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[ 0001] Pl gpg8yphaesssi ng apparatuses are used to procesgrydRnthBias
by 5 techni ques including etching, physical vapor deposition (END),
chem cal Vapor deposition (CVvD), ion inplantation and resist renoval.
One type of plasnma processing apparatus used in plasnma processing

i ncl udes a reaction chanber containing upper and bottom el ectrodes.

An RF gener at I r quc G EONS
and neat ral - sporeERETRRE KRS SHOBCH N REHE ST AN b0k
parts within the reacti orpcASMIEPROSESHNG (CARDNENEShod of

i ncreasing nean tinme between cleans of a plasma etch chanber and
chanber parts lifetimes is provided. Sem conductor substrates 15 are
pl asma etched one at a tine in the chanber while using at |east one

sintered silicon nitride conponentBAGKGROUND i on bonbar dnent and/ or

between aboulSIY T ad gRRETasRF ST AP AaLRes G CoEhIou oRart Py Siatee By
nitride apd RRhwRRRsINOUAING e\ﬂﬁiixﬁﬁ]tph?sﬁﬁﬂva’ﬂw@prQti@ﬁKBVD),%lﬁmﬂtﬁfi ng

aid. The 20sintering aid consists of high purity silicon di oxide.
vapor deposition (CVD), ion implantation and resist removal. One type of

plasma processing apparatus used in plasma processing includes a reaction
chamber containing upper and bottom electrodes. An RF generated plasma
between the electrodes produces energetic ions and neutral species that

10  etch the wafer substrate and chamber parts within the reaction chamber.

SUMMARY
[0002] A method of increasing mean time between cleans of a plasma etch
chamber and chamber parts lifetimes is provided. Semiconductor substrates
15 are plasma etched one at a time in the chamber while using at least one
sintered silicon nitride component exposed to ion bombardment and/or
ionized halogen gas. The silicon nitride component consists of between
about 80 weight % and about 95 weight % high purity silicon nitride and
between about 5 weight % and about 20 weight % sintering aid. The
20 sintering aid consists of high purity silicon dioxide.
[0003] A plasma processing chamber is provided. A substrate holder
supports a substrate within an interior of the processing chamber. A sintered
silicon nitride component has an exposed surface adjacent the substrate.
The component consists of between about 80 weight % and about 95 weight
25 % high purity silicon nitride and between about 5 weight % and about 20
weight % sintering aid. The sintering aid consists of high purity silicon
dioxide. A gas supply supplies process gas to the interior of the processing
chamber. An energy source supplying energy into the interior of the
processing chamber and energizes the process gas into a plasma state for
30 processing the substrate. The component minimizes metallic contamination
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[ 0003] A plasnma processing chanber is provided. A substrate hol der
supports a substrate within an interior of the processing chanber. A

sintered tride conponent has an exposed surf
t he substr%lé 5(ﬁ)gli?’ﬁggﬁcorrponent consi sts of between about ﬁgo vvm%ﬁl %

and about 95 weight 25 % high purity silicon nitride and between
about 5 weight % and about 20 weight % sintering aid. The sintering
aid consists of high purity silicon dioxide. A gas supply supplies
process gas to the_interjor o energy

f th nb
source suppl YRS thasyo §t,:@eet9£§ﬁ)q%g?8¢)f<gl Oned F’%Z‘é@s WY& hanber

and ener gi zez)réé’ggsp{d)@ﬁ% gIdsmanto a plasma state for 30 processing
the substrat The Conponent mnimzes nmetallic contam nation on a

surface of tﬂ@ﬂ@ﬂbsﬁmﬁbod@fb@t@&(ﬁglm@taulcl@lfﬂa@ﬂtﬂﬁlﬁﬂ@ﬁﬁa shrfageef a
processing b f. F'cg’ﬁé g

cont am nat i o)néllfggﬁasms)gﬁ cdéjr gg%ﬂsrﬁ? ?E%%%glﬂ‘g '?P éﬂr’?%gkg'l‘ gbﬁstrate 'S
processing i $laneral\mdadub§traﬁeIsuppnrtsrubseaettoa cimnﬂaqnloaaeﬂama arocessing
substrate sup ort ction chanb na. _proc i

Sppar at us.  THEPBTatifm B SEECT RigS3RNRs 2PRerdtpe I Ghey WRECo TR, e
sintered si I A8t énliddﬁl%lﬁi@@%ﬂ%&r@nts'rhﬁhéBlht@rOﬁltridd ¢ordpomoom1§ts
consi st of between about 80 Wqu 5 % and about 95 wei

purity silicafbaiweanebar $Oyuel gbakous Gpavejaht %‘b'ﬁg@ pHB '%2"@
vei ght % si nt &y HB%nﬁ'B@Mé&TQSo@H NveIdrt % Qhﬂlgﬁeﬂﬁ’é@%@%t% sittedimgriidi ty

silicon dioxide rocess gas is i roduced 1nto the reaction
chanber . 1A p|Tatmnnegngeunbcmmtngrqulgmeumvwgge diadéde. TA@recass@ns is

substrate is d%@%%@ﬁ&o‘é{b% Ee%%%npéh%mr RS g%ﬁ&%ije[oofrom the

manuf act urin SDer processSing corponent exposed to
i on bombar dmgmbcewscdas: Theasilicoresuisstrate isrpracgdses vithitheqiiasmahanber is

provi ded. A r ¢co si,tion | xed, consisting of between. about
B0 e ghi. o6 ARB0SIofmeRoHaY Grnadhee EGR Sloh BBt P eod
bet ween abou"co%b?ﬁieﬂhéx;%s%ﬂ%@@Q%mggrdﬁﬁérﬁi@nd%ﬁjléérﬁé)@rébl@xlrﬂ@plaéma
shaped conponent is formed fromthe powder conposition. The shaped

conponent!5i s alehehamber igipravidedi ARawdas O PASHION daMixad, 6pNpigtRg %d 20
pressure. between about 80 weight % and about 95 weight % high purity silicon nitride

and between about 5 weight % and about 20 weight % silicon dioxide. A
shaped component is formed from the powder composition. The shaped
component is densified with a simultaneous application of heat and

20 pressure.
[0006] A plasma processing component is provided. The component
comprises a sintered silicon nitride component, wherein the component
consists of between about 80 weight % and about 95 weight % high purity
silicon nitride and between about 5 weight % and about 20 weight %

25 sintering aid. The sintering aid consists of high purity silicon dioxide.

BRIEF DESCRIPTION OF FIGURES
[0007] FIG. 1 illustrates a portion of an embodiment of a showerhead
electrode assembly and a substrate support for a plasma processing
30 apparatus.
[0008] FIGS. 2A-2B illustrate a portion of the substrate support for a

plasma processing apparatus surrounding the hot edge ring.
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[ 0006] A plasna processing conponent is provided. The conponent
conprises a sintered silicon nitride conponent, wherein the conponent
consi sts about 80 wei ght % and about 95 wei

purity S|ﬁ%ggﬁ%ﬁﬁggﬁde and between about 5 wei ght @6an g%%%ﬁw%'”3
wei ght % 25sintering aid. The sintering aid consists of high purity
silicon dioxide. BRI EF DESCRI PTION OF FIGURES [0007] FIG 1
illustrates a portion of an enbodi nent of a showerhead el ectrode
assenbly and _ a substrate port foG | asma, proc SSI

appar at us. [ (R Arles M"%ﬂ??f MetRlliG geratamingion; Qint SfS‘F'%QQQUEQF?%te

support for @va@ér@%rBra%ﬁ%&beesﬁﬁ@ﬁféﬁsk&e%ﬁfnb%%ﬁ& cohife smdg.e
ring. [0009] FIG 3 illustrates netallic contamnation on t

Slﬁlr 1;rgce of smitn@@nomaﬂeerstsamean\@gagmmmgwe@g gida pr oceSS| ng
chanber cont g ge-Tera T de
sintering ai Zﬁd‘f(ﬁ [%‘S’Jlé]'ﬁ%t@téé h%l??l I‘_mjiarctr'igt%a t?1((:3 contegr%ygpgte%n on
t he surfage Waf@‘slaﬂeepla%mmpbmcsssmgmaprmsamgrcmamimrrmgntamlag silicon
processing chg er cont ai ni ng U con nitri e co nents and a
silicon di oxi"fBIQFAMBPNRYSANG 2 ﬁr’]'oﬂfj@' SAGAK- 5B il ustrate wear
rate of quar{gopnd sids. &Aamd BBlllﬂ%tx@(éTW@Bﬁ‘fété of QAR BhdGilizan nittide
anounts of silicon dioxide as a sintering aid, 10DETAI LED DESCRI PT O\I
[0012] As i nt €§FEROBENIS GOPtAIRING AIpES am?%%fes"mngm'ﬁ% as@ $jatenny
physi cal size and their operating voltages, their associated
manuf acturing yields become nore susceptible to particle and netallic
i mpuri ty1@ont ani nati on. ConsquEthAlyEDfQBSC&il?Tlﬂg‘li ntegrated circuit
gg\r/![ icgﬁl 2? \e” iﬁ%ﬁengs mtegpzﬂgé 'cﬁ'&nt 3&\%8@3 &?rﬂhﬁ'u%% s}lhﬁﬁ mt Q&h tﬁé(l?l of
physical size and their operating voltages, their associated manufacturing

yields become more susceptible to particle and metallic impurity
contamination. Consequently, fabricating integrated circuit devices having

