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substrates by techni ques including etching, physical
vapor deposition (PVD), chem cal vapor deposition
(CVD), ion inplantation and resist renoval. One type
of plasnma processing apparatus used in plasnma
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[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
% 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

processing the substrate. The component minimizes metallic contamination
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processi ng by the plasma. [0004] A nethod of reducing
metallic contam nation on a surface of a silicon
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silicon substrate is placed on a substrate support in
a reaction chanber of a plasma processi ng apparat us.
The pl asnma processi ng apparatus including one or nore
sintered silicon nitride conponents. The silicon
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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 %

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
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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pl asma processi ng apparatus surroundi ng the hot edge
ring.[0009] FIG 3 illustrates netallic contam nation
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processing in a processing chanmber containing silicon
nitride conponents and a magnesi um oxi de sintering

aid. [0010] FIG 4 illustrates netallic contam nation

on the surface of silicon wafers after plasma
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(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
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
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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of the plasma-exposed surfaces of the processing
chanber. As a result, surface materials are renoved by
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corrosion and/or corrosion-erosion. This attack causes
probl ens including short part |ifetinmes, increased
parts costs, particul ate contam nation, on-wafer
transition netal contam nation and process drift.
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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
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
plasma processing apparatus. A substrate 20 subjected to plasma
processing is electrostatically clamped on a top support surface 22 of the
substrate support 18.



beneath the top el ectrode 12 in the vacuum processing
chanber of the plasnma processing apparatus. A
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el ectrostatically clanped on a top support surface 22
of the substrate support 18.[0017] In the illustrated
enbodi nent, the top electrode 12 of the showerhead

el ectrode includes an inner el ectrode nenber 24, and
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espawerherd egiegtrode @assembhecam peeizas topr@cess dthen widlensizes

w2rsapSEReb AR 4 nbbro R onteiedibTe G Ta o

C P00 18Juolstheollysteated @Mibddingent, the iBnseg BEMdE@S manber 24 is
(e..g., including 2-6 separate segnents arranged in a
rw@ercfaﬁﬂitaarsabstsﬁt, 24Qsc Forpragesgsie 30Q By yarss the outer

Siahd . ' .5 Oof

SRR L 0k e o bahOm LERIARBL I Hifocroce
t H@ fearg rabious 1prietlersalal sbhavig iedhes., Thbictiteoslectrage eaernber 26
ot her to protect an uynderlyi ngobondi ng material from

e£BF 2 COBUIMUREMRRI18]9- TRECN AR UEPI¥SIsee TRgwer a

o PR ot el Iiay P8 lp g aRe SRR drengrd i @

gaiggpmﬁgg&ﬂidslo stich asdegmertie cbmpdspg afsiticen).1/h éombodiments

e BERSRR T RSBt PR ol SR plesoce
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
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.
[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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12 and the substrate support 18. Backing nenber 14
includes nmultiple plenuns 32 to distribute process

W@ a®ee58285 t he gas passages 28 and 30 in the i nPEF/US2008/012173

10

15

20

25

30

el ectrode nenber 24 and backi ng nenber 14,
respectively. [0020] Silicon is a preferred materi al
for plasnma exposed surfaces of the inner el ectrode
menber 24 and the outer el ectrode nenber 26.
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ebagking®iny 36 witkongiifsble 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
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
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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toget her surfaces of an el ectrode assenbly is
descri bed, for exanple, in comonly-owned U S. Patent
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reference in its entirety. [0024] In a capacitively
coupl ed RF plasma reactor for processing |arge
substrates such as 300 nm wafers, a secondary ground
may al so be used in addition to the ground el ectrode.
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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
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,
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
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rate at the substrate edge, substrate boundary
conditions are preferably designed for assuring
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chem cal exposure of the substrate edge, process
pressure, and RF field strength. In the current
designs, a hot edge ring 38 has been inplenented to
fit around the substrate 20. In order to mnimze
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t BSnduthSbleParblr 18&8SeLiquartz 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
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
more resistant to erosion and assist in minimizing contamination (e.g.,

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



consunmabl e parts. However, quartz has the shortest RF
lifetime of the consunable nmaterials present in a
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materials and associ ated nean tine between cl eani ngs
(MIBC) for plasma chanbers is application specific.
Currently, the MIBC for high aspect ratio contact
(HARC) applications using the 2300 EXELAN FLEX(r)

d t

SRSt iuf RS Bee b ARLYBY b RE SOl o

r piasmee peodessingAcompohentspspctnasigasatistabation aﬁaﬁeﬁgﬂmers and
hours. In view of the foregoing, there is a neegefor

hlf%%rémgﬁ oy useds WW@@&%@WQQWQ@E'S gsgribed in
ang ot g/eovpﬁéd B, éhlaéte‘m RIJT® Sod BgiStant to erosion

