YTTRI A | NSULATOR RING FOR USE | NSIDE A PLASMA CHAMBER 5 BACKGROUND Pl asma
processi ng apparatuses are used to process sem conductor substrates by

t echni ques including etching, physical vapor deposition (PVD), 10 chem cal
vapor deposition (CVD), ion inplantation, and ashing or resist renoval. One
type of plasma processing apparatus includes a radio frequency (RF)
capacitively coupled plasma reactor. ftapaC|t|ver coupl ed pl asma
reactors nmay be used for etch processes where plasma is fornmed in a gap

bet ween two el ectrodes, where one of the electrodes is an 15 RFpowered

el ectrode and the ot her el ¥STRAYINSULATORBING FOR USEt om el ectrode may
i ncl ude vari ous conducjtl ve OgNgﬁ&cﬁLAgMKa&ﬁrﬁp\ﬂéﬁ uch as a silicon hot

edge surroundi ng a sem condu quar ulator ring surrounding
the hot edge ring, a dielectric coupling ring beneath the hot edge ring,
and one or nore dielectric coupling rings which are not exposed 20 to
plasma in the plasma reactor. SUMARY Provided is a yttria insulator ring
adapted t@ be nmounted in a plasma 25 chanber such as a plasma etch chanber
Al so provided is a plasma processing apparatus, which includes a substrate
support; an upper el ectrode and a BAMKGROUND ode, wherein the upper

el ectrode and the | ower electrode face each other in a spaced relation
form ng a gap therebetween, wherein the substrate support includes the 30

| ower el ectrode; ﬂaﬁh@@fddé%élﬁ? iappatatEesiare tisBg t@ peatdeskisaticstueairt surface;
an edge ring surroundin ectrostatic chuck; a ground extension on a

-2- peri pher &ubskgiesdy T@‘Fhﬁlwss‘l]@wlﬂgte@@% RoWBICahyRPQL dapositigni(R¥at or ri ng
athod oD SRR S Rl BBk g SRS | 0,
removi ng a prewiovak | @neitype of pdashe processigy Bppanatuseincludes 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 RFpowered electrode and the other electrode is grounded. The bottom

electrode may include various conductive or dielectric materials such as a

silicon hot edge surrounding a semiconductor wafer, a quariz 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



5 plasma chanber; and replacing the insulator ring with an insulator ring
conprised entirely of yttria (Y203). Al so provided is a nethod of plasm
etching a sem conductor substrate in a plasma chanber containing an
insulator ring entirely of yttria, the nethod conprising |oading a

sem conductor substrate into the plasma 10 chanber; supplying process gas to
the interior of the plasma chanber and -2energi zi ng the process gas into a

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

sem conductor_supstrate. fr the plasma chanber. 15 BRI EF DESCRI PTI ON OF
THE DRAW NGS ReForal edion o the substEHE SUPPGIT VLA VOO FERC of & pl asma
processi ng agﬁ,@ﬂghgsanimbpgbﬁgc@ofmglgnf%ﬁeﬁbﬁgoﬁ_s provi ded herein. FIGS 2A

and B are cross-Sectional views of preferred enmbodi rents of edge rings. 20
FI GS. 3A, B and CAdsweproviged-is adnetbadiof yeplaging an insifaior dog ireatpdeima&nt s of

i nsul ator ri : j ]

substrates i %%@gsgg’-s(ml%rct@\fdé%%%E@b@eﬁﬁ%ﬁggjd%%ﬁhsglggg E@%p%%%gégl ng
chanber dési gitadma ahinbsis apdoeepiasingthé insuidtyr ringewith banrsulstoanigaddr ess

i ssues concernin _cgns?n?bl ar used in the chanbers. For instance, as
waf er size i rF@l"H)g SES ENIrglsOhpH i 228l cult to achi eve uniform etching across
the wafer, especi @ll:l[d’prfowdeﬁ!i% g'rﬁgﬂhbd‘b?gﬁsﬁjfb et@hﬁbeézgérh%gﬁg?ﬁgy al s such as

doped or undoped silicon oxide, g., I con 307di oxl ori nated

si |i con oxi desubsEalg, in Briasmaichamiber eorfainingsar ingulater rieAsiEply ofdisighat e

silicate gla Ps T .deposi. i i r. ' | nor gani c

| ow-k materi iﬁ% ?neiﬁ%d ?wﬁﬁgﬁﬁﬁbqﬁgﬁg&gt%m#@%gﬁﬁ Sag?t@tg-@@qhétpgﬁgﬁ s it may
be necessi@ry dhamibety tpplinppeicebeyas to theriplerietiof the phsmbchdrtbenahdh energi ze
process gas into a plasna state with the result A that cqonsymable parts need
repl acenent W‘F‘PE&%HW%S%HHS dite R piagrma Sfm?’f RIPFERICRIAGEE t he wafer can

be adversely @ifigSidftor 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 io 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



