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TEMPERATURE CONTROLLED HOT EDGE RI NG ASSEMBLY FOR

REDUCI NG PLASMA REACTORETCH RATE DRI FT BACKGROUND
wERwsesMhe m d- 1960s, integrated sem conduct or PCT/US2004/841768

have becone the primary conponents of nost el ectronics

systens. These m niature el ectronic devices may

contain thousands of the transistors and ot her

circuits that nake up the nmenory and | ogic subsysterrs

of m croconputer central ﬁroce55| units and oth

TEMBRRATHRI CONEROIERFOT EPCBRING AFSEMBLAL FOR WDUCING

and speed of come a

ubi qui t ous fg;‘mﬁ%@@g#ﬁﬁﬁec& oni cs. The

fabrication of an integrated circuit chip typically

begins with a thin, polished slice of high-purity,

singl e-crystal sem conBASKGROUND; g substrate (such

i, 1 ! f

Mndith; GRP 1260 LAY B A ol e e ey
compof¥mCeSavngletepiss EYMmé OFhesd Mméniwtard elestronia davides may contain

structures onth the fabricati
thousapgs of dhstrangigtqrs, a% p ercef’fsuiﬁ ?Pmﬁleﬁwn% a@@ﬁ%@? Sithgystems of

mlcroc%l)%)g af"‘ cé‘i@tfa? rodSdsiiE HAS 'aﬁ&' Sthb LRt AL Sir@iieh TRS 18W 86dTRigh

t1on t produce silicon dioxide filns, chenical
reliabilitsypeond speqabsf theserchips hevotiddleens td besome agibiiquitons déadxe @émodem
di tlagd si.licon nitride films, and sputtering or other
igital eleEiithies to produce other metal films. After

deRASridal6n B hih {fRRPRed BitcusedRiF BPHARY BEgingiveth,a thii€polished slice of
uni que el ectrical properties o sem conductors are

high-pynityckingld-chystal stmtqondnqwrgn@emaé @tﬂe&ﬂraterﬁ@mh 3sj stlicon i gexrpanium)

called 3 o‘ﬁ?t‘ébp %_u?ﬁéo %é%s br] (fclt%cgttﬁtal C& ern% l'?yh{%af)%ads g relﬁ‘?l:ah ﬁ_?ocessmg

steps 1@ &rttheivhRows difduft strasteres oh tiwifes e]Dﬁmﬁg the falfication process,
radi ation sensitive nmaterial, called a "resist."” Small

variougjepereafithia fimstaanie ¢rppsitadrag thewafar asing yatiows thehnignes guch as
thermaf b{ﬁﬁﬁc}n odif}E @11R8P h{o%ﬂfeffﬁfn[] e&e&&a@ vg&ﬁ‘ deB8difibn 163rB&ce silicon,
cess I 't hography.

nown as

sﬂlcon|dlldxhﬂ):g nadkilicophitéssims; el sputtedguaoredhai tecmidquepad prednce other
may be drawn on a glass plate called a "nask"™ and then
metal fgisi cal | y reduced projected, and transferred onto the

DL SEFOR VB OR Kdf G SRD Ittt propec
semicondysblatdé predacadftacabstituting selected impurities into the semiconductor crystal
lattice using a process called doping. The doped silicon wafer may then be uniformly coated
with a thin layer of photosensitive, or radiation sensitive material, called a "resist." Small
geometric patterns defining the electron paths in the circuit may then be transferred onto the
resist using a process known as lithography. During the lithographic process, the integrated
circuit pattern may be drawn on a glass plate called a "mask" and then optically reduced,
projected, and transferred onto the photosensitive coating.

The lithographed resist pattern is then transferred onto the underlying crystalline surface
of the semiconductor material through a process known as etching. Vacuum processing
chambers are generally used for etching and chemical vapor deposition (CVD) of materials on
substrates by supplying an etching or deposition gas to the vacuum chamber and application of a

radio frequency (RF) field to the gas to energize the gas into a plasma state. However, in plasma

processing of wafers, process drift (i.., the change of process performance over a certain
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of the sem conductor material through a process known

as etching. Vacuum processi ng chanbers are generally
wais®d/05ws2 et chi ng and chem cal vapor depositi oPCT/CViIDP4/041768

of materials on substrates by supplying an etching or

deposition gas to the vacuum chanber and application

of a radio frequency (RF) field to the gas to energize

the gas into a plasma state. However, in plasm

processing of wafers, process drift (i.e., the change
amounbéf {pmeedcper fAtoeedinglydihere ina aged %r ARRRERIHTes gpd W%%S for
. can cur. Ac 1 | eed for
nﬁpﬂ“g$§§§§{%gggﬁgﬁﬁﬁﬂgﬂﬁ%%gﬂ%%ﬁ&ﬁﬁ%§§§P g etch rate
unlfognity in plasma reactor processing. SUWARY I n
accordance wi th one enbodi mrent, a
t emper at ur e- control | ed RSYMMARY | ng assenbly adapt ed
t.0 surround. . : u [ L) E b
IR aRE PR TS o e P Rerl o RoR BRI ARAL, B assembly
adaptedl fé QfrfR@Ud atsRbstra@suppos ih apasmadeation chagbawedidas rgonfective
| ower ring, the jnternmediate ripng adapted.to b% .
lower rRg;AqeEIGiB{cTRelifE RBE: the Myerpedytic Bps By alpe e Towsing, te
intemgﬁgﬁrﬁr%ﬂggteh he Ré‘ RR&hed VRAGhOWSF: ¥inB % ARFiecBba®dindtad upper ring,
ring, erein the upper ring has an upper surface
the upsot piagavetlgingrthé termediateafing whessmtherupaet ingrhastaspper, surface

expoS%:]t@ggggﬁreggrnc . %&g&%@f&,ﬁg@gdi ment, a plasma
- : processing chanber; a
POVRE I CRith StHer RARIAIR &S, PplRGRS Frog@SingMppiratus includes a

i nterior of the processing c’harrber Into a plasna state )
procesfing chambers 8 pnyenseitsswhigh energizesprocesatzas BaRIBerionaf the processing

supports a substrate w.thin.t i rj.qr :
chamty B8 enfpadtide g rSis b b s P fipLFaich sypnors
substrat8 GEhiIE Heah@ribt flhe pRRedsiigedhaBbed beonduttive kevdrytingga téremic
_ lower ring, the intermediate ring adapted to be . .
intermadiatecireg the intermedipiowing Weﬂgmcgdh%l%“ﬂl:ﬂégéb? Feeraedigieringadapted

er, r.ing,, the. el i Ly Lt | :
o v R i B A PR A By E L gt oot
the int@XRISAE rihe, WherbiitRE upFer Gingdap hmspper sedakieaposel dore mterior of a

In accordance with a further enbodi nent, a method of
ph&n&é@&@@héﬁﬁﬂﬁ%ess drift on a plurality of substrates in

2%1@%:?8%@1:1&{ Q66 3 Fhtler SHbb&iMent NEmBBbH 8Frekidih Y P dtdss! dift on a

7 positioning a substrate in a plasna

pluralioy ofebsiratgs Appplaghaiprocessing systeny, the metbekmsludinacthestses of:

