ough

t he suggrtﬁg er to the uniformty ring. Furthernore, because of fatigue
pr obl enslde WAL Qfihe Wiermyy ringweeanthy eviphendel subsisater HE. Asmentibuad, side whktr mal
exXpPanNsi @hositibn SHRAOLITRAL; e ature of the unif ity. ring is
aut orratie(r:bglml y: g%ﬁzéﬁgh ed. %Ec:)r exlgarl#)({ﬂé,gym&? %3S%qc%slﬁsﬁ n?aéer%g%g@f’g‘f he heat
i nsi de ohtheahdorbety ripgred,ak hyesnltséad paobibnisdwscefatsdavitthreda tdr@drhiBhtidnS

desi gned. reduce_heater power in order to mmintain the proper
t enper am]t ée)e. re‘éiﬁe&e@ﬁgﬁﬁp?{& %?)élset?‘?éea’glqugg@’é ey Be ggr%ydth@gamggpémlfqmw there is
no pl asfisg wilbndt Afiveds bs ERAhel O BRENE foregoing, the present invention offers

nunmerous advantages 1 o over the prior art. By way of exanple, the
i nvent i on prWhileaes vdshingtoihsibanyd ynthéawy it isylsoibalieved tat ihs ewhmbie gur ed for the

I Ngyess Al edn I-at es, rrespondi ngl the statiopary

unig%00r s y #’%ﬁg‘;’@ﬁ’%’%&%@%‘i@ ag"r %r\‘?gﬁ}téo %IQF%EF%HX%P"%%E{ ﬁFeSPE%E%ﬁ‘T?s at
the peramphiteyoaf Bhprosidingtarspace ploniinB@ (PHRGEE:aREA) thel B8k REEmA B Or M et ch
rates are a%fi ggieq. F_urtherg%;_e, the present invention provides a space at
about t FEOLe elagixely auickly and gflicienthwirer abous tha surfgea afilaabsratsarsh, aproduct s

pr oduc egsig) tHeethehie My Be iftfeaded €SUl t, particle contam nation is reduced and
a nore efficient etch'reaction is obtained. Additionally, the present

i nvent i on -oflh@meelerras) embodinbss ithprspatedtapam iedationthipa symérsioned tf metide 8 and
clean. For e, t.he uniformty.ring is an annular ring without slits or
op?ﬁi ng‘éegtzcgf g&’.%?@%}hg 1%%??%%6%‘?53&% s gubrinete aﬁﬁmforﬁ*hf&ﬁ e byrErodhde wal | s.
Mor eov egasestavid particiRs, WialéistigstakibllySblOEkiRP@B eM@or itk dubfratl B Win! &ngfy t he
uniformty ring, and further being evenly spaced fromthe substrate, a
synmet rieuHpl repciants thap arg located at the aar perrbedf ofttheunifobwity tne Prefepblydiheed, whi ch
as res ; : : i caotll L. further, the present

i nvent ﬂg&ﬂﬁ%&é}%{;&éﬁ?ﬁﬁi@%&a é)ffgét Eﬁé;npg{g’?go %/gﬁf%mg ‘eaned w t hout

i npacting sUnstheratoes, tumiforminprtitg 3505s Whifigaretiih Surioiue tleipeApiasoaBargescri bed
in erggs1 oﬁ. se%é’eral%ee r.rgfe.rred enbodi nents, there are alterations,

perfut atiPorf&Sreony t cfgﬁ‘ HISHERS iR RPening 36Rithatiprovidss a pawspes for thetspesies

I nvent i 9 diffusé dkwdrd fdlnsfe PRsPtEMntNBLibdvags ﬂﬁ%ﬁﬁaég%@léub%{rét%@@?f' ve ways of

i npl enenting the nethods and apparatuses of the present invéntion. It is

t her ef on@icaly. onering 3 Hdelinercthe intoneripheralppefackad tod wiifoeminering Pesfptbiyed as
including all such alterations, permutations, and equivalents 30 as fall
within the true spirit and scope ofigthe present invention. 15 23 Cct 2003




