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PLASVA CHAMBER 5 BACKGROUND Pl asma processing apparatuses are used to
process seweomdigdoy substrates by techni ques incl udi pgraissssashs7Physi cal
vapor deposition (PVD), 10 chem cal vapor deposition (CVD), ion

i npl antation, and ashing or resist renoval. One type of plasma processing
apparatus includes a radio frequency (RF) capacitively coupled plasna
reactor. RF capacitively coupled plasm reactors nmay be used for etch
processes where plasnma is fornmed in a gap between two el ectrodes, where one

of the electrodes is an 15 i . other electrode is
grounded. The bottom el ect%gw-kﬁghé@\gsﬁ}gﬁducti ve or dielectric
materials such as a silicon ResiptdAPIASHALCHaMBRRSENM conduct or wafer, a
quartz insulator ring surrounding the hot edge ring, a dielectric coupllng

ring beneath the hot edge ring, and one or nore dielectric coupling rings
whi ch are not exposed 20 to plasma in the plasma reactor. SUWARY Provi ded
is ayttria insulator ring adapted to be mounted in a plasma 25 chanber
such as a glasma etch chanber. Also provided is a plasnma processing

apparatus, which includes a substrate suggort; an upper electrode and a
| oner el ectrode, wherein the upperB nd the | ower el ectrode face

each other in a spaced relation formng a gap therebetween, wherein the
substrate support includes the 30 | ower el ectrode; an electrostatic chuck
form ng a substr at ®lzammoprdcessing apparatmsad@asedi tcgpmmesssediicmdtxb@r
el ectrostatic ¢ kt % und ext @I on 6/ 026110 D)
1' CTI US2005/ 02H55H3tes ySertiiss A cluding pishing: yeice YRROr SEROSIpRETYP)-and a
yttria i nggl atchemidd) YapsivipositiBe (BVDY RS implEhfAioR, Sfd BERing 'dP¥eslstext ensi on.

removal. One type of plasma processing apparatus includes a radio

frequency (RF) capacitively coupled plasma reactor. RF capacitively

coupled plasma reactors may be used for etch processes where plasma is

formed in a gap between two electrodes, where one of the electrodes is an

15 RF powered electrode and the other electrode is grounded. The boftom

electrode may include various conductive or dielectric materials such as a

silicon hot edge sufrounding a semiconductor wafer, a quartz insulator ring

surrounding the hot edge ring, a dielectric coupling ring beneath the hot

edge ring, and one or more dielectric coupling rings which are not exposed

20 to plasma in the plasma reactor.
SUMMARY

Provided is a ytiria insulator ring adapted to be mounted in a plasma
25 chamber such as a plasma etch chamber.

Also provided is a plasma processing apparatus, which includes a
substrate support; an upper electrode and a lower electrode, wherein the
upper electrode and the lower electrode face each other in a spaced relation
forming a gap therebetween, wherein the substrate support includes the

30 lower electrode; an electrostatic chuck forming a substrate support surface;
an edge ring surrounding the electrostatic chuck; a ground extension on a



Al so provided is a nethod of replacing an insulator ring in a plasm
chanber, which includes renoving a previously used insulator ring fromthe

5 pl asma chi@yHagdieand replacing the insulator ring wthpaRukspesdREAr ring
conprised entirely of yttria (Y203). Also provided is a nethod of plasnma
etching a sem conductor substrate in a plasma chanber containing an
insulator ring entirely of yttria, the nethod conprising |oading a

sem conduct or substrate into the plasm -20 chanber; supplying process gas to
the interior of the plasma chanber and energizing the process gas into a

pl asma state, pl.asnma etching the sem conductor, substrate; and renoving the

seni conduct or PTRRarplsestion ghihe sibshrie; sHPROKa ABE R YITIE ipRyIEfor SiBSCRI PTI ON OF
THE DRAW NGS |, inglaﬁ‘uﬁﬁgfdﬁuﬁc‘é dfitﬁé‘@rd?fndaem?érgi&{r ed enbodi nent of a plasna
cl udi su

processing appardtus incl ng ain ator ring as provided herein. FIGS 2A
and B are cross- seBlsogiavided s mefthqd ef replasingsam nsllatontring infa plégmar i ngs. 20

nsul ator i ngte bR iGN ERaRRr AP R ATERety YsBy i itor BRRETRE °
subst r at es5i npla@AREShamied| ave repicng i ind@lattr eingdvittnam irdtiomnrimg essi ng

chanber design to address process uniformty requirenments and address

i ssues concer GPmgriceshentiralyl f yiHR((¥20%ed in the chanbers. For instance, as
waf er size increas [ foif £ ) b i tching across
t he wafer, especi aﬁﬁ? %\{la%%i@gﬁ%ﬂﬁ&% gf"'ﬂél%x%rhg eé?gﬁ%gzé%@%néﬂcﬁﬁl s such as
doped or undopebstsitt irca plasrialehamber. condaihingam iBSuldion xindesntifély of iittka,e d

silicon oxide,(FSG),, boron. pho ate silicate gl ass BPSG osphat e
11 cate g asli peiod ety BBRe Smicaniast sl ninte BRE Pnor gani c
| ow-k mat gpi alchamBe stiplyingfocdsd g 1©lthe thtstieofiRé Plasiia eRsAberZ&dLO0
PCTI US2005/ 028571 -3 materials it may be necessary to increase power |evels
supplied to energizing the process gas into a plasma state, plasma etching the
semiconductor substrate; and removing the semiconductor substrate from

the plasma chamber.

15 BRIEF DESCRIPTION OF THE DRAWINGS
FIGS. 1A and B are views of a preferred embodiment of a plasma

processing apparatus including a insulator ring as provided herein.
FIGS. 2A and B are cross-sectional views of preferred embodiments
of edge rings.
20 | FIGS. 3A, B and C are cross-sectional views of preferred
embodiments of insulator rings.

DETAILED DESCRIPTION
As the size of semiconductor substrates increases, improvements are
25 needed in plasma processing chamber design to address process uniformity
requirements and address issues concerning consumable parts used in the
chambers. For instance, as wafer size increases it is more difficult to
achieve uniform etching across the wafer, especially for difficult to etch
dielectric materials such as doped or undoped silicon oxide, e.g., silicon
30 dioxide, fluorinated silicon oxide (FSG), boron phosphate silicate glass
(BPSG), phosphate silicate glass (PSG), TEOS deposited silicon oxide,
organic and inorganic low-k materials, and the like. For etching such wafer



el ectrodes which energi ze process gas into a plasma state with the result

t hat consumabl e parts need replacenent nore frequently and etch rate

uni f or m t ywachesseeiihe waf er can be adversely affected. pctissosiingsTi
capacitively coupled plasna reactor for processing |large substrates such as
300 mm wafers, a secondary ground nmay al so be used in addition to the
ground el ectrode. For exanple, the substrate support can include a bottom
el ectrode which is supplied RF energy at3one or nore frequencies, process
gas can be supplied to the interior of the chanber 10 through a shower head

el ectrode which, is a, qrounded upper, el ectrode, t he nd extension can
be | ocated oufHERISt g? Vi ?ﬁﬂsggﬁﬁtgllgg?ﬁ%gow% ve g%$ ground can