..a . power, sour.ce which energizes process.gas in_an. i
positiqning:p pistrate ip ﬁ@lﬁme%qwgg B CRITISTIE: 31 PAQGRSSIg gpognber; @
power sQlrBAEES éﬁé?%iz@s FHESE 5& B anAnRHBS 61 18¢ BroeedRY dhawbetihto a plasma

supports a suBstrate within the interior

state for processing a substrate; a substrate support which supports a substrate within the interior
of the processing chamber, the substrate support having an upper surface; and an edge ring
assembly comprising: a conductive lower ring; a ceramic intermediate ring, the intermediate ring
overlying the lower ring, the intermediate ring adapted to be attached via the lower ring to the
power source; and an upper ring, the upper ring overlying the intermediate ring, wherein the
upper ring has an upper surface exposed to an interior of the processing chamber; supplying
process gas to the chamber; forming a plasma adjacent the upper surface of the substrate
support; and sequentially processing a plurality of substrates in the plasma processing apparatus,

wherein the temperature of the upper ring is substantially cooled to an initial temperature after a
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of the processing chanber, the substrate support

having an upper surface; and an edge ring assenbly
weomsns®bng: a conductive |ower ring; a cerani BCT/US2004/041768

intermediate ring, the internediate ring overlying the

| ower ring, the internediate ring adapted to be

attached via the lower ring to the power source; and

an upper ring, the upper ring overlying the

i nternedi at e ringgzmherein t he up

_ er ring has an_upper
first substrateds eeraxysd<eam fies bsiraie BPOF g %ﬁf%e ﬁﬁ%@@%ﬁnﬁ aibsggte is placed
C er.. | yi e gas to the chanber; formng
on the SéilB%Fn;g%ﬁlg’pz)g‘iqggédr}l{&gpg%g%p‘%?f surface of the substrate
support; and sequentially processing a plurality of
substrates in_the EI 0cessing.abparl.a , Wherein
the tenpera ,-,e? ! ARINGS |
%ﬁ%.l Itegqotvx% f‘&okg‘éeui&lldaﬁ/ S A dHiSn 8f § Sdcudhnl Prdéessing chamber having
Substrate 1s renoved fromthe substrate support and
ahotmﬁ@&ﬁ@@nﬂiaphﬂz@umﬁhusmh5trate is placed on the
substrate support to red ro dri ft. . .o
B TN o e BROSTIAGES F AP L g et FagDe @ coupling ring
d hotSREk kRpak s4i eh Of aRaiRhdechsT TG, & vacuum processi ng
an oﬁﬁgngég ESV|ng a hoE&%dge ring and a quartz coupling
FIGg3 shikiva a @rossseatignal yievsofcw adge ping eessebly pgeording toone
| urality of wafers having a coupling ring and hot
ring as set forth in arrangenment of FIG 1. FIG
FIGIP¥Bov £ E1R8Sscefbhdl T ofvd Somioh ofa vad@e proogssing chamber
assenbly according to one enbodinent. FIG_ 4 shO\(/lvs 6}1
accordipg 6& E1G ek 2t the caijorwher the goptingAnsts theypally poppled to the RF
rocessi ch r.according to FIG 3 at the |ocation
ehcno&%g?gipﬁgggsﬁgggﬁﬁmr'ng is thermally coupled to the RF
@'I@Ciri] Iispﬁ Erapph @héwingpaowetd drift fomamtunalitygf wef@s having agntermediate
_ raph show ng process drift fo lurglity of wafers
ring anfgélﬂ egedingnAsase hd?@“ﬁ’ﬂ%?&“eﬁﬁﬂ{ ]F{@SD é&&@ %ing as set
Lhid AR f6s cBrrpfirifi the hot
S50 4 PR SRAFRE oy, fiRy s @Ay bt it copipRiifs e hot cdge
ring of F0GHaverfg théRothalice enigef FIGY 30fndA.G. 1 versus the hot
edgg ring of FIGS,. 3 and 4, FIG 7 shows a Cross .
46t 7 shas § FraRs rtiang vishal PTEe BISE ST PATa incorporating the
. QLpar.at 4 e ring assenbly of FIGS. 3 and 4.
odze iR Tl ’

embodi

DETAILED DESCRIPTION

The hot edge ring assembly as disclosed herein provides a novel arrangement for
improving uniformity and reducing etch rate drift at the edge of a wafer during plasma
processing of semiconductor substrates such as wafers (e.g. silicon or gallium arsenide (GaAs)),
flat panel display substrates, and the like. A temperature-controlled hot edge ring assembly can
achieve improved plasma processing. The temperature-controlled hot edge assembly increases
the thermal contact between the upper ring having an exposed surface to the plasma processing
chamber and a temperature controlled radio frequency (RF) electrode incorporated in a substrate
support. Thus, by increasing the thermal contact, the hot edge ring assembly can reduce
processing etch rate drift.

In processing substrates, process engineers strive to improve process uniformity. As the

term is employed herein, process uniformity refers to the uniformity of the entire process, such
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The hot edge ring assenbly as disclosed herein

provi des a novel arrangenent for inproving uniformty
war@snseri ng etch rate drift at the edge of aP@EIES2004/041768

during plasma processing of sem conductor substrates

such as wafers (e.g. silicon or gallium arsenide

(GaAs)), flat panel display substrates, and the |ike.

A tenperature-controlled hot edge ring assenbly can

achi eve i nproved pl asma processi

\ ng. The ., . .

as plasma gishing apress demaurece efths s¥bsigtfe Iﬁ%@éﬁmeﬁs jsrheghly upiformy, dor

t her 9 i i
cxampl e SGRIAE MBS RREH o ROl B A o b
submmﬁ@npeq@ﬂuredcontrolIed radi o frequency (RF) el ectrode

i ncorporated in a substrate support. Thus, .b .

FRE PRHSILG Stohanie NBFRETE B ATTICORMSIOTSHOREE fchge @ Wafer in
particuﬁ?,stgf'HJaYch?r?égth% CRUGSeRE ReRSRlePSr BE WAFErab erctatelat thelWafer edge,

pr’ocessi ng substrates, process engineers strive to .
wafer bonpdaryeopditioes srepnéfEably deyigned for hesuripgerignuétymcrope the wafer in

eusr (el S D T GRS Pebhg B BB 1
the curie%[ ?@s@ﬁhs?ﬁn b $PSdRECimp I EmbREd BitRREFSundSthE wahdry In order to

o orm for exanple, it is expected that the process,
minimizatagerabntinfifiagiosnthepdeatisg trmatdactuisd fiom a matsrigl eggnpadible to the

.suhstantial ly.equal . For.control. of r e T
water gy avyfin e S elrE B alsden BB Dl oot itcon
carbide6H i8S tikén particular, for matching the etch rate at

the center of the wafer to the rate_at the wafer edge, .

isbiralllyolie ¢deyring ifdesting o aiee PHrds ef GBry. A€s A HEY sgpling ring),

. Assuri,n n N . .
i SATR GOREE YT QRS IRt Do\t BB kontan
quartz BgHcally ehodes forangiring theRF fieldurengthtat teesédga of therwafdge enhance

ring has been inplenmented fittjn th f I
et salgrpdhonass o S o S Lo 5B e Bl g ctor.