I'n"mnimzing contam’'nation (e.g.
p§0032] eSuah@nllmhahlrlde camponénte £andfe tiadeviafvarious ways. For

rface [ d.[003 Sili tride h
DR Ie S OB Getsenieg BPT bresser ipBret Ufrsanave
pr1@@9§@'d%%§§'ﬁ?>w&?ttﬁat SHRENeS B ﬁ ﬁ@rééﬁtb@létdf%'lbha silicon

plates, liners, and focus rings use in plasma

pmdcéesthglrtgwmtuvessmgat gush rtemeeraturemmimalghaommﬁ

coRnsiRto DR neta Rencatiorkond fransiapatin AR idhsifdaton is
t H@péhbéﬁﬂﬁh fHd pre@,@uﬁ@ﬂerb@e?émr@éﬁé%%aabefaemmeambeﬁ the

above 1500 OC using a powder that contains a hi

pétating @@wd@trs alSpreariag kidsoler silicen detrld@lﬁamgcwae%\/lgo Yzoa,

PRS2 ASE AR QDR ey SHRe R SAG) and aoesiy
a@dn@}erase-febﬁatoms SThe gendiginatiem can bendarAsd by, sintering
tenperature and al pha/ beta phase ratio of the starting

p BiRRAsSSeS SUSPAS PIgSalBiesorintannge: bat RTassing. hehisostatic

i( @f %%ﬁn@ﬁjméﬁ S}é{ggagﬁﬂ g ur%r@ltéimél I%ﬂyﬁ&tﬁé?statlcally

I pressear silicaxnitide, tﬁegadqnessﬁureemmterect arat@nealcraay iegHiblitya
sintering proces S,Buch as pressurel ess S|nter|ng )
h&Pafses SEuRtreygih higaaspectr I%%@Mﬁgwgﬁﬁﬁ% thg)PresSeg material
pr [ r ot

p rnga? % Slélf!?\gagnﬁngﬁ (ralﬁ:glgﬂéﬂ %@u‘b&r@ J’é’fsezga?é ﬁtets%@té ¥intering may
mbeeranaluctexd/usirginitregen gaapmsuses uptta deWIat\hhanethe

aspect ratio ra ns t
n Hfiden Go Fubhygeass i el dRaBingpaionst sjicen nifide and
PaAswY rtﬁgl%rrgn@t@nﬁg téﬁmbebﬁu?é&‘@iﬁé 89ed $orderNificARDAN 1966
pressures up to wherein the
pressed silicon nltrlde 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
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 technique 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.
Although metallic oxide sintering aids (e.g. MgO) facilitate the formation of

dense silicon nitride components, they can potentially introduce



nitrogen gas suppresses the thermal deconposition of
silicon nitride and all ows higher sintering
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silicon nitride can be fornmed by the application of
heat and uni axial pressure in graphite induction
heated dies to tenperatures in the range of 16500C to
1850C for 1 to 4 hours under an applied pressure of 15

o SnddeiifoieABgoR T mAah? ctifaieflo i He' 4G SR
awaiférsapaingaploosphmoeessing. 1 MPa. Anot her techni que

i nvol ves addi ng.additi ves such as Oor Y2083 to . . .
s[QQQ?dn,S'lgﬁqu'P'%f‘ﬁe FeRPSRGRisTgARE byt Rress'py, containing about
Nkt Ldi /O AN i ra ; f ®