i nclude an el@@&ﬁa@@d \lvmcareﬁéfqiféi%m%s 88s Vb elplasinh ebsis vaggeabbt i n a pl ane
cont ai ni ng the sem conduct or rocessed but separated -therefromby an

edge ring. Thidabagrsumahie paris B@e@remac@ne@&mp@ﬁrequefﬁimmefob rafe

sem conducti v pl asma generati on,

i.e., a hot e g@{?\%{&%ﬁggﬁ? Eﬁal Y, %gg‘?éégﬁxag%%wnenent ring assenbly can
ble provi deizlhout warmla/Rchapbe:t:eélpweubled?am@néaohﬁe‘l ot pragbdsmg !angefi ni gg t he
plasma in t et ween er _an owe eectro es ndary
ground can alﬂ-?qs%@? %%%Fﬁgﬁ@fﬁrs’@)s? 3Ry GEQHNA May, c?H? t he

pl asna wit hi nmtehﬂ.mptotﬁe Rl QGRS UsY m étHb%‘é:BEtr&t% BRRAhH i ngs

and secondary grounds used in RF capacitive coupl ed reactors can
be found in cipcludela/beitam lﬁ@trodeschlwalseaupphedaRFsermgy aBQnandrrmnel i shed U.S.

 ncor por f 'ehctiéé\f%ﬁé’eaib%%%%l? 3 e wepe g BBy BRI o,

referencelg s m@mﬁeshmermaa@mmﬂemmdﬁmPgmndeﬂlmef@reﬂr@deaarid of this
application. The draw ngs . show, by way of | ustration, specif

enbodi nent s i the@PURd eXEnsiaD Sanibeocag( aubvardheel thedotipm ?'@Cﬂr@d%eTD‘hder st ood
;[MhtaLO(le hgrepgrt I néﬂ?r oinmﬂﬁg Ogg '%dé%%éeélgg%cﬂ{&nfgsent ?fivent I on. gg%lcglel g?dtehe
vacuum chanbeextents$ gendratihin g plassrontining rthasemmuelucinf forbe processed hat are
| nconpati bl e Exo ster[])%rastetq1 eorggg%tb%rar? e Sete Flﬁée'lﬂe ed%e ring can be of
15 electrically conductive or semiconductive material which becomes heated
during plasma generation, i.e., a hot edge ring. Additionally, a plasma
confinement ring assembly can be provided ouiwardly of the showerhead
electrode to aid in confining the plasma in the gap between the upper and
lower electrodes. The secondary ground can aid the plasma confinement
20 ring assembly in confining the plasma within the gap. A detailed discussion
of plasma confinement rings and secondary grounds used in RF capacitively
coupled plasma reactors can be found in commonly assigned U.S. Patent
No. 5,534,751 and published U.S. Patent Application No. 2003/0151371A1,
both of which are hereby incorporated by reference.
25 . In the following detailed description, reference is made to the
accompanying drawings, which form a part of this application. The drawings
show, by way of illustration, specific embodiments in which the invention
may be practiced. It is to be understood that other embodiments may be
utilized and structural changes may be made without departing from the
30 scope of the present invention.
Typically, the vacuum chamber walls of the plasma reactor are made
of materials that are incompatible to the semiconductor substrate being



V\D‘2006/ 026110 PCT/ US2005/ 028571 -4 processed. Wth confined plasm, there
“is little or no contam nation caused by the chanber walls. Thus, confined

pl asmas pr(g, izg&{(ﬁdl@Ve' of cleanliness that is not pro%‘{:ﬁﬁg@% 97I(ignfi ned

pl asnmas. nerating confined plasma for 300 mmetch ap

difficult because of the higher RF power and 5 higher gas flow rates that
are applied during the etching process. Wile the follow ng enbodinents are
applicable to 300 nm applications, it wi4l be appreciated by those skilled
in the art having the benefit of this disclosure that the apparatuses and
met hods described herein are not imted to 300 nm applications. The

appar at uses gerdcessddo dd/ith esofindtbplasraacthheranisylitiiee ol 6o adafjamdnation tausesled f or

O e thE P REuR e e s Bl SRS e e 1o

flow rates ofthapirivtipididdd by BRSbNTIREMpRIBEhAY. dbeheraing cBhfifedHlasp@fer | evel s

refer to power |evels of approxinmat efl!\‘gfré WcnB _and hrgher of plasma vol une.
CgH

15 I'n a pref $¢&uneaisbanrplisationsyie difi &R et thenljoheipBF #oMer addnpri ses a
first elecatr i e | ectrode,
at | east gstneorg@r]l @éesfrﬁeénvy%rt?%g%%h%g%‘mgép ?&ﬁ@i@?%ﬁé@%@@%@%r m%ntgg char ge
from t he pl asfohowingretabodimentsare @pphicabletd@® aimapplicatioat Lis wilsbe conf i gur ed

to receive a gas that,is, converted into a pla stare the, 20 pl asma
processi ng ap%?ﬂ'ﬁ?'ﬁ&d by thess s ﬁlei%thﬁag '?:51'1‘8"91 e nq%iltﬁfﬁ‘éﬂi@ﬁlpsp gas flow
rate punped i@boHNSHIHrABEBs Bh@ FRISIIIHSEABEE heFdR aRendtfifite S EFHDET NOI €.

Alternatively, the process gas flowrate into the chanber can be |ess than
1500 sccm Thant applicatiors;t Tloelspparapuses and ingithods tdegeribad hereincmay be a

e acapt o ¢ Rt HF e LREE i fHeplaRionS pARRAy Bie*ore et of BlsREF R o1, "
operatively dighlgad flow erdirohaat thabempivyeiigh RFppowahievsiss High igas fiBlv pover to
the first el ectrod?. The second el e(;trocilg1 s_separateq fromthe st

fi
el ectrode by rRlesEs ‘?W_"\ﬂ%‘?@"eﬁ planpradmate seepand highersapd H&Q%Réct r ode
I's confi gur edyd\ReMBEPMS Yéfefto power levels of approximately 2 W/em? and higher of

plasma volume.

15 In a preferred embodiment, the plasma-processing apparatus
comprises a first electrode operatively coupled to an RF generator, a second
electrode, at least one confinement ring, and a ground extension for draining
charge from the plasma boundaries. The plasma processing apparatus is
configured to receive a gas that is converted info a plasma state by the

20 plasma processing apparatus. By way of example and not of limitation, the
gas flow rate pumped into the plasma processing chamber can be 1500
sccm or more. Alternatively, the process gas flow rate into the chamber can
be less than 1500 sccm.