5 1n a RF capacitively coupled plasnma reactor for processing |arge
substrates such as 300 nmwafers, a secondary ground may al so be used in
addition to the ground el ectrode. For exanple, the substrate support can

i nclude a bottom el ectrode which is supplied RF energy at one or nore
frequenci es, process gas can be supplied to the interior of the chanber 10

t hrough a shower head el ectrode which i 53 grounded upper electrode, and the
ground extension can be |ocated outwardly of the bottom el ectrode. The

generai 1y niGERE aF b REoREFr I i i VS BB e o bt
separ at ed- t heleiogas Whichnersstgiee lprogsss g iIRGOL plashith $iate With tie Adsultl ectrical ly
conductive or sem conductive material which beconmes heated -during plasna

generation, that.congumapleqnys naedyepiegemensmere freadepiiuand sidbggte nenent ring
assenbly can Vi t I disgd electrode to aid in
confining thghg?lg@%égﬁgst%%pgé?%#gﬁ%ﬂﬁ%ﬁr and |ower electrodes. The
secondar y5ground &aa R capdeifivelyasouplerbpitsmareactol oriprocessiyuriadey i n
confining the plasm w.t hi h apn. A _detailed discussio f plasma

cont i nenent  PREERER st A5 300 AP arise SeBhody dipSit B dre BeyReloup e

pl asma react ¢ addifion ketheqyrodnd blectrationFer esahplRethd bubstiaed smpportan 5, 534, 751
and published U S. Patent Application No 200310151371A1, both of which are

her eby i ncor Pisiludea bpjlomeiesiegdeavhioh is supplied &R enei@Yi A @ngearaneied

descri ption, i % j QM ; ich forma
part of thi sf%gtd?f“?g%ﬁﬁﬁee déézg]v»? %g’gpﬂ%ﬁgw gwt&\/\%%% Fﬁ%@ \régti on,

speci f i c 1&nbdhtongh asshioweriatheletizodewhithiis a groayddabupperatlécisatie, bhdi s t o be

derstood that oth nbodi tilized truct ural_ch
mmy be. made. 54 AGUAG TR GRT D fcaes Semtdy o B o elatEiter mhéne | on:
Typical ly, tRecyadatygréutardal invlabb ancdledtheally! grotRdéE péition vtiieh made  of

materials that are inconpatible to the sem conductor substrate being -4-
processed. Wexiendsraanseaily i afkane eopiplingstheisemieonduciyy tedetRigresiedon caused

by the chambey wabdditedfiffon?BY SRR ARTBfhPeqye Afig ‘;ﬁah Pude of cleanliness

15 electrically conductive or semiconductive material which l;}ecomes heated
during plasma generation, i.e., a hot edge ring. Additionélly, a plasma
confinement ring assembly can be provided outwardly ofu%‘;the showerhead
electrode to aid in confining the plasma in the gap between the upper and
lower electrodes. The secondary ground can aid the pla$ma 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 assiéned 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 illusiration, specific embodiments in which the invention
may be practiced. 1t 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



that is not provided by unconfined plasmas. Cenerating confined plasma for
300 mMmmetch applications is difficult because of the higher RF power and 5
hi gher gas flow rates that are applied during the etching process. Wile the
foll owi ng enbodi ments are applicable to 300 mm applications, it will be
appreci ated by those skilled in the art having the benefit of this

di scl osure that the apparatuses and ne#hods described herein are not
limted to 300 mm applications. The apparatuses and net hods descri bed

herein may be 10 adapted to be used for apgl_i cations requiring the

confi nement BfocsssRdWith eonfined Rlagia. sk 1= fitlie Q5 ARgantaminatiesaEsethi gh RF
power | evels | r : } ely 1500
Boom and- hi gRethaRper watly, TRLESoffedl pifina; BROVIES 8ot o EREIET

appr oxi mat el {hat ismetBowided ibyginsonfifed pasmas. Esingratingldonfined plasaiiz fored

enbodi nent, | asm|- pr.ocessi ng,. us I Ses fir el ectrode
operatively g@@Hfl)rg&%ﬁaﬁ&hc&ﬁo@%ﬁaﬁe@fﬁg%@gcoggggh@?lg&ﬁ’-" o%%","g';?“ﬁk east one
confinement higher ga8fow retedung: Astapphéddufing tHy eichingprocésy. of/hile oma t he

pl asma boundaries. The pl asma processi nqa%BBar atus |1s_ conf |_ﬂur ed to receive

a gas that i ©llewingembadimanis argappligablet Hpm; applisationsa &l Beocessi ng
apparatus. B ; : L tad, i : ; rate
punped into t}éﬁé@%,agésdngygﬁ%gggss@!éﬁdﬂc ea?r'ftbgrb vgg&ﬁ%gggg%%&%?g%&o@é%re.