Asa re\%\glﬁe@rgr%r%t‘i ggl#lg _0%%51%%]‘% q‘qugﬂn%fcg{ph?% El:ﬁg g%)ﬁgi&giﬁ‘ih%%& Thus, since the
plasmaigiiettieatisinitpof iheclpelengithé plesma eapthietedge sng rubmay cause
oS BapBE g e e TP Lty LG 05 A e vt

' ' bl Ofhet einndesddd B@dtatel
T —
which ads teemstealyanisezofiits tepperetard. yThihtssweratere risasat lead ta precess drift

. RF field strenagth at the edge of .t.he waf
(i-e., PYOCESS qngflgn{ﬁ)ﬁl?lﬂg)r i e?gp ra%qat ?khegedgfi I% &heh\ge\}'j}%r %é%ﬁalgpgfi‘)ffeg\;}gﬁrs are
proces&dSA ckdeWicdeSsibe AcRR@ihglyNSihE@Hro6Es dutidanh be Asusad by the steady
result, an edge ring overfyln a quartz coupljing ring

increasegn tleciepwierajure 0f thezadee ring lnvier, the pracessigeof multiple wafers, What is
needed is a hot edge ring assembly, which allows improved cooling of the edge ring before the

next substrate is processed and thereby reduces etch rate drift.

The edge ring assembly may be applied to plasma etching processes to enhance the
density of a plasma near the edge of a wafer in a parallel plate plasma reaction chamber to
produce a more uniform etch rate across the substrate. Although the hot edge ring assembly will
be described in terms of its advantages for plasma etching, the hot edge ring assembly is also
useful for other applications that may require plasmas with uniform densities such as plasma

enhanced chemical vapor deposition and plasma cleaning.
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plasma is in the vicinity of the edge ring, the plasma

heats the edge ring and nay cause overheating of the
weadgs/0s95y and result in processing probl ens wehusived/041768

substrate or wafer. Upon exposure to a heat source

such as the RF plasma, the edge ring cannot coo

adequately, which leads to a steady rise of its

tenperature. This tenperature rise can |ead to process

drift (i.e., process non-uniformty) in etch rate at
t Hee etdyeato fiearibe edgea theheafercan beroatraledhymaddying the quartz

.pracess i n clos ccessi on.. £ di [ .
coupliff B350 e g% eilE T AGE AR MR o PRELEIT sagB oL According o2
preferfel @nibRURBER! HE LY rifd@ssEEBK ik héy saieto thdienpet@ssonigolled RF

of multiple wafers, what is needed is a hot, edge rin
electragle s drphs embpdintent b itsiaal nsprdnstive elastomgr oamds e edgging to the
couplih i ng bef ore the next substrate is processed and
P ?%g‘%by reduces etch rate drift. The edge ring
a’SﬁﬁBﬁll}y duByg e pppid @chihg ppricasnthe e¢mprratgrepridhe sdgegintgrises due
enhance the density of a plasma ne]g]‘llr9 t he

e]g %E of a h

to the gifecds of the plasaraa Jeprnding o8 th RE RaWFIlg¥eliapd chHahp gresse, the
iSnifdl S After th

e f 458 o RO R 50 AL AL S O g st o

plasma stchiigrrocdssing stepdy Anisheyb thef wafepis asmavest fodm g, RF kisctiode and the

edge rjng. assenb is als ful for other :
next A BRSSPSR SRR [ Foas e bR <O figrspes oo much
duﬁngﬁ%béés%ﬁn,%eiﬁ% Hat AR S8R aNeQdodseficnahl steing, the etch rate can
eposition and plasma cl eani ng. The etch rate near the
drift oetigle thé ptdvesswaindew ead résultdo defeetivesralby. Aodidesitablp thatdefore

uartz c [ ring .and the edge ring {0 ot
anotheg quf?rclp @a#ee;ct(ggﬂ? ﬂlé)s%:'lte Fﬁ@oﬁt&gtdtﬁ? ﬁ%g_e }bars gl{lﬁfg@f\étnfé Béat sinking to
allow BleRldgE ﬁ%? 16 ERREI I BMperatilte rade Qs hiddJoRs®eswing thepkenlus wafer.
sunk to the tenperature controll ed RF el ectrode. In

Howevgrethintibell dassmot eccunavhieh lepdiorsirbariovsifbfuinedhe prasessing of 2
he.edge ring to the coupling ring. Typically, during

Pl“ralit%SfBF‘%é%a et ching process, the tenperature of the

eHE®. T §HdGvsId G6ss-dukorial vicheord Weafet sdgefregibe oph standard vacuum-

Dependi ng on the RF power | evel and chanber gée sure,
processig chamber M- ufe shavaringdly. hea SYRgHRIEIOE HAter Ahigo i n & Shbstrate

g i t

sppoS 23R BbatfanD LSRRG kel shy Wi RugS
assembBNyprdlly irzindek an REgeatier20 atba eovpling eng 89t Thafdge fing 20 can be

| aced on_the substrat t, If th dge. ri
bondel 4o e RS TIHE FO.AE 640 S A Nt i g g Eigg SO (e vacuum-

proceéQA; GlathbRr PELEH iRfudtahehdio HREBLEP ERFFFAHRE bidbtrode 40 beneath the
e Ing, the etch rate can drift” outside the process

substratiersdppeorvhicle proivides nedie frequane engig e tosthe pebstrgtegapporiggl thereon.
t Rastuitkgﬂ‘?lfeq{}se impedance matching circuit capacitively couples RF power into the

chamber 10 via powered electrode 40 so as to provide high-density plasma. If desired, other
plasma generating sources can be used (e.g., inductively-coupled coils, electron-cyclotron
resonance (ECR), helicon or magnetron type). The chamber 10 also includes a suitable vacuum
pumping apparatus for maintaining the interior of the chamber at a desired pressure (e.g., at 50
mTorr, typically 30 - 1000mTorr). A gas distribution plate, commonly called a showerhead,
may be provided and includes a plurality of openings such as circular holes (not shown) for

delivering process gas supplied by a gas supply to the processing chamber 10. However, the gas
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anot her wafer is added to the substrate support that
the edge ring has sufficient heat sinking to allow the
wWe@a@s/059962) to return a tenperature range as usedI/iig1004/041768
processi ng the previous wafer. However, this often
does not occur, which leads to etch rate drift during
the processing of a plurality of wafers. FIG 1 shows
a cross-sectional view of a wafer edge region of a
standard vacuunprocessi ng chanber 10. As shown in FIG
distributionzplatalsen baowitind andfpsecepsgarsan be suriicd te theohamper by other
su%gort 12 Fref eratbl y incorporating an electrostatic
arrangeTAHS SYCR S GAHINER & at or edge ring assembly typical |y
iA(dkCils wé;ﬁsq@zﬁnﬁdo %sﬁifﬂgilﬁgwa&hdh@plﬁmwbﬂoﬁ%smg’m,ﬂ&réﬁl@sesurrounding
edge ring 20 can be bonded to the coupling ri r :
the subgtagie sepnast inokeing therhobadgerieHand th@C&I).lﬂ@%mg@%H@?P foous the jons
v : ; I . ,
from 3Gl HIRE P BB R FORTEEE dthdl Ao BORERE R, PR foces
uniforrSit Hattitubar B ploy édgewittehsupstears. d@hen adiver i sepplieddy the substrate and

clectrorpic AUGHaFRPIRAIBHIAD 1515 EUASEE WEPUE PRI aIs Ao B Tpgirode.
These RQiHne Qﬁe%g gﬁﬁ{:‘ gﬁ{@gﬁ%é&dﬁg%&m&a@. 8 Gk Rr48d Sield results

