WD 2007/ 019049PCT/ US2006/ 028844 1 EDGE RI NG ASSEMBLY W TH DI ELECTRI C
SPACER RI NG BACKGROUND I n the description that follows reference is
made to cewoaloor/@boct ures and 5 net hods, however, suchpdBi€IGERE4
shoul d not necessarily be construed ag an adm ssion that these
structures and nethods qualify as prior art under the applicable
statutory provisions. Applicants reserve the right to denonstrate
that any of the referenced subject natter does not constitute prior
art. In the field of sem conductor processing, plasna processing
chanmbers are 10 co o re | forned on a
substrate. During gﬁ%ﬁ#ﬁg$&?%§§gﬁgé§f§€@ﬁi@ﬁgﬂgﬁgﬁpzéS%§C§R§@gyFrate
support surface within the chanber. Substrate supports can include
edge rings positioned around the substrate support (i.e., around the
substrate) for confining plasna to BACRGROUNBbOve the substrate
and/or to protect the substrate support, which typically includes a

cl anpi ng 15 nechanilsthe desaiption tmt ﬂiﬂo{iyrdfﬁendéllﬁmﬁ&e to'%ﬁalﬁ@ﬁ@ctﬁﬂeé\grﬁi
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circuit pattern can best%ro jected froma m Teticle and
transferred to a phothsdiskbefisemisopeuctpr proshesing plairas procemaingrbarhbersied on

a surfacegf S hi tur n.pe. use

t ransf er tﬁe %gt t e?{ﬁ%ﬁ%ﬁcﬁﬁ&t%&%ﬁ%@ g%ﬂ“?? opg,);ﬁl’?str@%. ﬁ(ﬂ‘ﬁ'rge

| ayer s for nmed tmsubsteatsisissprosisé ot hatbstrméeﬁlbﬂoet sﬁﬂ‘f@cdodaﬂﬁ@lﬂﬁsdh%ﬁb&{i' ayer.
During plasmagetchin | asma i rmed aboyve the s of a
substrate by g&%ﬁ%"i‘@ %EPE%S ﬁﬂfﬂf‘lﬁ gge ’é‘%rp@?u?%edé“@ﬁé {‘ @lasge FHPRRTIr €)
at | ow pr essulie., alendphesibBirAE)Fof Confiaing pla@ﬂl%,to fhesgiunadinedt ﬁle sBhMlate
neutral species wth hlgh ki neti c energi.es. adj usting the

el ectrical pof®Hey Qrrefectihrsubsiris Fpert, V&i‘é’r‘yﬁ’ﬂalbb’@éiué@ 4 ¢lampiag 30
pl asma cans be 1&bﬁﬁﬁ§n@%dﬂ9@ﬂ0§‘i@h Bﬁ %elb%fhat liﬁe ?‘Ifgg Binelifs SHRAESAL €

and thereby renove material (e. E
rings, can be sacrificial (i.e. consumable) parts Conductive and non-conductive

edge rings are described in commeonly-owned U.S, Patent Nos. 5,805,408 5
5,998,932; 6,013,984; 6,039,836 and 6,383,931.

Lithographic techniques can be used to form geometric patterns in a surface

20 ofa semiconductor substrate. During a lithographic process, a pattern such as an
integrated circuit patiern can be projected from a mask or reticle and transferred to a
photosensitive (e.g., photoresist) coating formed on a surface of the substrate.
Plasma etching, in turn, can be used to {ransfer the pattern formed in the photoresist
layer to one or more layers formed on the substrate that underlie the photoresist

25  layer.

During plasma etching, plasma is formed above the surface of a substrate by
adding large amounts of energy to a gas (or gas mixture) at low pressure. The
plasma may contain ions, free radicals, and neutral species with high kinetic
energies. By adjusting the electrical potential of the substrate, charged species in the

30  plasma can be directed to impinge upon the surface of the substrate and thereby

remove material (e.g., atoms) therefrom.



WO 2007/ 019049PCT/ US2006/ 028844 2 Pl asma et ching can be nade nore
effective by using gases that are chemcally reactive with the

mat eri al twol@omiiglded. So called "reactive ion etchi ng"pEQiBRRSsdie
energetic etching effects of the plaspma with the chem cal etching
effects of a reactive gas. However, during plasma etching, in
addition to etching one 5 or nore | ayers of sem conductor material,
the photoresist |ayer can al so be renoved by the pl asna. Resi due
fromthe photoresist and/or polyner that nay formas an etching

byproduct may undesjrably.redeposit .on a lateral edge (e.g., bevel
edge) or undersi de%gafsg{%h Chir, 2’51‘”@.‘1‘3 E’é’@eeeffﬁeﬁ’a ?S’g&ﬂ?&@fgw be
vol atilized duhemiallpreavidecoitetic npioabsdcrithedBlo HAEE "RBRALISH Shing

effect on process.yield. In.order to maximze yield, reduction in
pol ymer bui | dL?BmiFPéfﬁjé CORREETS Fipng Aec §ﬁ@1ﬁéiﬁew1t1é@@éh@mc@1wéchmg

substrate woulegfehie oflesdabifd fis. ,\Gullgfﬂg Blabink SlenREAdaRBL i Abhifed' e

ring assenbly adapted to surround a substrate 15 stpport surface Th a
pl asma et cAi NGt BWEIRerS Obpesmipesycianmatgyal, the phoiaresishieyercen also beredeved e
a peri pheral &9&&%;5195119;{ substrate | ocated on a substrate support
surface and provide a cl earance gap between a | ower peripheral
surface of the sub&esigeeiremdhaphoipesist asdif pipnafthatmeyefdae a¢ amgchiand a

dielectric sp i t e rij and the,suhstrate
support surf a?gﬁ(r:ci’fi{rl% %P@‘ﬁ‘ tgg’%gdglyarg&?ggg?‘bﬂagegd 5485 %&r’a\’%"g eé%% %et ween
a 20 | over sumhdersidodfthheutsitbtet Batet palytheswHighasy Bedlagized Hufike
dielectri GoSPAGEL ri Eﬁr . V\hegaﬂt he &d e %'Bng assenbly is nmounted
in a plasm etchrmg tHRRBERS LY LaVRar 2 Vﬂg%?ﬁ goRgereshEcky de otdenlg and
the di el ectri emaspmigeyield, dgiuaishl i@ hoBthea Biltup at BB RndSLNEERY §l¥8e bevel edge
dielectric spgg&rpﬁé#r&gt and the substrate support surface Is

preferably le epEoyldhpe desirabls, upper surface of the dielectric
spacer ring and an 25 i nnernost upper surface of the edge ring are
preferably substantially co-planar. spmMAgyedge ring assenbly is
preferably configured such that the di stance between the plane of the

substrate support g fie &n@é‘tﬁmbﬁ?arpéf%gﬁing %ssEBﬁg%%ﬂMﬂ%{%%s@gte

the dielectric spacer ring is less t out

di stance bet wBgROHE#Aedne phpmelichinglshumbar compyges an edgerfizgdimanortet éo
P ane, o Lo AR SRR ooy e IOE LS LB 0 R
on the subst r prowidsamirarance gar betweena lgevpr feeiphealsusfatookihe substrate and an
upper surface of the edge ring, and a dielectric spacer ring between the edge ring and
the substrate support surface dimensioned so as to provide a clearance gap between a
20  lower surface of the substrate and an upper surface of the dielectfic spacer ring,

When the edge ring assembly is mounted in a plasma etching chamber, an
annular gap between the edge ring and the dielectric spacer ring and/or an anmlar
gap between the dielectric spacer ring and the substrate support surface is preferably
less than 0.25 mm, and an upper surface of the dielectric spacer ring and an

25  innermost upper surface of the edge ring are preferably substantially co-planar,

The edge ring assembly is preferably configured such that the distance
between the plane of the substrate support surface and the plane of the uppermost
surface of the dieleciric spacer ring is less than about 0.25 mm, and the distance
between the plane of the substrate support surface and the plane of the upper surface

30 ofaradially inner portion of the edge ring is less than about 0.25 mm. Thus, when a

substrate is positioned on the substrate support surface, a gap between a lower



WO 2007/ 019049PCT/ US2006/ 028844 3 surface of the substrate and an
upper surface of the dielectric spacer ring is preferably |ess than
about 0. 25wdoishs® gap between a | ower surface of thepEWRShfsbgsANd
an upper surface of a radially inner portion of the edge ring iIs
preferably | ess than about 0.25 mm In an enbodinent, a radially
outer portion of 5 the edge ring is thicker than the dielectric
spacer ring. In a further enbodinent, a plasnma etching chanber
conprises an edge ring assenbly adapted to surround a substrate

support surface _in t | as ef chi ng chanber. The substrate support
preferably con%fﬁa%eeﬁ%g@ﬁtﬁ%‘??‘bi%‘{ﬂpg‘ %‘F@W?GI?F %ﬁl"*ﬁ?ﬂﬁéﬁ’a%ﬁmﬁée of a
basepl at e for niréfgrably lessaharedRet 0.958um, Thea LAAR KRG 18R SCHPhYe 10
overlie a coupljng ring that overlies a peripheral portion of the

basepl ate. A sUBEEfeand 2aimpersuHateriedadi#ininrer papinog the edgppog is
surface such thekrabRAeRUhSl a(}ib%gﬂgl‘? R a8 URBEdiAkE: 9¥%§£$ﬁ% erhgﬁion of

dielectric spacer ring and radi al l'y Tnner portion edge ri
A preferred ditht edgering isihinker than thg disdestric sphagt hinge. g. , from about O.

to 2.5 15 ff ' | ' t,h d ' f
he basepl at e and ot R eBbBiehd 2plakod HEbihg bl dF oGl mh ige 08
t he deposi ti orsssimbioadapted to sureougdp stitetrate sapohtautthed in clio plesnapagsg ri ng

and the substr L egs ne gas pas e can extend throuygh the
Coupl i ng i ng TETee Ths S0RteaR At e R0 3SR atatin ok op o
supply a heat uppansifate @fababeplasintingedokeasidciass Ple éd%@riﬁggﬁgﬁlbl}g:an
and/or the dielectric sl acer 20 ring. A preferred plasm efching

chanber cdffpr iP¥Edic 2 coupling te thitaveripsapsriphernbRarien afifheipaseplaishdwer head

el ectrode I acisisubiiad U5 Sidualed of Wbl bR PourHIE AR bkl hdt e of
conprise an RE driven el ectrode and/ or the substrate support surface

can conprise & SPEEAT orhangs therlirlsotinspaser tippend & tadfadlydnnef pertion of the
basepl at e. ZSEbgeﬁgge ring assenbly is preferably adapted to reduce
at least one of (i)" RE coupling between the edge ring and the
basepl ate, (ii) ar & prgfened distastrichipacetes hdsmgvidthd(eigh dronasient &5 ¢ 2.8nd
(iii) pol r e an,underside and/ or, edge, of suhstrate
suppor t edﬁgﬁ Pﬂ@o sugé{{ér)%teg&gllfﬁg%}rfsu g%tﬂ?eae ge rng from e basepfate 2 athelg t
(e.g., 1 to 3 mm) effective to minimize the deposition of polymer in a gap between

g.
5

the dielectric spacer ring and the substrate. At least one gas passage can extend

through the coupling ring or the baseplate, the gas passage being adapted to supply a

heat transfer gas to an adjacent surface of the edge ring and/or the dielectric spacer
20  ring.