Al t er nat i vel {hattieapparabsesgas métbads describeddarbin arbardbémitedrio 300 | ess t han

1500 sccm The first electrode is.preferably configured,to.receiyve a

seni conduct of"™™ f@pgﬁypﬁaﬁgeﬁé’a S%‘P'ﬁ%ﬁ%@e‘iﬁ%ﬂﬁg‘? h@fe_é'& 1A ar ea t hat

i s adapt g tadagteBReVe dded forasiicatichs réqairngrihé cohRtdrheneofiplagmaireaabl y
operatively coupled to at |east one power IQpl y which supplies RF power to

t
the first el Bighrgagdlow ?ﬁ\éir@t!ﬂ%iﬂdhﬂleé%FWbmghsé PopEr iavels.  High gasflaw r st

el ectrode by I i ﬁi?ﬁgie- : S‘ﬁ'mﬂgh ctrode
is configur e(rjﬁ?g?%%\ih %Wg&%bggwg#e e elpzﬁpi%{ﬁ{ %‘?‘? E" t%r’f or gioFc\;ver
suppl i ed to pbeef lavsts referdo poder levalsdifEippratimgfely Ve’ and kighet obde has a

second el ectr%de arcia that may vary in size fromthat of the first
el ectrode ar 8&5M\VYUE¥ef erred enmbodi nent, -5-

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 fo receive a gas that is converted into 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 electrode.
The second electrode is separated from the first electrode by a gap in which
the plasma is generated. The second electrode is configured fo 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,



the second electrode area is greater than the first electrode area. To
generate the plasma within the plasm processi ng apparatus, RF power is
supplied to the first el ectrode such that the process gas is then converted
to a plasna state for processing a sem conductor wafer. By way of exanple 5
and not of limtation, RF power |levels of 2 WcnB or nore of plasma vol une
can be applied or the RF power |evel cdh be less than 2 WcnB of ; pl asma

vol une. At |east one confinenent ring is disposed near the first el ectrode

area and th trode ar h at I ope caonfin nj ring being
configured tetggﬁégﬁ'ch‘ "ﬁ%e e 'ﬁ%gﬁtérﬁ? %%gsiﬁiecf@dﬁ%ea‘r dnd extension is
adj acent t heydnefstt tied pRishrizORItEN dhe plaseRAsratesking spparthes, RF pbwet iect rode by a

dielectric material such as one or nore dielectric filler ngs. The ground
ext ensi on drsapﬁged:ﬁ’aﬁh@é"“ﬂr%@ﬁtf% ichdhat theprecassgas igieen ﬁ‘é‘l“(ﬁ!%@ 9 grounded

conduct ive gfﬁ‘ﬂe 2% term
"confi nement%{J ndo Cf?e?@%te%%htq g%%ﬁgéﬂgjé&%fgd’%g?gg space W thin which
conf i ned 5pl aswenataf limitatien, R pawdr levels ofﬁaMcm brmore of piatsmasvulwnehe RF

poset bi 6. TREngroReaHT ane RE Skt nh 30 e Bla PR AT bl v e

di scussed | Wdlﬂﬁm)ll\lt JeaeVoRd cbh’rﬁtetﬁémlringaé Uls@t)se@ﬂééﬂ@tb‘&ik@t?élecﬂﬁdé e
capacitive coupli is preferab used to, er~drate the 20 pliasma in the
r@&ﬁ) ri

processi ng cﬂfﬁ?rﬁ@ﬁ'%hﬁ’ﬁe%ﬂq elpet @r@@bﬁteeﬁf egstanssoniremeairing beinge art t hat
t he present C%m RAlgUs 1R gg %&%q ﬁ"fﬁg@% ed loi be used with ot her

pl asma generati g sourc se use or inductively coupled plasm
generatildn. A p r ditergrednad ep@oston\ne adjacphitie st"mtsilmuoda and iseseparated

rrultl-frequ enerate the hi electrlc nti.oilthat is
25 appl i ed t t@%ﬁ%s%&ﬁﬂ%? ‘ﬂ legirigdpgiengisu 1R Or ok B@i SIS uppl y can
be a dual poer rihgS VRS SFouNRMERerTSIGIP Hdaird R %e Rondthepifbihaditiind4riddz  t hat

is included in etching systens nmanufactured Lam Research Corporation. It

shal | be ap@r&lnaweasswrﬂwm aductive syrfageevbich ceRdacrepsefhe power suppl i es
bl e of ] b
capabl e o gﬂﬁnﬁﬁ%&\bﬁﬂw@gmﬂ%ﬁé‘t&m&c&m %5‘?273%? e

enpl oyed an ower source IS n oi F o %ﬁrequenm es of 2
MHz and 17 Mﬁaﬂmtermcbmﬂmptvhn:hbﬂoaf ined plaanﬂecareh@matritamed 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 vanous
configurations as are discussed in commonly owned U.S. Apphcatton
2003/0151371. While capacitive coupling is preferably used to generate the
20 plasma in the processing chamber, it will be appreciated by those sktlled 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 mductlvely

coupled plasma generation. A preferred capacitive coupled syst el
multi-frequency power supply to generate the high electric potentlé |that

25 applied to a gas to produce the plasma. For example, the power supp!y can
be a dual power frequency power supply operating at 2 MHz and 27 MHz
that is included in efching systems manufaciured 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.



frequencies. -6- In a preferred enbodi nent, the second electrode is a
"grounded" el ectrode configured to cooperate with the first electrode to
energi ze process gas and generate plasma in the processing chanber.