O provi nsity plasma. "I f desired, other
in the pillaphmmg demgatostiye snditheesrfecap ke sibstiate @ng electrostatic chuck

e ARS8, B S P R RAE, B g of o s,
the pla§2ER&AL R lcS RIS hivtigst e@g@ﬁhﬁsﬂ@lﬁdﬁ‘aﬁ B BPIRRE coupling

apparatus” for nai At ai ni ng he Tnterior of the chanber
througlasutstrdtestid tlewioyarbyinga plasngabyjactingras 8 Gaparser betipen higmlapmagnd the

- | Torr). A gas distribution plate, conmonly call ed
powereg ¢lg head, may be provided and includes a plurality

oA s R IMTFGS UCRe 38gChiti£ R0 Bra saodifdal(rivet susfoonding tler substrate

del i vering process gas su&&lﬁi ed by a gas supijy to .t hﬁ .
supporpt ¢ Ebe pége Enbisa replacqablaopEponetiewhigh dendsio hepomshot during

| at .ite q - .

pocss PSR SO AL oo PRS0, 008 91 BERP LA o e o 20
can be hiddgFrone@ tendubtvé slewvedde ratonials suxhta sdieof anibideaBi@) and silicon (Si) or

t he plasma, processing art, the rings,su

roundi t he .
from digleediis ERESTIRIRYER 85 AFAE dthaigorh tbé%b@l&%ﬁb&gﬁg { ghemistry
. o 3 I . o
o MR 08P N8, 4k SRS M B e
of coupling thuuphehgplases sanibe fadored tty provideta dasired logaligedt"adge" etch rate at

edge of the substrate. \Wen ris. l.ied,to the ..
the outgT;BEHiPR 08 A SHEPI R EREFE - CHIICH CaBRiflF BBYIBE ¢ 1o eriRicitive

i i1PE&h DR G fasteRAcE lch rAt thRQI WA Gi®S LQREe and other
lmpechggvzlfléelegﬁ%yiﬁr#es areanot St atig but change duri(r%g t he

dielectRBs withllew ditlecttic penstanty wijktdnd todower e ige etch rate due'to a reduction

in RF coupling at the wafer edge. Typically, the coupling ring 30 is made of a dielectric semi-

conductive material such as quartz, silicon, silicon carbide, or aluminum oxide.

FIG. 2 is a graph showing the etch rate profile in a blanket oxide etch using a parallel
plate arrangement with a dual frequency power supply. A run of seventeen (17) wafers was
processed. A silicon edge ring 20 and quartz coupling ring 30 were used and etching was
carried out under the following conditions: 2000 Watts RF power at 27 MHz; 2000 Watts RF
power at 2 MHz; 150 mTorr chamber pressure above the wafer; 400 sccm argon gas; 80 scem

C4Fs gas; 8 sccm O, gas; and 60 second process time.



10

15

20

25

30

in the bulk plasma being positive and the surface of

the substrate and el ectrostatic chuck negative. Due to
w@ewsosy2 f actors, the field |ines are not uni POT/ISZ204/041768

the edge of the substrate, hi the plasma chanber, the

coupling, and hot edge rings help direct the bul k of

the RF coupling through substrate to the overlying

pl asma by acting as a capacitor bet ween t he plasna and

t he powered el ectrode, shown in FIG 1, the

rThﬂggTth shoves thth@tpre@Sanh rqﬁ@msfﬁ%safeﬁﬁ(%u s 2 {E38fon of location
t t I,
on the SIS ach UBRR et ancl ROl l6, 20,5 12 popn from the graph, the
etch raﬁanlitl thg edg“emfe)@ﬁ’emgmeﬁ substnbislty v veafel tbhwefer ﬁtclefaéﬂ: nwiformity is
to_as a t edge ring (HER). The hot edge ring 20 can
calculgied by the fhﬁ%‘f‘ﬁn&ﬁ‘w%ﬂﬂni ve el ectrode materials such as
silicon carbide (%@ax%gl )BkhL§age € R0y, or from
dielectric materials such"as quartz. It has been shown
where M@t is thempxiesms hilfie phefch tate aieMirsisrtiye innitim vatneaf elelerate. The

nei ghhaor hood f t he ed L by .changi ng t.he ed
e e R B PR 8 b M R R T R of e vate
before %ﬁ%ﬁ@r &8Rind %sﬁlg lnlcBfr@EbréiQllPAvRTIasIe tlﬁnfiﬁﬁi 1{18@0&) %52 gysteted
edge" etch rate at the outer portion of a substrate

b]éliChgi qbpwe @s:sces@ seasionjof erwaferradegel eegien o frrgpagalicd wiate plasma apparatus
100 ha; é’ aCJrc uer opﬁ% eed hq“c\ﬁeg% I%g%(ngsa&llﬂ)lé}gp%g%gtg%?o {uﬁl%thﬁ{i a substrate
suppofd 'a@é&@f&lfﬁ it€ snderhbodifendi Elee@ps Hifig 6388bANT 1P inklutied a&n&bpteohot edge

| ower the edge etch rate due to_a reduction in

ring 120 @merangc ntomdiaipriag L34ged avppustive jowarrweddip |T|hﬁ dntermediate
e 134,08 3 RS 2 A, P o398 SO Mgy 134t
intermadid s minp 3Xis d&m&]lﬁco@ld:cstoaz rgdiaffteqaéow (RE) e]aetredeclﬁo via the lower
) rate profile in a blanket oxide etch using a parall el
ring 14).at e arrangenent with a dual frequency power supply.

frgigtg\eﬁ(? Iﬁsﬁ%‘@%&éﬁ%gﬁ@é §f theaRalRf ee?&%%all? conductive material

uartz coupling ring wer e
such asl siéidom,rcdrbem(b ign graphge); atlicorecarbide and therlikeh é\sfshbivouin igG. 3, a lower

C i tions: 2000 Watts RF t 27 Mz 00
susfao B BLILE CRPerT TR 120 1 BRI DOBHAIBGN BPECUTRES ShOe e
interme8fat¥ad 02§f30 B‘}QQt}E%ﬁQﬂﬁcgﬂﬁct%%las?&néie Bt o? seidtble Slastomers are
seem gas;” and 60 'second process tine. The graph

descnlsdddetSn é’aﬁnbNor ®87%67 Bvdhichriathereby invegroratedrBy elaienee. as

functi.o | ocation rface
SRty SR b N B AT R 1201
beveleﬂrté Bbem b @ng[ﬂé GikhladfMheerpdndicarig & B eWafrestatvastivek 112. The beveled
subst anti al fromwafer to wafer. Etch rate

inner syfated A0 t>§/thﬁ appenreng R0elowy apReiaatteenmrgr 838420 snextend under
the substrate when the substrate is located on the substrate support. The upper ring 120

-

preferably has a substantially rectangular cross section, with the exception of the beveled inner
surface 126. It can be appreciated that the upper ring 120 can have other cross sectional designs
or shapes.