15  smaller physical sizes requires that the level of particulate and metal
contamination be less than previously considered to be acceptable.
[0013] The manufacturing of the integrated circuit devices includes the use
of plasma etching chambers, which are capable of etching selected layers
defined by a photoresist mask. The processing chambers are configured to

20 receive processing gases (i.e., etch chemistries) while a radio frequency
(RF) power is applied to one or more electrodes of the processing chamber.
The pressure inside the processing chamber is also controlled for the
particular process. Upon applying the desired RF power to the electrode(s),
the process gases in the chamber are activated such that a plasma is

25 created. The plasma is thus generated to perform the desired etching of the
selected layers of the semiconductor wafer.
[0014] The plasma etch conditions create significant ion bombardment of
the surfaces of the processing chamber that are exposed to the plasma.
This ion bombardment, combined with plasma chemistries and/or etch

30 byproducts, can produce significant erosion, corrosion and corrosion-erosion
of the plasma-exposed surfaces of the processing chamber. As a result,
surface materials are removed by physical and/or chemical attack, including
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contam nation be | ess than previously considered to be acceptable.
[ 0013] The manufacturing of the integrated circuit devices includes

t he use of ching chanbers, which are capabl e j
sel ected |‘g§g@§ﬂ%e2$slt ned by a photoresist mask. The progteg@lg@gé/&gln

chanbers are configured to 20recei ve processing gases (i.e., etch
chem stries) while a radio frequency (RF) power is applied to one or
nore el ectrodes of the processing chanber. The pressure inside the

processi ng chanher is also controlled for the_particul ar process.
Upon appl Vi nTOHEN RAITINRN AR GRIFOTRM-PIRSIQN. obhip GUEEE FaUSHRPIGP S s

gases in the iﬁél@@iﬁ@rshéﬂ%aﬂqlfét%éﬁ%é‘éﬁﬁed Eéﬁs goftbasarlicihiate?S> created.
The plasnma is thus ' generated to performthe desired etching of the

sel ect ed | ayaostasningtien.unmvaten daesiien wegtal comtaningtiomigadgiraesss difeh
conditions cr sl ol f i : BEiMory ces of the
processi ng cha sgvr‘”%? Eég%ﬁdae?@%?(%@gg%%tg%%%e pl%@%éfgﬁﬁﬁg%gn

bormbar dneht , cvosbinabkswilf theploasumablegparts lifetimeandhort, tmeotihe cost of

30byproducts, can produc ignificant erosion. .corrosion and

cor 1 osi on- er SATHSEP 15 NER, Brehan of Soustinetle? 20d SN RaRS YSSLAER  ng
chanber. As garaidte codtiamiaatori slasmbprecessirgnenamibdry. physi cal
and/ or chem cal attack, .i ncl udi nng erQsi on, corrosi.on and/ or

corrosi on-er JOPHs.  imadditign. soRtre i‘ﬁ#@ﬁl@ﬁﬁam‘ﬁéf'%l’ﬂéh% RBFCcesLft
lifetines, |neHAESRAIRHWSefORirhg RBTAbEHIBhf m@é@mdﬁamm?gs g8saMber

transition netal contam nation and process drift.  Parts wt]|
rel ati vell@ shoschievingtrelinde devices and wblainied e high yiedd.aBr@ssa®gnabl es.

owncr ohi p 1 e gu® BESERbRaBi bond el PEEhEe Burcn of o
parti cul at e gantiQuateabntaminatign.a$he dpsioakswital goateamibetion levels on wafer

surfaces during etching operations in the plasma chamber are being reduced
aggressively for new generations of semiconductor technology. On-wafer

15  metal contamination specifications of 5 x 10'° atoms/cm? for metals are
currently required for state-of the art semiconductor device manufacture in a
plasma etch reactor. Examples of metallic contamination include aluminum,
barium, calcium, cerium, chromium, copper, gallium, indium, iron, lithium,
magnesium, nickel, potassium, sodium, strontium, tin, titanium, vanadium,

20  yttrium, zinc or zirconium.
[0016] FIG. 1 illustrates an exemplary embodiment of a showerhead
electrode assembly 10 for a plasma processing apparatus in which
semiconductor substrates, e.g., silicon wafers, are processed. The
showerhead electrode assembly 10 includes a showerhead electrode

25 including a top electrode 12, a backing member 14 secured to the top
electrode 12, and a thermal control plate 16. A substrate support 18 (only a
portion of which is shown in FIG. 1) including a bottom electrode and an
electrostatic clamping electrode (e.g., electrostatic chuck) is positioned
beneath the top electrode 12 in the vacuum processing chamber of the

30 plasma processing apparatus. A substrate 20 subjected to plasma
processing is electrostatically clamped on a top support surface 22 of the
substrate support 18.



[0015] In addition, control of particulate contam nation on the
surfaces of sem’ conductor wafers during the fabrication of integrated

circuits I(ﬁ E npial 10in achieving reliable devices gpd.QhhahfRifAg a
hi gh vyi el roceSS|ng equi prent, such as plasna processing

apparatuses, can be a source of particulate contam nation. The
desired netal contam nation |evels on wafer surfaces during etching
operations in the plasma chanber are being reduced aggressively for

new gener at i em c nduct or technol ogy. On-waf 5net al
cont ani nat i o?[oéﬂ)-&c ? t(E‘ﬁt"i Usiygtes embodiment, ?6%?@?9’05& %rPrﬁ'é‘?s are
currently redpolveehd R eleb@b®s PLiUIRS AN hnS It SRIMENGERTbeHOY| 84 an

manufacture in a plasm etch reactor. Exanples of netallic

cont ani nat i orPptinpalridengigatredammenier 2§ Thw ionenglecteedamentiar @diiem
copper, galli n u i um
sodi um str or‘# g?eréﬂl?'a‘ﬁ%rtwér:éa%n alté é]gh?cf) I%ﬁ%}%@%ﬁ#’gh OE%ﬁ'@%‘) ﬂ% st

zi rconi umd [ Mddiodel r@ember Iznmzahmvea @amtqumhaﬂeyttmbedualﬁnt onlfarg;ar

shower head el ctrod 10 | a i ar af us in
whton som corliRPoETer R Bicbessed. &0 "B id I2ih R 4500 ML P BRERAILR

The shower heaflagd ecsilicsie assprEdyedlémbbginiitstha shbewtidirpéleer®is 1 ode
25 including a top electrode 12, a backing nenber 14 secur%ﬁjI to the

top el ect rodeassembhnt0 i s PRAUINIAE PEsaceﬁwag ¢arge sulsteafss: U uppor t
18 (only a p§ A elmhi€8h dfctoMWBrd ﬁavﬂﬁ’%:drﬂet’éf@f?ﬂd nﬁ‘?F RIGEY Forseiot Am

el ectrode an n electrostatic ectro )
el ect r ost18t i ovafatse ke 0p glesiradechidis didersiBROIA in dparmet@ct Howeven the

L pac e PAESRSIAN BRERSL cSlrdls 30 ol AIPOBESSCL G, SRR Py
cl anped on a drmubstualpeﬁavmré ace-ci2@ulef carfigusatiost r at e support 18.
Shovet head oItBRITbals PiraluIEELRTPREISTE: BEOmAI SHURE mSRECEAR
opti onal out gfidet tﬁ‘éhﬂﬁé’@uﬁ&l’ﬁl@'?ﬁ@or-ﬁ‘?&ésﬁﬁ@@(ﬁi )] ngﬁs rRekRter24 is
'?'Lgf ?Lﬁglr )é 2 eﬁgtlztlrorgj%rr%wgﬁlbe%g tlsf3 provnd%d to explar?é ?hecg!g%%?eerdof%e ?c;pl tl'-zl(égtrr%de
12 from about 15 inches to about 17 inches. The outer electrode member 26
can be a continuous member (e.g., a continuous poly-silicon ring), or a
segmented member (e.g., including 2-6 separate segments arranged in a
ring configuration, such as segments composed of silicon). In embodiments
20 of the top electrode 12 that include a multiple-segment, outer electrode
member 26, the segments preferably have edges, which overlap each other
to protect an underlying bonding material from exposure to plasma.
[0019] The inner electrode member 24 preferably includes multiple gas
passages 28 extending through and in correspondence with multiple gas
25 passages 30 formed in the backing member 14 for injecting process gas into
a space in a plasma processing chamber located between the top electrode
12 and the substrate support 18. Backing member 14 includes multiple
plenums 32 to distribute process gases to the gas passages 28 and 30 in
the inner electrode member 24 and backing member 14, respectively.
30 [0020] Silicon is a preferred material for plasma exposed surfaces of the
inner electrode member 24 and the outer electrode member 26. High-purity,