The first electrode is preferably configured to receive a semiconductor

25 substrate and has an associated first electrode area that is adapted to
support the substrate. The first electrode is preferably operatively coupled to
at least one power supply which supplies RF power to the first elecirode.
The second electrode is separated from the first electrode by a gap in which
the plasma is generated. The second electrode is configured to provide a

30 complete electrical circuit for RF power supplied to the first electrode.
Additionally, the second electrode has a second electrode area that may
vary in size from that of the first electrode area. In a preferred embodiment,



30 conplete electrical circuit for RF power supplied to the first el ectrode.
‘Additionally, the second el ectrode has a second el ectrode area that may

vary in sig® bbasiipat of the first electrode area. In gcpu8iBibRn
enmbodi ment, WO 2006/ 026110 PCTI US2005/028571 -5 the second el ectrode area

is greater than the first electrode area. To generate the plasma within the
pl asma processing apparatus, RF power is supplied to the first el ectrode
such that the process gas is then converbed to a plasna state for

processi ng a sem conductor wafer. By way of exanple 5 and not of limtation,
RF power |eve|ls of 2 WcnB or nore of plas vol une  can be a_'p(fl ied or the

RF pover | evelhesasopd slecdioderaina is gieatas than thefurtelecipdmareani 19 cast one
b b . ) i . q
contl nement r gﬁ%ﬂ%rh% ﬁ\bﬁ?&ﬁﬁg withft th%%é;}déiéfﬁc%gﬁﬁg r@g)i%%atﬁé,eﬁF ?BWe? he secon

el ectrode are he at ‘l'east one co rmn ng configured to help
confine the psegpiadito thenfirsyelectrade Sheh thabthedprexesmgasis thenaonuered tat he fir st

el ectrode and i se ted fromthe first el.ectropde a dielectric

mat eri al suchagzasmég%?e ﬁJ,SPéO%ﬂSgl"gCE{ ??’E'COP?WQ? ‘R'?%ﬁg .yy"fﬂ)éot)?)fﬁm@leext ensi on
drai ns chag geahd a6t bfEniEteRRFsywWEHdVedsof 2Wcmi Or walsre of plispran deidmeonduct i ve
surface which can increase the confinenent wi ndow. The term "confi nenent

wi ndow' ref er 62N be @RBligA BEdeRF powshleyrbtas ba jogsdhap RNVICHPIHa¥BAT | ned
plasma can beygaidal aitegst dn;é. o‘i’@hél'n%Him is'&i%éﬁeﬁrr%%r%é fifst Bleckgys’ and_gas
fl ow ranges for Ich a confine oper ati on the plasma 1s possible. The
ground ext ensama arahthesecond elenirode @oed, ithe ahleashena sorfirenderd cimgsiming n

commonl y owned S. i,catiopn 2003/0151371. Wil e capacitive coupling is
preferably usE@‘%@%‘@ﬁﬂ?%@@ﬁ@%‘ﬁ%@ﬁ@&ﬁQ% processi ng chanmber, it will
be apprecig@ted by The R)Lﬁiﬁ'é)&@ﬁisidér?is éd'%;e@alhhéﬂﬂ%ﬁelb@ﬁo@éﬁﬁ@ﬁ% sépHratedt us and

met hods may be adapted to be used w fh other plasma generating sources such
as those usedfrpaytherdigstielectende byca dislecripmatarial guele paneor mererdigleelried

o e TR, ST BA B S LA o BN SRR, e
t he plasma. Fand iciudases gtdumdpd eendsaiivp lsyrfaes whith eartingtegsevire fr equency
pover  supply 8 r? ln%trrilen V\Efal'rtldozw.Mflﬁe%gr% 2c70n¥|/lr;|ément window" refers to the process
15 parameter space within which confined plasma can be maintained. In
particular, it refers to the RF power and gas flow ranges for which a confined
operation of the plasma is possible. The ground extension can have various
configurations as are discussed in commonly owned U.S. Application
2003/0151371. While capacitive coupling is preferably used to generate the
20 plasma in the processing chamber, it will be appreciated by those skilled in
the art that the present apparatus and methods may be adapted to be used
with other plasma generating sources such as those used for inductively
coupled plasma generation. A preferred capacitive coupled system utilizes a
multi-frequency power supply to generate the high electric potential that is
25 applied to a gas to produce the plasma. For example, the power supply can
be a dual power frequency power supply operating at 2 MHz and 27 MHz
that is included in etching systems manufactured by Lam Research
Corporation. It shall be appreciated by those skilled in the art that other
power supplies capable of generating plasma in the processing chamber
30 may also be employed and that the RF power source is not limited to RF
frequencies of 2 MHz and 27 MHz but may be applicable to a wide range of
frequencies.



that is included in etching systens manufactured by Lam Research
‘Corporation. It shall be appreciated by those skilled in the art that other

power suppl | e of generating plasma in the processing chamber 30 nay
al so be err;lw(g?/oé) and that the RF power source is not Ii?ﬁCtTélH’%P‘{?mﬁﬁ”
frequencies of 2 MHz and 27 MHz but may be applicable to a .w de range of
frequenci es. WO 2006/ 026110 PCTI US2005/ 025571 -6 In a preferred enbodi nent,
t he second electrode is a "grounded" elgctrode configured to cooperate with
the first electrode to energi ze process gas and generate plasma in the
processi ng chanber. However, in order to achieve a decrease in bias voltage
at the second el eclnrapreferratl émbodiasmt, the Sebond elasirodgds at"grdumded! st

"power ed" el ectrpod t second el ectrade,can b copfi gured. to conmuni cate
| eas RE pover SPRARSE RBLFE! Bae B Rt ine Sl Seaf IRt ReP B Rna nov
of limtationgad BRd F_@ﬁ@r@d& glaenhinde: pRtelsing eABRMREdHOWeVeE AN drddr tye

mat erial such as silicon or silicon carbide and the second_ el ectrode can be

| ocated 10 t o2dtieym?adesigaeadn bias yoltage at thegrecond elertixle anehipgraasstin t he

ground extgnsyog \lgga%@;/‘gﬁhferfﬁéf‘"ﬁgﬁg %Fédfr‘aodg?ﬂﬁ%%gndaéﬂéictfoﬁes%ﬁgﬁ@t ed from

the first electro one or Ielectric r rings. ground
extensi on i s eodigaredbiocaompoisat less RFcuowderdhan ¢herfitst poekrexlielectrade.al um num

or silicon ang the filler ring(s an be conposed 0 uagytz. One or nore
confinement r Md\gaycgiﬁxag\p{ps%c%gl)%fgml}aglgntﬁ@s&c&gﬂgﬁq@r eca\qu’%rre 15 defi ned
by the confi né&ﬂ?bséd B corBCHRY nitite® 3UBH @s silften R llicBAMRMIdE IIRdthe Can be
conposed of quartz. The gr ounded second el ectrode can have a greater

surface area S&eand elect g locatedel (bigx 9@ aun from the figbelepeedeelh t hat  the

| . . ; o e . . b
Gi v ding Hhe 20 BiboaFagHy Bo G BRiehibhTs mad® o fedfhicBvE Mg Y, .
t he 20 bi as vahd &psepanatet dronutist first eletinade by onk ampestetdielebiicfitierrings. RF

electrode. T reater the area ratio between, the grounded second el ectrode
Sha the hower e GPRLE ExteBsion I8 BreTeiab N b GIat e GeNBICHYE e i Suche

glo‘gg[ regd‘;i ;f] Ej:ds alPFhiRAE-siltoR @ndithe filltratng(s) éAD8e eBmpbsedbPHig®s epeond

or more confinement rings can be used fo confine the plasma to the volume

15 defined by the confinement rings. By way of example, the confinement rings
can be composed of quartz. The grounded second electrode can have a
greater surface area than the powered first electrode. It is hypothesized that
the plasma is contained because the area ratio, i.e., the ratio defined by
dividing the second electrode area by the first electrode area, determines the