If desirable, a dielectric outer ring 138 can surround the upper ring 120. The dielectric
outer ring 138 can be formed of aluminum oxide (Al,0O3), silicon oxide (quartz), silicon nitride,
silicon carbide or other suitable materials and provides added protection to the plasma reactor

chamber.
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[ (Max-M n)/ 2* Aver age] *100% where Max i s the maxi mum

value of etch rate and Mn is the m ni num val ue of
wer@k/osmbe. The etch rate was determ ned by nmeRCTIUS29G4/041768

the thickness of the Photoresist |layer on top of the

waf er before and after etching using a commercially

avail able thin-filmnetrol ogy system FIG 3 shows a

cross section of a wafer edge regi on of a parallel

pl ate pl asma apparatus 100 hayi ng

UereieicameioiopBUA0 e 4 SHSABALBTE Agu4s %@%F%‘Pﬁ% gnd is preferably
made o%%éﬂ%tﬁ;gegéﬁﬁ@#[gﬁ%;e Peodhat Jltg and %%ﬁﬁﬁ{?tt%lo |Gioh Qoefficient as

he edge ring asse udes an
the matepiabring 020 ﬁdgz&ierdfn @t 111@1 2(eis azeidamlt:oﬁ siﬂlicmnrsadh HIatBrlalsrrgay be

130, .an ctlve | ower, 140 Th nt.er nedi
almmnm@lé%% liGom Slicop R o Pl Fpgdiment,
the 1ntérﬁl%d1a%§ ﬁli‘ﬁade%‘@%funﬁﬁi f ?H@m@e%ﬂle@ifatetﬁt?gf 13 &feﬂﬁ%'tﬂé Rwer ring

er mal coupled to a radi equency
140 and E@preﬁdrddy boltiel 1050 RE electimlel 160wia the dgvearatng THve upper

120 f d .
ol iR e Gritec s Piriafly afhdeiiy RuodeefP fugreral such as
alumuﬁﬁ{ *ﬁﬁ{ﬂmﬁﬁmgﬂlo %r@é%hbér@)er cSppor 606y Edthihiies 484l. tTAnk iek®odiment,
shown in F¥ | ower surface 128 of the upper

the lowqr miygllA0 hasa pm@taemaby J-sheprieoss seetionamdds made phelamigm.
Howeveelr,alg ?agh%ena{p%rﬁg:?ag?qa@at f;l an eﬂf%&gblﬁo Aah P&&J@H&taﬁﬁﬂ%&aﬁ&lﬂ Cross

e ‘el ast oner

sectiord@SsthérteshsisBetidnashapat ent No. 6,073,577, which is
her eby i ncorporated by reference, In one enbodj nent

G- driep cinss sacHan of thewég@ﬁpé pssemphakld AFEGof: W’éﬂaﬁb%r
1nterm5(5151& rilnéiol 305s B8 e%l 5 ¥hd Rr LREHOAM NGA ?}1 tr@r ﬁﬁfhﬂﬂ ©The bolting of

cul ar o the e ectrostatlc
the mt&mbﬂﬁﬁdnn@ &0 tosthie R¥Fcdectdbe 050 tsheefermbéy perfommed 20a plukaiig of

locatiog Hothe saee HPBHSERENLISSIINE s S Pulsie €8 Ot and & Second bol
170) eéﬁ&ﬁ%{i}gﬁr& zgﬁﬁfatlrty hﬁ?lé’.@lﬁ%ﬁe lowegrihgqapr ef erably has a

rectan cross section, with the
eXs siptvroin FIGSt B endbévthb eonducties loswer fiag d40 papreferabtyh-shaped in

o BB S e ETEE AR R 0Pl
electroqle: q ke ‘é.ﬁdl h GecRHA Blurslitd @ f I3&adeaRoRbN 4P Witholthf tHPRRErnTddREe ring 130

he dielectric’outer ring 138 can be Torned of
to the h)lwm‘mg oxiThe ﬁ(sAme‘E)ty 0§h¢lc$: isywireferablyuaeated in the inner portion

of the ]?Pg‘felé %i%gllgb %(rje%ﬁ 89 ey E?P grg %frjag b ec?l}qc(% Ir}peotrrtlér% {)}ft tﬁg ho?ge&gmg 140.
I@igstle@mbodiment, the first plurality of holes 142 has a taper 162 for receiving a taper

head of the first bolt 160. The bolt 160 extends from the upper surface of the lower ring 140
through the lower ring 140 and into the RF electrode 150. Preferably, the bolt 160 has a tapered
head 162 at one end and a screw thread on the other end 164. The RF electrode 150 receives the
screw thread 164 of the bolt 160 in a threaded hole 152. The bolt 160 is preferably stainless
steel, however it can be appreciated that the first bolt can be aluminum, aluminum alloy, nickel,
brass, copper, copper alloy or other suitable materials.

The bolting of the intermediate ring 130 to the lower ring 140 is preferably performed
through a second plurality of holes 144 in the intermediate ring 130. The second plurality of
holes 144 extend preferably into the outer portion of the lower ring 140. In one embodiment, the

intermediate ring 130 has a plurality of bolt receiving holes 133 for receiving a conductive
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chanber. The internmedi ate ring 130 has a substantially

rectangul ar cross-section and is preferably nade of a
woraaososeb2 Wi t h hi gh thernmal conductivity and aPGI/Db1084/041768

t hermal expansion coefficient as the material ring 120

is made of. If ring 120 is nmade out of silicon such

materials may be al um num oxi de (ceramc), silicon,

silicon carbide, or alumnumnitride. In one

enbodi nent, the internedi ate

ri 130 i s nade, of
washer AR #nea scorind Ho10ndar Aol 179 hes absd vt PRS- apfpEe throad
174 at %%%&49{1%9&?&“&1%’ \%Es%'élail% p@hésegcé 1 uffE h@lleelCSQ r8f8gured to

ower e con UCtI ve | ower ri ng
recelve]tﬂé)htesl meffe]nalbrblyli‘ﬁaaixd thé belt tPhidsett FRI@ avadeativeiwashertl 80

5 AR B A
that thd éoglgu v%%ﬁelal s bhetdaabk Xluhnﬁtﬁﬁpcﬁﬁmﬁ{ﬁ §11c§ye aldkeMbrass,

al um num However, 1t can
copperaqppecalbyestainfeas steéler Iammsntablerrgatmﬂ can h av e a

b tant] al rect cros 0
IhsBetlLif pisheretnd B 12 isPoamipnsd g SaRlughi §ret 180 ana
extendd ﬁ@o&g@gﬁe Tdt&eheat SR ¥30laHa iffo thé fowed ringh1@0eMhe sE@nd bolt 170 is
Internmediate ring 1 IS bolted to the RF el ectrode

also prafsmbly gtainless $teelelhowdvayit tambe amsepided fhag thegfboltyd 0 can be aluminum,

sty oG b oo st it By Eb(LFOR SRR S |

tAveshedaen FIG % amg;sﬂek ¥ind 190 &8 Mplusalisedf efledd2 fr feveiving an edge
first bolt 160 an second bolt 170% ext endi

n
ring cap A2éu @he adgs ninegapt hp4dnclydss agenhhale &2 Bmenfr%@fg Pragsuresg the edge
i
g ssFRY0 190, TSl os A AOBAEL bYE B0 1290 cting
the topRIfBORILI70Y Taé eligd s dab2 28 Gy profrabilp gadb ef thevseme mlartg'laﬂl&@ the upper
to the RF el ectrode 150 and a, secqnd L}urallt bid
ring 120h Acsaetinglp the edgeatiesapd ot £ithBe FREe PP @Fa&%&eﬁﬂh@n carbide
r t
o anf kS AOURL) NGy, TDSBL BB ALt ot e
Einde) éhel cdge ring iassgnibl01 ermasdsfmdﬂﬂ)stramdln apkasing ceactat, e bolting
the qu ower

ofthe g5 aPEaAR o PRETT 1P N0 ey Refned s Rfgatiy of locations
in the éd%@ ?ﬁa%]aggeg{b‘?{r 1{ECRI e RehtddindRe thd fadb&f oftatsfian st 52iglabout 6 to

