WD 03/ 090263 PCT/ US03/ 08702 SI LI CON PARTS FOR PLASMA REACTI ON CHAMBERS
BACKGROUND OF THE INVENTION 5 1. Field of the Invention [0001] The

i nventi orwoaBmaees t o silicon parts for plasma reacti on chagoibasss/és02
processi ng sem conductor materials. The invention also relates to processes
of making and using the silicon parts. 10 2. Description of the Rel ated
Art [0002] In the field of sem conductor material processing, vacuum

processing cha r e_us r QQ.! Qg f materials and for chem cal
vapor deposi tSFIber?&%(%?%;S EéJR %g%gey% 5%12%5@{0 su th%r ates. A process gas is
flowed into the processing chanber while energy, such as a radio frequency

(RF) field, is applied to the 15 process gas to generate a plasma. [0003]
An upper el ectrode (or "showerhead el ectrode”) 10 in an assenbly for a

single wafer etcher as disclosed in nl y- j . S. Patent No.
6,376,385 is shown in FI @Mﬁé s typically used
with an gl ecir_ostatlj.igld g Jddtioldi Nng a bottom el ectrode (not shown) on
which a wafer'is mrp‘p‘o*ﬁé% t he upper el ectrode 10. [0004] The

el ectrode aspolr] y Tie iavarios welatek ¢o piticdn paves fob praysia réactioaghambets for
periodically. Because the el ectrode assenbly is attached to a tenperature-
c 3 ntr o:c | ed ) npresessingf ssmieonductor matssialse chininyentioa aljopelates [pPaEsss ofhe out er
edge o t he _upper el ectrpde..10 has been bonded to a support ring 12. An
out er flange“@EP“ﬁbangﬁlé’% SIHERPHE 12 i's cl anped by cl gfrpi ng ri %g 16 to a
tenperature-controlled nenber 14 having water cooling channels 13. Water

is ci rcpl ated in the coolin channel s 13 via water inlet/outlet
connectilons 23a, 13eschiptibmofithaRealatedeArint ring 17 surrounds the upper

| ect rode 10, | onfinement ri | ‘ _
Snﬁﬁl 21? r6i ng[@&Ef\,\,ﬁflgﬁgﬁglﬁg{%tsérg}e?gg(rl]qcé(gr&g&eégléhﬁ?qsgi%t%g%ﬁﬁﬁfésg?glhg| _?_(r:]'; ric
8 I?jigg'g Z(égml;l @8’%7 8%‘9%5& forGRY8RAING JmERSMISatl fok @h&RichPYagof dep&itigiact or WO

(CVD) of materials onto substrates. A process gas is flowed into the processing
chamber while energy, such as a radio frequency (RF) field, is applied to the

15 process gas to generate a plasma.
[0003] An upper electrode (or "showerhead electrode") 10 in an assembly for a
single wafer etcher as disclosed in commonly-assigned U.S. Patent No. 6,376,385
is shown in FIG. 1. The upper electrode 10 is typically used with an electrostatic
chuck including a bottom electrode (not shown) on which a wafer is supported

20  below the upper electrode 10.
[0004] The electrode assembly is a consumable part, which must be replaced
periodically. Because the electrode assembly is attached to a temperature-
controlled member, for ease of replacement, the upper surface of the outer edge of
the upper electrode 10 has been bonded to a support ring 12. An outer flange on

25 the support ring 12 is clamped by clamping ring 16 to a temperature-controlled
member 14 having water cooling channels 13. Water is circulated in the cooling
channels 13 via water inlet/outlet connections 13a, 13b. A plasma confinement
ring 17 surrounds the upper electrode 10. The plasma confinement ring 17 is
attached to a dielectric annular ring 18, which is attached to a dielectric housing

30 18a. The plasma confinement ring 17 causes a pressure differential in the reactor



and increases electrical resistance between the reaction chanber walls and
the plasm, thereby concentrating the plasma between the upper el ectrode
10 and t hwo oBoy®s3 el ectrode. [0005] Process gas from a gagCIasnyes7is
supplied to the upper electrode 10 5 through an opening 20 in the
tenperature-control |l ed menber 14. The process gas is distributed through
one or nore baffle plates 22 and passes through gas flow passages (not
shown) in the upper electrode 10 to disperse the process gas into the
reaction chanber 24. To enhance heat conduction fromthe upper electrode 10
to the tenpen(hin@r@seﬁoﬁiﬁqfﬁﬁalééﬁlmé’ﬁwﬂﬂmt?@@%@ @jamb@awaﬁéa% Bslied to