20 bias voltage on the substrate that is clamped to the powered RF electrode.
The greater the area ratio between the grounded second electrode and the
powered first electrode, the greater the bias voltage at the powered first
electrode. Also, the bias voltage on the grounded second electrode and,
especially, at the confinement rings is decreased if the area ratio is

25 increased. A reduced bias at the confinement rings will enable them to
charge to the same electric potential as the plasma and, therefore, better
repel the plasma away from the rings. Thus, the combination of the ground
extension disposed near the powered first electrode and the increased
surface area of the grounded second electrode with respect to the first

30 electrode increases the size of the confinement window for the plasma
processing chamber.



especially, at the confinenent rings is decreased if the area ratio is 25
i ncreased. A reduced bias at the confinenent rings wll enable themto

charge to W 920(?6%13115" ectric potential as the plasm and%,?{gﬂg%,?glﬁ{%gn better

repel the plasma"away fromthe rings. Thus, the conbina ground
ext ensi on di sposed near the powered first electrode and the increased
surface area of the grounded second electrode with respect to the first 30
el ectrode increases the size of the conff-nenent wi ndow for the plasna
processi ng chanber. WD 2006/ 026110 PCT/ US2005/ 028571 -7 In processing
sem conductor substrates in capacitively coupled plasma reactors, it is
desirabl e to conf iln@re¢assipgasmicondustergubsraiesdn cappatively saupleder

ar ound_ext endiRaTRSEARLRER IS bR oo B b bRy s Bl BB Wi il
and an edge rartbloWRy elgtrodsst Rproctseylarder siresubsicited bactleaySR0ans t he
ground extension. In dual frequency plasnma chanbers wherein high and |ow

frequenci es awafers; dae gepund rxfension 'ﬁ_ep"ﬁﬁeé@mﬁl%@&?q outside ofianselgpirastatigipst r at e,
varying anpunts, @iy, éd&lﬂéﬁfﬁr:ég’bgdﬁéat% ldehﬁé’%lﬁél@cﬁ&tﬁ@@@ﬁud@éﬁft rode

and the ground extensi on. coupli1ng e ground extension
af fects the ehelgromd extensign. imdudidrequbacy plasmalchanhizergrwherdineXgkeasdon is in

| it t he, ed ' dj ic material in the f f
“noul ator i ngWdiEnYscisS et e B eteraleaing ARTER BRHND GRS OB event  vol ¢ age
br eakdown, org#stiaRs] vaRd BRBUAIRES tRE8R0 Frefifleridies WFcAliph!iflag ibpasi on. Thi s

insulator ring can also serve to 15 protect the ground extension from attack
by the pl asne€leciieda and thewgravod exiengionnay be used to nmininmize this arcing

S Cor AL oy SRR A8 Blebe SRR e kb oS 1
chanber. The on td subsiraty. Ad theogreund lektensionds imtiosapiodstipdo deddgean time
Gurront |y, tHEABSEEBC TRGHAHS Jo8 forMh 5 BoHEL ISR BAUPBRLS BRHR) usi ng
the 2300 the ground extension to prevent voltage breakdown, or arcing, between the
edge ring and the ground extension. This insulator ring can also serve to
15 protect the ground extension from attack by the plasma.
Quartz insulator rings may be used to minimize this arcing and
contamination. A dielectric insulator ring comprising quartz has the shortest
RF lifetime of the consumable materials present in a plasma chamber. The
replacement of consumable materials and associated mean time between
20 cleanings (MTBC) for plasma chambers is application specific. Currently,
the MTBC for high aspect ratio contact applications (HARC) using the 2300
Exelan™ plasma chamber, manufactured by Lam Research Corporation, the
assignee of the present application, is dictated by replacement -of a quartz
insulator ring at 215 RF hours.
25 In plasma processing apparatuses, the MTBC can be used to
determine how many cycles may be run before a chamber should be opened
and taken out of production. As such, in order to extend the MTBC, a
dielectric insulator ring with a longer RF lifetime is provided herein.
During processing of semiconductor wafers in plasma chambers,
30 wherein a single wafer is supported on a lower electrode and plasma is
generated in a gap between the wafer and an upper electrode such as a
powered or grounded showerhead electrode, plasma processing at the edge



Exel anTM pl asma chanber, manufactured by Lam Research Corporation, the
~assignee of the present application, is dictated by replacement of a quartz
i nsul at or é}ouzg at 215 RF hours. 25 In plasna processing a%g,arat uses, the
MIBC can b 8P269% det erni ne how many cycles may be r BAUNSPEE2857Ichanber
shoul d be opened and taken out of production. As such, in order to extend
the MIBC, a dielectric insulator ring with a longer RF lifetine is provided
herein. During processing of sem conductgr wafers in plasma chanmbers, 30
wherein a single wafer is supported on a | ower el ectrode and plasma is
generated in a gap between the wafer and an upper el ectrode such as a

powered or gregiuhedt thbavafeinmag bel affecteddsy sybsthat@ sappareparts\gueh dshe edge WO
2006/ 026110 PCTI US20051028571, -8 region of th fer may be affected by
substrate sup%‘@ﬂﬁr"ﬂﬂ\?f@ng%‘ﬁéﬂtsa@“d’%g%ﬂ? PHEOURG %mgﬁr%q‘ﬁ%"n%nd/ or parts

surroundi ng thg, erit Si@h R4 &B&%ﬁ%ﬂhsmﬁéﬁi’r‘ nﬁ?tl)é}cag%& loRGhé Sfbsiistg! ator ring

| ocated on the s rat e support he 1 ntens capacitive coupling of
RF energy to slmpom aBminkensity o eapaaitivel coppiing ohRRerfargy &althe plgsmarirct | y

proporti onal t he. d| ectric const n og{}%c f,a materjal |ocated
bet ween t he pﬁth n'gyn tk'ﬁé”qu e'&“@@t’% 'éo% qaﬁq @Es‘?ﬁ’&cggp%?&st%ce it is
possi bl e to i a6 8Rci®eBE of BURAleRisl locdies BetfediPiPRPIASME And the WY d wherein Eo
is a universal constant (8.85.10-12 k is the dielectric constant of the
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of capacitive coupling o of RF energy to the plasma in the vicinity of the

sem conduct or inctaased and/ardhe thigkngess Iﬁ:@ﬂ@l&ydeqf ersash shcedndinglyofsssi ng rat e,
such as the eﬁgljﬂculgp fﬁsulaqgrr r":r‘r(go {i&dgﬂ,Ql%alo?taq{lgﬁérncﬂelectnc constant material
with the same thickness and area allows the capacitance to be increased.

15 By using higher dielectric constant materials for the insulator ring, it is
possible to increase the intensity of capacitive coupling of RF energy io the
plasma in the vicinity of the semiconductor substrate edge, and thereby
increase the processing rate, such as the etch rate. Therefore, insulator ring
materials having higher dielectric constants can increase the etch rate at an

20 edge of a semiconductor substrate and increase the etch rate uniformity of
the processed semiconductor substrate.