160 extends from the upper surface of
18 deptinting omtlre siden tlleﬂfe)igehmgwgwnthhe 11QwEer exizmglel 4@ lasme Arpgessing

o B S55 0 EREEE s P D s
numbe?bhl%le@ﬂﬂl l@éf thdr h@gﬁEe@é@ﬁbfe@ﬁ@vﬂ%@ dtmeﬂ/c&‘slznhehes €3@wnm). It

hread 164 of the bolt 160 in a threaded hole 152. The
can be kappnecm@d that apy afabeifyfirsitbaits |l 6Q,gecond bolts 170, and edge ring caps 124

can be used to affix the edge ring assembly 110 to the RF electrode 150.

FIG. 5 is a graph showing the effect of the hot edge ring 110 to the embodiment shown
in FIGS. 3 and 4. The same process conditions as shown in FIG. 2 were used and were as
follows: 2000 Watts RF power at 27 MHz; 2000 Watts RF power at 2 MHz; 150 mTorr
chamber pressure above the wafer; 400 sccm argon gas; 80 sccm C4Fg gas; 8 sccm O, gas; and
60 second process time.

As shown in FIG. 5, the temperature-controlled hot edge ring assembly 110 greatly
reduces the etch rate drift near the wafer edge. During a process run of a cassette of wafers,

wafers number 1, 2, 5 and 17 showed very little variance of etch rate at the outer portion of the
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steel, however it can be appreciated that the first
bolt can be al um num al um num al |l oy, nickel, brass,
wa@oppmes9deropper all oy or other suitable naterikCBHUSHOE041768
bolting of the internediate ring 130 to the |ower ring
140 is preferably performed through a second plurality
of holes 144 in the internediate ring 130. The second
plurality of holes 144 extend preferably into t he
outer portion of the |ower ring 140. In
wafer vontys dhawssitlts using the stendrsd hett adee 7 g ag 3@%&1 ng il gpsplting in a fairly

large e&:il % %1| a?“fheI Vd r@%i%' %hf)&rh nli? Vi ng a

con vVewas a second t 170. The bolt
FiG. bafapas Headchlrafdait t}mmlge ofla aner aretsux @afer homber, tFdparing the

at the other.. The conductive er 180 i ncl ude )
standaigd At POl Ting| 28 SHED BURIG. Juba e Gerrprraf k- cqnio ind gdee ring

accordljng%o Bhe Elgﬁocﬁﬁieht &é%ggﬂpr eﬁ}glr: R 1B 2hdQ. 'Wﬁ@ljeﬁs thyg?andard hot edge

nductrve was y rests in
ring reﬂiltedaﬂl & tynsiderdid¢ dropds efchiratg fleWﬁer]tﬁlﬁlbet h- 5adnki ailom etch1r ate for

reciated that t e conduc
watorsia) e B SR} RO TS GTHIEG PTG et RGP T a o
substa&i%lﬁ@%ant&ﬁ Rhehe @htir@%batch AW STRES ﬁie Heht K hotedgabim
rital. The head 172 of the second bolt 170 is

ehmmzptcé iheipooress dnift ithescle el shomin/ey thastaodard $0t edas ringt ends

bSO BTEL B DRI IS LB/ 10

1nstallc§1t ifl 'n@bv%@mﬁﬁ Bfdcessio\Ehattbetstor@Red eeRPmR eﬁt@dtmgezdcﬁlﬁ@brocessmg
the bolt 170 can be al um num al um num al | oy, nickel,

chambys 4& provistsdistabelisys pétheaippertieg 12hy suitabl e naterial .
ﬁf s}ﬁogl?d’\ge L égc];a%d &mt ﬁ‘fhesplég Ipi rsygtglggth% %ﬁec‘f'@és Eg hi"{h% dgbé(r ring

recelvibng an-e g cap

120, th% dﬂ&’nﬁddﬁt@e £iap 13@4ntd ml@é ]@d&s riag 140 inah obey depénding ou ¢t drrepgement
pressure In the edge ring assenbly 110. The edg
of chuqalq ﬁ@bseraf,s andlor gtherse rT&er«gforfeeﬁxesexaﬁ shane oé the ripgs syrrpyading the chuck

in FIG&'I 4 Q% 4a1te%ﬂg&}h?(grrﬂalgﬁratugﬁ ?ég (L nly-4 ard A6t ﬁﬁﬂﬁlg" 1h%ﬂ way.

'S pre e sane natéeri al
lHIriie 7 showga pallelAdao pﬂalsmg !pyocetshl@ gupgmtus 209 mGCFTPszﬂng ﬁ:m: edge

) be made of silicon, gra .| con carbi.de and .an
ring asgERY 150 AEaBiaE i TApOTAPRe s DEPTOGRBE AGE YR A00 forms o
procesﬁﬁg ﬂr;%ﬁbéfé'ﬂo R&viABd foPbleHidet220, RIdHRmp Eﬁ&r@@gﬁrdﬂeﬁgower

110 surfounds a substrate in a pl as

electrode a5 mcpmomsedanm a subgtraie supiport 23Rdaving g elm:trost@tm placRi240 for

ctr 0-4s bI erfornmed at L
clampie TR e B egRo P RE AB Uy castae® i futHor ofthe
procesﬁﬂg @ﬂdrﬂwtllo&ﬁ’[@ aIERRN stAé I Preessidda sutRBaleS. a@ﬁ@ﬂgeﬁnﬁ@assembly
dependi ng on the size of the edge ring asse

110, 1n:plud1ngm§1rumﬁlaﬁpg 820, 3 osteapintpimndisieing | %Q]mporfd@pty 1ve lower ring
140 as %&W%%&g > haﬁﬁ&gthgsgdsﬁ%tsﬁﬁpo% 24%. 'R%pe%grrécﬁglgsma reaction

FHerent
chamber incorporating the edge ring assembly 110 is a semiconductor plasma etching apparatus.