fill open 10 ace t ween d rf CeS of the trolled
menber 14 anBE‘?Wé %@ﬁﬁpfwerni ﬁB §1e Iﬁ#n.é?glﬁe ‘P’Fedln eéilpﬁ élgasogggg%?gﬁgeonnect ed
to a gas pas§reg ddglodeshown) in the annular ring 18 or confinenent ring 17
allows pressure to be nonitored in the reaction chanber 24. To maintain
process gas (0005F pPresewsrgas fioet agsrsoure is euppdied te the-uppat elsttraste Hernber 14
and the suppaort ring eal 28 15 is rov surface of the
support i ngthroughen QPFIB%%@EH@G‘?’?%@“WF &re‘ﬂﬁ‘@f’erl Wﬂp’é? E¥H2529 i s
provi ded bet Agwed
surface of t&&%@gteepﬁg@ﬁgﬁ%%?gg}o%[ Bﬁp}g?ﬁ%%t eﬁaé%egatﬁ%ug ?/%) rgﬁment in

t he reacti onpadsagdsgnotshowadlili the appér elecatosle 30,to ddperse thr procebs gas bed ween t he
menber 14 and a nenber 18b, and between the nenmher 18b and the g housi ng
18a. [0006] FeAcHOR ghambss24t | 59 ewianecchest senduction fropy the apper dectiode 18 to

processed | Syl @6tk B0 chFoh e B [96% BRCA (SPIRSIB fipqianer at o

bet ween t he e upper rallel to

the Iowelro el eSHawedhep @@@u@éce%f eachiperatuee bortrslied Ghergtiea (141 dné . the
However, escribed in S Patent No. 25 6,376,977, during &ﬁ)gsma

et chi ng, par suppostsring lér an addlgommogas paksage 26@@@&@&4 telacsS PATIAES
Co A et el S % DRl FRRRE ) LERSTEIMAR ! 5o een
o R G T it s, S
crystal sili betwednnhewgmperature-controlled member 14 and the support ring 12, a seal 28
15  is provided between a surface of the support ring 12 and an opposed surface of the
member 14, and a seal 29 is provided between an upper surface of support ring 12
and an opposed surface of the member 14. In order to maintain the vacuum
environment in the reaction chamber 24, additional seals 30, 32 are provided
between the member 14 and a member 18b, and between the member 18b and the
20  housing 18a.
[0006] In such a parallel plate plasma reactor, a wafer to be processed is placed
on the lower electrode, and a RF plasma is generated between the lower electrode
and the upper electrode, which is parallel to the lower electrode. The upper
electrode has been made of graphite. However, as described in U.S. Patent No.
25 6,376,977, during plasma etching, particles of graphite upper electrodes can drop
onto and contaminate wafers that are being processed in the reaction chamber.
[0007] The upper electrode of parallel plate plasma reactors has also been made

of single crystal silicon material. However, as described in U.S. Patent No.

6,376,977, heavy metal impurities can adhere to the single crystal silicon during
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-2 WD 03/090263 PCT/ US03/ 08702 manufacture of the upper el ectrode. The
metal inpurities can cause contam nation problens when the upper el ectrode
manuf act wwed3Mye t he single crystal silicon naterial i|ispeulusesessot!|y used
i n sem conduct or device processing. [0008] U S. Patent No. 5,993,597

di scl oses that plasma etching el ectrodes made 5 of silicon generate dust
due to stress and m crocracks on the el ectrode surface during plasm
etching. [0009] In view of the high purity requirenments for processing

sem conductor materials, ther S a ed fqr. part.s, such as el ectrodes, of
seni conduct ofanplagEsel thy uHB“ffa‘ﬁ%ﬁ‘{?Qet E@F ‘?Féﬁé“‘%@ﬂﬂﬁge“dml c@ysq confgminaion

t
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| NVENTI ON [ Oghh@riabisl subssaupalt ﬁseﬁdﬁ s¢isiconducte liecioa Prmessingdr ocessi ng
apparatus are provided. 15 The silicon parts have reduced |evels of netal

impurities tH008haVié-SaiPgrenhdei Fi%99,59 disgiqspehat Pl?‘ﬁéa gichingslecyadessmadt be

cont am it | o SCACRTERRBART AR et s EGragf oh RETEIAL Bl T AT, g

sem conduct oauﬂﬁg)ﬁlggﬁa B&hing0011] A pref erred enbodi nrent of a nethod of
meking a silicon part conprises 20 cutting a silicon plate froma silicon
mat eri al . Duf0069] c Untviewg of thethigh pmtwrrreqmegnen@df@erpéoqewlngm&emlgen@lgtovrace of

the silicon plate | east t cut surfac ate is
treated to rgﬁ’fﬁﬂéﬂﬁ'@% 1§ anﬁ"(ﬂdhfgw%mf SHeh ¢ 'gcgfqdie Sﬁ?lé‘iogauﬁt 12] The netal
| mpuri Ui es a0, QN dpberdiR! thihay BRAREIHER B e Binbirilicy, 28 Witf@leanThe
metal inpurities c riginate primarily froma cutfing tool used to 25
cut the 19 | i eaducptaiteminadon dbhsensicondunotor meterialaby suthenstal ingpunitios dumng
preferably is treated before the nmetal inpurities have had sufficient tine
to mgrate fPHFFISHE-cut surface of the silicon plate to outside of the cut
surface region. The treating renoves netal inpurities contained in the cut
surface region. In preferred

SUMMARY OF THE INVENTION

[0010] Silicon parts for use in semiconductor processing apparatus are provided.
15  The silicon parts have reduced levels of metal impurities that have high mobility in

silicon. The silicon parts can be used in plasma processing chambers to reduce,

and preferably minimize, contamination of semiconductor substrates by such metal

impurities during semiconductor processing.