While the dielectric constant of yttria is approximately 11, the
dielectric constant of quartz is only approximately 3.5. Accordingly, use of a
dielectric ring made entirely of yttria can considerably improve the coupling

25 of RF to a ground extension covered by the yttria ring, compared to use of a
quartz dielectric ring. Improved coupling of RF fo the ground exiension
improves plasma confinement in the gap and increases the eich rate at the
edge of the wafer substrate. This increase in the eich rate at the edge of the
wafer can improve the critical dimension and etch rate uniformity across the

30 wafer substrate.

In Figures 1A-B, a plasma processing apparatus in the form of a
capacitively coupled plasma reactor is provided. In Figure 1A, the



mat eri al s having higher dielectric constants can increase the etch rate at
an 20 edge of a sem conductor substrate and increase the etch rate
uniformty of the processed sen conductor substrate. While the dielectric
constant of yttria is approximately 11, the dielectric constant of quartz
is only apﬁY‘XWW’éPy 3.5. Accordingly, use of a di ePerusioes/oessng nade
entirety of yttria can considerably inprove the coupling 25 of RF to a
ground extension covered by the yttria ring, conpared to use of a quartz
dielectric ring. Inproved coupling of R to the ground extension inproves
pl asma confinenent in the gap and increases the etch rate at the edge of
the wafer substrate. This increase in the etch rate at the edge of the
waf er can i npicapacitively couptedqidsmi readter innludesia tasmar eitaenbenii0@ram t y across t he

30 wafer subs I.gur A a pl rocessing,apparatus in the
formof a ca%?@%ﬁ“&lé@ﬁ’égb%?e"i’c&%ﬁFg%éﬁu&ea}éﬁgﬁ%%egﬁﬁwg@agg| n Figure 1A
the WO 2006/ 02&Lk0deAHLISADDDRRBRLassighed AN CPateHENY. 6,890 PhRsMa r eact or
I ncl udes a pl as hanber 100, a per shower head el ectrode 200, (such as
t he stepped sﬁﬂﬁ%r‘ﬁs@&fur%?%‘%tﬂ'%ﬁg‘eﬁl@d'?%%aﬁ\gﬁ bydriesence).&bshale U S. Patent
No. 6,391, 3876lppdrh800, &Rt iar nAh&REMTIHE Arrahgethéritobs hereby incorporated by
reference), a substr t%5%1%1; ort. 300, andga confinement ri arr angenent
[

rmn
400. In Figure 1 BN hds B8 ,5¥e2NdsgrRarkan o1 B ifBFigﬁrq:? NAe | A a
substrate suppubstratedupges it @8 Wistotd BREADEN EQAPrdIRG B9 sﬁﬁulafgag+\%f 508l eeve
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500 and a thin anpular ring 510 on top of the sleeve 500, a ectric
i nsul ator ri ng@ndathinavrfanig Ho ampieerf the glegvs 270, artieledridinsulatas ringng 510,

coupl g 110G (o i o el Sfacelt i Sl nid B A saaBrgob Mo s00
810, bottom el located betvarn thedietactricirgrBl0o ah aptionat koedling EBG)(ndhowhjige ri ng
an outer edge SOFHS Sl e BRLIO e FsBorhr ERpuoR SR S A be e
in any shape, ¢eetfastatiolchuek (83@pet ri3od. shape, in order to
Edge fing 700 can be of electrically conductive material and located in
contact with an outer edge of the bottom electrode 310. The edge ring 700
15 may be made in any shape, preferably a symmetrical shape, in order to
provide a more uniform ground for the plasma in the plasma etch chamber
100. For example, as illustrated in Figure 2A, an edge ring 710 with a
rectangular cross-section may be used. However, the edge ring can have
any desired configuration, e.g., as illustrated in Figure 2B (and Figures 1A
20 and 1B), an edge ring 720 with one flange (or more) may be used, where the
orientation of the one or more flanges, as well as the length and width of the
edge ring may be provided.
The edge ring 700 is preferably made of an electrically conductive
material such as silicon and silicon carbide. Additionally, because the edge
25 ring 700 is exposed directly to plésma, it is desirable to use highly pure
materials, such as single crystal silicon, polycrystalline silicon, CVD silicon
carbide, or the like in order to minimize contamination of the plasma.
However, the edge ring can be made of other materials such as quartz,
aluminum oxide, aluminum nitride, silicon nitride, etc. Further discussion on
30 edge rings and focus rings can be found in commonly assigned U.S. Patent
Nos. 5,805,408; 5,998,932; 6,013,984; 6,039,836, and 6,475,336, which are
hereby incorporated by reference.



provide a nore uniformground for the plasma in the plasm etch chanber
'100. For exanple, as illustrated in Figure 2A, an edge ring 710 with a

rect angul aky$sRessRCt | on may be used. However, the edg 0 any
desired conf(?gurat?on e.g., as illustrated in Figure 2% :ang @gures 1A 20

and 16), an edge ring 720 with one flange (or nore) may be used, where the
orientation of the one or nore flanges, as well as the length and w dt h of
the edge ring nmay be provided. The edgel@®-ing 700 is preferably nade of an
electrically conductive material such as silicon and silicon carbide.
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material, such as aluminum, silicon, silicon carbide, etc. For example,

aluminum may be used because of its high electrical conductivity and

15 relatively low cost. However, if the ground extension is made of aluminum,

the ground extension 500 may chemically react with plasma within the gap

and cause impurities within the corrosive process gas and/or plasma species

and result in contamination of the processed semiconductor substrates.

This reaction between an aluminum ground extension 500 (or any

20 other plasma reactive material) and the process gas/plasma species may be
minimized by using the dielectric insulator ring 600 to insulate the aluminum
ground extension 500 from the plasma. As such, using a dielectric ring 600
to protect the ground extension 500 from exposure to the plasma in a
plasma chamber 100, can minimize contamination of the semiconductor

25 substraté.

As mentioned above, and as illustrated in Figures 1A and 1B, a
dielectric ring 600 may be used to separate an edge ring 700 from a ground
extension 500 and chemically isolate the ground extension 500 from plasma
in a plasma chamber 100, thus minimizing arcing between the edge ring 700

30 and the ground extension 500 and chemical reaction between the ground
extension 500 and process gas/plasma reactive species in a plasma
chamber 100. Thus, the dielectric ring 600 is preferably sized to fill a region



material, such as alum num silicon, silicon carbide, etc. For exanple,
‘al um num nmay be used because of its high electrical conductivity and 15

rel ativelygPw o However, if the ground extension i um num
the gr ound“Jed;t gﬁ(gll%%lr? 500 may chemcally react with pl asf&gg&gﬁq%z@he gap

and cause inmpurities within the corrosive process gas and/or plasnma species
and result in contam nation of the processed sem conductor substrates. This
reacti on between an al um num ground extefti on 500 (or any 20 other plasm
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constant.  Conpare quartz; as sévera antages. First, yttria
has a hi gher apparatus. Tiird; yticiadhasrechighendielaciicaonstantan thecordeook11,s nor e
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lead to a | onggyitfiee®be used and attain desired coupling of RF between the ground
extension 500 and the plasma. _

15 Another advantage of using yttria for ring 600 is that more effective
use of fluorine containing process gas can be obtained. That is, due to
formation of volatile compounds when fluorocarbon process gases are used
in conjunction with quariz dielectric rings, the concentration of fluorine
species at the edge of the wafer can be deleted, resulting in a lower edge

20  etch rate and lack of uniformity in etching across the wafer substrate

\ compared to use of a yiiria ring. Since a ytiria ring is more sputter resistant
than a quartz dielectric ring, and does not readily form fluorine compounds,
use of a yttria ring can result in a more chemically uniform plasma which can
further improve the crifical dimension and etch rate uniformity across the

25  wafer substrate.