single crystal silicon minimizes contamination of substrates during plasma
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5 el ectrode nenber 24 can have a dianeter snmaller than, equal to, or
| ar ger than a wafer to be processed, e.g., up to 12 inches (300 mm
if the pl 6 S/008 of silicon. In a preferred enbodi /Sﬂ$9ﬁ27s
shower hea ectro e assenbly 10 is |arge enough for proceSS|ng 13r ge
substrat es, such as sem conductor wafers having a dianeter of 300 nm
or larger. For 300 mm 10 wafers, the top electrode 12 is at |east 300
mmin dianeter. However, the showerhead el ectrode assenbly can be
sized to process ot her waf er sizes or substrates havi ng . a

non-ci rcul ar P(E%‘Fﬁﬁsbj’@r%‘tq o weges sTopiily dwring plasinaresessib dNereRY . t he
i nner el ectr QgaiB; art?&eé SAM\érﬂgﬂvé RidferdiE it Bah b@td%ea%r ;ﬁ@&ma-

processi ng 300 mn ers, the outer 15 el ectrode nenbe

provi ded to éxpesed smo@smﬁn%mnﬁle@tma bt inslusler $i6oer /’_UBJ focﬁhaamlt 15
(nches 1o abqah7 HRBARsi TR GHbSAnRhEThe SRR TRG A0S ApiREs

cont i nuous g., a continuous
segnent ed5 neiaeking eplage 34iard aibacidn@ rifig %pﬂmheing@omﬂ thegpergphgedof n a

ring configuratj.on, s .se nt,s c osed of con

enbodi nent s bf‘ tpfﬂi,e g q@lﬂéecg'?‘g dimen nﬁ‘ t'”’i“?{ce?'%% (Jz? Bhiber 34 is co-
nul tipl e- Segfé&fénsw@%nﬂf th‘éI ckirRdfateedh &inddhe oLt hBTRIBIRebeF 26 7P| Y
have edges, which overlap each other to protect an underlglng bondi ng

material frofPeRRSINCW the %@nqmn@qkméng AfReHoyever rthadagiRger
24 f bl h d
c4 prefera ?lét@%h%ﬂ%ﬂéﬂc} b%*d?) W%d@%%@bgpﬁ @gcliti nh{ag%g an

In correspondence wt h assages orne
backi ng Aenbeingletbécking plaéecambpe ptsedécssugwtthetionar glpeltedd membsir 2$na

Substr at o susane 288 BhER ity BRBu et oBe o R e rFr 8% i 32
to di stri but engmbere@sagdtirsolter tleetrgas memsisar@dsarddhrefetali( attachdto
i nner el ectrode nenber 24 an% backi ng, nenber, 14, respectively.

30[ 0020] Sil it RATKNG MEMARL ALY 3RPB 'inﬁlm?tSF'a’pl asma exposed surfaces
of the inner (6§ trﬂﬁ’@bﬁ@t{m@bla?é%@%ﬂdtﬂb%kﬁgtrﬁfg 33 §Fet;5r‘éﬂ§aﬁi?rfﬁ§‘de éfa

H gh-purity, 5| ngl e crystal l'icon mnimzes contam nation of
substr at 8 dmatﬁ@alghg@mhemlcally compatible with process gases used for

processing semiconductor substrates in the plasma processing chamber,
and is electrically and thermally conductive. Exemplary suitable materials
that can be used to make the backing member 14 include aluminum,
aluminum alloys, graphite and SiC.

20 [0023] The top electrode 12 can be attached to the backing plate 34 and
backing ring 36 with a suitable thermally and electrically conductive
elastomeric bonding material that accommodates thermal stresses, and
transfers heat and electrical energy between the top electrode 12 and the
backing plate 34 and backing ring 36. The use of elastomers for bonding

25 together surfaces of an electrode assembly is described, for example, in
commonly-owned U.S. Patent No. 6,073,577, which is incorporated herein
by reference in its entirety.

[0024] In a capacitively coupled RF plasma reactor for processing large
substrates such as 300 mm wafers, a secondary ground may also be used in

30 addition to the ground electrode. For example, substrate support 18 can
include a bottom electrode which is supplied RF energy at one or more

frequencies, process gas can be supplied to the interior of the chamber
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processi ng and al so wears snoothly during plasma processing, thereby
mnimzing particles. Alternative materials that can be used for

pl asma- exwag%é%}saces of the top electrode 12 i ncl udggg}gg%oﬁggm%#{)er

for exanple. In the illustrated enbodi nent, the

14 includes a 5 backing plate 34 and a backing ring 36, extending
around the periphery of backing plate 34. In the enbodi nent, the

i nner el ectrode nenber 24 is coextensive with the backing plate 34,

and the outer electrode nenber 26 is co-extensive with the
surroundi ng BHEkghghewerhead eleginsiect2 whigh inagkeungest urrer slectipdee end

beyond the i e Wefa] j
D ate can be ogangrp I ERERSaAY il ttiol clochbadifsaRtiepd
segnent ed ouseppat 88 caodeludarbe el@fricalihgroumded peirgart wobh exermds 24

and the outer el ectrode nenber .26 e ferahly attache t he
backi ng_ membaP aRk A Bt niedht sEESE 2D HABERRA ate 20
and backihg separabil iy & hot eligs by B8Mate cdbeadingBBEsT balbf eleatridatly
chemcally co tible with process gases used for rocesai n

sem conduct ong‘ﬁ-H‘é'f’?é’f &8MigPndyetiva B'%ﬁeef'abw&%‘s’%?‘%‘?@‘ g ,dugﬂg Plasma
el ectrical | ygap&ratiggr mal | y conductive. Exenplary suitable materials

that can be used to nmake the backing nenber 14 include al um num
al um num al | 3025] gragsiienaliyng plisma confineorstt riTa@ssepbbl €teambe 12 can

be attached - gﬁgjé ing i '

sui tabl e theb&a\}ﬁk@ an Ecﬂggfb?%@?iélag%%%@?:ﬂ\?g%gpés osfrﬁgrmé Elc?%mang
mat er i al 10 hatowrforeonend dimgess sehdl 40 asd sessedary grolind carséidris chefirtingnd
el ectrical eper bet.ween the to l.ectrod 2 and.t he cki pl at e
34 and backi Hbe &%ﬁ@agﬁ%em%a%lgcgtpsgeg\g?gh&%op&le%@ﬁgi %ar?%{}_[%’oget her
surfaces of aib&ttA6UPHET 38S ABtileS didegsHidrPEelblaéiDh cdxEABMent fifgs
commonl y-owned U. S. Pat ent . 6,073,577, which is incorporated

herein by refBf SRERQNGHY igf%“’él\?%tqsre@ti?.‘qﬁ CRPESILIVElY @UPIRshRIPEIMGLEFCIOBupI ed
RF plasma reggh B fo@d I QFREBhShssRIT3a 1 8DPhfcH: RiosS HEB485138 MM
waf ers, a secondary ground nay "al so be used in 30addition to the
ground ell®ct odd.2 o botixefiphish aseibstabytircasppiated by sefeeancendVitle a
oLt o el et et et G fFo Mo o s SRR cppe
chanber walls. Thus, confined plasmas provide a level of cleanliness that is not
provided by unconfined plasmas. For example, confinement ring assembly
40 can be composed of quartz. .
20 [0026] FIGS. 2A and 2B are an enlarged views of the region A in FIG. 1
surrounding hot edge ring 38. For control of etch rate uniformity on
substrate 20 and matching the etch rate at the center of the substrate to the
rate at the substrate edge, substrate boundary conditions are preferably
designed for assuring continuity across the substrate in regard to the
25 chemical exposure of the substrate edge, process pressure, and RF field
strength. In the current designs, a hot edge ring 38 has been implemented
to fit around the substrate 20. In order to minimize substrate contamination,
the hot edge ring 38 is manufactured from a material compatible to the wafer
itself. As an example, hot edge ring materials can include silicon, graphite,
30 silicon carbide or the like.
[0027] Hot edge ring 38 overlies coupling ring 42 which is placed on the

outer periphery of substrate support 18. The material for coupling ring 42 is

-7-



t hr ough shower head el ectrode 12 which is a grounded upper el ectrode.
A secondary ground, |ocated outwardly of the bottomelectrode in

substrat ew%'%b%%sz%S can include an electrically gr oun?gfimgﬂ%&?g,z,be

whi ch extends generally in a plane containing the substrate

processed but 5 separated by a hot edge ring 38. Hot edge ring 38 can
be of electrically conductive or sem conductive material which
becones heated during plasma generation. [0025] Additionally, a

pl asma confinenent ring assenbly. can be provi ded, out war dl
backi ng pl at éh%eﬁrhfﬁat%'ngﬁ@g%"nfge‘@étfewg_%ﬁ%ﬁﬁs%f B M ng
assenbly 40 @RALKRCOABARAY [HiBHARY CRBr StdnplB, EQHIN 'ri[rh% 40 €arPbasieiel of

the space | ocated between the top el ectrode 12 ‘an e substrate
support 18. A cgearicl(ed- gueduse dRorAUGHVe statedanf i nement rings and

secondary gr [y EERY l.ed: pl f.Ars can
e found i o LAY, SiftUrrEGRRER idd 5 e L B iy BB 4L AR 'S