VWhat is clainmed is: 1. A plasnma processing-reactor for processing a

seni conductor substrate, conprising: 5 a chanber having ¢h3n®gf 2p4!s, said
chanber including a bottom el ectrode, said bottom el ectrode bei ng

confi gur edueipsypPprorting said substrate; and a stationar, ' Ity ring
confi gured t_ol%lurr_ound the periphery of said substrate, gi'r_ﬂgg{“gégonary
uni f or m byenirigrigolietondguted posird: adpevies aafdemiab E}@Hﬁh&%g&tgeds%éﬁt@ whaced
apart rel.ationshi B’@t forma V@# i cal space above sai ottom el ectr ode,
sai d ver fe@sPsity 9f e plasmg dy Grgtrellsdkand gpafined shrpughaindeing 6Mnthicstchingperdsgo and
egress Obe mBledinfdRB! F@!tRe ma@indrt ST @fal LfQrmLy. rin I}%vi ng a

thi ckness that substantially r ezaltjce g?ﬁ%agpd(%{%% i w3 b PR e sy

out si de SesRuseshaxtiaighawgll will feod picdycera moretunifamdplasinefige (0., ®ai)do gbst r at e,

sai d st atj .l i ' Ling. havi.ng .an outer peripheral surface that is
spac esz a%)dar%?%%'{]ﬁ]%ﬂ?{/tgm}%ﬁ%e’% JEH 1‘_3 B?haé’a RIFR RS Cih B Tacealthng an
open ar eaniftemitpeing bapapaidiulap oty bdtfony MedRIdli HbweldaGe ISR e R el | -
said open area permtting gases to pass from above said stationary
uni f or ni Werrﬂeﬁal%trﬂ syxfacs iy dagludsey teper po ditgsbthe ipkasmra (f¢.clous)di pyateeadesser of
clai m 1, a¥hiekab teSRbsravedthGale el her.Sonkigured for .renmoving
etched by- products pr{)adqced aurﬁﬂ%gégkﬁe%#%éeégg?%&f E&%O Eqaﬂ?’éwﬂ[‘g%a
processi &gaterecgoeaniratgin oflierisite thewhes efithe sibstthieimid ondghtively dayeditgpeeup! ed to _
t he side,: f sai hamber.. 4. The plasma processing reactor of claim1
wherlzi n dslgé?{di %?ﬁ%? %Ornrcﬁrﬁrf‘%?ri’ ‘?&“?%‘Og%%ﬁésap% S¥Udepor tion of said bottom
el ectrode. 5.StiMferthraheBpaiRcF s BoEBRCHA hafa shhit t%%%/e,ﬁgse‘g@h g@l d
p wal l anber . )

uni form yr(iéfngis coupled to the top wall of sai'd c The

pl asma p?a‘é% e osteaie t birictly-chasubstataissteilar anditebreforetit is ateferplie @ have about
1/ 2 of | ' 3 Oct 2003 7. T | asma
process?%gdp?lgg%ﬁ?@tp%%?%} alr%s%gcvt\ﬁg'rg?%{%g%ﬁ% pgf(élf? HHGF WSFH\hJS)P%?i ng is
formed fenohmdimantiter diametthelithd spesingsd goiterathin/orleqglsh @bt 1 Dirh&THig by a

pl a present .within ..d. ch er during said processing. 5 8 The plasm
pro glgg si Sﬁfg&?ﬂ I 4e at’ﬁut i ?éﬁch?s? EYEi h S}E?él?@"sptoéﬁdi thatdls present iprenition ivnotg i s

for med_fliaiedao & PAailaryaker dubliarlnd T oh) 850 AUOREAS) NO.LEAREAL4iRf, ! a1 m 7

wherein said stationary uniformty ring s forne roma nateri a(fm%l%’l ected
f r om t hethgfigmpterofiibe endning ivprefRirably geaten thamoreeqiialeo theGizg whtHezubstraideBgrel . 10.

coat od ayrRos BEE: Athd GReRcaPlbe EnBomit 1K Ll rSPerhio BepeidmmIag iy a
pl asma pubsety theinidie onifandheaoiiTaeretiie, iin enSahsbdih &t 8RS bt brmity ring is an
20 annular ring.