Also, due to a lower reactivity in general, a yttria ring 600 may also be
used with various process gases which may not be compatible with or
unduly attack a quartz dielectric ring. For example, exemplary process
gases in a plasma processing apparatus that includes a yitria ring may

30 include Ar, Oy, and fluorocarbons such as C4Fs, C3Fg and CHF; for etching
materials such as silicon oxide:



10 tinme between replacing the dielectric rings, thus increasing the MIBC of
the apparatus. Third, yttria has a higher dielectric constant, on the order
.of 11, while quartz has a dielectric constant of about 3.5 which allows a
thinner ring of yttria to be used and attain desired coupling of RF between
t he groun hon 500 and the plasma. 15 Anot her _advant age of using
yttria fo?v??ﬁgﬂgglg is that nore effective use of WGE’PP%?&S/@BW ai ni ng
process gas can be obtained. That is, due to formation of volatile
conpounds when fl uorocarbon process gases are used in conjunction with
quartz dielectric rings, the concentratd-on of fluorine species at the edge
of the wafer can be deleted, resulting in a | ower edge 20 etch rate and | ack
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substrate. Additi naIIX {?F f_requ$nci s of 2MHz, 13.5 , 27TVWHz, 40MHz,
60MHz and 100Rggnetron or other technique. The ytiria insulator ring may be used as

original equipment in a plasma chamber, or as a replacement part for a
dielectric ring in another plasma chamber. Besides etching, the ytiria ring
15 may be used in chambers for plasma PVD, CVD, ion implantation, etc'.

Yttria insulator rings preferably include a yitria matrix extending between
opposed surfaces thereof. Yttria insulator rings preferably include over 50 wt %
ytiria, more preferably over 90 wt % yttria, and most preferably over 99 wt %
yttria. Additionally, the yttria insulator ring preferably contains less than 1000
ppm, or more preferably less than 500 ppm, of impurities such as silicon,
aluminum, calcium, iron and/or zirconium. For example, one preferred yttria
insulator ring includes 99% or more yttria with a density greater than 4.5 g/cm3,
preferably a density greater than 4.75 g/lcm3. One suitable Y203 material is
available from Custom Technical Ceramics, Inc. located in Arada, Colo., the
material being 99.9% pure yttrium oxide with impurities of 20 ppm La203, 10 ppm
Pr6011, 8 ppm Nd203 less than 50 ppm other rare earth oxides, 40 ppm Si, 30
ppm Ca, 18 mm Fe, <1 ppm Cu, 3 ppm Ni, <1 ppm mg, 2 ppm Pd, the material
being provided in bulk forms  via slip casting. A preferred insulator ring, for
example, would include a thermally deposited or sintered yttria ring of 99.9 wt %
or more yttria with less than a total of 500 ppm of impurities. The yttria insulator
ring can be made by any suitable technique including CVD, sputtering, sintering,

etc.



may preferably be applied to plasma generating el ectrodes in the plasma

. processi ng apparatus. 10 A yttria insulator ring nay be used in any plasm
chanber wherein | asma is generated by capacitive coupling, inductive

coupl i ng, WPEPWRE4® rmagnetron or other technique. TheP§EU$A085/428%7| at or
ring may be used as original equipnment in a plasma chanber, or as a

repl acenent part for a dielectric ring in another plasm chanber. Besides
etching, the yttria ring 15 may be useq1§p chanbers for plasma PVD, CVD, ion
inplantation, etc. Yttria insulator ringS preferably include a yttria matrix
ext endi ng between opposed surfaces thereof. Yttria insulator rings

preferably includgn@waporfestd udéd tirhéasure BFBsNTERIA M/ tcRiha®) W %
yttria, and nost preferably over 99 wt % yttria. Addltlonallij,@ the yttria
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ppm Ca, 18 nrpl&gmaptoggssinQuappargipseshias othengonsatabie pans,rRdichtdseamat er i al
bei ng provided,in.bul k forns_vi i asting. A preferred insulator ring,
for exanpl e,emﬂ"?:g’irﬂ%\f ﬁ%vee %‘qﬁéﬁ%‘ﬁ?@"gé‘posi ted or sintered yttria ring of
99.9 wt % or noreA ytiid irsulditdritinges00 prefstablythisad sphnfeitarBhiagd, dughurities.
The yttria insulator ring can be nmade b sui tabl e techni que including

CVD, * sput Mer (42 CPWaGRAG N Oklend ring elo08e 3baRes PLTELMTBORIDEAEAN - 13 |
CUPD | ot AR R IR SR RSl R p R St anP Rttt L, @
have an RF | ibetvesn adjaceabsurfzep od fiendiekeiciric inge60@ add fies bdgs ring 700ar ge. as
ten, times the, R amms. adTustards B BGhA 15 5he Bdgeing b may el fidkdr Y. By
than the ring 600 and have a tapered surface extending toward the dielectric
15 ring 600. Alternately, the yttria ring 600 may be shaped, for example, as
illustrated in Figures 3A-C, with a siepped shape 610, a tapered shape 620,
or a rounded shape 630.
A yitria insulator ring 600 is preferably sized to provide insulation for
the ground extension 500 from other portions of the apparatus. For
20 example, a yttria ring 600 is preferably sized to cover the upper surface of
the ground extension 500 outwardly of the edge ring 700, as illustrated in
Figure 1B. ltis preferable that the yttria ring 600 be sized o cover one or
more surfaces of the ground extension 500 to electrically and chemically
isolate the ground extension from other portions of the apparatus.
25 Additionally, a yttria ring 600 preferably has an inner diameter at least
as large as an outer diameter of a substrate, such as a wafer, being
processed in the plasma chamber. The outer diameter of the solid yttria
dielectric ring 600 preferably varies depending upon the design of the
plasma processing apparatus including the width of the ground extension
30 500 and the plasma chamber. The thickness of the ytiria ring 600 can be
adapted to the chamber design and/or process carried out therein. For
example, the ring 600 can have a uniform or nonuniform thickness such that



5 using a yttria insulator ring in a plasm processing apparatus, the
insulator ring may beconme a non-factor in determ ning down tinme for
servi ci ng oVO0@5K026120 asna processi ng apparat uses, as ot hecr/gassissgblie parts,
'such as an edge ring, may have shorter RF lifetines. A yttria insulator
ring 600 preferably has a symmetrical shape, such 10 as a circular ring, an
oblong ring, etc. The shapes of the yttria ring 600 and the edge ring 700
may al so be configured to provide a geonéﬂric interface between adjacent
surfaces of the dielectric ring 600 and the edge ring 700. For exanple, as