A preferred plasma etching chamber comprises a parallel plate reactor
having an upper showerhead electrode facing the substrate support surface. The
baseplate can comprise an RF driven electrode and/or the subsirate support surface
can comprise an electrostatic chuck on an upper surface of a baseplate.

25 The edge ring assembly is preferably adapted to reduce at least one of (i) RF
coupling between the edge ring and the baseplate, (ii) arcing between the edge ring
and the baseplate, and (iif) polymer deposition on an underside and/or edge of a
substrate supported on the substrate support surface.

A method of etching a layer on a semiconductor substrate in a plasma

30 etching chamber having an edge ring assembly comprises supporting the substrate
on. a substrate support surface positioned inside the chamber, supplying etching gas

to the chamber, energizing the etching gas into a plasma state adjacent an exposed



A nmet hod of etching a |layer on a sem conductor substrate in a plasm
30 etching chanber having an edge ring assenbly conprises supporting
t he substrafoeemmigessubst rat e support surface positi onedpdREd e/t
chanmber, supplying etching gas to theg4chanber, energizing the etching
- gas into a plasna state adjacent an exposed WO

2007/ 019049PCT/ US2006/ 028844 4 surface of the substrate, and etching
one or nore layers on the sem conductor substrate with the plasma.
Due to plasna erosion of the dielectric spacer ring, the dielectric
spacer ring can _be r ved from,t he chanber and replaced with anot her

L7 o1 PP G, RO HGE A P 5T et i B Epcgstor

di el ectric space

sem conduct or sabstiasd with €@.plasma. DA GOpIEimderbo 8t the dfeWchrR8hacer ring, the
enbodi ment, a dielectric spacer ring is dimensioned so as to provide

a clearance g 615‘3{19\%“&“1}% e EFmgvEe &oprthechamber sk epleorkwidiansthea
substrate suppRélbctissae&eidehiRr &Eﬁﬁﬁpﬁaﬁ&@fn@ﬁe@ﬂﬁ%‘? bf e HaudBPe"

surface of the dielectric spacer ring, the dielectric spacer ring
bei ng furt Ker substigfefensi oned so as to be surrounded by an edge ring

di mensi oned so as tgQ [ é%{g Lovide a.cl.earance
gap between a | ower gﬁ’@ﬁ%@éﬁéfﬁﬁg su é@%@&iﬁ%&ﬁ(} Lpﬁﬁ%rln%d?face of
t he edge ri ng.dimensioned smasfppervidan ¢learancofpap betweded Roter o Hp af £ Eubkirite -

and an i nner pper rface of the ed ring are preferaply

substanti al | ;/Tq é%‘f%oglnaasﬁl %%%%SWPR%“ alfrqug&gﬁgsrg%%ggpg ?}? °3 B HHPPRe

edge ring are smiuntofthd dieleditic phagsinggthe ldiod@ 1epaRL Fing being flifRr

dielectri GoSPager [i n& can be bon‘g@d %3? an_upper  surface of a _

coupl i ng ri'ng GPEE Qe °Stire ed arhedcgﬁé@ﬁldaﬁﬁsmﬁﬁﬁs%ﬁsttﬁéﬂd%ke

both of the ditRl ekt ari6ate b bRbaafthabBenehPIdS shiftE of B S6saRAe
e

of quartz. In a_further enbodinent, ielectric spacer ring can

conprise an a@N@PRYPREpSRTEase 6Xthe8seidogorti on formed on a 20 radially

inner surface of aGQHBLI AG:Ed %B:FTI(I&)}J QR@WN

Figure 1 is an ill US?.{II_BgtﬂI on aof&gh%‘??gﬁﬁg%g ate p as%w-é[@c t P 53?%0.6

Fi gure 2 showsf thepdgatingarepreferablylsalsvimtiatlyto-plesar twdien dendiclestio gpaser ring

edge ringass Qupl i ring. according to one

enbodi mantl.gl Zgﬁ?gh\éregggﬁﬁsg%ﬁs%oﬁ tﬁgrl%ﬁ]fegpa%ﬂjfag{égl%lc et ch react or

conprising an edgeThe digleciric spacer ring can be bonded to an upper surface of a coupling
ting or to an upper surface of a baseplate, and either or both of the dielectric spacer
ring and the coupling ring can be made of quartz. In a further embodiment, the

dielectric spacer ring can comprise an axially upward-extending portion formed on a

20  radially inner surface of a coupling ring,

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is an illustration of a parallel plate plasma etch reactor.
Figure 2 shows a parallel plate plasma etch reactor comprising an edge ring
assembly mounted on a coupling ring according to one embodiment.
25 Figure 3 shows a parallel plate plasma eich reactor comprising an edge ring
assembly according to a further embodiment.
Figure 4 shows a parallel plate plasma etch reactor comprising an edge ring

assembly mounted on a baseplaie according to another embodiment.



assenbly according to a further enbodi nent. Figure 4 shows a
parall el plate plasma etch reactor conprising an edge ring assenbly

mount ed onwa 2b@realat e according to anot her enbodi ment .pc 30067028844
2007/ 019049PCT/ U52006/ 028844 5 DETAI LED DESCRI PTI ON OF PREFERRED

EVMBODI MENTS In a parallel plate plasnma etch reactor wherein
process gas is supplied through a showerhead el ectrode and a

sem conduct or substrate supported on a bottomel ectrode is plasm
etched by plasna generated by supplying RF energy to 5 the shower head

coupl | n8°ife?3‘e§LTEL"&E@%@%&&B&&%M“ FRRRED EBORIMIRERS e
the plasma uniform e ssenbl y surrounds a substrate
support surface i nl ﬁ@ ’ﬁﬂ%@(ﬂ% B]% ﬂg?tglé@pgprwhq{@nmssrgqqgs sppliadb| v
conpri ses an Qﬂgﬁgﬁhﬂ%v@ﬂ&a@eﬁb@éc@%ﬂh%sﬁﬁ@ﬁcﬁﬁt&'sﬂgtri’t%rﬁélﬂ) d8igh
that the diel ﬁjctrlc 10 spacer rlng surrounds the substrate support

surface and t e %‘Hé’@chpiiFglsﬁ’@i’F%GW ed byrlasaiageaeteted by spprdping RFregergy to
| ncor por at ison t
surface can d;tﬁ%gg’grltﬁﬁgﬁ}o%?r up o%gg ‘%Iyﬁ%r%ggmﬁl% '53’%5‘2 ?%%“"Zdlr!’&%
al ong the edgéo’éi?hnﬁb@ﬁ’@ﬂﬁm@ﬂamcﬁl@trocimdébtsﬁaphasna etchl ng
uniformty of the 1 re nbodl nment

TURSHERE Ghe I&nﬁtﬁl tgtfmlEy er% asseryly gﬁmémgqﬁ face

dielectric spacer ring- 1s a separate part
of a nenber t Iaahstratwrsnppmdmrfabemshﬂaplam etclsmpcp&r TR wdfefsy askhablyenber

can be a couplln .rin hat un .the dielectric s er. ring and
the edge ring, %Fsﬂglﬁﬁgeolﬁl%@ aﬂJé I PRSRE singiapanged é}l&b Hihe Gielbeiric

enbodi mentlp t bpacelt gheairfudshesitrat aq;psﬁlu@&etaﬁal%cedg@nﬁ SufRBShe
such as via a Hi?ermalll conductive elastoner bond. Ina still further

preferred enb GG SPag &ing; Biogrnoration ehthe sfgs iingpssawbly amung thesnbsirgte
ring can conpki
g np F]ﬁ)@rtasuﬂﬁéet ci%hlde&éaés% r’ghéa b&%lcel Jﬁ)@éf& \kgﬁééﬁ%% g uﬂ diak %9&5161% fhe

spacer ring, coupl i ng can ge rrng a
basepl at e. Fufdgraf 2 sbstesigangiondntréase plasen eidhing umﬁmwwofthwsaabsn:namn of a

di el ectric spacer ort .surface and, the
edge ring can redu(f:ﬂeé.'?rhg&%}ﬁ%&g%&ﬂf%y’H#%%aé;l%ﬁcgsspég‘%\ﬁg’gﬁsﬁ S8 gelﬁfiftl
edge ri nglandreskeonsadsfracia @&msar i surtdnadethb giiteirardhegort REkice ”Ehbe
deposi tion of polymer .on the.underside,a r .edge, of a subst

that is suppof’lfgﬁ’\é R g cgﬂglﬂgrréﬂ B‘HB ﬁfhﬁgg@cc?ﬂ?‘feﬁ&nﬁﬁ cdge
etching of t hﬂng,ub&tﬁoﬂimof&dﬁaﬁ@me emcda BB Rinbe ORI, TRSAibIRAri ShEer
ring assenbly,. and a net gé)t?d‘-ﬁ hing a sem conductor substrate

conpri ses et chPRE™ Prcbangd fr et A thermally gomdugiiyestagiomer
chanber conpr bead)dnlal61IFaGRr pieRGrcACnMe SRR, Yhe dielectric spacer ring and a

20  coupling ring can comprise a unitary part.

By providing a dielectric spacer ring, RF coupling can be reduced between
the edge ring and the baseplate. Further, as explained in more detail below, insertion
of a dielectric spacer ring between the substrate support surface and the edge ring
can reduce the propensity of arcing between a conductive edge ring and the substrate

25  support/baseplate and/or reduce the deposition of polymer on the underside and/or
edge of a substrate that is supporied on the substrate support surface during plasma
etching of the substrate. A plasma eich chamber comprises the edge ring assembly,
and a method of etching a semiconductor substrate comprises etching the
semiconductor substrate in a plasma etch chamber comprising the edge ring

30  assembly.