In operation, when sequentially processing a plurality of substrates in the plasma
processing apparatus 200, the temperature of the edge ring assembly 110 is substantially cooled
to an initial temperature after a first substrate is removed from the electrode and before a
subsequent substrate is placed on the electrode. As shown in FIGS 3, 4 and 7, the edge ring
assembly 110 incorporating the upper ring 120, the ceramic intermediate ring 130 and the
conductive lower ring 140 provides an improved thermal path between the upper ring 120 and

the temperature-controlled RF electrode 150. Thus, it can be appreciated that by cooling the

10



nunber of holes 144, 152, than a processed wafer
having a dianeter of 12 inches (300 nm. It can be
wapmsestoar ed t hat any nunber of first bolts 16BCT/E820041011768
bolts 170, and edge ring caps 124 can be used to affix
the edge ring assenbly 110 to the RF el ectrode 150.
FIG 5 is a graph showing the effect of the hot edge
ring 110 to the enbodi nent shown in FIGS. 3 and 4. The
same process conditions as shown in FIG 2 were used
edge ringdsswably b togts|iwiie! terppoptupgtthe edwe ringasperally 210 g reduce process
drift 2000 watts RF power at 2 MHz; 150 niforr chanber
" pressure above the wafer; 400 seem argon gas; 80 seem
@ﬂlﬁﬁ)u@ﬁfﬁhe I&e%ﬁiﬁv%x@&&s badddBOrilseicn ROnPCHos S&&thtprefbrred
shown in FIG 5, the te erature control | ed

embodmgvés thiereg L. a5 Wlkba spprecintert wth oje skilleciacthe ad that @ IP%RSe deletions,

mod1ﬁgegcl §B§ aﬁ@%ﬁ?&ﬂlﬁ*o‘?@hg{ %ﬁg‘r@%ll%g n}éﬁ‘lgedacaﬁ %)%%Ee?@ \%M[bu%e}ﬁmng from

the spishmdedopesftht invehorvardefine@imthe appdndeditinirag. t he out er
portion of thewafer versus the results using the
standard hot edge ring as shown in FIG 1 resulting in
a fairly large etch rate drift at the edge of the
wafer as shown in Figure 2. FIG 6 graphs the etch
rated at the edge of a wafer versus wafer nunber,
conmparing the standard quartz coupling ring as shown
in FIG 1 with the tenperature controlled edge ring
according to one enbodi nent and as shown in FIGS. 3
and 4. \Wereas the standard hot edge ring resulted in
a considerable drop in etch rate for wafers nunber
1-5, and a low etch rate for wafers 6-17, the heat
sunk hot edge ring resulted in a nmuch higher etch rate
whi ch was substantially constant for the entire batch
of wafers. Thus, the heat sunk hot edge ring
elimnated the process drift in etch rate shown by the
standard hot edge ring. It can be appreciated that the
tenperature-controll ed hot edge ring assenbly 110 can
be installed in new vacuum processi ng chanbers or used
to retrofit existing vacuum processi ng chanbers to
provi de adjustability of the upper ring 120. It should
be appreciated that in a specific system the specific
shape of the upper ring 120, the internediate ring
130, and the lower ring 140 may vary dependi ng on the
arrangenent of chuck, substrate and/or others.
Therefore, the exact shape of the rings surrounding
the chuck in FIGS. 3 and 4 are shown for illustration
purposes only and are not limting in any way.
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FIG 7 shows a parallel plate plasma processing
apparatus 200 incorporating the edge ring assenbly 110
wa@e@snsiony t o one enbodi nent. The pl asnma pr oceBGT/N§2004/041768
apparatus 200 fornms a processing chanber 210 having a
top el ectrode 220, and a tenperature controlled | ower
el ectrode 150 incorporated in a substrate support 230
havi ng an el ectrostatic chuck 240 for clanping the
substrate S. The RF el ectrode 150 energi zes a process
WHATJS ELARMERS] nteri or of the processing chamber 210 into
a plasma state for processing a substrate S. An edge
ring assenbly 110, including an upper ring 120, a
der aniss tempeeatviscioatrelled ey edgoriag assamblypdiapied jesyremad a

i 49e: SRR DT R S B S s

chnbedtivenews@igt i ng the edge ring assenbly 110 is a
sem conduct or__pl asma_et chi ng, apparatus, In ?peratioq@
VirREFRIRIE diferRRgdinte ngribe @ﬁ@nﬁgwée g P urlying Be laygdingathes

interméf-cgatg %ﬁg?é&%@%}oﬁeﬁ%ﬁﬁ d 9 ARPBYAL Y %ﬁ% Qlﬁcsztrode; and

nper edge ring assenbly
smhppaning ieyuppentieg ovalyamg iheiitemiediaearing avhareindfi¢ eppearing has
first substrate i.s renoyed fromthe @%gifrode and
an upp e° axnoseslodindRterion pisi plasmaa Factiinl@iogh t he
el ectrode. As shown in FIGS 3, 4 and 7, the edge ring
assenbly 110 incorporating the upper ring 120, the )
Qer amiTheiassemrbip df Gladmrli, mpetedOtha mutetnisliate ndg ét inede ¢ialeminum
ring 140 provides an inproved thermal path between the
S upper ring 120 and the tenperature-controlled RF
el ectrode 150. Thus, it can be appreciated that by
cool i ng theed%e ring assenbly 110 to its initia
t3enmperBewssemtlyiof Gthym I, whgreis thentieynerige siag iy madeef quartz,
0 pnﬁcess d&ift. ALthog .ethe present invention has been
siliconysilicht qariyde T AlBHMLEY O814°Wi th preferred enmbodi nent s
thereof, it will be appreciated by those skilled in
the art that additions, deletions, nodifications, _ and,
ubst i Thetaseamebly of Clasmch, miherain thegerdyctine Hing i made prdgminum or
' ut departing fromthe spirit and scope of the
anoyﬂ&%%gﬁtion as defined in the appended clai ns. WHATI S
CLAIMEDI S: 1. A tenperature-controlled hot edge ring
assenbl y adapt ed undg sem, conduct or substrate

to.surr
Suppor the %sseélﬂam%ga el ShCET e £ARGCTIVE HBS AWty plpluminum,
: | ShAA0k i I LBde] @ Ceramc
alumm?t%?}eipﬁéfén:ﬁgst, g@gq%g’gw% B?%]ﬂeﬁlﬁztog\rgﬁg%ﬁi%g?%dfi ng overlying the
| ower ring, the internmediate ring adapted to be

a6t,t ac hﬁ% a\élse?nlglg%f IC aYin%rl, ‘Whe eiltl 2 16wer ggrfgéeeo%ltﬁg gﬁ*jer %ﬂg is bonded to

oxid

an upper surface of the intermediate ring via a thermally conductive elastomer.

7. The assembly of Claim 1, wherein the conductive ring has a plurality of holes

configured to bolt the conductive ring to the RF electrode.

8. The assembly of Claim 1, wherein the conductive ring and the intermediate ring

have a plurality of holes configured to bolt the intermediate ring to the conductive ring