6, 744, 2125 bobdmposedibi & bicdectrideraddmiali hod efge asingdobgr 44 beerias cugiring
confined pla there.is little or no contam nation, caysedq by .the
Chanber val | 35 Whizh SoBEFs Platiaia Shalop AB0r AL tsae 2 2B dehess
that is not @émgbgaﬂobqumqrﬁdm%unbaﬁ@mg.hoF@a @Xia?a:beerwrsfglraan@nt
ring assenbly 40 can be conposed of quartz. 20 ?002 ] FIGS., 2A and 2B

are an enl ar §8d COVRES- oflot erge dag eeves 44Prpiagts thesyipHad RYtaRgIoRdtOBdge
ring 38. For aFtQ&f]Byplheoéla%ﬁh Fro"flteﬁah'\@% ?Bfﬁgges ﬁ@g SHPSt4PhRg é%dﬁ'ﬂl%ng

mat ching the etch rate at the cente trate to the rate at
t he subst® at eoeardd carubs cermpesedahauwaniz. coruindi tensiereSpcendeabl y

desi gned for @ﬁﬁég%&gfég%éwity across the substrate in regard to
Xposure o

the 25 cheni & he substrate edge, process pressure, and
RF field streoapg). Asillubteatedin EiG. 2B siopdactive pintS2eaigepinishepve®hdean

Subst r at e coRP AT bHIRRE! RS SBgSN R ITNG HEAE: PR GiVE A &

material compathdHigrd the RP pidf Witagess e elfstrosta BRItKESf Sibktraége ri ng

materials can include silicon, graphite, 30silicon carbide or the

i ke. 15  support 18 during plasma processing, which is used to determine overall
characteristics of the plasma. For example, conductive pin 62 can be
composed of silicon carbide or any conductive material. Pin sleeve 54
surrounds conductive pin 52 and electrically isolates conductive pin 52. For
example, pin sleeve 54 can be composed of quartz.

20 [0030] AQuartz can be used as the material of the interior surfaces of
consumable parts. However, 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 cleanings (MTBC)
for plasma chambers is application specific. Currently, the MTBC for high

25 aspect ratio contact (HARC) applications using the 2300 EXELAN FLEX®
dielectric etch system, manufactured by Lam Research Corporation
(Fremont, California) is dictated by the replacement of a quartz components
at about 250 RF hours. In view of the foregoing, there is a need for high
density plasma processing chambers having consumable parts that are

30 more resistant to erosion and assist in minimizing contamination (e.g.,

particles and metallic impurities) of the wafer surfaces being processed.



[ 0027] Hot edge ring 38 overlies coupling ring 42 which is placed on
the outer periphery of substrate support 18. The material for

coupling r‘bggo g%séz? chosen for tapering the RF field ?Iy?i)%gg‘ﬁ‘@‘”%”t he

edge of the Su B4 e 20 to enhance etch rate uniforni
exanpl e, coupling ring 42 can be nmade of a ceramc (e.g. quartz) or a
conductive material. [0028] Surrounding hot edge ring 38 is hot edge
ring cover 44, which is 5conposed of a dielectric material. Fbt edge
ring cover 44 overlies focus ring 46, which confjnes glas

area above t H803lhRilicarenitrigedias Ragn drmensimiedtp be males Q'zsu'tﬁﬁ‘ﬁtfﬂ'er
surroundi ng hpteRg ?oJésQiQI %ﬂté Sudh Qk' s'ﬁiﬁl%lﬁ[?)‘ﬁeﬂlaﬁlzg ||r|é?§ &dge

ring cover 44 protects th extenS|o fromattack by t
pl asma. For dseumptirgs fnoused"gaiasmag)rowngﬂ,qham@ergr@%ud@%ﬂhfﬂ@ "10 cover

48 can be co rt n 50 can be conposed of

al um num [Ogg)gfrﬁggly"l ?ttr,?’t gg&f(}ﬁ% é)%%gé‘gonductl ve pin gg an g. n

leee\ég g45;:ar[003%21008t161n smd?mmltd‘t{mhcdsmpo?gecanlbg rA8dea indvarimus|wayg. rAang
nducti v nito e as

o ectroatat | dnsthnts. Be S0 Ridie ObE pab prestad Hh rmadTaluiSs apove

processi ng, w*soghcIu%.n@@soweldmbeécmtams@/mgalder@émg?@wm R4 sfiso®f the
pl asma. For exanpl e, conductive pin 52 can osed of silicon

carbi de or arfjtridendveinoot Reassnat surshrte@p@@ﬁ@reézt healplriRBase
conductive p'tFﬁn@?orﬁHggz%é‘BE%l' &ahk.xaf.&f%@q ﬁéngfeﬂﬁaﬁazdoyf%gggi.ﬁeanoﬁ%

exanpl e, pin sleeve can be conposed quartz artz
can be udgéd aiemhdamrteammeatresﬁurehtempetr@mre)an@atplha&waohas:@rai@rmfbh@

ot er al o pr GUHid BRwe et ingi B sticer s el Reds FoBh 3 e
material s andCeGs @rogt/agbgraesmsaWﬂ@ﬁmlemumkm@mrmmrmmgnd possibly
pl asma Chanb%rtﬁerl r?:xré:i gall'th %Q}dle(s)n T?lgeéi(%anstflcatlcgf\llJ cr:ar\r? Qe carnet ey Is\{lr]; ecr:mfgOr hi gh
processes such as pressureless sintering, hot pressing, hot isostatic
15  pressing (HIP-ing) or gas pressure sintering. Compared to hot isostatically
pressed silicon nitride, the gas pressure sintered material may exhibit a
coarser structure with high aspect ratio grains whereas the pressed material
may have a finer, more equiaxed structure. The gas pressure sintering may
be conducted using nitrogen gas pressures up to 2 MPa wherein the
20 nitrogen gas suppresses the thermal decomposition of silicon nitride and
allows higher sintering temperatures to be used for densification. Hot
pressed silicon nitride can be formed by the application of heat and uniaxial
pressure in graphite induction heated dies to temperatures in the range of
1650°C to 1850°C for 1 to 4 hours under an applied pressure of 15 to 30
25 MPa. Another technique involves firing a shaped component of silicon
nitride at 1700°C to 1800°C under a nitrogen atmosphere at 0.1 MPa.
Another technigue involves adding additives such as MgO or Y,03 to
silicon, prior to its shaping and followed by nitridation in a temperature range
of between about 1100°C and about 1450°C under a nitrogen atmosphere.
30 Although metallic oxide sintering aids (e.g. MgO) facilitate the formation of
dense silicon nitride components, they can potentially introduce



25 aspect ratio contact (HARC) applications using the 2300 EXELAN
FLEX(r) dielectric etch system manufactured by Lam Research

Cor porati %%QJEE oont, California) is dictated by the re /ﬁgz%ﬂg?(mn?f a

gquartz co hents ™ at about 250 RF hours. In view of the toregoilng,
there is a need for high density plasm processing chanbers having
consumabl e parts that are 30nore resistant to erosion and assist in
mnimzing contamnation (e.qg., particles and netallic inpurities) of
t he waf er surfaces being processed. ”&0031{ Silicon nitride_has been
denonst r at ed upacesptakie Vel ofsnetallis ontypingliar R the sLEacs Aigsilicon

conponents, %@S%riggzé%n%b}&gﬁgggépl ates, liners, and focus rings

for use in plasm pro 51 ng” cha , as described in comonl y- owned
U.S. Patent (@033, S9BoBMirids cpopeppnBformed by behprsissingd eoeginpithabey

can be made i,n, vari . 4 j4d W Hdexean b
hot pressed Atw?@#p(gﬂgét}?%@eg'ggég’ %&%%%g%%eﬁgﬁgsépdcg\%%g#hgtFli:ont ai nse
a hi gh pes cedichgeriottchlnghsystarh ite dateninine slafacBuoonogninatiorpofessiong  at
such tenperatureﬁ, t he arléﬁga Bhase transforns to the . |
bet a- mod! 1 o HSIDIE SHASTIRATF GRAGPPSMeaceRsg- TR MaRriakwagfuly
dependent ondbh§e BRE W4 Srodl QDS @lbﬂﬂﬁg&ﬁé'_h@ﬁ%lﬂlt?_@ﬁgﬂﬁim&%ré lithM @

e

the starting powlers. Sintering aids for silicon nitride can include
MyO, Y203, Ceotainingoomppnds, fiowesoahelRresHne @RI HE Hefaitnet or
YAQ) and DoselibdraRlBELLbA T66HC NARY! KiSreddify ALY WA GRinge
carried by sintering processes such as pressureless sintering, hot
pr essi ng0 hofronsihethatt ipressepridasisrand elefédtpr the elghingehasgheraise.