1 SRR VR SRS TSR Were ity Al a DIbYEE BRI FLEX
Abichecigt ebatting bysteaxtaldetermirer sunfpee dendantrationtad)various

SR B PR NG
| g¥RsS afll W Brdduee8 B RIBhARY tAB Hidh bUﬁtySS%fél%?j@Mers with Mg-

silicon wafers during  plasm processing.” [0033]
Scontainingiconpieindsnisdowedsby behrressingrograpkits digg, at

i ni ¢ " oht . % MO Si nt or | .
DB R R B AR 5 b B i B ground
S¥ohtiNe lotdRbeséd bRinkdIdnacele806E Gattthatdtemingfchediberlsse.
metal lic contam nants_after Eng(gg}iprocesy ng. This

wm(b?(‘t_]mTaﬁﬁggﬁrm%_BBQibE%(EL&M X" slielgatticetehing et mg
t R%IJH&PSWF%EW%% dﬁ'@%&ﬁﬁ?ﬁéé c%b%n%&%ﬁﬁ'aﬁppg 1yveight %

conpounds, pr éssrng I'n grap

aMd@ tp armasmheeratronmebt 80dhoudfs0eodre tbefo resdetepmining the
conmponents were ground fromthe hat pressed bl apks and
clevglseof metallic,glegnenis o theawsace @ siliearswafere A blak n

_ . e . _

RREALGEEL ANGE Ry o L& s8I MR8 o contac

m%HAR&Igéatﬁhimgwe%ig?tfoP/alb@.t@ 5 miapqebaiﬁm aeHAiRi(b etaking fexipe, a
out . our e e ni.n e S_O

ngearmirdre phaBavt ! 0 SIMEG Ry O CRIT cRomgput 109

btV Ssd i is e tM GJAbGAN 060 SCARMARKESHRIVER to

a high aspect ratio contact (HARC) etching recipe for
atimuprasens chaswer Rdth a chiarRbestpeesswe ofabpet 3a ngaerr and about

AT s 9 ST ¥ R3S TN B pover

Syl Aypliva o YRineyseafpla8ma with the C4Fa/C4Fs/CHoF2/Oo/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
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 N2/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
components were exposed to plasma environment for about 50 hours. The

HARC etching recipe and the WAC chamber cleaning recipe were selected
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t he process chanber with a chanber pressure of about
35 nTorr and about 40 nlorr. Between about 5,000 Watts

wanwoakes 6, 000 Watts of RF power was appl i edP€DUS2008/012173
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generate a plasma with the C F8 C F6ZCH F O ZAr
process gas. After conpletion, the test wafer was
renmoved and a waferl ess autoclean (WAC) chanber
cl eani ng reci pe was performed for about 30 seconds.

R T R N S
wedididogfranber pressure of about 600 nTorr. About 700

Watts of RF power was_applied to generate asma
W[5 ARG BRI o B seBRon BT uAE pEPEs FRADOU 50 RF

Tﬁ{?@r%' ih% élragmat ?ﬁ\{ Ldﬁrﬁérh%gﬁ Whnk DRcHLEASHR) r'?l?n siiegh e&st wafer

S sequence et ching recipe foll owed by
VW@s rseibjgutedvis plaspeapexteassing udihg thee HARD etdHing dempe for

BBBe S iRl AR atRe RIpERTSHLD. BE SyEaaR ! the Slisen wafer
C%@ﬂse@'vﬁﬁpﬂﬂﬂerrﬁﬁkpﬁcl HR G LAE RERSeAUSEiIndvREivelyicdupled

susceptible to erosion ud\ger tzese pl dsma processi ng
cpladima mass speoBoicapyt CP-MS)dot swacencendeandrationpdrvanious

was osed t.o apo 50, Rk, h Sl | ashma

S i AR Ba B AR o T G08 HATERes Himsyigage

Ved e NatioRUTIVerioBd rhétalllcesdamirifs Soriblamk DA Afen silicon
HARC et ching recipe for about 5 mnutes. After plasma

pwa&ersziaﬁga praeessad incan efchingsytemeenntaiaing a piesma exposed

| WIEE s oesni S L MRS AR A (1o v

f 003%)r f RS decoritsenbbalé,dhe WonvHhination @l F(brCmetaIIlc elements
contanmi nants (atons/cm 2 . FIG 3 illustrates th

sonthe sudaee @ ﬁrsdth@ﬁN@ﬂew\arth thesexeention @f %emraﬂmnmﬂga"y S
for gt k%ﬁ?a?\@%r”&(héﬂ 'A&%ﬁn‘@?ef%qrf’inﬁﬁ@ "tr?é?ga

an etc tem contarnrn ose

nc@mtadﬂnmdf RIPe st ew:éédai W@xsnoﬂ etomsycmzd Thus for
[ 0036] As described above, the contam nation | evels o
 eprtaprannlicetione taause s silivendlirdgcongronerds Witoh weight %

EES sl RS BRRAIcRTe X vl SR SaliSRlord ot cue
t toehighef kvelscofimaghasitimoand bthergoedammativoad dbe sbéface of a