Additionally, a gap 370 is preferably provided between the inner peripheral surface of
uniformity ring 350 and the outer periphery of substrate 312. Ina preferred embodiment the
gap is about 1/2 of an inch. While not wishing to be bound by theory, it is believed that having
a gap will tend to minimize the dissipation of the ions to the substrate (better to adjust the ion

25 flow). Furthermore, it should be noted that a larger gap tends to be less effective at blocking
the neutral reactants at the edge of the substrate and that a smaller gap tends to be more
effective at blocking neutral reactants at the edge of the substrate. Therefore, depending on the
process employed, the gap may be increased or decreased as needed.

The height of the inner peripheral surface of the uniformity ring has a similar impact on

30  the species delivered to the substrate. For example, as the uniformity ring increases in height,
the neutral reactants density at the substrate edge is reduced. Additionally, as the uniformity

ring increases in height, the ion density reaching the substrate edge is adversely impacted.

11



15 11. The plasma processing reactor of claim1 wherein the inner periphery
of said stationary uniformty ring has a shape that coincides with a shape
of said substrate. 12. The plasma processing reactor of claim1l wherein the
i nner periphery of said 20 stationary uniformty ring has a circular shape.
13. The plasma processing reactor of claim1l wherein the in rOc%?rOQ hery of
said stationary uniformty ring has a dianeter of greater t gual to

about 12ThengBRSa h&éht]tﬂat bIﬁﬁcd?,ltl@eSf@ﬁ dBhRG AR kﬁ%eﬁ@ﬁqgﬁ'ﬁaﬂ%fdeﬁél it S\MH?r ein
t he i nner %ge{r{leg said stationary uniformty 38 rpendi cul ar

with sai®P P@E’c%&@ hejght of e WilRERKY anm%@%mﬁ rt@ab‘tﬂérl Y2 ofpmi m 1
wher ei n @achottom surface of said stationary uniformty ring is parallel

with a top sulglloace of said bottomelectrode. 30 16. The gl asma processing
reactor of cl YPHOTSTuHBHITHIY; HBE 53R ebaspe thiskisss 388 (ronfawed o swbgangielly i onar y

uni f &r mltryvemt diffukisn spaﬁegecamhfougm Sptct Bs4. pr/idéi‘b(iEM ee tﬁ@kﬁbswbéﬁmine 17

23 Cct 2 Fl{ %f“? sna ﬁgocgngSI n f"ﬁh aim1 wherein said

st at i onaVly UKk 57 %E: " gu ’H’@F‘gﬁ? BéF‘ilH“fé%i ag¢ thergfgicr dm

sur }‘ ace @nnhasedtaﬁmuﬁwﬁmaﬁalQéacsaatsdwﬁ]tdifﬁhs@Hﬁtb)édg@biftﬁé Bhisiate] ][pgafexalslgl i ch is
at | east ed to contral. the anmount, ai i rst species

di stri but Bg{wts%’)%scgl cgggoreé’f ATELFS R Slél& 95F S’E'Egil a@ ﬂilglq‘e%’égf?g Y ma

pr ocessithagn peepiabto abbutl/aluﬁaﬂnw}héﬂ alp‘nefﬁﬁe(ﬁel’ﬁmcﬂﬂﬁéntpfhestﬁﬂcﬁne‘ii atdbenar y .
uni f@rmyjy, ring i s between about 1/2 of an inch and about 1-1/2 inches. 19.

The pl asma processing reactor of claim1l wherein said thickness is greater
than or 10 eqlhsl thickneps of tie vaifoinmthring2 . lirfited, povesry hyrthe assli tngeavea@rh@r of

claim1 yhes hr}‘OIS 11?% af“ﬂ)rotﬂélw P}EHJ (Pl{er%}e}{ alféarégotlll? 2Lof nU| 11I ﬁrqp%]'S 21.