cas pr cosur o 1T o lebfrdite PAPO FRFIEM FEER® FREEdrE sl iR e T
hi gh aspect Erﬂiltjdbdgﬁwjmin‘ghﬁé eiiso hitrighs esimpdnartt evithadboutyl weight %
finer, nore eqguiaxed structure. Th S pressure s\j nterjn

Joeaba 50

, b
conduct ed usiMP 7 8 PRFEIA §RYIPIRY d1oprsPaiafm AptaT “_ir}n the

20ni trogen gaseRlpnhesirSeléhenisii Rl suiReepasiicoprvatbr. SAlHISH
nitride and allows higher sintering tenperatures to be used for

densi f i c&bi omhotasesigrapatedisiicon weferiasrposearo pdigroasrart figtia gentact
e e o PARE IO, AR BT SAAR R AR ARG TPs <,
hours under gasappiuredf phagsIOOSCEMLERaalRlit 36 IFCMADFtsradbout 886ini que
Involves fir IS'@CI\?I a—%ﬂg%%oﬁ?%% (ﬁlat')%ultif(%b SCCM Ar was delivered to
the process chamber with a chamber pressure of about 35 mTorr and about
20 40 mTorr. Between about 5,000 Watts and about 6,000 Watts of RF power
was applied to generate a plasma with the C4Fg/C4Fs/CH2F2/O2/Ar process
gas. After completion, the test wafer was removed and a waferless
autoclean (WAC) chamber cleaning recipe was performed for about 30
seconds. For a WAC cleaning recipe, about 300 SCCM N, and about 3,000
25 SCCM O, were delivered to the process chamber with a chamber pressure
of about 600 mTorr. About 700 Watts of RF power was applied to generate
a plasma with the No/O; process gases to remove polymer deposits from the
interior of the processing chamber. This sequence of the HARC etching
recipe followed by a WAC recipe was repeated until the silicon nitride
30 components were exposed to plasma énvironment for about 50 hours. The
HARC etching recipe and the WAC chamber cleaning recipe were selected
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nitride at 1700C to 1800C under a nitrogen atnosphere at 0.1 Mra.
Anot her techni que involves adding additives such as MgO or Y203 to
silicon, s shaping and followed by nitridati i

t enper at uﬁgb?@aégszké bet ween about 1100C and about 1458g?/l9§§)g$701§173
ni trogen atnosphere. 30Al though netallic oxide sintering aids (e.qg.
MO facilitate the formation of dense silicon nitride conponents,
they can potentially introduce wunacceptable levels of nmetallic
contam nation on the surface of silicon wafers durin | asma
processi ng. PGQ@‘?HQ Biarizcis FURCERtiR I RRpoRadST frﬁsﬁéﬁgfﬁga PERCESEESsi ng,
cont ai ni ng aEﬁ%& yeight % MyO sintering aid, were installed in a
2300 EXELAN r) ‘5dielectric etching systemto determ ne surface
concentrat i otDQﬂS]vaAﬁtembe isicah |nntudeoomanhmtm/@s expasedgp abeut 50 RF

processi ng. Eh'? in qr |%|a n l A 3\@30 W%ﬁﬁgnqgstwaf L
bl endi ng the Rngh RiETyaS W e con al ning conp

foll owed Hy heils smnbmm@) pllsmafmhd:éss;rty wngithet ldkﬂé)atbhmgsrealbe\fer
1600C. After E ressing, r’rPonents wer. e & tfrhomthe q
oressed bl anREOURIMINISROATERPISTIE RIPERTIE ARG HidRcq ebhe Stsawater
Testing in aw%msgmm,ﬁk@mm a8itgHRIG ) taﬁd@:h@tyza@bwﬁd@wewou R
subjecting the silicon nitride corgg%nents w t h about i ght % MygO

to a plasma elsMmMIsHEPeeFossay(] Mﬁ)d@fssmr@nééﬂfé@ﬁ'ﬁrh?fn‘@”wé

| evel s of ne e Maed er.

bl ank 15 pho%ﬁétéelglgg %ﬁﬁ%@sgﬂoﬁ%ﬁ%fﬁ? ﬁsusgggégstgggtn 0o a hi gh
aspect r&di ocomﬂrﬂ[atno(m leAR@)iowes oleitallic cadaminants foalacilanic3G0 mmedicorFor a

Soom CiFel abBHC R ebE s Al e S contat %P BuA° SRR

was del i ver eémb@n hhﬁd@bgmaombaﬁ&etrwm & MgO eimterirey aigy essur e of about

35 nilorr and ab
36] As described above, the contamination levels for metallic elements

on the surface of a silicon wafer, with the exception of aluminum, is ideally 5

15  x 10'"° atoms/cm? or lower. As can be seen in FIG. 3, the surface
contamination of magnesium exceeded 100 x 10" atoms/cm?. Thus, for
certain applications, the use of silicon nitride components with 1 weight %
MgO sintering aid can produce less than completely satisfactory results, due
to higher levels of magnesium and other contamination of the surface of a

20  silicon wafer.

[0037] One approach to reducing the metallic contamination on the surface
of a silicon wafer is use a sintering aids free of intentional additions of
aluminum, barium, calcium, cerium, chromium, copper, gallium, indium, iron,
lithium, magnesium, nickel, potassium, sodium, strontium, tin, titanium,

25 vanadium, yttrium, zinc or zirconium. It has been determined that a high
purity silicon nitride based plasma processing components containing high
purity silicon dioxide as a sintering aid results in a reduction in contamination
levels for metallic elements on the surface of a silicon wafer.

[0038] Silicon nitride components formed by hot isostatic pressing,

30 containing 10 weight % silicon dioxide sintering aid, were installed in an

2300 EXELAN FLEX® dielectric etching system to determine surface

concentration of various metallic contaminants after plasma processing. The
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20 40 mlorr. Between about 5,000 Watts and about 6,000 Watts of RF
power was applied to generate a plasma wth the CA4F5/ CAF6/ CH2F2/ 02/ Ar

process ¢ conpletion, the test wafer was reno
waf er | ess%g%%@%f)‘isgﬁ (WAG) chanber cleaning reci pe was iégflpgiraﬁ%@ngr

about 30 seconds. For a WAG cl eani ng reci pe, about 300 SCCM N2 and
about 3,000 25 SCCM 02 were delivered to the process chanber with a
chanber pressure of about 600 mflorr. About 700 Watts of RF power was

applied to generate a plasma with the N2/ 02 process gases to renove
pol ymer depoRiGC§S$ stemstiae aPHP%tFIQO"Pe@F“CPHé"tﬁg%éewoﬁ@%w&hb@rble'ﬂﬁ’%
sequence of hoj iERI L : i :
Fepeated unt L Do B L B O S P foiant
pl asma envi r ¥nwéRight piritesibioen 8Pxideupavdertie apakohel solvant; (2vaporaiitg

t he WAG cha r i i . . .

2009/ 058235P /T@%@%@%B@%Eﬁ@%@%@&?&ﬁg?’ 05 C8aINeHNE PPYIET osi on
under these plbdsresing dieases angd sabjediitd thesmixed@dwler A6 Lalaxidhenspilelssiag
nitride conmponent .was exposed oyt 50 RF haurs _in | a

envi ronment | SECA el acsts 967 Hateesn ebom B Mramnd g TR0 Mpa,
subj ected t Ot@ﬂoﬂﬁ@?r@éﬁ%ﬁ§'dﬁ§f&ﬁh 01%. Witirdd \EErafii€ Bbag); bREI@endtor
about 5 mnutes. After plasSma processing, the surface of the silicon

waf er was rii98@tigipressiig (iB-ingt thePradern eHAEBYPeriad.ramd bpiuermgbout
concent r at | on o Goand gAGITHIOBRC. 1 BR SepRed pRicsi< Bfebn o 7 1%,
i I'1ustratles andabautfzeMPactondetween aboutdil miuteato atendiRDeninutes
ctchi ng syst SNC A AT S A RR e BBsed of 11 con i tri dobased
conponent Wi [0038] MiPusiaxizt dhnpredkig dr@oRbkofiaticl passine theabeovsity dflige
contam nati Oarelegvb%l@ Jrg-rfor%e%sarkcl) ie%s%lwfnnl?g"%sof the theoretical density. After hot
isostatic pressing, the silicon nitride components were determined to have a
15 density of about 95% or more of the theoretical density, based on optical
microstructure, in which the silicon nitride component was free of pores.
The silicon nitride components containing the silicon dioxide sintering aid
have a total metallic contamination of below 5000 ppm, preferably below
1000 ppm, and most preferably below 100 ppm. The metallic contamination
20 includes barium, calcium, cerium, chromium, copper, gallium, indium, iron,
lithium, magnesium, nickel, potassium, sodium, strontium, tin, titanium,
vanadium, yttrium, zinc and zirconium.
[0040] As described previously, testing in a 2300 EXELAN FLEX®
dielectric etching system included subjecting the silicon nitride components
25 with 10 weight % silicon dioxide sintering aid to a plasma environment for
about 50 hours before determining the levels of metallic elements on the
surface of a silicon wafer. A blank photoresist coated silicon wafer was
exposed to a high aspect ratio contact (HARC) etching recipe for about 5
minutes. After completion, the test wafer was removed and a waferless
30 autoclean (WAC) chamber cleaning recipe was performed for about 30
seconds. This sequence was repeated until the silicon nitride components