0 atoqrs/cm 2. Thus, for certain applications, the
u§' CQOR W&¢Ti con nitride conponents with 1 weight %

[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,
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,
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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MyO sintering aid can produce | ess than conpletely
satisfactory results, due to higher |evels of
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silicon wafer. [0037] One approach to reducing the
metallic contam nation on the surface of a silicon
wafer is use a sintering aids free of intentional
addi ti ons of alum num barium calcium cerium

nEFO%e[gggu@rﬁﬁsgf&gEée?”&%ntg égg]sbllc%ﬂ' erdeI ({oqﬂpo*érﬁthé %nh) brjlendlng

sodium  strontiu
t D0 partgnweightatd))whhigh purutyrs|||ajmr¢ntriue powaenwumm parhsi(SWelght
been determ ned that a high purity siljcon nitrid

bl W%E%typ?r"dfé&@'%@’ed?ﬁm@ﬁféﬂt@ Jlsahal sﬁlv@th(%)rﬁvaporatmg
F’H{gl Ai¥oRbl ddrAEhtdb PSS &I»Z ﬁ@ﬁgf“gs‘# e, ﬁi‘gt a%ﬁﬁg'tﬁé polcfer

uctron in confam nat
elixtere 5 @did et and $wljectirig thesmixecopower t&r unipRidBEty pressing

SPEedagtelin ot G5 hetren apert 18NS GRRdibout 120 MPa,
SIqio 28rcitodPER T A1) 68 RBAARIDGALAN (4) o

FLEX ectric etc g systemto ne surface
cbosta’mcrmessmg dHlRfmg)dbe pretfairh ia¢ aden‘trmﬁaimlaenm bafween about

The t for fab t
PRI BRG B0Rt T0a C BR58 rbied niBSsurg betikn abiyt §35 MPa
PaRd %bbwzzﬂm% fof bBiviRePEbb B Minees t8iabbut§20 Mmates
with 10 parts (wei ght % of high purity silicon

dusing deglpsaeacapsulationteaimiguesol vent ; (2) evaporating

RN PRl ShLE b Be BN Rt BBl ey pr e

t greefi mﬁﬂy PreRImtie ndleay tidn 45, G theha6redicaF@bskity. After hot
i sostatic pressing (ClP) between about 100 MPa an

aﬁ@a‘tat@mewag the siliian nitrifecermpergnisreeediete(mingd to have a

REASIELCRH AN o5ob 8 Mare i thd fediBlio SREAY! KaRlP53 Bcal

pre orm enpera ure o

aimierosthiétQfe, dnavhatio tie $i9600 Qitade sompoplene dvagrfess of pores
bet ween about 175 MPa and about 225 MPa, for betwee
ahbesilison RitlidecomprPnas conmning e sdicgy M’@"Qe § ’B@"s!“g aid

CRSAPS YL hﬂcﬂal? g%BHtaQH%anBH%?%leldwwﬁo ﬁa@'nff‘ epr@féfablgfbelow

pressing or cold Isostatic pressin
t heO@ppam dmdd'y\opir preifenabiy b;elnw 1(lﬂsppmhaTheﬂfEr%talllctcbetamlnatlon

D R e

dl‘ﬁﬂ?u‘nt\ me%né@iQH’r' n?&é’l Odotggélﬁrrpfsoﬁﬁ‘ﬁn LRAHtRI O/, titanium,
density, based on opt'ical
vanadium, yttrium, zinc and zirconium.
[0040] As described previously, testing in a 2300 EXELAN FLEX®
dielectric etching system included subjecting the silicon nitride components
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
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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m crostructure, in which the silicon nitride conponent
was free of pores. The silicon nitride conponents
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total metallic contam nation of bel ow 5000 ppm
preferably bel ow 1000 ppm and nost preferably bel ow
100 ppm The netallic contam nation includes barium
cal cium cerium chrom um copper, gallium indium

[ 1! Aﬁé#ﬂhsﬁ?ﬁgé}%ﬁbggfhg nfh%ksﬁlrfad%%fqﬁé'sﬂmons\ﬁgfe'ﬂ Wads rinsed

ron ium tin anrum “Vvana um zin
zwith @ilutemitfi© 8did] (HNO glesat abaigzexd bymmdlxitwel)t @@Jpleq plasma
a 2300 EXELAN FL(EX&r%/ﬁSi el ectric etchi nq syste
i AASSRPECHaBrRY (I for pyrkase FPRGEME '@8r&fd’r?é’ﬁ’P§ metallic