500 and have 1 dpEaTiace dhelBoE TR et s Bite 1Bolit BBkuen ot g 600,
Alternately, t60D yéritacts didlectrié @artrsan, 8¢0,3hepieg, 600ahagvarEwhedsuch thetist r at ed
in Figures 3A-C, with a_stepped shage 610, a tapered shape 620, or a

rounded shape @3tckes pprtian evearlies patt 890.410amwba thianey partien preries gertnd

provi de insul aitensib 9500l s 9round extension 500 from other portions of the
apparatus. For 20 exanple, a yttria ring 600 is preferably sized to cover
the upper surface ofAs a mhen-imiingexartpls < Yhiso@y 600 ferruseyin @230 edge ri ng

700, as illustrated i Figure 1 B It i referaple.that. the. yttria ring
600 be sized t%xeé dTgr&aﬁr@a%ECh ﬁ%?’gb%wﬁ?%laé’gefgfae%ge&F@EM%% fon 500 to
electrically adldrr@f&fﬂf%bl'dkimb&%} 8112 hes 9200 tL30@ Rih Pand a8 Bukdrher
portions of the apparatus. 25 Additionally, a yttria ring 600 preferably has

an i nner di anediametgr af&det14 inshe(228 ta 358 fara eprseanoading 8 to $2inahr at e,
such as a wafe I L | i amet er
of the solid y(ztoplqg 36&%!?\2%?%2%%%8’[!\;@@8 ag'rd ?Q@B@H@geﬁ%”@@ﬁ@g@% iensg upon
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ground extension 30_500, and t | asma chapber. . The thickness of the yttria
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t her eof mat chesegrents betwésn thergpmiament fings, pdhere dne oémpheentirings may be

concentric or overlapping rings with different diameters. For example, as

15 illustrated in Figure 1B, the yttria ring 600 has two concentric rings with
overlapping edges, i.e., an inner component ring 601 and an outer
component ring 602 with an interlocking portion 603. Such a design, for
example, would allow for replacement of the inner or smaller component ring
601, were it fo need replacing, without the need for replacing the outer or

20 larger diameter component ring 602. The outer component ring 602 would
tend to not degrade as quickly as the inner component ring 601, as the inner
component ring 601 may be more exposed to the plasma in the gap than the
outer component ring 602 depending upon the position of the interlocking
portion 603. Use of a dielectric ring 600 comprising at least two component

25  rings 601, 602 could therefore result in cost savings, as only the component
ring 601, for example, that has been more eroded would have to be
replaced.

A yttria ring 600 offers several advantages in plasma processing

semiconductor substrates. First, it allows for the localized enhancement, or

30 intensification, of the plasma density near the edge of a substrate such as a
silicon wafer during plasma processing. Furthermore, the etch uniformity

may be optimized without significantly affecting other etch characteristics



600 contacts dielectric part 800, 810, the ring 600 may be stepped such that
a thicker portion overlies part 800, 810 and a thinner portion overlies
ground ex i 0, 510. 5 As a non-limting exanple, a yttria ring 600
for use i nt"g‘gg@%%?%el anTM pl asma et ch chanber woul d prE&TErAMSH285¢1 si zed
with an inner dianmeter of approximately 8 to 12 inches (200 to 300 nm and
an outer dianeter of 9 to 14 inches (228 to 356 nm) for a corresponding 8
to 12 inch (200 to 300 mm wafer, respegdively, and a uniformor nonuniform
t hi ckness 10 of approximately 0.1 to 0.2 inch (2.5 to 5 mm). The yttria ring
600 may be a multi-part ring, e.g., at least two conponent rings, possibly
wi th over| appkogh agafite eghiraieadtitye canter bbihleivafer. helhewaise dietaferen t he
conponent rings, where_ the conponent rinpgs b concentric, or. overl appi ng
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as quickly as the inner conponent ring 601, as the inner conponent ring 601
may be nore eipvdBdhe wafaiedgrde@igni n the gap than the outer conponent ring
602 dependi ng upon hEd | Qlerd0cki gﬁéé'- 603. Use of a
dielectric ring 608&@@%%%??!%%&3@5&%9‘ \/\Ix':erdclgﬁr’g%%gr;({l drﬁlgarbgé 601, 602

coul d t her ef odeletiessi| hodificatimsis, ard sulsstifutions oot gpetificallyrdesordbed heieirg 601, for

exanpl e, at has_been more erode ul d . have.to be repl.aced. ttria ring
500 b 1 or 10 e pERe Kage ML IoRe Bd B et e ooos i el dosenget’ |
substrates. Figafhs. it allows for the |ocalized enhancenent, or 30
intensification, of the plasma density near the edge of a substrate such as
a silicon wafer during plasma processing. Furthernore, the etch uniformty
may be optim zed without significantly affecting other etch characteristics



WD 2006/ 026110 PCTI US2005/ 028571 -15 such as the etch rate at the center of
the wafer. In the case of wafer processing, the etch rate near the edge of
the wafer nay be controlled by varying the |ocalized power coupling through
the plasnma. Nanely, by using a yttria 6nsul ator ring, nore of the RF
current is coupled through the plasma 2% 1 the regi on near the edge of the
wafer. The yttria ring can also help maintain a nore uniformplasnma density
while increasing the energy of the ions in the wafer edge region. It wll
be appr eci Gt those skilled in the art that additions, deletions,

nodi fications, and substitutions not specifically described herein 10 may
be made wit houtAdéparrtsulﬁ@rrmematdnéntgplyrqftyttaanaxtgmi;p@b@f’ve@mepmpprcshlawqr cl ai ns.
-16- CLAI Msrfacesghgreafy whereinsthé #ittoa ring wgdapetbtodretmaouatked infa pyastmaichaehd¢rendi ng

bet ween uppperipher! tegivarof ajowératesodherteafdly ofearedige ring eurydunding arwafer i s

adapt ed t oprbeessaalintiecchambar pldasveaalieshiaidaspannf aaupest rgphar e a grogidn of a | ower
el ectrode ewnsndl y of an edge ring surrounding a wafer processed in the
chanber and overlies at |east part of an upper region of a ground

extension.22. ThR Wiialrid Jri f Yo&h Ses at
| east 99.9 wt % yt t))rtl arn% . ngqyﬁlrﬂleglr{?%% of @“gls %nhgasg\?\%grvg?(;r?%fr e yttria

ring consi $ts Ofpe tl?faq‘{ng X aﬁlﬁllawher%wéﬂ_%gﬁnr%{aoéﬁé &ns%ﬁ%ffgmt éd’i Im1, wherein

the yttria 1ng C ain ess than |con al um num
cal cium itOH; and zirconiumor |ess than a tot aI of 500 ppm of sili con,

al um num cal ci |rongh(§ /or Zi rcon}1 . ttrla rin of claim1l,
wherein th g ea}’tﬁriarﬂj’ slam I, whereing %P‘r%rt‘*’e‘i‘“g ‘i‘s lessfhan r larger
than 300 nfACAAESIHCAMmARRYREY, @ciyp, ifapaand Arconiupcey 1658 thaprpetolal 9??%9 ROhef of

claim 1, whbeas; plumprangtalcjun,rifoRgandiorgirg@iwni thic ring or nmulti-part ring
such as two conponent rings which are concentric or overlapping. 7. The
yttria ring of thegitimagjngndetainr, phereintthe ytria fimghasanpnies dantetay lagerpbarent
rings 200 mm or larger than 300 mm and a thickness of at least 0.1 inch.