The pl asna proceSS| eactor o Wherer Nt he Quter: perlp
sur f ace tawbogialedulahpw@p et effectively removcathe reabhusibepridnct el andpesintpinaie des a

di f fusi Qiésﬁ)é%f crhbﬁbe (ﬁ?@s‘su&egu&”?ﬁnée@o%@mé@ﬂ fensdbd. v&dllregﬁi tlZéDr ec?rﬁ tgga \F;g; ? :jon

to tg f.sajd substrate durlng’ sal d processmg
d P%%HS@B%RO@%OW# thisganes @tero drefovallys the distanee 9fis configmeditodotsst r at e.

20 22. Hﬁ&axﬂil@ﬁﬁ&t R CES s Séir@Q bét%@éﬁ e o@lfsﬂéﬁﬁhﬁ‘i’eﬂer ﬁﬁ%rﬁilt'} rﬁ‘@' | A WY faQRE Y

ri ng i's QSItlon%g Sal Sp aced apart rel ati onsh Ip SuppOI’t nmechani sm
fit ﬁ%%ﬂa

that is RFEJslsEe %ﬁ%t“fa%lﬁ)l that gy, grepigbtham obsayal iotthzren oﬁifhe lepepngefihe s

fornmed quikipivg abhepieaC eﬁshn}g‘efeﬁéd Zétbolitgent) ﬁﬁ”ﬁlsﬁﬁ&c §$Sibbet 2SaGlcAEs, Of
claim1l erein the vert P(Lﬁl}f ace i s. defi ned by a_bottom surface of the

st at i onar§reavesbeheu %Perl} SUIL ML Fing EiaY e LomiguEchtp Griced tanths oide.

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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24. The plasma processing reactor of claim1 wherein said vertical space
provi des an 30 open area having substantially no obstruc?is) tﬁ] en the
bottom surface of said stationary uniformty ring and th EB: ce of
sai d bott woamlesttr ode. 18 23 COct 2003 25. The pl asna proresmiifgsr eact or
of claim €4 wherein sai.d open area allows gases to be exhausted uniformy

from sai YOLHHPAarEcty BFY"E\-‘QS- 85 erapiPlse Beiahgpecizgd ] ived ol movedo frecudawmioy
reactor @t sibk@ie by ditRGHE bpcd?lQed?lg% tdhc%%nQIlPZtgﬁn@gto%@Je' 8 B e e WpfeOr M LY Ting

contacts said bottom el ectrode 2 ep processing reactor of claim1l
wher ei n sub#rageiy aticacsipm s rrtentiali Farthe tpstipangwhe théss ppsid eadoier thbe bot t om

electro . | a r.eact ar f rocessing a substrate, conprising:
a chanbgrgp %%@%nﬁfgng@:ﬁ%a%%?rﬁgn Bg%‘égts_ai:mﬁi%%%éﬁ’étfdit?}‘g?%a §‘§FtEFti: Khber
for supphroligingpenirigt 13 ibthk aifermiGRhgA03 bt 4 QRSKYpdHib] 8 HirtNed thRradi Sposed

I nside sajd chanber and having a first peripheral surface and a second

per i pherSMaustparo Q8 alengdaner 4Q3. “Iadhis pannes) a pordmefdh sriepigs 418 diperded apart from
t he chamg@ktidMdviaytrdnf L , ripheral surface

bei ng spacetilzi apa'#(t fr%&ngﬂtﬁ%gg%e %g?%ﬁ?gl%ﬁgétﬁé&g%g%%a%b g{s)%dgs?lvthe second
per i phersabsteate; Marsepagtindlaalytregiors420f Boeduoéd. thethpestes thd tapeéd profis Helpe twal | s of

the secaond.passage, the first .and second pass s being arranged for
per mi ttinrllagmglazgeseq% pb%?sostjtﬂﬁsé’%f’% %?’a‘?&gcﬂ’c’ggggnd passage further being
confiogur ed f Morpsvey,iet Bgeré@RTabOsdvhiEoeoRI RIAScAML BW RS Bfneddngai d