""f;&ﬁ"tai'rgn?éﬁsqafon{%/éh# ?)CQQ Qe‘ﬁ)ﬁggﬂ Siyng nr@a@é Eont@nfination of

asna envi ronnent r abo ours ore
dﬂtagnesmnmg/asrtmlbmﬂeké 0ot atmusa{bm c Aeidairtmajlg, althaugh calcium,

S 5 i RR R 50 ool ACl U R B05H e
Cﬂ’iét 1BGEI éHNBSS nedtal! \NSS b@ﬁM’QbBQf 22Ropr'° Etdm%hfgs In
After conpletion, the waf er was renoved

wedrmpRARg therestllis:of RlﬁA@)aMElﬁe‘i tbeédmolmmltf&a mmmaeents
Thi

PEuBlrEED ghit s a8 PPedot S HHER T ImEeement over

emn@@@dnﬁ@e@b cARYVESRAMENY 1PoMghout 50
hours. [0041] After plasma processing, the surface of

t [042] | | SiHeonaitede gaspanesésifarmed by hot Iéoratamrc.mea%ng

|
SRR S R g o ARSI ST e
vgrdpw&emmmg egp@anteetmawﬂtmf@céﬁtdmwwnﬂaorocéﬁ)@eand| n

FIG 4 , the surface contanjnation of magnesi um was
b@X)XaRrEnif 09@@@'%?"6%’7' ERPPARZANLP el AyartaceHpigjRarts.

P i, el ) YBLSIESRORfg eyt 1

nweight %&Obelrﬁwu@am exibited HDloatesitraveamrate. I$|I|con nitride-

the results, of FIG. 3 and, FI
s'Pg%) '%‘PPPPB@ écﬁrp@%ﬂ?@v%%)rﬁ%t?fﬂm %ﬁ)ﬂ@ WeLght %, about 10
Swetg%'/f?gat?dlﬂ R Weighe o4 Ghdabie esfwagﬁf o %géfﬁfﬂ?mg aid were
over - silicon nitri de conponents cont |n|ng 1%
[ foba@d s gllaserennapsmlated:bnhenehatls pressmgl Ié\y?tehdtam_ond

e SRR B P afe BBl el

gzre%ﬂnaanseimwrrﬁnmuaw bleeaGA PRIUEXERIAN FLEXE defectric
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
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
sleeve can range between about 5 mm to about 15 mm.
[0043] As illustrated in FIG. 5B, silicon nitride pin sleeve components
containing between about 5 weight % to about 20 weight % SiO, provided
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oxygen/ nitrogen plasma in conparison to their quartz
counterparts. Furthernore, it was determ ned that

W@ 0000882350 t ri de contai ni ng about 10 wei ght % BIT)RS2008/012173

10

sintering aid exhibited the | owest wear rate. Silicon
nitri debased conponents (e.g., pin sleeves) containing
about 5 weight % about 10 weight % about 20 wei ght %
and about 35 weight % Sig 2 sintering aid were forned
b u j LAG.+ &F
alfeRE s ARRE e RBmd AR5, BEEHY 8PSt SURE hour
aQuartzdopasdrihts ¢iae N 100YSICR) exhidbitet N Wighedt weapirateeat
in a 2300 EXELAN FLEX(r) diglectric etching system and
eaBoletd uaVRFthauratioweveirellicon itride F@m%’é‘eﬂ@ﬁ CApgiting about
"‘I@U{e‘?@ht“%' dipnask *?Br‘tefa MEabES WS- féuefdegc%’gge ESﬁFHIQ,Sat
he total asna exposure was about 1 ours.
Dabourtds pmi!RFrfg:)urt Adysi, e beiay @uactzpmomsomateds contgamenésiwith
onbar dnent and/ gr. i.onj zed hal oge as. ar
+ St Pt chinpogeal comtainins beaetoabay Skt thgnd about
chg htWAtéiéﬁQbfﬁanﬁétWééthJlﬁ SYweight % afB atidut 12 Welght %,

indicated in 5A. The pin sleeve is replaced
i betwesingahodswhight Y%and abous ddovedighh %, abiogib i Ooﬁelghh%/)/can