9. The assembly of Claim 1, wherein the conductive ring has a substantially L-

shaped cross-section.
12
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an upper ring, the upper ring overlying the
intermedi ate ring, wherein the upper ring has an upper
waosas®erxposed to an interior of a plasma reBCT/USV04/041768
chanber. 2. The assenbly of Claim1l, wherein the
intermediate ring is made of al um num oxide.” 3. The
assenbly of aiml, wherein the internediate ring is
made of quartz, silicon, silicon carbide or alum num
oxi de. 4. The assenbly of Claim1l, wherein the
dénductheassemily of €laimde fsthen pempriting adirgibolraying pderered head at
one ené an(I Q gcr%&lscgr'g% %{t tﬂ% 0%6951{8, t fﬁjgﬁgoq{ &rﬁ}ﬁreﬁqgggﬁ Henductive ring
rirng i's meade of alum nuny “al um num alt~oy, brass,
to the RPpRefrodscopper alloy or stainless steel. 6. The
assenbly of Cdaiml1, wherein a | ower surface of the
upper ring is bonded to an upper surface of the

it er j ' j: . ' .
1,21 oS 884 DR 2 RS PR E0RSUR8 g a esd s e
end and anciteet thvead i thg ottas ead, phaseabnd Yolotorfpuesl to doftitigpintdmediate ring
bol t the. conductive ring to the RF electrode. 8. The
to the coudueHyief % O ai m 1, wherein the conductive ring and
the internediate ring have a plurality of hol es
configured to bolt the internmediate ring to the
d@nducthovassenily 0§ Claiind , Asthenbdypposingh spmductiveweshst ponfigured to

e SRTROTATY b SR PR P i o
conductiRERVdsBérIpasifidded heRich tAMIpREriAg bAPBlceatchf@Ratatingne

end and a screw thread at the other end, the first
bolt configured to bolt the conductive ring to the RF

l.ectrpde. 11.. The.,as I f I: f h -

dotrpr 1 Efgetee SE SHRATR Rt Syl ol 8P ol i the wover
ring, whefd 8¢ plith g df dblet el heap ahd cap hevises oad hbkl donfigured to

configured to bolt the internediate ring to the
releasequprguie frara withipythe pdge fagassemblbl y of Claim 1, further

conprising a conductive washer configured t o receive

a bolt having a head at one end and.a screw thread at

tlde otTierasssmibly ofi €taginn, twheretothd wpperéngrasiteele off silicon, carbon,

.posi tioned hetween the upper ring and the internedi ate
graphite; Wgs_lhcon carbide.

15. The assembly of Claim 1, wherein the upper ring has a portion extending under a

substrate when the substrate is located on the substrate support.

16. A plasma processing apparatus comprising:

a processing chamber;

a power source which enérgizes process gas in an interior of the processing chamber inito
a plasma state for processing a substrate;

a substrate support which supports a substrate within the interior of the processing
chamber;

a conductive lower ring;

a ceramic intermediate ring, the intermediate ring overlying the lower ring, the

intermediate ring adapted to be attached via the lower ring to an RF electrode; and
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13. The assenbly of Claim 12, further conprising a
plurality of holes in the upper ring, wherein the
w@bkasabi96y of hol es receive a cap, the cap havP@mU82004/041768

vent hole configured to rel ease pressure fromwthin
the edge ring assenbly. 14. The assenbly of Caiml1,
wherein the upper ring is nmade of silicon, carbon,
graphite, or silicon carbide. 15. The assenbly of
Caim1, wherein the upper ring has_a portion . .
aRtuPPET Tieg, theiarrenrisg pyerhansthairiprnadiate ripg whareinjthe upper ring has
| ocat ed subst s 416 asma

an uppﬁl} So“é%“s: &F r{% S%J]p%aarna ﬁeéiogéﬁ%ﬁllﬁgrﬁ% gqactécgnp$hgi§1 é’[s% g’i ng chanber;
a power source which energizes process gas in an
interior of the processing chanber into a_plaspa state

flgr prowepsmigsLiSpg arderen Gepepsrng i§ hepdid ioghs dprmediate
ring by A HRBh R cﬂ)nﬁﬁaﬁtere‘ﬂs?orﬁ\éﬁ hin the interior of the

processi'ng chanber; a conductive lower ring; a ceramc

internediate ring, the internmediate ring overlying the

lower ring, the inter ilate.ring adapted to b .

A 2 RS PPt T T Pigreit Ao W IHEi (g alapigpym or alloy
thereof/PP€r ring, the upper ring overlying the internediate

ring, wherein the upper ring has an upper surface

exposed to an interior of a plasma reaction chanber.

. SRR o) St RSB RS Pt Stumina
oxide.conducti ve el astonmer. 18. The apparatus of C aim 16,

wherein the lower ring is nmade of al um numor all oy
thereof. 19. The apparatus of Claim 16, wherein the

ifermpdiate ring A4S e .of .al.um . 0 . .
har ot bt gl TGt i o BB s g oy Jpfteric
selectelifRITh ehe'BREQT ¢cilsistiag OF f@altzf §i0e0n, biticG caibideofraplsitd and abiminum.

quartz, silicon, silicon carbide, graphite and
al um num 21. The apparatus of C aim 16, wherein the

Pias rTaTl?eha%Bng%fusi of Fainf f%, GoafliAe {h%rplasma chamber is a semiconductor

plasma etching apparatus.

22.  The apparatus of Claim 16, further comprising a quartz outer ring surrounding the

upper ring, the intermediate ring, the lower ring and the RF electrode.

23. A method of reducing process drift on a plurality of substrates in a plasma
processing system comprising:
positioning a substrate in a plasma processing apparatus comprising:
a processing chamber;
a power source which energizes process gas in an interior of the processing
chamber into a plasma state for processing a substrate;
a substrate support which supports a substrate within the interior of the
processing chamber, the substrate support having an upper surface; and
an edge ring assembly comprising:

a conductive lower ring;
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pl asma et ching apparatus. 22. The apparatus of C aim

16, further conprising a quartz outer ring surroundi ng
wob@sopeer ring, the internediate ring, the | oM&ET/UR2004041768

and the RF el ectrode. 23. A nethod of reducing process

drift on a plurality of substrates in a plasm

processi ng system conprising: positioning a substrate

in a plasnma processi ng apparatus conprising: a

processi ng chanber; a power source which energizes

process gasa ¢aramie inistraedige riog, thiéntpmeasliate ring ovdiitsthe lower

. into a plasma state. for processing a substr ; )
ring, ticiRpRefaR 3l Bpfledys - BERRETR BB HET I 86 fovfh spurcs: and
the interi of @pet g AROERRS HAY 00OHY DL he iitRBnedidts HA] Wherein the
supgort havi ng_an upper surface; and an edge ring
upper Hag basAnyuppenpitfase agposed togmdaterioy ef thampcessing chamsran ¢
[ ' ring, W[nt.ermedi ate ring overlying the
> |%@§§ﬂ§ﬁ%§§%Fﬁéﬂ%§P%rne |%te ring adapted to be
afotratigechlydinda ddjgscehoive ippdringribee dilike pierate Soppocte andinskquentially
an upper_ring,. the upper ring overlying the )
procesging @miEalitytod svb%ﬁr@?esmﬁwlwrtar@%ﬁﬁaeg PR ydhergin theptepnperature
of the ﬁ#eflgrgiﬁg i?@%%’%@dﬁp@o@féd’ 1B &R §ilifh1 t&hpllRrPLRT X5 Wibstrate is removed
chanber; supplying process gas to the chanber; form ng
from tlee pibatsate sgghoacadtbefdre a sppequait silstreteos platl anuths sulsstimte support to
support; .and sequentially processing a plurality of
10 reducegy; g??é?@s in the plasma processing apparatus, wherein
the tenperature of the upper ring is substantially
cooled to an initial tenperature after a first
sibst rEheemethod efiblednl 28¢ wheneheths sistratetcompuiggsor senderfrductor wafer
bef ore. a subseguent substrate.is .pl.aced.on.
and thg GiodbSint s ROV oy BE e presedBuBEF e i e piggma
met hod of C aim 23, wherein the substrate conprises a
sem conduct or wafer and the processing step conprises
etching the sem conductor wafer with the plasna
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