However, in order to achieve a decrease in bias voltage at the second

el ectrode and increase in 5 bias voltage at the first "powered" el ectrode,
the second el ectrode can be configuredgto communicate | ess RF power than
the first powered el ectrode. By way of exanple and not of limtation, the
second el ectrode can be. conposed of a conductive material such as silicon
or silicon carbi de apefarred ermbodintent) thetseodied ekeirbde liwadgraintedf o 50 mm from
the first el

nb d de f
a conduct i ve® ﬁﬁ{r%‘?? gqmj&éfﬁ%j ?ng%oz)ﬁé? ﬁt"@nﬁ‘%faéﬁm%‘gét?qu&stpe%%ezggﬁ%(%@éqsﬁ?ngn: o; o

nore di el ectgaLahd hbwdratd psna§ma nT Iﬁ@e Flf 886§ xhamdep N HowaleE fif bhddntoconposed
of a conductrve material such m num or 5| licon and the filler ring(s)

can be conpoadtiews a daaliease inies V@I‘ta%ﬁéﬂ’@(ﬁﬂcpﬁ PeRraderRny B5ease ifsed to
confine tjye !t?% q&afthé f’Y&'" Bﬁe@"%g%%ﬁg,méébgnﬁﬁgétm% éNngs. By way
e ‘con € conmpose e

of exanpl e, I nemrent can artz gr ounded
second el ectc@ﬂgumtommnamcgteelaseRFsmmﬁadhamlmﬁnshaowermi plectrodel fir st

el ectrode. It is hypothe asna | ont aj ned because the area
ratio, i.e EY ﬁxamiﬁ?wgao ‘?""&! EUIPHI Wenéggﬂwd@l%p%de area by the
first el ect r@&ﬂﬁ@é&ﬁ@f ai@é;ﬁm&w@mét&@al%Qch'aa%,mé@htcﬁ\@mceﬁ dalfisids ypatthat e t hat

is clanped to t owered RF el ectrode. geater the area ratio between

the gr oundedsm@rﬁie@[@@w&ﬁ’d@ logatedhto tqo'mm ofm thetfirgt electrede, In he greater
the bias,yol {age édfnli%]t t@ﬁ)‘égn& %@Bsmﬁh&' q%l%m%{%dﬁcﬂ% Pr}eﬁérlé{l()l tage on

t he grounded secon e an especi a e confinenment rings
i s decr easedand ig depasated froat thE ﬁrst Qeclrode byend or Mmorediieledtrioifitier angs he
confinement rings will enable @&)R(?char e to the s%me el ectlr potenti al

as the pl asmd Nerioule,gxiengiop is BEEI? AP HFAGHCINGIEtERBISYNRe rings.
Thus. e cobiaRaSnGA A SilcOR HHIHE e HCTERALEoARBSE] BPalajthe cpner o

first electrode and the increased surface area of rounded second
el ect rode wi ehmoes perfinement Nags cag e used to confine the plasma to the volume
15  defined by the confinement rings. By way of example, the confinement rings
can be composed of quariz. The grounded second electrode éan have a
greater surface area than the powered first elecirode. 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*elecgtrode and,
especially, at the confinement rings is decreased if the area ﬁaﬁo is
25 increased. A reduced bias at the confinement rings will enable them to
charge to the same eleciric 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.



30 el ectrode increases the size of the confinenment w ndow for the plasma
processi ng chanber. -7- In processing sem conductor substrates in
capacitively coupled plasna reactors, it is desirable to confine the plasna
in a gap between upper and |ower electrodes. In processing |arger size
substrates such as 300 mm wafers, the ground extension is preferably

| ocat ed outside of an electrostatic 5 clitick and an edge ring nmay be | ocated
bet ween the electrostatic chuck and the ground extension. In dual frequency

pl asma chanbers V\/perei n_ hi gh and I&w f requencj es arﬁ_ uFed tf?é)generate t he
pl asma and form a'PREEH semipadycipEsu P%%@%ﬂ?@& WEYFOWPHRE two
frequenci es pﬂabinacl@'aei&s,ﬁﬂs@esﬁéme% cofirRChEIsAATh hiRipdeaBen epbepsi on. 10
This RF coupling to the ground extension affects the etch uniformty on the

substrate. Asnd yejralesiwdest énprasassiggilarger size spbaitaiestsych @st3 mwaye ring,