Chbst T foubRahRaIgRME e abo 2 RETRTE R betwgen about

bgd 9EFha@Wndabdut ROBORA hdgrstm [ 0043] As
illustrated in FIG 58, silicon nitride pin sleeve

cE8ddientvhile dhe forepaiahasieesn dpseribes weqi@tml with reference to
d%ﬁ%ﬁlfl@%ﬁ%’dﬂnénté’tﬁb%& i D@Y{;Q %%ggPérﬁ‘{g%n‘@e%{g e{]oa%eme art that

asma processiny,

Q@i‘du?s @faﬁgmeiﬁdsn(ddﬁ&;atloﬂ@%ﬁbéﬂﬂa@( hirfd équivaleats thereof

hi ghest wear rate at about 13 mm RF_hour. However,
semplayieda Mithpybdepartipadram the seapePhiNe@BiNs 10 wei ght
% Si 2 exhibited at |east a two-fold decrease in wear
rate, at about 6 mm RF hour. Thus, replacing quartz
consumabl e conponents with silicon nitride conponents
cont ai ni ng between about 5 wei ght % and about 20

wei ght % Si O (e.g., between about 8 wei ght % and about
12 weight % between about 9 wei ght % and about 11
wei ght % about 10 wei ght % can nore than double the
lifetime from about 250 RF hours to between about 800
RF hours and about 1,000 RF hours. [0044] Wile the
foregoi ng has been described in detail with reference
to
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speci fic enbodi nents thereof, it wll be apparent to
one skilled in the art that various changes and
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enpl oyed, wi thout departing fromthe scope of the
claims. WHAT IS CLAIMED IS: 1. A nethod of increasing
mean tine between cleans of a plasma etch chanber and
chanber parts lifetines, conprising: plasma etching

s 'R?qg%lt_m EpPAlrates one at a time in the chanber
V\ml-e—usi-n-g—aw—-eaét one sintered silicon nitride

conponégnt eXppettbd of inoredsingomedntirhe detiveen cteansasf a plasma
hal ogen gas, the silicon ni_&%rj de conpopent consi sting
oftoBeRhe AL Eh eI ORE PEHE IRUERRS. SOBIRTISST wei ght %

hi gh puLi bl i _ . aht

0% and_ BES2 SnEP SePihheidl R sRbRR S aPa Nk, HHS
aclhhrmbesivbile ngingf atliegbkt ene sinyered| silcom nitrade dempa@nentléxposed

thod of aim/1, further conprising teplacing a
QP> ThRSRRTt dncll PREegi A Rgogs Eaan e
COGRBBRBAL BrsKtinLofbaaERneddut 8D Weighs 9TheQ@2BBGE 95 weight %
substrates. 3. The nmethod of Caim 1, further

chighrpuritygiliceplrdcidecand etweeorabaut 5 weighb fipendmbawit 20 weight
e PN G0 17 S6G A ChsERRE A T, Bl R ER:

Claim1, wherein the conponent is at |east one of a
pi n sl eeve, confinenent riﬂr;g, hot edge ring cover or
gr ound2covef heimegthosg. of (Flaimds fisthesfconnpiisind replaeingi squartz

{ SBLRE B AL LRSS BIENLAGBREN A bbidsma

mater ral usin uoroca

hgthird ther suraicbaduetoeBubstrgtes, 6. The nethod of Caim
1, wherein the high purity silicon nitride and the
hi gh purity silicon dioxide have a netallic inpurity

of betyeen t p : : e
1000 péfn or *ﬁ%?‘a%ﬁ?&o&p‘?%‘?‘qﬂh@“&%‘*Sﬁ’f?@*ﬁ'ﬁ%ﬁ?@?@“ﬂg% silicon

i nitdidelesmipanentwith dhe isinteredesilicon nitideocomppnenippror, to plasma
gallium indium iron, Jithium nmagnesium nickel,

p%ftcbglﬂ e, sefpigPnAvCtor sHRSYARS- tin, titanium vanadi um
yttrium zinc and zirconium and the siliconnitride
conmponent has a density of about 95% or nore of the

t heor edi cal THemsethpdanfdllaimils wheeeindhe ponmyinent is at least one

of a pin sleeve, confinement ring, hot edge ring cover or ground cover ring.

5. The method of Claim 1, wherein the plasma etching comprises
etching openings in a dielectric material using fluorocarbon and/or

hydrofluorocarbon etching gas.