were exposed to plasma environment for about 50 hours.
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on the surface of a silicon wafer, with the exception of alum num is
ideally 5 15 x 1010 atons/cn2 or lower. As can be seen in FIG 3, the

surface cqQpgafbpahion of nagnesi um exceeded 100 x 1010 paf R8%Ro&6%173
Thus, for certain appl i cations, the use of silicon nitride conponents

with 1 weight % MO sintering aid can produce | ess than conpletely
satisfactory results, due to higher |evels of magnesi um and ot her
contam nation of the surface of a 20silicon wafer. [0037] One

h t tall t th 4
Pl oo ol OAT, e M Tra Pros P @otid wbftse O sl Rt ey e
of al um num m}nardnuw mt‘rﬁb' é‘dl&l(HiN@@fahdfanIPEéUTby'mdu@m?bougéb|pla§ﬁha

ni cke pOt assi um sodi u

indium iron, lithium nmagnesiu
strontium tmaSStspsaiﬁompyzmh/?d) f@ﬁﬁusmermnﬁenhramn @?vaﬂ%dnﬁ@mc | t
has been det EBﬁ?aHﬁrﬁiaﬂtg'gétoﬁls:iﬁrﬁﬁ %&:é oh IﬁIF’IGCQntthStUHagg BRcRtnicHEoR

processi ng conponents nt a purity silicon dioxide as a
si nteri ngd ai thagessiutswas b&lqveﬂuc‘t() 8atqms/cmﬁt Additianalhn altboegls caloium,

e b oo R AR BT Bl b 3 2 B cork B
wei ght % si | treoleveli sixhekse Bietﬁl@WaBg)ewﬂlabwerQxnef"adtbmi/om? dn 2300
concent r at oRoBPaas fisussils &1 TIE £336 b sEippR Aiisa caibonents
processi ng. EB@m.%g;(f@%%@k@ﬂ%ﬁ:% aquhbt/@atfbm srghﬁ.céh{ ahWBVé’rhbh! Sleer
conponent are: | endi ng 90 parts of high purity

silicon ft rBdi@Ofpmm& prﬁnqwsﬁﬁﬂta&nlog\él/gmo%) of high purity
silicon di oXjgifhOv&ifitord Mtrfde &SR-S niidiby KebisHAROERLLRY

containing a SiO, sintering aid also exhibited superior wear resistance
properties during exposure to a fluorocarbon/hydrofluorocarbon and
oxygen/nitrogen plasma in comparison to their quartz counterparts.

15  Furthermore, it was determined that silicon nitride containing about 10
weight % SiO; sintering aid exhibited the lowest wear rate. Silicon nitride-
based components (e.g., pin sleeves) containing about 5 weight %, about 10
weight %, about 20 weight % and about 35 weight % SiO; sintering aid were
formed by glass encapsulated hot isostatic pressing. After diamond

20 grinding, the material to close tolerances and after cleaning, each
component was individually placed in a 2300 EXELAN FLEX® dielectric
etching system and exposed to alternating HARC etching recipe for about 5
minutes followed by a WAC recipe for about 30 seconds, until the total
plasma exposure was about 18 RF hours. During testing, the pin sleeve

25 component was subjected to ion bombardment and/or ionized halogen gas.
Wear rate of the pin sleeve was determined by measuring the change in the
dimension in the y-direction, as indicated in FIG. 5A. The pin sleeve is
replaced when its height has been worn to 50% of the height of a new pin
sleeve, as indicated in FIG. 5A. In one embodiment, the height of the pin

30 sleeve can range between about 5 mm to about 15 mm.

[0043] Asillustrated in FIG. 5B, silicon nitride pin sleeve components
containing between about 5 weight % to about 20 weight % SiO, provided
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t he al cohol solvent to forma dry powder m xture; (3) |oading the
powder 5mi xture in a die set and subjecting the m xed power to

uni axi al  qfyR6RSS4Ng or cold isostatic pressing (Cl P) e @gﬁ,@goﬁp,gut
100 MPa and about 120 MPa, to forma green body pre-form

unfired ceram c body); and (4) hot isostatic pressing (H P-ing) the
pre-format a tenperature of between about 1750C and about 1900C at
an applied pressure between about 175 MPa 10 and about 225 MPa, for
bet ween about 60 m nutes to ouﬁ 120 m nut.es in a Ebass/ h
encapsul at i oﬁ“‘?@&ﬁ‘?x?"’&ééfat%’%@? pl??'“uﬁnP%&ea?‘”Qr %abﬁ“ M/ REfogr-

i sostatic pregad@onipopedRnEeL M00% Si@z? @Rﬁ@ﬂe@ﬂfé’h@héstf\@ééﬂrbﬁe &o | ess
than 45% of the theoretical densit After hot isostatic pressin

the silicon ﬁbwtlwr@ﬁ%bﬁéht'éowev@ giieen ﬁﬂrmcqmpﬁmsgonf?'mwégw
of about 95% @Qvé@’ft@/ %ﬂg&_ Qﬁuﬁﬂ@tﬁ’éﬂebgﬁé tvgc?gﬁ& W¥creada gl wedr PRE! @l
m crostructure, | Icon nitride conponent was ree of
pores. THe saboWdhumiRF hder. c by eplasing aniadtz wongumhblesidnipanentl with de

o of or ably belie Gidis SifleotRihS B bAMEA ARl BB b ™
metal lic conrzamd‘gﬁti%m;nz@'(mgl beegedraabaund weighi Unand aboutm2 waighttom
CoRPrs I ohbes ST h s TOgR B A e B
zirconium [ Q'Qﬁ‘é’}ha?\sdélﬂﬂ@fﬁeblﬂ‘étlrﬂé%ﬁnﬁ’%b%ZS@RF'H&gré b Betd38R dp8ELAN

FLEX(r) dielectric etching systemincluded subjecting the silicon
nitride Hbrrp@ﬂ@eﬁ'zsh%s\ﬁﬂﬂwb@gt MIOGHRF Bpdist i con di oxi de sintering aid

to a plasm ? mtﬁe%r%cﬁ)(?ﬁg]hggbg Béscgﬁ)feﬂrlﬁ Rl FBerl%nEg‘?o
| evel s of neta enent s tthe surface of a sillcon wa
bl ank phot or ep;ecsfuc ernbodummtsk therveofnd velt bevagparepd tedne ekilledhingtheasbibat

ol es Lo Valoisatiengss andtnddfidtEos hanfe ark: Bhf sobvaynis fereefan

(WAC) chanbeemplagadi wihé@dapartivasirarethe sossk btheamlitis. 30 seconds.
This sequence was repeated until the silicon nitride conponents were

exposed to plasma environnment for about 50 hours. [0041] After

pl asma processing, the surface of the silicon wafer was rinsed with
dilute nitric acid (HNG3) and anal yzed by inductively coupled pl asma
mass spectroscopy (I CP-MS) for surface concentration of various
nmetallic contam nants (atons/cnR). As seen in FIG 4, the surface
cont am nati on of
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5 magnesi um was below 5 x 1010 atons/cnR. Additionally, although
calcium Ilithiumand sodi um exceeded the 5 x 1010 at ons/cn®

contam nation |level, the level of these netals was bel ow about 22 x
101 atons/cn2. In conparing the results of FIG 3 and FIG 4, the
silicon nitride conmponents containing 10% Si 02 sintering aid provide
for a significant inprovenment over 10silicon nitride conponents
containing 1% MgO. [0042] Silicon ni& iide conponents forned by hot

i sostatic pressing containing a Si02 ering aid al so exhibited
superi or ar resistance.properties durin xposure to

f 1 uor ocar bon/ dP8§‘P§o?§H§?%%%”%r{He%@<35%%%’&?‘9’5%’3&&3%%8% plasma etch
conparison to their quartz counterparts. 15Furthernore, it was