substrate. 29. The plasma reactor as recited in claim28 wherein said
uni f or misP5fageiaFg thatpest tapieally fryndrandhe vajfoginity bag.ofyméally, dormest amsipedfaeesirea

associ atggth Weihs3bHekbR0RSSL i t he edge oli sai d. substrate. 25
30. The pl asmm reactor gg r e%: irh?%%h?ﬁ'%’:aﬁéjl mefg' %ﬁ;g? e, kagy ’13#"7 ¥brmity ring
i s coupliedeased deppsitstmayrieat to agratet Fsltbiparticilconfdnting cASHB rddaacduBEraRs I eci t ed
I n clai ngZS whe eitn. said uniformty ring has a third 30 peripheral surface
confi gur qUghpuLdRe, 83*?5”‘?“?‘? Eﬁlﬁh‘@%/gf’l‘?f‘m@ai d substrate, said third
perijpheral sUblhberaREUABrPOS] 4 isQPRRPQBROSiheOrs %exfrédr hfi @E&%J?Jh%a' surface,
sai d second peripheral surface being positione etween Sard first
peri phe rgnered ynffarmeityaing 508i i acerirdagica @ith one embodiment of the present invention.
Tapered uniformity ring 500 may be uniformity ring 402 of Fig. 4. Tapered uniformity ring 500
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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23 Cct 2003 peripheral surface, said third peripheral surface being
substantial ly perpendicular to a |lop surface of said ped@g ﬁlCTdﬂBﬂang said
processi ng and sai d second peripheral surface being parallel to said top
surface ofwgaid44dedest al during said processing. 5 32. Thernsewismsr eact or
as recited ig claim29 wherein said third peripheral surface is vertical,
and wherei n s8¢ ¥Ref Faﬁﬁcf‘tﬁﬂ‘?é’rféws Y\yFRtione [2gnd) sypetrte IB®ingAherpofar Mty ring
for use dlimRuil 18Rt 4. 0AG%h@ct ' e plasma reactor
i ncl uding a chanber gand a pcggggagg?qugl?&sd{}gg%ra?#g%&{s@%gdglttﬁ%g?fré?f%s?m%ai d 10
uni f or mi ¥getersgemc e mask mgterial ropresentsal phiotunesist [ageriapt efeadichand ihcla@Rfai gured to
surroun I r f Ld substrate; oped outer peripheral wall
posi ti oﬁ‘:ehi oﬁggﬁl{?@%&gé? @ .,ﬁa%g?ong%lg?sp%gﬁ & C@aﬂo,‘”&t’?{e&‘s‘l‘% oRiftnet limied pher al
wal | Sbeitng padiapinedzddcubrapapetdongabhdictionaldes sHaaha midiEd Sla sai d
processirng.tE,?rebﬁ rg)errritti n ases to pass t her ebet ween; and a bottom wal |
posi t i o BET 3% ShPIQLTSENS BFFHELSTS: 14/ n3eicrlshalasma chamberand sai d sl oped

out er peri phaghahrédaid withih i . to be spac art
fromthe pedpstgl duri ng _?ée?ﬁ&’%@?gg@gﬁ%ﬁ?ﬂgﬁ"g‘%gﬂég‘%ﬁﬁ"ﬁ*ﬁe&l g &L %ra@ pass
t her ebetgirfained fromaboyt 7milli arminT) to Abrgit 2O m Ty sed moregrefbablyat AiRAe1 ®mTf or

pr ocessi t | asma react or.including a chanber having a
chanber dva\lngflge%f#gg'aﬁgete%%g% gﬁ teg%arposvﬁ:ﬁ bsoqfféef?élysrﬁ?lﬂm‘é’ﬁ%gP?’eﬁbémcﬁQpi‘ﬁ’?@S (W)