6. The method of Claim 1, wherein the high purity silicon nitride
and the high purity silicon dioxide have a metallic impurity of between 1000
ppm to 5000 ppm, between 100 ppm to 1000 ppm or below 100 ppm, the
metallic impurity includes barium, calcium, cerium, chromium, copper,
gallium, indium, iron, lithium, magnesium, nickel, potassium, sodium,

strontium, tin, titanium, vanadium, yttrium, zinc and zirconium; and the silicon
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7. The nmethod of Claiml, wherein the nean tine
bet ween cl eans i s between about 800 RF hours and about

WA 209058285 hours during etching a dielectric naR€r/Us1008/012173
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8. The method of Claim1l, further conprising: renoving
the sem conductor substrate fromthe plasma etch
chanber; and plasma cleaning an interior of the plasna
etch chanber, wherein the plasm cleaning conpri ses

IFARAE ELRBoRCA| 1359 Uiy B AB8( 356 8 4 PURIBRRERa

renove rom Interror

ptessity atd/br hfasd ef parusityhe pl asma cl eaning is
performed after etching one substrate and before
etching of another substrate. 9. A plasma processing

chambey comyhbshB®odfoftiaih r1a§/\ﬁ1e|g"é’|anlﬁé rh@4n SHRPREMW LM cleans

a substrate w frhl n an interior he processi ng

cisardterepnabsiut BOORF hiouirsand mbout 8 @0OARP doems dhamg riching a

aa. osed ,surface adjacent the substrate, wherein the
W‘Eeéﬁ’é%f“a&%%'r sts of between about 80 wei ght % and

about 95 weight % high purity silicon nitride and

bet ween about 5 wei ght % and about 20 wei ght %

si nter 8ng ailbe methogioft@aimg, ajrﬂw&mm;sm'smg of high

a1 v g Taf B RuSrSRRR: oM R Mg Gomoer.

eagf gy source supplying energy into the interior of
t he processing chanber and energi zing the grocess gas
into aPigSE¥hEIEanNEGAN Biiefproddbeinismaeteupsamaes, wherein the

o5l bSO AL A8 Tkl 84 BRI Hrogen
ayased hetnol polgmyr eepssite froky tHdmteidufahd @JasTh@ etch
pl asma processing chanber of Cdaim9, wherein

cengphenandihe ﬁlafasa gieeRing ie mﬁ\ﬂdnﬁf@rcﬁicwﬁgtq{'@ substrate
St B RorBlo ARG YRR UkAuBR o S0 1010 at or cre

rocess asma; and the conponent
conS| sts of between about 80 wei ght % and about 93
wei ght 9. A plasma processing chamber comprising:
a substrate holder for supporting a substrate within an interior of the
processing chamber;

a sintered silicon nitride component having an exposed surface
adjacent the substrate, 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;

a gas supply supplying process gas to the interior of the processing
chamber; and

an energy source supplying energy into the interior of the processing
chamber and energizing the process gas into a plasma state for processing
the 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.
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high purity silicon nitride and between about 7 wei ght
% and about 20 weight % sintering aid. 11. The plasm

wee@eeseshg chanber of Caim9, wherein the coP@gDOWWS/012173
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m nimzes nmetallic contam nation on the surface of the
substrate to below 10 x 1010 atons/cn? during
processing by the plasma. 12. The pl asma processing
chanber of Caim9, wherein the conponent mnimzes

netal |l i, co L.nation

To el o % "EHge ke oRes g PHR TR Raty' S, MgFehdhe
pafiponehBmidiRezes ARRAINE @ontimimaton oh teeajurale ofttre substrate
the netallic gont am natl on includes barium cal cium

c& paiew 5RXGH UsforpsfspErdurifg ProgrpsingdLtRe Rlasma:; and the
BH{ %’ﬁbn%@ﬁ&&swbé%wgéﬁ'a’boﬁi’gé}%v?éuaﬂg (SQﬁ*a aBbut 93 weight %

ani um vana um zInc
z hrgl'opuu nitsilichn nitrielepairad bstweten ah@ntbkwecght(% aind &out 20 weight
wherein the process gas conprises fluorocarbons and/ or
hyeleBteingaisk ar bons. 15. A nethod of reducing metallic
contam nation on a surface of a silicon substrate
during plasma processing, the nethod of conpri sing:
pl aci nd1a siThecplassalpocessing chamhessf Claien Supbereinithe