det er mi neeNaMRA" aid qf%mpq{iqqrtisg\get% &PHIPNG'™bout 10 wei ght % Si 02
sintering aid exhibited the | owest wear rate. Silicon nitride-based
conponent s ( e.Rjasmaieiching sasizordipter slibsiratgsogne Btveitigia infhe shambero
wei ght % about 20 wei ght % and about 35 weight % Si 02 sintering aid
wer e for nehildywsiyigsd leastapsal sintatethosilidao sitedé ccqmpersnt gexpaisedr to ion
di anond 20grinding, the material to close tolerances and after

cl eani ng, b@abArdetentoaadior Wishizeadi haloyer | yag)! deedsilicora B EShipdNent
FLEX(r) dielectric etching system and exposed to alternati ng HARC

et ching r&s{spRing06f BENEenSabbUsE weight! anaad iboat \WECweRbt P% High pisgpt
30 seconds, until the total plasnma exposure was about 18 RF hours.
During tegl : ' g%n@q- Y [=ToaT=1e ) i
bonbar dmﬂ@éﬁrg}rﬁé‘f‘arﬂi @etﬁ)&%ﬁ‘ﬁﬁgégﬁgé . % IQF ngrt.’g)tu ZEQW% /f)itsﬁtglmegee\a/lg'

or 1onize

det i ing the. ji: i [ inth
i r oot B8 erg ARG sl g BRI siBod BREelEle 1o 1 epl aced when
| ndi cat ad i n- PYeEreng RoRERERiah RERE, SRS HIY AT B g SiGold™
sl eeve can range between about 5 mmtqg about 15 nm [0043] As
i |1 ust r atisastafic pressinggollewed by hohisepiale PHSFINg-eeve conponent s

cont ai ni ng between about 5 weight %to about 20 wei ght % Si 02
provi ded

2. The method of Claim 1, further comprising replacing a quartz component
with the sintered silicon nitride component prior to plasma etching the

semiconductor substrates.
3. The method of Claim 1, further comprising replacing a silicon nitride
component with the sintered silicon nitride component prior to plasma etching the

semiconductor substrates.

4. The method of Claim 1, wherein the component is at least one of a pin

sleeve, confinement ring, hot edge ring cover or ground cover ring.
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i nproved wear rate during plasnma processing, below about 8 pm RF
hour. Quartz conponents (i.e., 100% Si 02) exhi bited the highest wear
rate at about 13 pml RF hour. However, silicon nitride conponents
cont ai ni ng about 10 weight % Si 02 exhibited at |east a two-fold
decrease in wear rate, at 5 about 6 pm RF hour. Thus, replacing
quartz consunable conponents mﬁth silicon nitride conponents

bet woen dhout HeBGRE of BT, outrfét%ﬂttgﬁs Eg'a)%oﬁtﬁ’ﬁwgeﬁora%tﬁs gl

wei ght %and about 11 wei ght about 10 can n dou

the |ifetQREBINGSol} FbBigtecH! "p@ie%uwgmgof E/?% a@ﬂf{z& EM‘S @eonﬁﬁatbms
and about 1,000 RF hours. [0044] While the f oregoi ng has been

descri becetehinggeai | with reference to specific enbodi nents thereof,

it wll be apparent to one skilled in the art that various changes
and nodifications may be nade, and equival ents thereof enployed,

W t hout departing fromthe scope of the clainms. Caim 1. A nethod

of i ncreagi ng TreamethodtoflEibine @ nwhleesinshehigh mirap shicen aliridgd anb e algh
chanber parts lifetimes, conprising: pl asma et chi ng

seri condugjry eGP HIoRIRSHhARSa Hetalié iTBurit) of BENGRATDEn0 phinito 5080l

| east one sintered silicon nitride conponent exposed to ion

bonbar d /

CSns?Lt."Bf‘ng&wo?%mg%%ﬁﬁ?@@t%ﬂﬂé?s 000 B, e AL 't%."gﬂ?"*?tﬂﬂ“%@. il
t | b 0/0

\R/glrlgh%/ Os/cl)sqlr'rrq‘?'gr ﬁ dzﬁ‘j’d C%Bﬂg] g%"%ﬁﬂt"ﬁ é{;cfp(?%émﬁsaq |ng of hi g(ﬁ‘t pur|

silicon dioxide n the conp has,.been subjected to

i 2 | TERGRSSUN. dhickey PaEsufa: (ORe HRGUHEY B%S'twumotvanad'um

i sostatic glr essi ng 2.. The net hod of CI a| m 1 further conprisin

repl aci ng/t uquawcz apd ravsaBiM;vinch thengllisom néFide  comnogsat hes ra eenS'% of

conponent prior to plasma etching the sem conductor substrates.
about 95% or more of the theoretical density and/or is free of porosity.

7. The method of Claim 1, wherein the mean time between cleans is between
about 800 RF hours and about 1,000 RF hours during etching a dielectric

material.

8. The method of Claim 1, further comprising:
removing the semiconductor substrate from the plasma etch chamber; and
plasma cleaning an interior of the plasma etch chamber, wherein the
plasma cleaning comprises generating a plasma with oxygen and/or nitrogen
gases to remove polymer deposits from the interior of the plasma etch chamber
and the plasma cleaning is performed after etching one substrate and before

etching of another substrate.
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3. The method of Claim1, further conprising replacing a silicon
nitride conmponent with the sintered silicon nitride conmponent prior
to plasma etching the sem conductor substrates. 4. The nethod of
Claim 1, wherein the conponent is at |east one of a pin sleeve,
confinement ring, hot edge ring cover or ground cover ring. 5. The
met hod of Claim1l1, wherein the plasma etching conprises etching
openings in a dielectric material using fluorocarbon and/ or

hydr of | uor ocar bon etching gas. 6. The method of Caim1l, wherein the
hi gh puriiy ﬁ;f{ifon nitride anﬁi the high.purity silicon dioxide have
a netal | it i npuPEEPeH OB NELRABO8 rf%n%OOO ppm between 100 ppm
to 1000 ppm or bel ow 100 ppm_ the netallic inpurity jncludes, barjum
cal cium ceri BmSUBSIFR Weﬁé‘ﬂ'péPPp@ﬁPQi%rﬁUbg&ﬁtieu thin: gR, inf§rioR; ‘?]Jr’rflf‘e
magnesi um nickel, potassium sodium strontium tin, titanium

vanadi umproeessingh¢hamper; and zirconium and the silicon nitride
conponent has a density of about 95% or nore of the theoretical

densi ty and/ ora sintdred esiliwonputrislei component Hazingeah@dposedCisaifacd adjacent
wherein the nean tine between cleans is between about 800 RF hours
and aboutthd, @BtrE¥e, Whersindihel dgmpdedrtngndistd ef detween Bbbetr Balweigltt %
The nmethod of Claiml, further conprising: renoving the sem conductor

subst rat exrid apRtTE WerRhEB, BidHpGitgEARGN itide and betRledRMbOEL BaRéiGEt 4N
interior of the plasma etch chanber, wherein the plasma cleaning

conprise tHMQ | @S ; M
Femove pol et fead ol ARG Wil PG S iSRRG, STER kB
and the p"ﬂ(}%ﬁgdié#igém ng is performed after etching one substrate and

before et not her substrate. 9. A plasma processi ng chanber

conpri si ng: a sybstrate hol der for ti bstrate .
W LRI N an i nt 968 SHPRINSURPIRE Brogrssndrmap. the mteitbraof fhe ayrdeessing

silicon nitride conmponent having an exposed surface adjacent the

subst r at cha@Ra"edRd t he conponent consists of between about 80 wei ght

% and about 95 weight % high purity silicon nitride and between about

5 wei ght % andaraleoargy2eowsegsupplying renargyngntai the interieyi af dhe myoegssing

consisting of high purity silicon dioxide; a gas supply

suppl yi ngchantmer sshdgasergizinidhthe poees® gasfintbhee plasote staiten fpratracdssing Hred
substrate, wherein the component minimizes metallic contamination on a surface
of the substrate to below 100 x 10'° atoms/cm? during processing by the plasma;

wherein the component has been subjected to uniaxial pressing or cold

isostatic pressing followed by hot isostatic pressing.

10. The plasma processing chamber of Claim 9, wherein the component
minimizes metallic contamination on the surface of the substrate to below 50 x
10"° atoms/cm? during processing by the plasma; and the component consists of
between about 80 weight % and about 93 weight % high purity silicon nitride and

between about 7 weight % and about 20 weight % sintering aid.