the oround SYAGHE: bR el eSehforl breldab blovtafoof &F sBertSileern the-
edge ring anchidiears! anedgexhg nsdyove lothted! beteabattios eldctrostatioghsok ander ve to
i ngs may. belGsGUTE SNz &1 CHPLTER Y Piara SBRTBRSHOPSI DANG ot i c.
rings may be b4 . ectric
| nsul ator i Ry fegC Mrel4BA S JeASrchd heaBIa%nd fBm'd baigiea Of the
consunabl e naterlg?% present in g pl asma chamber. The replacenent of
consumabl e natkstraie svatyidg asxunisoidbetwadraguencipe wikk eouple tebaamppegs ( MIBCO)

for plasma ch ers | |ication ecific. Currently, the MIBC for high
aspect rati oe@gﬁPﬂ‘%P"Qﬁ@%@é‘Pa&%‘g&’ﬁﬁm using the 2300 Exel anTM pl asma
chanber, jgranuf act ThigRIP ol ffe st g Ritnd Exidric hMtstmetmamimﬁYof the
present application, is dictated by replacement of a quartz insulator ring

at 215 RF hofi® dhe subsirate, Ag ke BrareaxienpiQibisdn S1QPeOXIMHlY tithecddR be used
0 ok Touf B PR HBLSR e T Ao AR R BB e opered
di el ectric i theugrauod exiengioni to ipreverd vglageRpraaktiewnner arcing, beiwiesh ther ei n.
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.); usiﬁg the 2300
Exelan™ plasma chamber, manufactured by Lam Research Corporation, the
assignee of the present application, is dictated by replacement bf 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



During processing of sem conductor wafers in plasma chanbers, 30 wherein a
single wafer is supported on a |ower electrode and plasma is generated in a
gap between the wafer and an upper el ectrode such as a powered or grounded
shower head el ectrode, plasma processing at the edge -8- region of the wafer
may be affected by substrate support parts, such as edge ring arrangenents,
and/ or parts surrounding the edge ring-8arrangenent such as a dielectric
insulator ring |located on the substrate support. The intensity of
capacitive coupling of RF energy to the plasma in 5 the vicinity of the

waf er edge i regiin eicheywaienpay eaiteictadby dubsiiiate support peds.stuehtas and

t hi ckness of material o e t I .as and t.he | ower el ectrode.
By i ncreasi nﬁg%eaﬁgiﬁfrﬁﬂg%mﬁﬁfsr gn@@g@?ﬁ?gﬂﬁurﬁ{ﬁg i@%@‘q%”%um i ng. Because
capaci t ance grrangdinéiidbushelsed diefiricsingulattr vingdetate@wpt s isubsPai5. 10- 12), k
is the dielectric constant of the material, A is the cross 10 sectional area

of the di el eS4RREE nHieintensity i capacitiveneoupiing 1oh BEsenaray i the RIswarn ¢
mat eri al .z Thys,, ,: t:0n. it i %%P%@&?st an be
i ncreased and ovr'&?'ttye%??ﬁﬁggs @a’ﬁs Ee g%gtdgf;ogﬁéﬁ_ lg\(ggf)érgfng Y, forarg

particul ar i asdithitknessiofig raterighipcated befweerhinghplasmiaeinddheilewerconst ant
material w tlh h sgme t hi ckness and atea al Igws[ t.he cag&g:i tance to be!

i ncreased. 18€BJOUR RY MrGAYRI GRRAGENFE & 13 BRSFIEIROJRGTERPARE PTG,

insul ator riBgealde dpachssd HES KA/ RHdBREE B8 NeBal donseintcapaci ti ve
coupling of', RF enggg%_to t he g_l asma in the vicinity of the sem conductor
substrate ede854Ad) kds thedicleaticaanstanhefl thegpatesiahd\ isdhe crassch as the et ch

rate. Thesef oL g bnsiabalifhe Bie'f%’%ricf%ta?ériat?ggdn Ggé itii%tgﬂe?élg%% of il gﬁeré{tjrcﬁ‘t or

constants can 1 ncrease, the et rate a a sem con
substr at e andhaterial.edbastthén@tase caparitancd,dheidigledific cohstapt carebsed

sem conduct or _substrate. il.e the dielectric constant. o ttriais

appr oxi mat el WCﬁseg@d?qitg\?é@%q%sggﬁz*ea(?ﬁcr%qas%ﬁgxio.rglgg[yn){cg; %ppr oxi mat el y
3.5. Accor di paftivulad fsugftorringliedigs, useCofd ighapdieletfid édistartimatetial a can
considerably inprove the coupling 25 of RE to a ground extension covered by

the yttria rwitgihe samedhickiness rep allowgibg capaciiansette be incregsed.npr oved
coupling; of BE khd H§h& AYRLREREENP haterials for the insulator ring, it is
possible to increase the intensity of capacitive coupling of RF energy fo 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 eich 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 ytiria is approximately 11, the
dielectric constant of quariz 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 extension
improves plasma confinement in the gap and increases the eich rate at the
edge of the wafer substrate. This increase in the etch 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



i nproves plasma 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 wafer can inprove the critical dinmension and etch rate uniformty
across the 30 wafer substrate. In Figures 1A B, a plasnma processing
apparatus in the formof a capacitively coupled plasma reactor is provided.
In Figure 1A, the -9- capacitively coupBed plasma reactor includes a plasm
chanber 100, an upper showerhead el ectrode 200, (such as the stepped
shower head el ectrode disclosed in comonl ssigned U. S. Patent No.