WO 2007/ 019049PCT/ US2006/ 028844 6 The edge ring assenbly is
adapted to surround a substrate support surface in a plasma etch
reactor. DwWio08/dRb@sma etching of a substrate that is h‘%ﬂn&h
cl anped on the substrate support surfgce, the edge ring asse y can
focus plasnma over the substrate and/or focus RE power through the
substrate. It is believed that 5 the edge ring assenbly can inprove
pl asma etch performance and decrease wear of plasna reactor
conponents. Further, the dielectric spacer ring and the edge ring can
be di sposable parts that can protect the substrate support and/or

basepl ate from pl adkg eégwmsermlaﬁrﬁdamﬁémngum@@me supipyrt geuabe firor
etching |ayers @l BLE! fedltSr. Pluihd tp&'éﬁﬁte{c%g%%u&ﬁg@'tﬁétpﬁs ﬁgor?ed%*f' ng
gases ot

gas conprising one or nore ener gy
to the etchi nglagapsdon t@\@bgrﬁeswn@’t gla'&ce,rth@e@e pingamnﬁ)t}actaa foda piacms

pl asma chanber, n .£.adi.o fr enc Y,
n cr owave energ%etg%g’é‘%r Tag ne? dserc}f?’irﬂu%}éth fltS é’ﬁ,lggz%%egeé;ﬁatg
sust ai n nmedi urhaaiysiring amerﬂbiyg:hndmpmw plaahastﬂmlncri&iﬁaﬁcd%dﬂeleémm wear of
assenbly can gf |ncorgorat ed | &n%ct'vgg coupl ed,. heljco

el ectron cycl &40 T4 %ﬁ&WB%nenga Lthes; the dielectric spacss iag a?‘i/%‘é@%ﬁmf{ can
pl asma chanbers dighesable ke ieeeanl @P&’ectm%ﬁ’at@é@ﬁ@i@aﬁcﬂ& BB tite @umed 1 0
a transforner@%gupl ed plasma (T react or in an el ectron

cycl ot ron res®AFREIGIEDR) react or . Transfor mer coupl ed plasma
reactors, wherein Bﬁsﬁﬁ%h%bér§arb%&&&ﬂlﬁi@kdf&@%ﬂin&% cPsId}‘Iﬁ &'aﬁf(ﬁlct or,

20 are avail able from Lam Research Corporation orni a.
An exanpl d0of substiaigh by senplyingameickinggasmomphising oamoqonmga@sm th chamber

densi t | asmg P

5. 048, 704, ¢ ne"4 TR RE CAAEE e GORHR Rt BAREE, ke R FBlpoff ste

ref erence. Parvgkioed plpsrad dlaném:d-rgas aelkacin ehewjtcladiorfrsques QRENGER LY,
(ECR) reactors,. and transforner I pl asma (,Ter) .reactors are

(i 5o osed. | n SRV HRGH RS mostetl diiasfat Re Beoh S gl St s,

5, 200, 232 andnﬁdﬁﬁﬁ)daﬁayoﬂmghde@ﬁygﬁ%@s of which are hereby
i ncor por at gd by ref ﬁrence of exagg) pl asma can_be
produced i'A a par altP&F %ﬂra’tgésw ?@é@t‘%‘i"%@ H’sm@%"@ﬁépuﬁlﬁ%&@é‘i%y

plasma etch reRreked cyt@stfoni rB@earch, hié; QURRE tieSof Pl Qén%%hahﬁers For

6, 090, 304, the disclosure of whi ¢h i s hereb |ncor orated
ref erence. 30 mataneefhigh deasipaplaimacian be arasugsdiis adrasiomiergouedplasmd s a

dual T . ) ;
Shover hoad 6 ShCT o uclok oty BEUBA HLBBGE-A AL PO Sy huirotRR®!
(e.g., basepl atwledpleimareactowsoshearein R Fsanpreyris induetivelyscoapled W the reactor,

2007/°0 19058 PCL/eL%%Zu%)D%L %1% 4&m Research Corporation, Fremont, California. An example of

a high-flow plasma reactor that can provide high density plasma is disclosed in
commonly-owned U.S. Patent No. 5,948,704, the disclosure of which is hereby
incorporated by reference. Paraliel plate reactors, electron-cyclotron resonance
(ECR) reactors, and transformer coupled plasma (TCP™) reactors are disclosed in
25  commonly-owned U.S. Patent Nos. 4,340,462; 4,948,458; 5,200,232 and 5,820,723,
the disclosures of which are hereby incorporated by reference.
By way of example, plasma can be produced in a parallel plate etch reactor
such as the dual frequency plasma etch reactor described in commonly-owned U.S.
Patent No. 6,090,304, the disclosure of which is hereby incorporated by reference.
30 A preferred paraliel plate plasma etching chamber is a dual frequency capacitively
coupled plasma reactor including an upper showerhead electrode and a lower

electrode, the lower electrode (e.g., baseplate) having a substrate support such as an



7 electrostatic chuck incorporated in an upper surface thereof. For

purposes of illustration, enbodinents of the edge ring assenbly are
descri bed Weyr®bimivisbh reference to a parallel plate typgp ,ﬂ;ﬁngstﬁ‘gh
chanber. A parallel plate plasm etchsreactor is illustrated In

Figure 1. The plasma 5 etch reactor 100 conprises a chanber 110, an
inlet load | ock 112, and an optional outlet [oad |ock 114, further
details of which are described in commonly-owned U S. Patent No.

6, 824, 627, which is hereby incorporated by reference in its entirety.
The | oad | ocks . 112 and 114 (if provided) include transfer devices to
transfer subst‘?I%‘%r(?gaE‘ilﬁl?’ﬂcgém\ﬂEP od ipag pPRer Apgtace thatensl Yonmmaposeheough

the chanber 1%flusiafign, ¥hbRufmdn®s ¥ NESIRE rihe SRBHBG ofe g}eﬁémlféé e{ig&?‘g‘gkﬁc K

punp 176 can provide a desired vacuum pressure’in s 112

and 114, raferrace th propls! pirte typeplasaen eich ehapdemunp i s adapted to
mai ntai n a desired el .t ‘s i.06: Dk chin
! ! ! Lpsafd phitd .1@%&:’:9}2% g{ i %Iﬁﬂ{r t@uﬁ%&%@ ; ﬁ[%la P!j‘f'lgg

t he chanber pressure 1s contr , efera
| evel suffidci eih reactenid0aompeisgslachamber T, aniiglat laad bck ha2aad apostimby €

ressur o can 1208 BANcBRTME, SR RSO P it i agied US.

pl asma react orPatetithh. @824635amhidhds haptlatigedipaat by rafeRh@s il ¥ntirbS.

(o0 1 Bse than 108 g PO e Bud PLAEEREHIG B vapasisen Enfopeinp

;: ﬁpo :) '? I g 3 nNnectsabbtitates diichOdstweFérs Hdnda Wik su?f.ﬂytl@, thRAgh 8le ABELGAN ﬂ,bﬁd
dsy a valve 173 in order to control the pressure in the

chanber. PPef &Mhi91awaleriecepiaola Hadp fhioad lock apmp (186 odn pravide aidegired vacuum
pressure W t highesthihe it BRIRIMQk Illfiédr)%ﬂ‘?m 200 nmTorr while etching

gases are flowed into the chanber. e chanber 110 includes an upper
el ectrode assenbl y Av@uimauogi 178 sach 85 tuppeumplieatpiedeo hdmifes desired

shower head el . I | ect r.ode senb 140 i ncl udi a
basepl ate (i. g’?é,sg]%g\?eﬂrhe g'}%rél?err 'o%\éﬁﬁ%ﬁlﬂg%ane 8:511% ?llges ‘il,agltbér i slsime °‘§&°ﬁg‘¥e
150 forned i nantprefpebly swirftzioel dthdevebfuffidibe toippein £hRehs.0Te HgsenDI v
120 is nmoynt ed..in an_upper hausi ng 130. The upper housing_130 can be
noved ver 'ti ?caﬁl%/nq%ef; PIs Eﬁ%{h‘&aﬁﬂv %ef"égl%lﬁ‘]”l?é}{“%{) ectﬂg’aséolbﬁ"g-\ke@ﬁ lawa
upper el ect r odrari pashirt beh B8 PUEinaakEnghiRRRAL T8 Yrhddfin 48Rity plasma A
etching gas source 170 can be connected to the housing 130 to Heflver

etching gas ¢ Bq?ﬁﬁor,gp%awr@ﬁel Rigtedepia cyeforblyige ghaseher prasoire hde
assenbly 120. nlathtfined at a pressure below about 200 mTorr (e. 8., less than 100 mTorr or less
than 50 mTorr).

20 The vacuum pump can be connected to an outlet in a wall of the reactor and
can be throttled by a valve 173 in order to control the pressure in the chamber.
Preferably, the vacuum pump is capable of maintaining a pressure within the
chamber of less than 200 mTorr while etching gases are flowed into the chamber.

The chamber 110 includes an upper electrode assembly 120 including an

25 upper electrode 125 (e.g., showerhead electrode), and a lower electrode assembly
140 including a baseplate (i.e., lower electrode) 160 and a subsirate support surface
150 formed in an upper surface thereof, The upper electrode assembly 120 is
mounted in an upper housing 130. The upper housing 130 can be moved vertically
by a mechanism 132 to adjust the gap between the upper electrode 125 and the

30  substrate support surface 150. |

A etching gas source 170 can be connected to the housing 130 to deliver

etching gas comprising one or more gases to the upper electrode assembly 120. Ina



WO 2007/ 019049PCT/ US2006/ 028844 8 preferred etch reactor, the upper

el ectrode assenbly conprises a gas distribution system which can be
used to dewiowas7gieast ant and/or carrier gases to a regbﬁﬂw@ﬁa%hﬁﬁkp
to the surface of a substrate. Gas digtribution systens, which can
conprise one or nore gas rings, injectors and/or showerheads (e.g.,
shower head 5 el ectrodes), are disclosed in comonly-owned U.S. Patent
Nos. 6, 333, 272; 6, 230,651; 6,013,155 and 5, 824, 605, the discl osures
of which are hereby incorporated by reference The upper

el ectrode 125 %g?}/ ri ses vver head el ectrode, which
i ncl udes apert ?8@“{ °8H8 %e"tp@e’bfi %FF‘E“ 4 eﬂmﬁﬁsegaeas distribution
t her et hr ough. s{iem®hich enebd@rd tCHdBot r@éi@an@ AR/ G U R e gﬁsegl?a 13 gor e
vertlcaIIy spaced- ﬁart bafflem_pl ates that can pronote the désire