-17-



an energy source supplying energy into the interior of the processing
chanber and energizing the process gas into a plasm state for
processi ng the substrate, wherein the conponent mnimzes netallic
contam nation on a surface of the substrate to bel ow 100 x 1010
atons/cn? during processing by the plasns; wherein the
conponent has been subjected to uniaxial pressing or cold isostatic
pressing followed by hot isostatic pressing. 10. The pl asna
processing chanber of Caim9, wherein the component nininzes

netal |ic tiont aenpldstia Protdisirgchas®epfoft CRiMUDS WHYréint theb ebiohBni
1010 atomns/cn® during processing by the plasns; and t he conponent

consi st s fhiriRbYaRGtafie BHntARINYRLY U Head\dfRROM thd3Mehal o"/batoqhm X

purity silicon nitride and between about 7 weight % and about

wei ght % gj1m a I cessing chamber of CI aim
9, wher EIﬁj th@rﬁ%&noﬁgﬂ? nF?ngggbgtﬁégﬁsmé)cont am nation on the
surface of the substrate to bel ow 10 x 1010 atons/cnR during

processi ng by the plasma. 12. The plasma processing chanber of O aim
9, wherei onent mnimze tallic contam nation on the
surface o 2[ Preeesskido fnam e'.’L(?IO8 "Bey ¢HREre0r fhieg component
processing by t he pI asma. 13. The processing chanber of Claim9,

wher ei n tRgiMiEeaMetellie saptaminatiangn P”t@o‘-’r%"@é@ #he swhstiade ta belpwdex 101
chromi um cop gallium indium iron, |ithium nagnesium nickel,
pot assi umtom@&mdurmrmncémg by the plasmai um vanadi um yttrium zinc
and zirconium 14. The processing chanber of Claim9, wherein the
process gas conprises fluorocarbons and/or hydro fluorocarbons. 15.
A nmet hod of reducing netallic contam nation on a surface of a silicon

substrat ergdur iThg ploaes®ing cherbEr ', Clalhe 9TBIHSEin0otheC BRI cHBtamination
placing a silicon substrate on a substrate support in a reaction

chanber Qficiaded a&amnprea%m NGeARRAT HrbHi dJntlh%O@ gg?“rgcqﬁéuhﬁﬂ iron,

apparatus including at [east’ one sintere e conpodnent’,

% and LLS‘“?“@s”ma%ﬁﬁﬂi}?ﬁ R ool 5. 1

about 5 V@{g Z% and about 20 wei ght %SI ntering aid, the sintering
ai d consiVYFHY 2B HIAAERIMYy silicon dioxide; introducing a process
gas into the reaction chanber;

14.  The processing chamber of Claim 9, wherein the process gas comprises

fluorocarbons and/or hydro fluorocarbons.

15. A method of reducing metallic contamination on a surface of a silicon
substrate during plasma processing, the method of comprising:

placing a silicon substrate on a substrate support in a reaction chamber of
a plasma processing apparatus, the plasma processing apparatus including at
least one sintered silicon nitride component, the silicon nitride components

consisting of between about 80 weight % and about 95 weight % high purity
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generating a plasma fromthe process gas; and processing the silicon
substrate wth the plasma; wherein the conponent has been

subj ected to uniaxial pressing or cold isostatic pressing followed by
hot isostatic pressing. 16. The nethod of C aim 15, wherein the
process gas conprises fluorocarbons and/or hydro fluorocarbons. 17.
The nethod of C aim 15, wherein the conponent is at | east one of a

pi n sl eevdljconarifrideemeltietwieagn abbat 5 eddight % agdaboat 20 weight Yh dinterirey aid,
ring. 18. The nmethod of C aim 15, wherein the silicon substrate has

a metal sHefspnerigpaesvnsRtihgof Bighl RiRy tiesh algide; 5 x 1010 at ons/ cn?
after processing the silicon substrate with the pI asma. 19. The

met hod of O aijp r%&;ﬁ ,qugrp 3%33%3%%6 r?&dtﬁﬁ%aﬁﬂ{érum cal ci um

cerium copper, iron um magnesi um nickel,

pot assium so tr adium yttrium zinc
or zirconium ddeq}r&ﬂ% gghf%gfﬁémq?%éa&%gg%ﬁ@;turi ng a plasma etch
chanber proceSS| n rr@onsgl ? %r?ﬁ'?h on bonbardrrent and/ or pl asna
erosion in a d'ds f stra m xi ng a powder

conposi tion consisting of bet ween about 80 wei % and about 95

wei ght % hi gh "ﬂﬂﬁfﬁwt@i coreBaANeft '?@%jéeﬁ'hcﬁuﬁlﬁ‘f\f:ﬁégf@ Hpisxtal Progsinher gekhd
about 20 weight %silicon dioxide; form ng a shaped conponent from

t he powdesoiatippesissingrfollewed by hot isoglatisipreasing. t he shaped conponent
with a sinmultaneous application of heat and pressure;

16. The method of Claim 15, wherein the process gas comprises

fluorocarbons and/or hydro fluorocarbons.

17.  The method of Claim 15, wherein the component is at least one of a pin

sleeve, confinement ring, hot edge ring cover or ground cover ring.

18.  The method of Claim 15, wherein the silicon substrate has a metal surface
concentration of less than about 5 x 10" atoms/cm? after processing the silicon

substrate with the plasma.
19. The method of Claim 18, wherein the metal includes barium, calcium,

cerium, copper, gallium, indium, iron, lithium, magnesium, nickel, potassium,

sodium, strontium, tin, titanium, vanadium, yttrium, zinc or zirconium.
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subj ecting the powder m xture to uniaxial pressing or cold isostatic
pressing to forma green body pre-formand hot isostatic pressing the
green body pre-form 22. A nmethod of manufacturing a plasma etch
chanber processi ng conponent exposed to ion bonbardnment and/ or plasna
erosion in a plasma etch chanber, conprising: m xi ng a powder
conposition consisting of between about 80 wei ght % and about 95

wei ght %20.gh The miethcel ofi Claim bt wheeeimprbdessiwgdhe alticon stbsteatgtcluddst
and about 20 weight %silicon dioxide; bl endi ng t he high
purity sidttising. nitride and the high purity silicon dioxide in an

al cohol sol vent; and evaporating the al cohol solvent to forma dry
powder m xture; wherein form ng the shaped conponent further
conprises: loading the dry powder mxture in a die set; and

subj ect i t he, po ] i axj al i i tat]
orossi ng 2k a SHEAEE o ehifefubfe LhBtrRioB AR PSSR s RbabtE
forma green b .pre-for and wherein densifying th haped
Comonent SOSRY (4T PRTERBSsnor PleiPor OB B PIA P EBAaber
further conprises: hot isostatic pressing the green body
pre-for m MR -ass encapsul ation at a tenperature of between about
1750C and about 1900C, at a pressure between about 175 MPa and about
225 MPa for betikies aapowdesoompasitien cansisting of bebeen mboek80 vweEghtTHe
nmet hod of C aim 22, wherein the green body pre-formhas a m ni num
density odndiaBowifod tveighhé6high padity dilitentnjtride2ahd Betpleaarebopt Soesighin®
conponent conpri sing:
and about 20 weight % silicon dioxide;
forming a shaped component from the powder composition; and
densifying the shaped component with a simultaneous application of heat
and pressure;
subjecting the powder mixture to uniaxial pressing or cold isostatic
pressing to form a green body pre-form and hot isostatic pressing the green body

pre-form.

22. A method of manufacturing a plasma etch chamber processing component
exposed to ion bombardment and/or plasma erosion in a plasma etch chamber,
comprising:

mixing a powder composition consisting of between about 80 weight %
and about 95 weight % high purity silicon nitride and between about 5 weight %

and about 20 weight % silicon dioxide;
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a sintered silicon nitride conmponent, wherein the conponent consists
of between about 80 wei ght % and about 95 weight % high purity
silicon nitride and between about 5 wei ght % and about 20 wei ght %
sintering aid, the sintering aid consisting of high purity silicon
di oxi dei wherein the conponent has been subjected to uniaxial
pressing or cold isostatic pressing foll owed by hot isostatic
pressing. 25. Phendimg tredhigh gUridy siliddn nithide end tihd dighopgaiipailicon gliedide in
| east one of a pin sleeve, confinement ring, hot edge ring cover or
ground coyfslcéhdlGolvent; and
evaporating the alcohol solvent to form a dry powder mixture;
wherein forming the shaped component further comprises:
loading the dry powder mixture in a die set; and
subjecting the powder mixture to uniaxial pressing or cold isostatic
pressing at a pressure of between about 100 MPa and about 120 MPa to form a
green body pre-form; and
wherein densifying the shaped component with the simultaneous
application of heat and pressure further comprises:
hot isostatic pressing the green body pre-form using glass encapsulation at
a temperature of between about 1750°C and about 1900°C, at a pressure

between about 175 MPa and about 225 MPa for between about 60 minutes and

about 120 minutes.

23.  The method of Claim 22, wherein the green body pre-form has a minimum

density of 45% of the theoretical density.

24. A plasma processing component comprising:

a sintered silicon nitride component, wherein the component consists of
between about 80 weight % and about 95 weight % high purity silicon nitride and
between about 5 weight % and about 20 weight % sintering aid, the sintering aid

consisting of high purity silicon dioxide;
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wherein the component has been subjected to uniaxial pressing or cold

isostatic pressing followed by hot isostatic pressing.

25.  The method of Claim 21, wherein the component is at least one of a pin

sleeve, confinement ring, hot edge ring cover or ground cover ring.
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