6, 391, 78781, capagsitivelit ¢ouplen plesmeaueactor lﬂmc{% 3 plepmecghiambeiot¥b @8t ed by

ref erence), arr angenent
s00. 1n i oufebd SO Ehfieqt UBRASE 200 15l s e BeppBa TRgetfil BT TR
sggst rgt e SEthrbde ldisblm@ed iR camenomdl/- ass*.ngmaif Ers daaﬂpl nt Nogg ,39n, 7?751% tiie sl eeve

500 an atlna uar ) n top of the sleeve 5 a dielectric

i nsul ator ri RgH'8 Cé%%%ogg’htqu ?‘ﬁb%?ﬁgﬁ?mgﬁ%eapytrﬁ relrRiud sHpe?eng 510, an
10 edge rings it 990 IR @e&m@anérhﬁngla%@@bme%mog 600, an optional
coupling “ring (not shown) below the édge rin insulator filler rings 800,

810, bottom el eckridguresiis, whigh imar pxpandssk pa ien oA 4BKn (IBCE 1#1@  Edge ring

an out er _edgeuBitefn BuBRn HiRRE orla SRSl odBus E R Hpher T e’ "
made in any 50@pad aphitf @abanyrirg S107oR top o’eﬂwea#l@e;m 500) spdigksctrico provi de a

nmore uniformground for the plasma in the plasnma etch chanber  100. For
exanpl e, as NSl TIRGL0C RovsTHg the E'RPS%W@’@@@ rthﬁQ:O'?‘i@Ct%Meth‘@@ PRE=D angul ar

Cross- segf| OBdﬁ@YnQ?OQZS%tF@%ﬁVé‘én dthé*b?e!é&ﬁ@ rirnggﬂ)og1 % iHRal L\HQSI red

configuration, g-, ustrated I1n Figure I gures 0 and 1
B), an edge ring¢natzhowiny bemuetﬁeledggmr(gmunaniatel)ﬁllﬁtylﬂge 809610, Wnitam t he

the- edge ri pechife B2 E ARt SR ES AR < "pr ef erab y- made of an
el ectrical |y condEdyé viag 708tcain sd ofelettriesilystdriduetivé nthtsiidlizpdriocstediisle.
Addi tionally, because the edge
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 eich 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 plasma, it is desirable to use highly pure
materials, such as single crystal silicon, polycrystalline silicon;‘ CVD silicon
carbide, or the like in order o 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.



25 ring 700 is exposed directly to plasma, it is desirable to use

hi ghly, pure materials, such as single crystal silicon, polycrystalline
silicon, "CVD silicon carbide, or the like in order to mnimze

contam nation of the plasnma. However, the edge ring can be nade of other
materials such as quartz, alum num oxide, alumnumnitride, silicon
nitride, etc. Further discussion on 30-fHge rings and focus rings can be
found in comonly assigned U. S. Patent Nos. 5,805, 408; 5,998, 932;

6,013, 984; 6,039,836, and 6,475,336, which are hereby |ncorporated by
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that is directl ty above the | ower electrode 31 O her exarrpl es of ground

ext ensi ons acenfmeoplasgiod in thecgﬁmﬂ)@ﬂ y Toageetndxtension 500 capfines the on
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electricall ycﬁérgdtuetnsmetham@ire@ly,abﬁv@m@lbwr@mdn@ﬂe 0. ioter silicon
carbide, etc. For exanple al um num may be used because of |ts hi gh

el ectri cal csmueleﬁxﬂfﬂpowoe@%nsl@r%@re\myldpew sgmonly,aeped US Pat ground
ext ensi O'T' g@ﬁ@atﬁﬁ F‘Hb‘ﬂﬁé‘ﬂiml\lo. id?ﬁ’;/@'f@l‘ﬂ'?q AR EREBhAR 51980@?% Qﬁrﬂ’b igally
P gap and n

react Wlt l'aSma wi thin cause I'npurities wit corrosive
process gas wrhgreby plcagranateddayi refereaesl result in cont ani nat| on of the