@

di stribution FFORTRLineguac supsrate. £i9a disaibetion pystemmsowbish wary be
formed of any o'éﬂiphé’é)ér% d?'%‘icﬁég rm}'é%he@t%rs%ﬁ%@éﬁo%arh%a&é ! shar] hé%“a”

car bi de, al um num ., ano alum num , nbi nati’ons t hereof.
A heat trafsf éfecitp )ares@ml@sed iepreraenlyewaeshtd & PatdnttNost HA3Y Rk

el ect 1 ode assqubiokst200mnikel el Ies, AERLMLARSIShid! Mhdosour o can

be connected to 't e bdsep YYpat ent
No. 6, 019, 060 ,ndokmraied by vderemceof which is hereby |ncorporat ed by

ref erence, disclos a Ia finement ring ass . et )
pl asma confi nement %ﬁvé}? gengﬁ%o]{&é erﬁﬂéfé Bﬁ?‘?@ ag %‘ﬁ‘?rﬁ"gad%]%’oge: which
pressure at t Iﬁa:haiebslbefraﬁr@ (actrshows) todisthiRid Uree odshBdethRtRgl aEMUM
pressure 20 chanber. To malintain a | ow chanber

r eact
pressure, ﬁr e1s ‘?"gﬁf F?ﬁd 8"(:%?1‘1@%‘&’“6%@13% meERfedticlly srcedRpsrbleatileplates
flow rate of fia® eaaﬁih@mbte'iﬁe H@n@@@mﬁﬂaﬁﬂ&%ﬂbt&ﬂ@ SasCERL | %Bé} ﬁﬁdslo%f

m nute (sccm. The_ individual flow rates of the iIndivi reactive
conponent's of ckftredes maadveéaellquﬂw witehlp mptarialsuch ag sraphitarsitiboysilitort o

200 sccmfor @ zpmzuﬁrhﬁ rAt e iR
25PI asma densi %%erge ers ?f)&t giensr Pﬁ%é}%? ?bfeﬁgt?%nﬁ#\npth n ef‘ﬁe
pl asma et chi néransdeyilomwid @mrlaﬂlcyq bqﬂoaaemedierﬂsauppen alecaroﬁelassbmb]rjr 1ab ahdne

power proyide t her power eate a
hi gher de\Agl tgné)tﬁerblggtstﬁaé&t%b ul a%‘B%“' capﬂ&c egt\ﬁﬁgorﬁ: H]r[?'f e]rbIQ
i ncrease the etch Cahmaomiy-bxay@r@ SpPaatit Dlss 6919, osomsk darcmufetdwmalt@ by

producing a | ar flux of jons,to t ubstrate surface. 30 Medjum
density plas n@erggshmﬁgrpem Efrey é§§l%€‘°c§r?rﬁ asmaroninemes rigg AsemYYof

from about 10LQe t@plafidd cdrfinsmemBverhé é@s@étgﬁn&@%ﬁﬁzé éic]:ﬁb rEééQfe%l ly
can have an ign density of from about 1011 to 101Z i ons or nor e.
the substrate surface may be higher than the vacuum pressure set for the reactor

20 chamber. To maintain a low chamber pressure, preferably inert carrier gas is added
to the chamber at a flow rate of from about 50 to 500 standard cubic centimeters per
minute (sccm). The individual flow rates of the individual reactive components of
an etching gas mixture typically range from about 1 to 200 scem for a 200 mm
substrate, and higher for larger substrates.

25 Plasma density refers to the density of positive ions within the plasma
etching region. Generally, plasma density is a function of the power provided to the
clectrodes. A higher power tends to create a higher density of plasma that,
depending on other parameters, may increase the etch rate of layers previously
formed on a substrate by producing a large flux of ions to the substrate surface.

30 Medium density plasma can be characterized as comprising an ion density of from
about 10'° to 10*! jons/cm®, while high density plasma typically can have an ion

density of from about 10" to 10" jons/cm? or more.
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el ectrode or the |lower electrode can be the powered el ectrode, while

the ot her WHbhw1dogyer el ectrode or the upper el ectrodgdrfyhiBiozssss
el ectrically grounded (return path) ebectrode. In other de[m)o I ments,

both the upper electrode and | ower el ectrode can be powered, with the
two el ectrodes 5 powered out of phase with respect to voltage from
each other. In a parallel plate reactor, a power source 178 can

provi de radi o frequency (RE) power to the upper electrode 125 and/or
basepl ate (i.e., |lower el ectr,odeg 160. The reactor can be a

singl e-frequency, GUSHmSuRRAGERESS, dhe wRpRslecpde Rtdhe lowsr aleptodecar bothe

In a dual - fr egygBeN eRtRSIR WhAS HeQkher bOthe BvRTBleBrade! B By i
gener at ed by ?uppl iing RE power at e'Erwo giffergntofrequeﬁg)?ﬂeép%ﬁg%bsgh
Cﬂx-fl*f@ M

mat ch net wor kébeede ppandedhastom nagnslecistdse {r otiesemingiments bafighe, a
| ower frequen P%é} i t r ode,
and a hi gﬂer f(El F%%E%E‘éé&s%‘c? %& %&:‘:{g’% P Bgrgrgg’gﬁﬂ?@g ltxgﬁg{eﬁig&%%per
el ectrode. 5Al peverat oviedfiphaseheitiurgpact olveltigedtien cah ofer.efrecparalizhplage

grounded and rat _two more different fre nci es e.g.,
about - 20- 60, veERRe Hoah st Pln SR pRorievess b E BT RGmeEly e e
| ower el ect r odectrode 125 Andfonbaseplasia) loaecblataé) 180ous RE bi as can be
applied to the substrate during etching. The RE bias can determ ne
the energy at whi crslu‘E‘?)’c‘?@FtPWPé”?e Wﬂﬁﬁﬁe&?ﬁ%&@g{%@%@é -Bequshence.
The RE power prehetably. MRS feq@itpPRitha REcthO fRQxA0H8, MadtaScandRd

the RE bias pomrazggglied to the |l ower electrode can range fromO to

3000 wat t 20f oBengraietbhFHPRLYAE KB pavwemt bredifbrept freqyendgiesfbough awtchode

has a surface i r -
Mt el onp andavBRto (el R ToRir SReRONE! A cBIIL ¥ 18RG ety

substrate. ByswlFgRWHg cRl bpawplied to thdlewknslentrodt,and pbigher freqdEnsshwek h

voltage can b it h. t sunf.ac f the

subst rat o Tnas ZPMIEE I S Mupdhil SR8 hoc ebiafust ik BRE AL 8 famer svgace
essenti al | y i ndepesichntallyfgraindsdrandi@inpovedriadtwo ddingdre liffeserp Gegucnicies
enerate lar sheat es,,.and duri ing.can result in
gner getic Igog&b%h%a?}lg}%ﬁé L@?Z qr{qlelesgglba&aﬁsg@gog‘%ﬁ%a%ﬂ ."6?%@1’5350 ‘&3\6;‘1‘?‘1‘?“
bet ween the ekretddedes in a parallel plate reactor can affect the 30

etch rate of a dielectric layer, Selection of a_desired g%p w dt h
depends in part upBrfoRiRoss Shddiscpitisuaus R bigsan e Apritpdde Ergisbstrate

Dt ko st BASSAASAR g R R
impinges the substrate surface. The RF power preferably ranges from about 50 to
20 3000 watts, and the RF bias power applied to the lower electrode can range from 0
to 3000 watts for a 200 mm substrate. Preferably, the lower electrode has a surface
area so that the RF bias power can supply about 0-8 watts/cm? and preferably at least
2 watts/cm” of power to the substrate.
By supplying RF power to the lower electrode, a DC sheath voltage can be
25  formed with respect to the surface of the substrate. The sheath voltage is a function
of the bias power and is essentially independent of plasma generation, High biag
powers generate large sheath voltages, and during etching can result in energetic ion
bombardment of the substrate surface.
The gap width between the electrodes in a parallel plate reactor can affect the
30  etch rate of a diclectric layer. Selection of a desired gap width depends in part upon
the chamber pressure used during etching. Typically, at higher chamber pressures

(e.g., from about 75 mTorr to 1 Torr), a preferred gap width is from about 1 to 1.5



WO 2007/ 019049PCT/ US2006/ 028844 10 cm At | ower chamnber pressures
(e.g., below about 75 niforr), a higher gap width, such as a gap width
of from at%?b’&oo%fo%ﬂi@ 2.5 cm can be used. Also, t he gapcWudidiseagbe
selected as a function of the frequengy applied to the el ectrodes.
Generally, for the etching of dielectric layers, |ower gap wdths are
nore preferred for higher 5 frequencies and higher gap widths are
nore preferred for |lower frequencies. In a nediumdensity parall el

pl ate reactor, the gap between the upper el ectrode and the | ower

el ectrode supportl ng the substrate can be fromabout 1 to 5 cm

Details of them. dWdpwen demberRsesume M pebuosbouh el WapRYy wg@g@ Vidity
mbly 270 >
assenbl y G 8%%' g \égtggon%ﬁoh?ézbggﬁf’gfy TBBh; AR AL VEIsh rl‘%é: %&%ﬁth

The | ower electr mprises a basepl at havi n
a flange 262, cambe @Imma‘ammupﬁmﬂﬁemwsmheém&ne@b@cdesoﬁbmralbf
chuck (ESC) c e 2
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mat eri al havin a Iectrod 2 buri e the ein. The ESCc be
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RE matching, etc. The |ower electrode is preferably tenperature

control | ed and may Dl ehtiellgwensiactiods assenbly P4y nalpdipaahdee ring assembly
Substrate SUPROS hocdiih@ s ARfer SodRiaR!EtioRm I PR 2878 BUcelectrods

sem conduct or substr at mm or mm waf er. 20As shown

in the Fiddre agsembboﬁmnsw@@s@plﬁ%@hﬁvm ﬂﬁﬂgbéé%raind aspbgete r i ng

285 are suppor, r & ﬁyﬁl

quartz coupli ng&%ﬁ%oas\% Esﬁa%reé%%&%ﬁc th%ék cbl%ggé’h%? %f%gg%ﬁgébe 260
The coupling lsuni‘@ezg@ fmmedbﬂasumomtrﬁlde afthe hmephsaeﬂ]haﬂaesemattﬁlwer

w t hout mechanijc hesive fastenin ur al i

Son A subot s Sleahodd Cabfomaie g shaR:ER BRaiilte 3% BPrl Rulnie Fher
support surf aggi&l E@vmg)arpélenﬁtﬁfdatzbz( bm‘ieartﬂimﬂg TheE8Cehe bt boaied peser
ring 285 and at least a radjally

%ﬂ port| 281 of the, ed in
280.  IPhe BT B ORIt 5 G PBPRTISHIONe Pt RIS BCHRE Sottee
therein for sypghydREnit@lcl ﬁgﬁ%ﬁﬂgmﬁh&lﬁhg ool OriRN el IR Ao e is
surface 254 to cool substra durin | ashm et ching thereof in an
anount suffi C|Pé¢f§rabld tpmperaimre m?fﬁﬂfﬁl@ﬂéﬂﬂaﬁﬁ’@ﬂ@?%ﬂ%ﬁm@ﬁ tipgygrangement.
substrate.

of T ese. than ABSOR HpebiiGuTa st & el BB PEHEBoRcbATRAF Rudiche
pl asma r eact orsssh d4shee? 00MEM2Q G0 @O 84RECT/ US2006/ 028844

20 As shown in the Figure 2 embodiment, edge ring 280 and dielectric spacer

ring 285 are supported on an upper surface of coupling ring 290 such as a quartz
coupling ring, which rests on the flange 262 of baseplate 260. The coupling ring
290 can be supported on the baseplate with or without mechanical or adhesive
fastening such as a plurality of bolts 224. A substrate 210 can be supported/clamped

25  on the substrate support surface so as to preferably overhang the dielectric spacer
ring 285 and at least a radially inner portion 281 of the edge ring 280.