F ReTeReRhin Biess g s BaP raBlitR Padnh SuBRBR R i sybstrate
Std'belo16 il 10 atdthb/chifed rHEPRRBESingtHiethe ;Ma@:%

nitride conmponents consisting of between about
wei ght % and about 95 weight % high purity sili con

ei gt 19 <1 0B R doceand Ehd et Bat g éfsin e

otohippheRt Mikivhiséd heeallid contaisinafidn oAUAERAIACBICTARS Substrate
gas into_the peaction chanber; generating a plasm

f tohelomed pr B e aforgalem’giHing ROsessing ndesplasan
substrate with the plasna. 16. The nmethod of C aim 15,
wherei n the process gas conprises fluorocarbons and/ or

hydro fiBuor dtwer rossssidg chahtheref [@dinod, whareintbe metallic
wherein the one or nore S|I|con nltrlde conponents are
prANtaraipgtian INCHesRARLT. F2IAEN. IRSIMBIYHORIWE, E8RRekS gallium,

indium, iron, lithium, magnesium, nickel, potassium, sodium, strontium, tin,

titanium, vanadium, yttrium, zinc and zirconium.

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 one or more sintered silicon nitride components, the
silicon nitride components consisting 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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or ground cover rings. 18. The nmethod of O aim 15,
wherein the silicon substrate has a netal surface

w@omemes2BHat i on of | ess than about 5 x 1010 at op&T/TH2088/012173
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after processing the silicon substrate with the

pl asma. 19. The nethod of O aim 18, wherein the netal
i ncl udes barium calcium cerium copper, gallium
indium iron, lithium magnesium nickel, potassium

0% TR Hiodid odd HEMIpaLRORERRE Tl

pr ocesgengrdting & pldseenfronbibier groeesfghsidamsd et ching. 2
1. A nethod of manufacturing a plasnma etch chanber

pr ocesQT‘?@SétﬂﬁJ@ﬁeﬂ'ﬂC%k?}&sé@t? withdhegda$madnent and/ or

pl asma erosion in a plasma etch chanber, conpri sing:

m xi ng a powder conposition consisting of bet ween

about 86. weiltletmethaddofaDiair 1%wh&irgihtth%d1rbgésqoga$ tgmprises
bl icon nitri dcf Ed bet ween out 5 wei ght % and about

UQROCE RO, AA/PE BYdrg Thiqraear 6'|5m ng a shaped

conponent fromthe powder conposition; and densifying

t he shaped conponent with a sinultaneous application

of heafl7and Theasethos. FLIairh d Snwiheseindhe el on rRote silicon

ition furth

coffisic EabSoPlinsn A REngn Sht) S ki, % ecop ing covers

aafjgﬁdm]dm(g)@rpwggty silicon dioxide in an al cohol
sol vent; and evaporating the al cohol solvent to forma

dry powder m xture; wherein formng the shaped

it ur a9 ' APGECLERBGRRT 5, AR (HSelpYEte has o
Mmgtalr surfaeeldtriventration e$ sdgsahan bl 5ixs e aitbms/cm? after
pressing at a pressure of between about 100 MPa and

aBmpessng thesilicent wistrate withedigsmpae- f orm  and
wher ei n densi fying the shaped conponent with the
si mul t aneous
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.

20. The method of Claim 15, wherein processing the silicon

substrate includes etching.

21. 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;

forming a shaped component from the powder composition; and

densifying the shaped component with a simultaneous application of

heat and pressure.
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application of heat and pressure further conprises:
hot isostatic pressing the green body pre-formusing

w@bk@emseatapsul ati on at a tenperature of betweRCT/HRH08/012173
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17500C and about 19000C, at a pressure between about
175 MPa and about 225 MPa for between about 60 m nutes
and about 120 m nutes. 23. The nethod of Caim 22,
wherein the green body pre-formhas a mni mum density
of 45% of the theoretical density. 24. A plasma
processi ng conponent conprising: a sintered silicon

ni tri dg2conpaeenéthodhsfr@liaim e wtergianaixing thespowdeof
bet ween_ about 80 wei ght % and about 95 wei ght % hi gh
peempgsiéipnifedhen¢empagesind bet ween about 5 wei ght %

R S R
pHiexive iprarcalgshobsaleentpaadt of C aim 24, wherein the
f?ggogg\?%pé%;i%g ?Ila,é] ﬁfplomg{;lvgﬁﬂ%; frg)(;:rrrr‘e anfjryr plxg\%(’jerh r?\tixts(rjeqe
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.
25. The plasma processing component of Claim 24, wherein the

component is a pin sleeve, confinement ring, hot edge ring cover or ground

cover ring.
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