pr ocessitogbous 200 Wnarfdandrt byeféribigat HOUDIN0E W dinif Ll HIE " THRYoHBRAk Al |
configured to d?fi e a, first opening through which processing 1s allowed to
take pl £O&CT ¥ REFIGH %P’aw&éﬁ*ﬁdrfﬁ%ébﬂuhg%wgm tp hbaut 30 ¥, and inekd refBibly

coi nci desapuut P ; ikt Rg; r , er. periphera | I
positioned o pos‘!v?lgﬁgg?ﬁm?%né?@dﬁgﬁﬁg ’et?% HP\A]%:E\?’%HH%&“ e&P%E“‘E‘@F}DB%Q@? al
bei ng adlgptrest is ebaye6.§ feebesd Fapizarmore; Glnis Newahiamihe %z\oaéslsingkiﬁéxﬂ%r &ﬁdg)@ut
processi .perpitting gases to p .t herepet ween; and a bottom
per i pherlg?ﬂ\i\g'}gﬁfg%él?eflélﬁgtarst?gf Segy> ﬁﬁﬁé? H‘b‘@"rdi ab Aqui BO seam. apd M2 dsai d 30
out @5 pédlompd erabbutve® scemt he bottom peripheral wall being adapted to be
spaced above_and agart froma top surface of the pedestal during said
processi ng, Sanepidbe nesed. beveyshdhaitheiow rapg oftite c2BPBnenasduraghsssandy Heop

surface Pl i bet wee ermttin ases to pass
Cher of it onere nag e SRR A B0 SR T U P e e LR e e Bon g

subst r atrate arBéng thérearions tanminkyt gahmqwfch%@ibmeﬁﬂemméﬁbrééﬁ%gh' BFfr Mty ring
i's capab,@ Elwg%?gei-n% c.ourEl:Jﬂed t(F)hthe chanber wall. 36. The uniformty ring
of cl ai Fgs" PH T8} 1 HiPATIREh Herpselpts floparatederragh eonapangntaas cray &k that i s

subsd antiodifledl a§ f&dsd AHccdn@n&datd WiftSreRYsubstRhES IR R&cﬁﬁcﬁ)gh WA RE sl .d chamber
formty OF ¢

during said processing. 10 37. The uni ring 1A m 36 Wierei n sai d
uni f or mPeufeerlpYRls may baxntimizedrio ashdevearsaititde oGirdll ctél rate, photoresisiheleciigg t z or

Vespel

wal |

and 1o maintain the desired etch profile in a given system and/or for a given substrate stack.

In an alternate embodiment, the uniformity ring is heated to provide a uniform
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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38. The uniformty ring of claim34 wherein said uniformty ring 15 is
coated with a material that is substantially resistant tozq,t@ﬁi?nmay, a

pl asma present within said chanber during said processing. 39. The

uni f or m t WO dfig44df cl ai m 34 wherein the inner periphery pErssiodssmi formty

ring has iameter, of greater than or equal to about 12 inches. 20 40. The
i Tor m 19 95 G 51 P hide b ey He. Feqngismbogingal b svpbor pombpfier a

val | is hafpeentodagsty hid 2 Ak uiforiGhing! ik ht2 i e
uniformty ring of Qg?ai m 34 wher_eiln in%gqttﬁpg%%%%?%{gfzthgg?%g%cgfl?%}tﬁhﬁ’éatri pher al
25 wal | Hheough tgseprortaembsy tete anifarmity figg Hurthermiane thecadde of fatigue problems,

o ) Al AR e o R o g g expansion. 1 anoter
z(az(3(>|( D BAPISOARRACMRINIolled. For cample, - e6e
?pp XPPXPP<P , 228Xp<pp<pp<’ <p<p<px888s<x8px8| <?>88xp p
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appended claims be interpreted as including all such alterations, permutations, and equivalents
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30 as fall within the true spirit and scope of the present invention.
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said stationary uniformity ring to an exhaust port.

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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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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36.  The uniformity ring of claim 34 wherein said uniformity ring
is formed from a material that is substantially resistant to etching by a plasma present
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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