6. The yttria ring of claim 1, wherein the yttria ring is a monolithic ring or multi-part
ring such as two component rings which are concentric or overlapping.

7. The yttria ring of claim 6, wherein the yttria ring comprises two component rings
which have different diameters and overlap at an interface between the two component
rings.

8. The yttria ring of claim 1, wherein the yttria ring has a density of at least 4.5
g/em® or at least 4.75 g/em’.

9. The yttria ring of claim 1, having a dielectric constant of approximately 11.

10. A plasma processing apparatus, comprising the yttria ring of Claim 1 wherein the
yttria ring is mounted on a substrate support in a vacuum chamber of the plasma
processing apparatus; the substrate support including a grounded or RF powered
electrode, the edge ring and the ground extension, the yttria ring surrounding the edge
ring and overlying at least part of the ground extension.

11.  The plasma processing apparatus of claim 10, wherein said plasma processing
apparatus comprises a plasma etching apparatus.

12. A method of replacing a dielectric ring in a plasma chamber, comprising:
removing a used or worn dielectric insulator ring from said plasma chamber; and
replacing said used or worn dielectric insulator ring with a replacement dielectric
ring comprising the yttria insulator ring according to Claim 1.



whi ch have different dianeters and overlap at an interface between the two
conponent rings. 8. The yttria ring of claiml1l, wherein the yttria ring has
a density of at least 4.5 g/cnB or at least 4.75 g/cnB. 9. The yttria ring
of claim1, having a dielectric constant of approximately 11. 10. A plasm
processi ng apparatus, conprising the y't]t ria ring of daim1l wherein the
yttria ring is nounted on a substrate support in a vacuum chanber of the

pl asma processing apparatus; the substrate support including a grounded or
RF power ed!3-el eEh¢HEeod phelaist e Wierrdn smdiraplrsingreompeisesxeriagngpaid pied oyt tri a
ring surroWRHl digleetre riag guth a replgcement diglectrigiring camprisiagat lsast99oft% Yeiagr ound
extension. 11. The plasma processi ng apparatus of claim 10, wherein said

pl asma pr otéssi fige maghpdiofitlaisn £2)mprerede saidirgplaasigeoatpeibésngplagpacad used ot2. A
met hod of wepl dieliectjc aingiveéthectepiacenidnn dieledtrit rilgaomprisinigabrast 90ONPPH Si nNg:
renovi ng ayta$ed or worn dielectric insulator ring fromsaid plasma chanber;
and replacing said used or worn dielectric insulator ring with a

repl acements di eTRChHEMEd of £198h ¢ WHeketh 86d Pélﬁac}ﬂgtéo _ri%é!;%'%l i sz[i!i Bgkgagcor di ng
to daim 1wofrﬂ(¥iél.eén?1c riﬁ??vi{ﬁei %Bﬁc@ﬁen?hi%leglr#:%in VRGE ilg e h rfiC! N9
conprises replacing safd used or worn dielectric rilng w a repl acenent
dielectri clgi Ngr-£0 rhi §IOE alat e%%te.r?g. (VéJyOttri a. 14. The nethod of claim
12, wherei gfag rlr@rgtig Lﬁi Ot SEA PRB IR G i d us[sd or rn dielectric
ring with &rERICALErBMPIT A MO FIPRPIE SYRRECIR AL {eag <o 95t w96
yttria. 15% eRRS GaKt diffesnidiapeteryyer e n said replacing conprises

repl aci ng sai d Waegingrid geKingisaif #sed eravarp diglegtriqying ﬁ‘%fﬁlsé}gé’ll?éﬁlﬁ dielectric
ring consi Skdmher eiPLSE (ereFving atd¢agt onpaisedrpraveraichm@orint Ehgiard 12, wherein sai d
used or worn dielectric ring conprises two or nore conponent rings, wherein
at | east two of wherein saineplaeing saiil ngsl draxoen diefeceicantg witlasad epgcemtrer ei n sai d
renovi ng sdiettctrathgaompoises dpletiag bir least bhangsell boWosBicthpohas g of b&dhsd

conpri ses obewoni digeatic kiggithein astad raplacaent oAIPPMIR fihg comPrisigithewher ei n

sai d repl agitnginsdb@r Hagd or worn dielectric ring with said replacenent
dielectric ring conprises replacing at | east one used or worn conmponent ring
of said usgéd

The method of claim 16, wherein said replacing at least one used or worn
component ring of said used or worn dielectric ring with at least one replacement
component ring comprises overlapping at least one replacement component ring with a
remaining at least one other component ring.

18.  The method of claim 16, wherein said replacing at least one used or worn
component ring of said used or worn dielectric ring with at least one replacement
component ring comprises interlocking at least one replacement component ring with a
remaining at least one other component ring.

19. A method of manufacturing a semiconductor substrate, comprising:

opening a plasma chamber;

replacing a used or worn dielectric insulator ring with a replacement dielectric
ring comprising the yttria insulator ring according to Claim 1;

closing said plasma chamber;

transferring a semiconductor substrate into said plasma chamber;

plasma etching said semiconductor substrate; and

removing said semiconductor substrate from said plasma chamber.

20.  The method of claim 19, wherein said plasma etching comprises applying radio
frequency power to a lower electrode, an upper electrode or both an upper and a lower
electrode.

21.  The method of claim 20, wherein said radio frequency power is applied at radio
frequencies of approximately 2MHz, 13.5MHz, 27MHz, 40MHz, 60MHz or 100MHz.



or worn dielectric ring wwth at |east one replacenment conmponent ring
conprising the yttria insulator ring. 17. The nethod of claim 16, wherein
said replacing at | east one used or worn conponent ring of said used or
worn dielectric ring with at |east one_ﬁgplacenent conponent ring conprises
overl apping at | east one replacenent conponent ring with a renmaining at

| east one ot her conponent ring. 18. The nethod of claim 16, wherein said
replacing at | east one used or worn conponent ring of said used or worn
dielectric_ring. wth at |east one replacepent onponent ring conprises

i nterlocki Ag, at Th%@gfhoeﬁécl@wlicmﬂv said éﬁtcﬁmg&gcwvﬂn&pr%wm ng at

| east one HCHEINZ XGPS HLYEE of Ah @2 ¢F's, GFiedt RBds-0of nanufacturing a

sem conductor substrate, conprising: opening a plasma chanber; replacing a
used or worn dielectric insulator ring with a replacenent dielectric ring
conprising the yttria insulator ring according to daim1l; closing said

pl asma chanber; transferring a sem conductor substrate into said plasm
chanber; plasna etching said sem conductor substrate; and renoving said

sem conductor substrate from said plasnma chanber. 20. The nethod of claim
19, wherein said plasma etching conprises applying radio frequency power to
a | ower electrode, an upper el ectrode or both an upper and a | ower

el ectrode. 21. The nethod of claim 20, wherein said radio frequency power is
applied at radio frequencies of approximtely 2MHz, 13.5MHz, 27MHz, 40MHz,
60MHz or 100MHz. -18- 22. The nethod of claim 19, wherein said plasm

et ching occurs using process gas including one or nore of At, 02, CA4F8,
C3F6 or CHF3.