The substrate support 250 preferably includes passages therein for supplying
helium between substrate 210 and support surface 254 to cool substrate 210 during
plasma etching thereof in an amount sufficient to prevent burning of photoresist on

30  the substrate. Preferably, the substrate is maintained at a temperature of less than

about 140°C during plasma etching. In medium density plasma reactors, the



11 substrate support is preferably cooled to a tenperature of from
about -20 to 80C so as to nmaintain the substrate at a desired

t enper at Uk 2007/0190d9" Order to naintain the substrate apcgudfssiBshs
tenperature, heliumcan be supplied g§ a pressure fromabout 1 to 30
Torr in the space between the substrate and 5 the substrate support
surface. Further, the substrate tenperature may be controll ed by
regulating the | evel of the RF bias and the ESC tenperature and ot her
paranmeters as described herein. A nethod of controlling a tenperature

of a substrate b% i ntroduci ngqra pressurized gas into a space between
the subst r at eSuh§Hate BEPROEIS Prefarebly conkkshte aderppeasiare; of figmsogh e tp RU°C so

commonl y- ownegs {d npinthBi 188 kuthRate &t Al dRir&ili€mplBfird O di scl osure of which
i s hereby incorporated by reference. The coupling ring 290 may

optional |y conpri sk @ferdt guniniain theombsitate ah e destedipmpdraitze: beliummeanrpe
upper surface f. I C ] i

ronopol ar o S eofpriEsel AL SRt B f the B b en 88 8Rfp ana
DC power sfippthe sulsstrate ssppdrabirface | Burther, dwl subsintecenpentre ke becdgurotiedg

gg;gk ; Icﬁg ? g Ff;] %%B%ﬁﬁ% F:iﬁ:gg Cer h]gthte g?tbecél gld iﬁ@%ﬁ%&beﬁ%g and otﬁerspia{'airr%?e?s

el ectrost at i cad degcridedfefdn, el @@tHddRg caitelltheSLlefiperdturdlo LBty bpwned
U S. Patent No. 6,475, 336 _thg di.scl osur %ch is her

: of epy
i ncor por at ed HYOFUeIRS & RECES asdee arSP??G%EWGE sa@mdftﬁwbéﬁate

sem conduct i NgyRAbrtAuesdelis 88¢1bsed 4P BEMAEAIYRwWRBA BN, PatehtING. QR0M1RI BON
(e.g., single crystal silicon or polycrystalline 20silicon) or

silicon caPbi disclpsurg of whish ig keagbyiageenoraiedbistefeencsi | i con car bi de).
Because t he edge ri i ?9@19 I r%sd@gm
preferred edge ri n}ggg%r hﬁ%ggg romﬁjﬁ%tﬁh%ﬁ?(}dtnilp&rsrg?%??gaﬁ. A c}(lgnlo%nal
mat eri al s f or sidve) éabgtedrin aguppec burtee thereof. nlim wige deg chucknmfprovided: cande,
silicon nitride uartz, .etc.. The edge fin ectrical
Float g or iy opdb@diatibdie P filiantt ol BlaF H AN S F A mayer
reduce exposusgphf udidesuitabls eleatriealsiopirotiénsa M @dgdageghiualk eart i Usbdto
i ons/reactive specjes.in.t pl asma, .preferahly the substrate_support
"l ved Shensehi g AR e Bybs e def Had s ge pP D ey BRRLS of
surface. Ref epf bla@rdstdiichlly-Slampsiédge Ang hitQlistiasd mofmotly-6HmeBU.S. Patent
overhang the substrate sup surface bge about 1 to ﬁyr}% over hangs
r

ort

both the di el det ¢:+¢5.33n e disclopyrexgavhighds Berebiingprpgrated §0fF-on 281
of the 30 edge rin ( j [ g :

portion of the edggh‘%? ergggtgzg%wuﬁ%%?&{]ﬁ%ﬁ %esgl?]% er y{n(l)# bl?%eemu?.
substrate). Thosluctiveemafesblsuth ascilivon (eg., singly crystal slicop oy phlysrystalline

20 silicon) or silicon carbide (e.g., chemical vapor deposited silicon carbide). Because

the edge ring will be exposed directly to the plasma, preferred edge rings are made
from high purity materials, Additional materials for the edge ring include aluminum
oxide, aluminum nitride, silicon nitride, quartz, etc. The edge ring may be
electrically floating or may be electricaily coupled to a DC ground.

25 In order to reduce exposure of the substrate support and/or baseplate to the
ions/reactive species in the plasma, preferably the substrate support is sized such that
the substrate overhangs the substrate support surface. Referring still to Figure 2, the
substrate, which can overhang the substrate support surface by about 1 to 2 mm,
overhangs both the dielectric spacer ring 285 and a radially inner portion 281 of the

30  edge ring 280 (e.g., the dielectric spacer ring and a portion of the edge ring extend
under the periphery of the substrate). Thus, the dielectric spacer ring preferably has



WO 2007/ 019049PCT/ US2006/ 028844 12 a radial width that is | ess than
the anmount that the substrate overhangs the substrate support

surface. wo200htiodoPr eferred edge ring assenbly, the ragirgkbossbRBQr
edge of the edge ring 280 contacts onzis located close to the

radially outer edge of the dielectric spacer ring 5 285, and the
radially inner edge of the dielectric spacer ring 285 contacts or is
| ocated close to the outer edge of the substrate support and/or
basepl ate 260. By close to is neant that a gap (e.g., an annul ar gap)

bet ween the edge,.ring. and.the diel ectric spacer_ring or a gap hetween
the dielectri Eg@b%%gthrtgﬂgs léf’ﬁfg%rh@e %B%'%trt@g estpista ovethapgeile pubsiratg s

than about 0. ggpBRsufiice Preferably |ess than about 0.12 10 nm Thus,
the dielectric spacer ring and the edg{gyri ng substantially cover the
top surface of thelicbpisforied edgaringmeenbly, teargdialy inpecedgelof the edgoningied)
so that expos : f ] i i : i
peci o5 and of g antectilhih RRaBHEERS o bttty GRHREP e bl it FAE i
the di el echri 3% pad the radialdy waer ddge blihe ditlecwictshaer dupR8hepntdctsgr(d . e. |

an upper surf f L ri an_be honded, to a S
surface of thg]%gﬁegflg%%%tggg% %é;d%ef’?{rg‘gf&s atﬁé‘é?po ragﬁ/sof g?seﬁﬂﬁga\%ht#yas
hel i um can beclosetd it meantphiaddgap (gl anhilansipe betetnahe Bdgdrengsmidehd | ng
assenbly and the basepl ate. The heat transfer .gas can be s i ed
rom gas sour CiS1esBE PR 5 OpASEn TR easRy GEHES SrrcBr e A eE OB he
edge ring assqippbit saifsbeliRsS@EPAAING0.L5 Hin, 4206 Q&Qérﬂﬂgl@s g absii@rbace
bet ween the coupling 20 ring 290 and the baseplate 260, The gas
passage 239 cam.ekiusnthedinlesirghsparss ripg gapibg edeexym wrhelantipyIcpyeay the tap
290 at one or '

xt endi gt Spk. SLag Souang 300 - R ks biel RIREHAED S0 ARk exgRalteof
there is a gafrelsen sustaae phidie soupling sing teigpgiye spesind and/er ipne bhthe plasma can

Spacer 1 10 2Bl B bR S RIS b ARG
gas and/ or votatplihgriby pircadmatypert suefhei of teenduplivgsinganbe bbhdedde pdsidri on
of ool Yot dur oo, A RSheniag, Belerring ot11] to Foure 2. an
preferably shaped AmehitinsRig@natieadtielibmaRbeirdisBesron thetnhal transfer
perpendi cular_to the substrate surface. Thus, a preferred edge ring
conprises a between the edge ring assembly and the baseplate. The heat transfer gas can be
supplied from gas source 230 via gas passage 232 to the interface between the edge
ring assembly and the coupling ring 290 and/or to the interface between the coupling
20  ring 290 and the baseplate 260. The gas passage 232 can extend through the
baseplate 260 and coupling ring 290 at one or more locations spaced around the
baseplate 260, e.g., extending through passages in bolts 224.
In embodiments where there is a gap between the substrate support and the
dielectric spacer ring and/or between the dielectric spacer ring and the edge ring,
25  helium flow in the gap(s) can reduce the entry of etching gas and/or volatile
byproducts therein and thus reduce the deposition of polymer during plasma etching.
Referring still to Figure 2, an inner surface of the edge ring spaced outwardly
of the substrate is preferably shaped to form an angle with a plane substantially
perpendicular to the substraté surface, Thus, a preferred edge ring comprises a
30 radially inner portion 281 and a radially outer portion wherein the thickness of the
radially inner portion is less than the thickness of the radially outer portion, and the
thickness of the radially outer portion is greater than the thickness of the dielectric