Extonsi on 500 (or  Hngrosmtipiendtor 300 WRLEaRy Al aPbaR, Caflh Bk Tor oceas
gas/ pl asma sppRgeRd, sih &Laluinlin] sikdnDgiliben Barbidee etld. eF@Céiarﬁ fensul ator ring
600 to insulate the al um num gr ound extension 500 fromthe pI asma. As such,
usi ng a di el akminemymaybeyised 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 plasmain 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



to protect the ground extension 500 from exposure to the plasma in a plasna
chanber 100, can m nimze contam nation of the sem conductor 25 substrate.
As mentioned above, and as illustrated in Figures 1A and 1B, a dielectric
ring 600 nmay be used to separate an edge ring 700 froma ground extension
500 and chemcally isolate the ground extension 500 fromplasma in a plasm
chanmber 100, thus mnimzing arcing betyeen the edge ring 700 30 and the
ground extension 500 and chem cal reaction between the ground extension 500
and process gas/plasma reactive species in a plasma chanber 100. Thus, the
di el ectric rbeivee0dhé sdge dheg78Blandsarzeufet periphdry af thegground Bkiernsidmeen t he
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surface of thepdisanace ©F QAd 2Rfdnsidndioel ectric ring 600 made entirely of
yttria is relatively inert to fluorine 5 containing gases used in plasma
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quartz has a dielectric constant of about 3.5 which allows a thinner ring
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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 quartz dielectric rings, the concentration of fluorine
species at the edge of the wafer can be deleted, resulting in a lower edge

20 etich rate and lack of uniformity in etching across the wafer substrate
compared to use of a yiiria ring. Since a yttria ring is more sputter resistant
than a quariz 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 critical dimension and efch rate uniformity across the

25  wafer substrate.

Also, due to a lower reactivity in general, a yitria 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 ytiria ring may

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



conpared to use of a yttria ring. Since a yttriaring is nore sputter
resistant than a quartz dielectric ring, and does not readily formfluorine
conpounds, use of a yttria ring can result in a nore chemcally uniform

pl asma which can further inprove the critical dinension and etch rate
uniformty across the 25 wafer substrate. Also, due to a lower reactivity in
general, a yttria ring 600 may al so be-124ised with vari ous process gases

whi ch may not be conpatible with or wunduly attack a quartz dielectric ring.
For exanple, exenplary process gases in a plasma processing apparatus that
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for a diglectricary ¥ her i i , the
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dielectric ring in another plasma chamber. Besides etching, the yttria ring
15 may be used in chambers for plasma PVD, CVD, ion implantation, etc..
Yitria insulator rings preferably include a ytfria matrix extending
between opposed surfaces thereof. Ytiria insulator rings preferably include
over 50 wt% yttria, more preferably over 90 wt% yttria, and most preferably
over 99 wt% yitria. Additionally, the ytfria insulator ring preferably contains
20 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 ytiria insulator ring includes 99% or more ytiria with a density
greater than 4.5 g/cm?®, preferably a density greater than 4.75 g/cm®. One
suitable Y203 material is available from Custom Technical Ceramics, Inc.
25 located in Arada, Colorado, the material being 99.9% pure yttrium oxide with
impurities of 20 ppm La»03, 10 ppm PrgO44, 8 ppm Nd.O;3 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 vin
slip casting. A preferred insulator ring, for example, would include a
30 thermally deposited or sintered yitria ring of 99.9 wi% or more ytiria 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.



20 | ess than 1000 ppm or nore preferably | ess than 500 ppm of inpurities
such as silicon, alumnum calcium iron and/or zirconium For exanple, one
preferred yttria insulator ring includes 99% or nore yttria with a density
greater than 4.5 g/cnB, preferably a density greater than 4.75 g/cnB8. One
sui table Y203 material is available from Custom Technical Ceram cs, Inc. 25
| ocated in Arada, Colorado, the materi a3-being 99.9% pure yttrium oxide with
impurities of 20 ppm La203, 10 ppm Pr6011, 8 ppm Nd203 | ess than 50 ppm
other rare earth oxides, 40 ppmSi, 30 ppm Ca, 18 nmFe, <1 ppm Cu, 3 ppm
Ni, <1 ppmny, 2 [peaupen tesis usad éo Maaspea eryresiovraies tha tesiskhalerms vin slip
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di el ectric 1For ex@mpR)as Mustratedtie Figure B, Wi eddge ringJ060Ray by thiekehaped, for
exanple, as _illustrated in Figures 3A-C, with a S't epped ;‘hapjz 610,

t apered shapthaspihe ring 600 ang, a ed guace extending towar the dielectric

15 ring 600. Alternately, the yttria ring 600 may be shaped, for eixamp!e, as
illustrated in Figures 3A-C, with a stepped shape 610, a taperéq shape 620,
or a rounded shape 630.

A vyttria 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 ill{uistrated in
Figure 1B. ltis preferable that the yttria ring 600 be sized to cmjzer one or
more surfaces of the ground extension 500 to electrically and;crhemically
isolate the ground extension from other portions of the apparams.

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

*



A yttria insulator ring 600 is preferably sized to provide insulation for

t he ground extension 500 from other portions of the apparatus. For 20
exanple, a yttria ring 600 is preferably sized to cover the upper:surface of
t he ground extension 500 outwardly of the edge ring 700, as illustrated in
Figure 1 B. It is preferable that the yttria ring 600 be sized to cover one
or nore surfaces of the ground ext ensi&fr 500 to electrically and chemcally
i sol ate the ground extension from other portions of the apparatus. 25
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15 illustrated in Figure 1B, the ytiria 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 to 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 60‘1, as the inner
component ring 601 may be more exposed to the plasma in ttge gap than the
outer component ring 602 depending upon the position of the}‘%i‘nterlbcking
portion 603. Use of a dielectric ring 600 comprising at Ieést two component

25 rings 601, 602 could therefore result in cost savings, as only t‘he 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



over | appi ng edges, i.e., an inner conponent ring 601 and Si outer conponent
ring 602 with an interlocking portion 603. Such a design, for exanple,
woul d all ow for replacenment of the inner or smaller conmponent ring 601,
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char act eri st i"68NajEa raQSH! Q”T’ %‘E%He'? P &5 W‘u% fer. In
the case of W@ﬁ@&nhé&ﬂ#@ﬁék¥9m§kﬂﬁ etch rate near the edge of the wafer may

be controlled by varying t ocal i zed power coupling through the plasna.
Nanmel y, by using lawilitherappreeisiedarydhose aglledrm@ecﬁrtthaéamtlou&r ent is coupled

through the p 5 e f yttria
ring can al sodqiéqug‘ W&Hﬁcgﬁ%ﬁsaghg% 581%@?‘%&&‘%‘1%2’?&@"8@&@?% b%qinel&ﬁncr easi ng
the ener gy ofméybe madeswitiouthiepaeingrfromdee spigt and stdperdd thelksppepdeeci at ed by
those skilled in the art that additions, deletions, nodifications, and
subst i t uti on<IABE- speci fical |y described herein 10 may be made wit hout
departing fromthe spirit and scope of the appended clains. -16- What is
clainmed is:



1. A nethod of increasing an etch rate at an edge of a sem conduct or
substrate, the nmethod conprising: placing a sem conductor substrate on a
substrate support in a reaction chanber of plasma processing apparatus, the
sem conductor substrate having a dielectric layer and the substrate support
including a grounded or RF powered | owgg €l ectrode, an edge ring
surroundi ng the sem conductor substrate, a ground extension surrounding the

edge ring Qiécaiinr% gtirely of yttria surrounding the edge ring and
overlying %ﬁé—eas‘[—pafd-ﬁ—bf t he ground extension; introducing process gas
into the reaction chanber; applying radio-frequency (RF) power to the | ower
electrode, 1an URRRIinG fhERGSINg G dic] s 4PBELe 61 £ELIRARIAN Lk yhaNer

el ectrode; generating a plasma®fromthe procéss gas; and etching the

di el ect ri ctheagethosvicomptisisgpl asna, wherein the yttria ring increases an

intensity of c LLive i to th |.asma near the ed of, t he
substrat s el anegnd e TEARD? Phetfie o 4 Rl STRREn A ERetOPRhainoss " e
v\nﬁt hﬁd of d pl'a@mﬁ,prwvssmigm;iplamtyé;,tthé]:%enfiidftg\dbetSr aumﬁtmérhhaﬁ)ﬁ?mseidlecﬂhrléyfre

ich protec t round extension fromexposure to the sma, 3. The
ot hod of - 1TSS URBSUPROLTEIHAT 3 RISUFE] BERT iRoweRsrboeb REETats, anresdii ng
hi gh aspecting atrrsureiify the tseAieINd08Br sdbstrbfe a bﬂ@eﬂén&bﬁ%mréunwgg?ﬂw@iéagbhe
dielectric layer conprises a |layer selected fromsilicon dioxide

f1 uori nat edNGANG @dmgo%ttﬂ%'y(qfstﬁj'? sHEPUHIhB R Ing ant ay&slying aidsastmasayf,
phosphat e gl dr6@iFedbision;(PSG ., TECS deposited silicon oxide, organic and
inorganic lowk materials; and the process gas including one or nore Ar, 02,
C4F8, C3F6 or igHPducimg prpgess@ashiotd toe reaciiomchamperit her conpri si ng cl eani ng

e Eoet anes i BB RAE SARR A USe YHEPAL LR L1 o
pr ocessi ngoapihratupper elettaddevand theuswerafledrodquartz ring i nstead of the
yttria ring. generating a plasma from the process gas; and

etching the dielectric layer with the plasma, wherein the yttria ring increases an
intensity of capacitive coupling of RF to the plasma near the edge of the substrate

relative to a quartz ring used instead of the yttria ring.

2. The method of Claim 1, wherein the yttria ring has a plasma exposed

surface which protects the ground extension from exposure to the plasma.

3. The method of Claim 1, wherein etching the dielectric layer comprises

forming high aspect ratio contact openings.

4, The method of Claim 1, wherein the dielectric layer comprises a layer
selected from silicon 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 process gas including one or more Ar, O,, Cy4Fs,
CsFs or CHF3.

5. The method of Claim 1, further comprising cleaning the reaction chamber
of the plasma processing apparatus, wherein the yttria ring increases the mean time
between cleanings (MTBC) of the plasma processing apparatus, relative to use of a

quartz ring instead of the yttria ring.