30 radially inner portion 281 and a radially outer portion wherein
the thickness of the radially inner portion is less than the

t hi ckness val 2dohgob@di al |y outer portion, and the thi ckpesgshbsdRfi
radially outer portion is greater thap the thickness of the
dielectric WD 2007/ 019049PCT/ US2006/ 028844 13 spacer ring. An upper
surface of the dielectric spacer ring and an upper surface of the
radially innernost portion of the edge ring are preferably positioned
as close as possible to the underside of the substrate. According to

a preferred enbodi nent, an upper surface of the dielectric spacer
ring and a radReasnnng AHERmRsssuriapp el the dietesisis spacerringyendangwper syefeesrof

subst ant i al | yyeQadhiB dhealde: ﬁogiﬂl;%ﬂ ShELish Bin Qfl%éféfr%})gyg@ﬁﬁ%ﬂé& dsQbsfhs @

substrate that overhangs the strate support su

Al t er nat i vel ypossiblajpbles usigrsidecnd thefsubstiated i Avicending to appefomed erbnglinent, dpe
hi gher or |o ' - e
ring. A clear Sggggaﬁggté%e‘%%@%%*&%?ﬁ %:ra?%gl%glﬁl%rr@%%hgﬁeﬁ?{g%e of
substrat e andtht@dpetingsn sabstamtiailst toyplamn end gonfigined t@tmdenlé thag®rtidnrg a
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Exempl ary dielectric spacer rings have a wdth of about 0.5 mmto 2.5

nm nore pref @Papyign abibe dietpchriospacer tng/and/arike eder aingfoessrot fiftdhs wibsitate 1
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0 e

preferred enbodi nent, t el ectric spacer ring is adapted to fit
beneat h t he over haPugfenfed aliedecirin spates ringairave d vadihtelifectivetis eleatriealiLippaate

7ing and the CoEAFIRLEEm e RnE iR Rt BudR o il e BRTES,

further between the dielectric spacer ring and the substrate during plasma etching of the

subsirate. By minimizing the gap G, polymer deposition on the underside or bevel
edge of the substrate can be minimized.
The dielectric spacer ring can have a square cross section or a rectangular

25  cross section. Exemplary dielectric spacer rings have a width of about 0.5 mm to
2.5 mm, more preferably about 0.8 to 1.2 mm, and a height of from about 1 to 3 mm,
more preferably about 2.4 to 2.8 mm. According to a preferred embodiment, the
dielectric spacer ring is adapted to fit beneath the overhang of a substrate mounted
on the substrate support surface with a clearance gap (G) between the dielectric

30  spacer ring and the substrate of less than about 0.25 mm. According to a further
preferred embodiment, the distance between the plane of the substrate support

surface and the plane of the upper surface of the dielectric spacer ring is preferably



preferred enbodi nent, the distance between the plane of the substrate
support surface and the plane of the upper surface of the dielectric
spacer ri Qg hoed7/pfoffoer ably WO 2007/019049PCT/U82006/02§§?ﬁmﬂﬁm&£§§

t han about 0.25 mm and the di stance petween the plane of the
substrate support surface and the plane of the upper surface of a
radially inner portion of the edge ring is preferably |ess than about
0.25 mm Materials suitable for use as the dielectric spacer ring
include ceramc 5 materials such as silicon oxide (e.g., quaitz) or

al um num oxi de, and yner materials such as DuPont Vespel (r),
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In the Figure 3 embodiment, edge ring 380, which can be substantially

20  identical to the edge ring described in reference to the Figure 2 embodiment, rests on
an outer flanged portion of the modified coupling ring 390°. The modified coupling
ring 390, which can be made of quartz, can rest on or be attached to (e.g., via bolis
324) a flanged portion 362 of baseplate 360.

A heat transfer gas such as helium can be used to improve thermal transfer

25  between the modified coupling ring assembly and the baseplate. The heat transfer
gas can be supplied from gas source 330 via gas passage 332 to the interface
between the modified coupling ring 390" and the baseplate 360 and/or to the
interface between the modified coupling ring 390' and the edge ring 380. The gas
passage 332 can extend through the baseplate 360 and modified coupling ring 390'

30  at one or more locations spaced around the baseplaie 360, e.g., extending through

passages in bolts 324.



WO 2007/ 019049PCT/ U52006/ 028844 15 An upper inner surface of the
edge ring 380 spaced outwardly of the substrate is preferably shaped
to form agy@nghFioet h a pl ane substantially perpendi Cubéfméﬁutfq&ﬁsm
substrate surface. Substrate support 1850 can conprise an ESC having a
substrate support surface 354 and an el ectrode 352 buried therein.
The 5 ESC can be bonded to an upper surface of the basepl ate 360.
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Preferably, there is a clearance gap G between an upper surface of the axially

20  upward extending portion 385 and the bottom surface of the substrate, and a
clearance gap G' between an upper inner surface of the edge ring 380 and the bottom
surface of the substrate.

According to a preferred embodiment, the axially upward extending portion
385 of the modified coupling ring 390" is adapted to fit beneath the overhang of a

25  substrate mounted on the substrate support surface with a clearance gap (G) that is
less than about 0.25 mm.

Exemplary operating conditions for a plasma etch reactor for etching a
dielectric material such as SiO; are as follows: wafer diameter of about 200 mm. or
300 mm; dielectric material thickness on the substrate of at least about 200 nm;

30 dielectric material density of at least about 90% of theoretical density; lower

electrode temperature of from about 0°C to about 90°C; chamber pressure of from

about 0 Torr to 2 Torr, preferably up to about 200 mTorr; subsirate temperature of



from about 20C to 200C, preferably 20C to 50C, etching gas flow rate
of fromabout 10 sccmto 1,000 scorn; total dual-frequency power

del i ver ed yiagtoiesR0done upper el ectrode and the |ower el BETLSSGs 26 4§t

| east about 2 500 watts; and etch tigg for dielectric nmateri ? ?

| east about 1 minute. 5Various etching gases can be used to etch
different dielectric materi.als. The etching gas can include one or
nor e hal ogen-cont ai ni ng gases, one or nore oxygen- containing gas
and/or one or nore nitrogen-containing gas. Typical etching gas

m xtures can include, e.g., chlorine-containing gases such as, but

not linited téomufmtaﬁaomwfemhlnmmﬁe steachinggps dlaswsted Gonas,
but 1ot 1111t k80 oo CRTFaeaft358 ol iCARy B aoiidl ey G N2

and SF6; oxygen-contal ning gases’ suc 1Tm
1120 and SQ2; vpier elsgodecnd tlsd lnwmgelgmé@oﬁail&dasmpu&mmmmatts amidtcﬁrhrh@

N2, NH3, and but not limted to He,
Ne, Kr, %%eléc%%lg% lg‘hﬁﬁgﬁasiéé‘%%t}]ﬁ?‘g preferabl y includes an
i nert car rﬁer gas. VExicusretchinegaids cph s usedes eloh aifeadnt dieRlcRRihdtérials. The
mat eri al s such EJ':ngOXI des trides r .conbi nations thereof, the

n
carrier gas cSRUOB&T & l?ﬂ%é%?ﬂépéelorq 1085P-EPIAING, FIFTSHORSAY more oxygen-

advant ageous| yoritsi6ing aaeaidie od¥ 6f Able rBlédin cah@iniddenny THRI @1lifpgas have
a low ionizatign potenti aI and formions that can enhance the sputter

rate at a gi vEWIRES sEWBFludssrEachiorine-coptaining geensispelt asobit pot 1éfmt¢fht|0, @h,
- the nobl e gas EOSL: S By S
t he substrat em%xB%J]BFB 4 care?tzltogtra ﬁgiaé;%gég:sglélfude tﬁ%ﬁul?&n%%%oégﬁ“’ ﬁg
| crypt on &hd/ 64Fsxe m C gcﬁHanNBs @nde‘ffFeml‘e’a_emn@ﬂmnmglgasee suahaes, l:_ouThetse
and other gas ﬁﬁutg@g Mb hpﬁ%génogoﬂtamlﬁg g?eéeg cﬂ%s,gglggot 1%%1%&16'

An exanpl e of ’trl c rocess carrie
Exel an(r) or Erxblb@ﬁﬂ;,)andl—l&ﬁrtdmdbthbr gqessncly agybai noolitheed td Be, Ny, &ir) 364, and
pl ate plasma ghanber 25 avail able from Lam Research Corporati on,

Fremont, CA iSset forth bel ow wherein the etching gas chemstry in a
main etch step is 'iihfmté(ﬁlﬂg Basahixfes ﬁf%ﬁﬁ&ﬁﬂ%ﬁﬁ&ﬁcéﬂ"}%% , During the
difluoro thane (CH2 nitrogen (N2) and argon (Ar). Additiona

etch step V\H]F‘%a frab E gheelestzic mptrriafsomeh asq ﬁb}‘rﬁlﬁ% &5 corpbipath@s ysed.
Al t hough t he feteofBhe ddrQY dagbRSs gﬁﬂﬁg tﬁ@&lbl@@ﬁl@&&l%?ﬁl %?chrgaﬁta&'\F ta Bk g

change dependi ng on the choice | asma et ch reactor,

size, etc., imcreaee thageeral cieh . ndeasry @Dbls gBss baafecfelovvaymzat@n pateaﬁﬂ angin
silicon mafer [

Suppl i od 1ot e G B chh Eiiuo BB B 8 e dhve i SO, Bitedil, BR0R®
hexaf | uor o- 1, ®nizatid BEtaD 4004 SGHIT L4430 BEHRRBH 44 uniform plasma over the

20  surface of the substrate. Exemplary carrier gases include helium, neon, argon,

krypton and/or xenon. Argon is a preferred inert carrier gas. These and other gases
may be used in combination in an etching gas mixfure.
An example of a dielectric etch process carried out in a 2300 Exelan® or
Exelan® HPT dual frequency medium density parallel plate plasma chamber
25  available from Lam Research Corporation, Fremont, CA is set forth below wherein
the etching gas chemistry in a main etch step is a mixture of octafluorocyclobutane
(C4Fg), difluoromethane (CHF»), nitrogen (N») and argon (Ar). Additional eich
steps, which may comprise additional etching gases, can be used. Although the
optimal flow rates and ratios of the gas mixture may change depending on the choice
30  of plasma etch reactor, substrate size, etc., in the case of etching a silicon oxide layer
on a 300 mm silicon wafer, the individual constituents of the etching gas can be

supplied to the reactor chamber at flow rates of 2 to 20 sccm hexafluoro-1,3-



17 butadiene (C4F6); 2 to 20 scan C4F8; 1 to 10 seem CH2F2; 50 to 200
seemtetrafl uoronethane (CF4); 50 to 200 scum N2; 200 to 800 seem Ar;
100 to 40Qysapbenosonoxide (CO; and 100 to 400 oxygenptPdihaoobbssdld
etching, the chanber pressure can bejget at 1 to 500 mlorr,
preferably 5 to 200 niforr. The ratio of the 5 flowrate of C4F8 to
the flowrate of CH2F2 during the main etch step can be 0.5 to 4,
preferably 1 to 3 to achieve a desired degree of selectivity with
respect to other layers of the etched structure. During dielectric
etching, the electrode is preferably electrically grounded and
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depos1ted silicon oxide, and inorganic or organic low dielectric constant (i.e., low-k)

layers. Such layers can form part of a damascene structure. Dopants for dielectric
25  materials can include, but are not limited to, boron, fluorine, phosphorus and/or
arsenic,

The dielectric layer can be formed on a semiconductor substrate or the
dielectric layer can be formed on a conductive or semiconductive layer. For
instance, the dieleciric layer can overlie a conductive or semiconductive layer such

30  aspolycrystalline silicon, a metal layer comprising aluminum, copper, titanium,
tungsten, molybdenum, nitrides such as titanium nitride, silicides such as titanium

silicide, cobalt silicide, tungsten silicide, molybdenum silicide, and the like.



5 454 of substrate support 450, which is incorporated in a central
portion of the baseplate 460 such that the surface of the substrate

support i syy@hbbheds Y higher than upper surfaces of thgceRsReORRssE Of
the edge ring assenbly underlying a ggbstrate overhang. To pronote

heat transfer fromthe edge ring assenbly 470 to the baseplate 460, a
gas supply 430 can supply a heat transfer gas through one or nore 10
passages 432 into an interface between the conponents of the edge
ring assenbly and the baseplate and/or substrate support. A preferred
heat transfer gas i eved that the edge rin
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during the etch ste
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di el ectric spaesdicleétrig sperceme;g dndehesedgs tingt € support, 55-65 nut of WD
2007/ 019049PCT/ US2006/ 028844_19
Generally, the RF impedance path from a powered lower electrode through
both the substrate support and the substrate to the plasma can be different than the
RF impedance path from a peripheral portion of the lower electrode to the plasma.
20 Edge effects from the substrate support and the substrate can result in a non-uniform
plasma density across the substrate, which can result in nop-uniform etching,
Without wishing to be bound by theory, it is believed that the dielectric
spacer ring reduces RF coupling into the edge ring and increases RF coupling into
the periphery of the substrate. By increasing RF coupling into the periphery of the
25  substrate, the etch rate at the periphery of the substrate can be increased.
Incorporation of the dieleciric spacer ring around the substrate support also
decreases the buildup of polymer at the underside and along the edge of the
substrate. Such polymer is typicaily generated during the etch steps (e.g., as a
byproduct of etching photoresist and/or dieleciric material).
30 The buildup of bevel polymer (e.g., polymer at the underside and or edge of
the substrate) was measured after completing dielectric etching, Without

incorporating a dielectric spacer ring around the subsirate support, 55-65 nm of



bevel polynmer buil dup was observed after conpleting the etch process
for standard over-etch tinmes of 10 seconds (first over-etch) and 30
seconds (sRyAdo0yMr - et ch). Increased bevel polymer buptfiggodessad
observed by increasing the over-etchidimes. The use of a dielectric
spacer ring resulted in a decrease in the anount of 5 bevel polyner
bui | dup. By incorporating a dielectric spacer ring (2.62 mm hei ght x
0.965 mm wi dt h) between the edge ring and the substrate support, the
substrate was substantially free of bevel polymer after the standard

over-etch,as as afé |ncre§§e i n_the standard over-etch
tines (i.e., ‘fqlpglwmav dé‘Pé‘ﬁSB seqicd SREOAPIAHE the dedtprnerss i steada
of 45 secondsLveré&éhemméwmmecdnaé:(rfﬁ%%&-ét Bh)lig 3@¥fcbn@st(§&oha HFe?actc]n?
however, bevel polyner build-up was observed. sumari zes

extent of bev@}cr%wywlel mlm@&yﬂéumﬁw@membmmmms overgtchniimes.

function of over-egfh,Ld d@%ﬁl&@@%@ F?&Fﬁéd:{ A atdd rerrqul Bl a%g)unt ofg on

dielectric etch process. eIPect e spacer
bevel pol yfrer bexel polymeCreidup.c By Gootioriting aﬁmlaﬂ&xﬂﬂayaremg((%ﬂ Immhe:ght X

CSiIt Slngg; Eii 25_8 g@@gg R{Tﬂé}ﬁ%ﬁhja%gfl en tRe é(d[g% rm% (tiﬁle%{lbesltr% ets%pcor? suﬁsiratenvgc)ts
substantially free of bevel polymer afier the standard over-etch as well as after a
50% increase in the standard over-etch times (i.e., a first over-etch of 15 seconds and
a second over-etch of 45 seconds). Afier further increases in the over-etch times,
10 however, bevel polymer build-up was observed. Table 1 summarizes the extent of
bevel polymer buildup (measured in nanometers, nm) as a function of over-etch

times in conjunction with the preferred dielectric etch process.

Table 1. Effect of dielectric spacer ring on bevel polymer buildup

Overetch Bevel Polymer Bevel Polymer
Condition (without dielectric spacer ring) (with dielectric spacer ring)
Standard 55-65 nm None
+50% >65 nm None
+75% >65 nm ~16 nm
+100% >65 nm ~30 nm
+200% >65 nm ~ 75 nm
15 A preferred method of etching a semiconductor substrate in a plasma etching

chamber comprises mounting a substrate on a support surface of a substrate support
within the plasma etching chamber, supplying etching gas into the chamber,
energizing the etching gas so as to generate plasma adjacent an exposed surface of
the substrate and efching the substrate with the plasma, wherein an edge ring

20  assembly comprising an edge ring and a dielectric spacer ring surrounds the
substrate support. The edge ring surrounds the substrate support and the dielectric
spacer ring is interposed between the edge ring and the substrate support. Because

the dielectric spacer ring is a consumable part, it can be removed from the chamber



>65 nm None +75% >65 nm -16nm +100% >65 nm - 30 nm +200% >65 nm - 75
nm 15A preferred nethod of etching a sem conductor substrate in a

pl asma et &4 fg7odagsber conpri ses nounting a substrate eaTASHIENSEL
surface of a substrate support withinrothe plasma etching chanber,
supplying etching gas into the chanber, energizing the etching gas so
as to generate plasm adjacent an exposed surface of the substrate
and etching the substrate with the plasm, wherein an edge ring 20
assenbly conprising an edge ring and a dielectric spacer ring

Substrat e supBil ERR Filk SRRET i9hE ShdEabe kgl Hrer gt
bet ween the edgebé¢rafgeraitondudtor substrhteat e support. Because the
oo oo e OTE B BB S f IR ™
"upper" or "lower" electrodes, a plasma etching chamber having an edge ring
5  assembly incorporated therein can be consiructed such that the substrate being
etched is held (i.e., clamped) with its processed side facing down rather than up.
Further, the edge ring assembly can be used to etch non-circular substrates.
| The terms "comprises” and "comprising" as used herein are taken to specify
the presence of stated features, steps, or components; but the use of these terms does

10 not preclude the presence or addition of one or more other features, steps,
components, or groups thereof.

All of the above-mentioned references are herein incorporated by reference
in their entirety to the same extent as if each individual reference was specifically
and individually indicated to be incorporated herein by reference in its entirety.

15 While the invention has been described with reference to preferred
embodiments, it is to be understood that variations and modifications may be
resorted to as will be apparent to those skilled in the art. Such variations and
modifications are to be considered within the purview and scope of the invention as

defined by the claims appended hereto.



. . ' .
and replaced with another dielectric spacer ring after etching a

pr edet er mi ned nunber of sem conductor,substrates. Wile the

el ectrodes have been referred to and % picted in the Figures as
"upper" or "lower" electrodes, a plasma etching chanber having an
edge riywpgchapsenbly incorporated therein can be constructed such
that the substrate being.etched is held (i.e., clanped) with its
processed si de facjn% down rather than up. Further, the edge ring
hssenblly cakMEEREBE JEs MA AR 9 SUEGUAR o SUbB e plRpOrt surfatefea plasm
"conprises” and "conprising” as used herein are taken to specify the
pr esenctchofg dratbedcdreptiumgs, steps, or conponents; but the use of
these terns does 10 not preclude the presence or addition of one or

nore other Lgabpd Afg dﬁeﬁ’@ﬁme&@@??ﬂ)emo%ﬁlié)gsﬂ)@ﬂ%o&aﬁ@& SQ%'sgsstrate All

of the above-nentioned references are herein I ncorporate

reference ipn their entire to, the sanme extent as if each individual
refer eﬁg@%ﬁ%@ﬁ%eﬂ e hﬁv@gmﬂ r?rﬁaidsiaga?}aﬁrrveigﬁapiéff%wap@-%‘?énm between a
i ncorporated herein by reference inits entirety. 15Wile the

i nvent ioverisadatseithe eglistiabeandit tppesfserfared the eggeefies; ked enbodi nent s,
it is to be understood that variations and nodifications may be

resorted toadfeladttit shReAMRAE@Meeh ehd BRGIngIENLIRE sdRtbhes @b rt sekale

variations and nodifications are to be considered within the purview

“and sc ] Lpvention _as defined t he i ns .appended heret.o.
o1 v oo R Ve R TS EIENER o st fPn ! A D RPBEHLS fpwie? slivsce
substrate su?port surface in a plasnma etching chanber conpri sing:
an edg€f # ftgtatieraied Redhe sihsl atess upraersH rfaceanst assenrer suifareatfsble on a
substrate support surface in the chanber and provide a cl earance gap
of | esdietdhtric Ppa2bmrmegheheeentte didaaric spadeadfg bis 4 Wit ubsbrabs arthrain
- upper surface of the edge ring; and : a dielectric spacer ring
bet weefi { ! i i d
bbg-Liniv e R e R RS e ik WAl G
surface of afsuba;&atﬁ | gcated on th subﬁtratﬁlsugpor# surface and
an uppBPPYSHIAELdNe ER&E diefiect ?ten%%%@rp Fnakyhepipe dierpctfespacer ring
dielectric spacer ring has a wwdth of 0.5 to 2.5 nmand a height of 1
to 3 nand teddga rioppes mounfeade thif chiahvdedi el ectric spacer ring and an
i nner nost upper surface of the edge ring are substantially co-planar

when the di gheedn iHe GPIRGRIL spadadriAl dorhPAsS W8 axlal 0pRERI dBeHieEhdriiok he
chanber; wherein the dielectricc spacer ring conprises an

iall ' [ f d. dially i f
of & clBERRS G RP AR oo np) 01 A i m 1, wher oi

the dielectric spacer ring is bonded to an :
2. The edge ring assembly of Claim 1, wherein the dielectric spacer ring is bonded to an

upper surface of a coupling ring or an upper surface of a baséplate.

3. The edge ring assembly of Claimll, wherein a radial gap between the edge ring and
the dielectric spacer ring and a radial gap between the dielectric spacer ring and a periphery
of the substrate support is large enough to accommodate thermal expansion. of the
dielectric spacer ring during plasma etching but less than 0.25 mm.

4, The edge ring assembly of Claim 2, wherein the dielectric spacer ring and the

coupling ring are made of quartz, the dielectric spacer ring increasing RF coupling into the



upper surface of a coupling ring or an upper surface of a baseplate.
3. The edge ring assenbly of O aim1l,wherein a radial gap between
the edge ring and the dielectric spacer ring and a radi al gap between
the dielectric spacer ring and a periphery of the substrate support

is lar ﬁgr_iwygh’ghtegu@ﬁpﬁmg%cﬁ.{cmé%omer%nméﬂﬂsgggéﬁﬁe%ingl.aﬁﬁr%rtﬁ@

spacer ring during plasma etching but |ess than e edge
ring asse of im2, erein,the dielectric spacer ring and the
coupl i ﬁggernéoflﬁtée é’r‘besgﬁg%%ur&g Fﬁhﬂ%ﬁ Et,‘:h't”ﬁé’fﬂ]eeslugﬁtﬁtrec spacer ring '
increasing RF coupling into the 22 periphery of the substrate and
reduci Rg poll ygredgeyine agsgmbly of Rleimddehetietethardzalions rdme feayeiliofn, stieon
substrate during plasm etching of the substrate. 5. The edge ring

assenbtybk, SR oxinE &N ehmuthEitedg 8 lisd i, HREHe: & @MLTAdtich9thereof.
silicon carbide, alum num oxide, alum numnitride, silicon nitride,

gquartz.or c i hations_there .6.. The edge [ri.n ssenbl C.aim1,
wher ei B a rgfq‘lo% %%ngu Séeﬂ“@éér"f?'@#{“&prﬂé'”eagr g[aﬁlyﬂ{jﬁi@oftﬁq%‘?ﬁf’efﬂ%&m{%e
dielectric spacer ring. 7. The edge ring assenbly of Caim2,

f ur t hels teikgirthan Wg digletdaspacenengas passage ext ending through the
coupling ring or the baseplate, the gas passage being adapted to

suppl y7a hediie édgansigassgaisly bCRIM adjiuatentorsphisiaca |84st bhe g@&dg8sdgeny
and/or the dielectric spacer ring. 8. A plasna etching chanber

i ncl udj i L
suppor T B e o E o A R Rk B EA RS R It o
basepl ate conprising a |l ower el ectrode and a substrate support having
.a sub%‘{ptp%aeﬁ%ﬁﬁ'ﬁﬁffgr B tPaferdiacent surfage obihgeder HEE @i ShoMElecHls as
to underlie a substrate and provide a cl earance gap of |ess than

0. 25msmeeewden a | ower surface of a substrate |located on the
substrate support surface in the chanber and an upper surface of the

edge rgng; ARfsma etchin@cHinfleB GldldinSRAER NS et Na8Rh ikl QBRI
and the substrate support surface dinensioned so as to provide a
cl ear asnu%?trgﬁe%ugfpotlt?ﬁﬁacteqrqcc]hQpl%?rq‘lrgne?c?\tmvg\ﬁ:%gm%e]l‘ gg’n@}grissxrlnjgr:f ace
a baseplate comprising a lower electrode and a substraté support having a substrate
support sun;ace; |
an edge ring dimensioned so as to underlie a substrate and provide a clearance gap
of_less tHan 0.25mm between a lower surface of a substrate Iocéted on the substrate
_support surface in the chamber and an upper surface of the edge ring; and
a diglectric spacer ring between the edge ring and the subst:-'ate support surféce
dimensioned so as to provide a clearancg gap of less than 0.25mm between a lower surface

of a substrate located on the substrate support surface and an upper surface of the

dielectric spacer ring:
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of a substrate |ocated on the substrate support surface and an upper
surface of the dielectric spacer rin%' 23 wherein a substrate
is mounted on the substrate support Surface such that the outer edge
of the substrate overhangs the dielectric spacer ring and a radially
i nner portig | Pfqp r '
wherein the Q?@PE%???@ggﬁéﬁgﬁgFFﬁg”ﬁggG%Rkﬁggﬁ”§ ecﬁfgnggkﬁhﬂb%umr
el ectrical |f¥hl nsul at e tg,e ed&ee(]%i ng fromthe basepl ate and a hei ght
ef f ect FIBE 4 S MU EL VB 3nFe NP8 Erie sRarer Hnganshp rastal dwier pREion of the
di el ectric spacer ring and the substrate. 10. The plasma chanber of
d ai m@gewtigrei n the pl asma et ching chanber conprises a parallel

pl ate reactor having an upper showerhead el ectrode facing the
substrate StHMMdma chbibef BECRINAEPh GRATMEY MG ﬁda%&ing:?ﬁ%‘%?i&tht he

| ower el ectrode conprises an RF driven el ectrode. 12. e plasm
chanber,. of. aim8, wherein the substrate support conprises_an.

el ect r%cgetcgf'%o Argegally [rl%'.?at% ¢ tlesdivg f%ﬁﬁe!?ﬁg?la@ ﬁlﬁ'@?'gl}kf?@ﬁ%@i”ﬁ’ ®he
edge ring assenbly is adapted to reduce at |east one of (i) RF

coupl i AiMEe welmer Hepesiimn iniarggp detivednethb alsderita enacei iing addihagulisttaeen
the edge ring and the baseplate, and (iii) polymer deposition on an

under sicde an@d/padsrdg@nidler bhelaByBSIKAER t6E PR EHI it 1RHBShpAdS a
‘support surface. 14. A nethod of etching a layer fornmed on a

et hod e PP 8 e B4 ok B L RhBRER S ok B30 REMARhe Slnefialitoony

substrate on the substrate support surface positioned inside the
chamberl: sUPINASHYE Beeengl Gasn Bovhereindhalaver elactionr sgmarigasaemd driven
adj acent an exposed surface of the substrate; and etching one or nore
| ayer s2léaoronled on t he semi conductor substrate with the plasma, 24 15.
A nethod of replacing the dielectric spacer ring in the plasm

et chi ng. chamaelashfa FhAibBE 8F CIGRITE vii%rBg tﬁ@?@@tr’%@e :%]Jéb?;oﬁ @l@%éé & spacer

ring fromthe chanber and replacing 1t w anot ctric spacer
ring aftgr ett.cth a predeterm ned nunber of sem conductor
licdiostnighick

subst r° dielectric spacer ring dinensioned so as to

provi de a cl ear ance gap of less than
13. The plasma chamber of Claim 8, wherein the edge ring assembly is adapted to

reduce at least one of (i) RF coupling between the edge ring and the baseplate, (ii) arcing
between the edge ring and the baseplate, and (iii) polymer deposition on an underside
and/or edge of the substrate supported on the substrate suppé;rt surface.
14. A method of etching a layer férmed on a semiconductor substrate in the plasma
etching chamber of Claim &, the mejchod comprising the steps'of:

supporting the semiconductor substrate on the substrate support surface positioned
'inside_the chamber;

supplying etching gas to the chamberr;

forming a plasma adjacent an exposed surface of the substrate; and

etching one or more layers formed on the semiconductor substrate with the plasma,
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0. 25nm between a | ower surface of a substrate |ocated on a substrate
support surface in a plasma etching ghanber and an upper surface of

the dielectric spacer ring, the dielectric spacer ring being further
di mrensi oned so as to be surrounded by an edge ring di mensioned so as

to undes.l i eatfeghslibiepata g anddipleeiicdgadtr Ghe# RRGRa s8R etOhink ESsmi IR
0. 25mm between a | ower surface of the substrate and an upper surface

. 25n n & Tower surface of the sub ! er sur'
i al Ty e BB L Bl B B RS Ay SRR ~Ehe Pl

of a coupling ring, the dielectric spacer ring is adapted to surround
an ESCVithano P%l%‘ﬁ‘%c’@tccsﬁa%éﬁﬁéﬁeéﬁféh'tﬂE@ rip@dtedninpé nepacee’ semeprdagon
width |l ess than an overhang of a wafer supported on the ESC. 17. The
di el ecdubkieatepacer ring of Claim 16, wherein the dielectric spacer

ring has a width of 0.5 to 2.5 mmand a height of 1 to 3 mm 18. The

diel ecid. C RBRRRIrid dLerdnitbilidd HRLELIL AL HRLSEN AU AGT e
dielectric spacer ring and an i nnernpst upper sufface of 'the edge
ring substantially copl anar when the dielectric spacer ring and

t he e?]@g—f’wn Typen rSHTRGR RS UBFARIRAC @t ech?they SEasibrTUP POTIGUI TERIN @
dielectric spacer ring of Caim16, wherein the dielectric.spacer

ri ng ipgasmedetcioing go@nber. and20. upphesutiaek ef thd dielapaie @pader Figg,ahe Alatdcricl6,
wherein the dielectric spacer ring has a wwdth of 0.8 to 1.2 mmand a

hei ghtsp@éerFing b%%g%uﬁh%ime%Qo@éd‘@fs_tgib%lsﬁ UhGe PRAGEEGIE 1 Bhnelfdid]

16, wherein the dielectric spacer ring and coupli’ng ring consist of a

single piece of .quart terial. . :
I &R &S Gneri Y subsiihte and provide a clearance gap of less than 0.25mm between a

lower surface of the subst.réte and an upper surface of the edge ring, wherein the dielectric
- spacer ring comprises an axially upward extending portion formed on a radially innet
~surface of a coupling ri;’Ig, the dielectric spacer riﬁg is adapted to surround an ESCin a
plasma etch chamber and the dielectric spacer ring has a width less than an overhahg ofa
wafer supported on the ESC. |
17.  Thedielectric spacer ring of Claim 16, wherein the dielectric spacer ring has a width
| of 0.5 to 2.5 mm and a height of 1to 3 mm.
18.  The dielectric spacer ring of Claim 16, wherein an upper surface of the dielectric
spacer ring and an innermost upper surface of the edge ring are substantially. coplanar when
the-dielectric spacer ring and the edge ring are mounted in the b[asma etching chamber,
19,  Thedielectric spacer ring of Claim 16, wherein the dielectric spacer ring is made of
guartz.
20. . The dielectric spacer ring of Claim 16, wherein the dielectric spacer ring has a w-idth :

of 0.8 to 1.2 mm and a height of 2.4 to 2.8 mm.
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21. The dielectric spacer ring of Claim 16, wherein the dielectric spacer ring and coupling

ring consist of a single piece of quartz material.