[0011] A preferred embodiment of a method of making a silicon part comprises
20  cutting a silicon plate from a silicon material. During cutting, metal impurities

adhere to the cut surface of the silicon plate. At least the cut surface of the silicon

plate is treated to remove metal impurities from the silicon plate.

[0012] The metal impurities can comprise metals that are highly mobile in

silicon. The metal impurities can originate primarily from a cutting tool used to
25  cut the silicon plate from the silicon material. The silicon plate preferably is

treated before the metal impurities have had sufficient time to migrate from the cut

surface of the silicon plate to outside of the cut surface region. The treating

removes metal impurities contained in the cut surface region. In preferred



-3 WD 03/090263 PCT/ US03/ 08702 enbodi nents, the concentration of netal
inpurities on the cut surface of the silicon plate can be reduced to | ow
| evel s. [WOD3pookes a preferred enbodi ment, the silicon parPCrases/as702 con

el ectrode or a silicon electrode assenbly. In another preferred

enbodi nent, the silicon electrode 5 is used in a showerhead of a

sem conduct or processi ng apparatus. BRI EF DESCRI PTI ON OF THE DRAW NGS

[g014] Preferred enbodi ments of the invention will be readi I y under st ood by
the follow ng detailed description_ in conjunction with t onpanyi ng
drawi ngs, i nembodigenisy the epngetraipesof metal Iypyrites ondthe CPiGHY ac?/P ﬁ}e

illustrati ng, @or?ﬁﬁ?edéamtre?‘{lcedstg 'iélr%ﬁd el ectrode assenbly. [0016] FIG 2

is a cross- se Vi ew i ustra I ng ah enbodi ment of an el ectrode
assenbly inciemiBNg Ia dpreftafedsdmbodanert] @etsilieds paiks & SNitdh eEbﬁ:‘ode3011 dlustrates
an enbodi rent of a stepped silicon electrode. [0018] FIG 4 is

cross- sect i osdicon eleeirodd assemblyi g 33°‘bafrléﬂefeéledpﬂn§10é“}3¢f&sm sﬂg:}gpgiegtrgge

including a ste ed el ect s sho LED DESCRI PTI ON COF
THE PREFERRED HEB r@i‘éﬁ\h‘%i‘%ﬁf ieé‘}w‘\élﬁaluft%ﬁ“gﬁ?s?%g gi’]‘; Me for use in
sem conduct or pr oce55| ng apparatuses are provided. The silicon parts

contain low |l evels of netal s that are uni ntentlonal i urities in silicon.
Such netal inpurities arB . i f ect the

per f or mance e t a “as.

it L T I T R
preferred e I th
preferred egg%lgilv&rﬁg??taftl ede;SH F%@gm%gﬂunlhzo@gblt%ée: I nbgﬁ}éflgqugagvr%héebl elg'? (r)od:r

assenbl y1.0 O kichexenpl ary silicon parts that can be made include rings used

in a | asma reaction chanmber. As described bel ow, such.silicon parts can
be midg by -40015] FIG. 1 is a cross-sectional view illustrating an embodiment o% P

showerhead electrode assembly.
[0016] FIG. 2 is a cross-sectional view illustrating an embodiment of an
electrode assembly including a planar silicon electrode.

15 [0017] FIG. 3 illustrates an embodiment of a stepped silicon electrode.
[0018] FIG. 4 is a cross-sectional view illustrating a parallel plate plasma

apparatus including a stepped electrode as shown in FIG. 3.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

20 [0019] Silicon parts suitable for use in semiconductor processing apparatuses are

provided. The silicon parts contain low levels of metals that are unintentional
impurities in silicon. Such metal impurities are undesirable because they can
affect the performance of the silicon parts, as well as contaminate semiconductor
substrates during semiconductor material processing.

25 [0020] In a preferred embodiment, the silicon part is a silicon electrode. In
another preferred embodiment, the silicon part is provided in a silicon electrode
assembly. Other exemplary silicon parts that can be made include rings used in a

plasma reaction chamber. As described below, such silicon parts can be made by



WD 03/ 090263 PCT/ US03/ 08702 slicing a silicon ingot and treating the
sliced part to provide a significantly reduced netal inpurity level in the
part. [O00R0]o3/eveesilicon parts are manufactured by cutti ngcsiusozeatopl at es
froma silicon material using a cutting tool. The cutting tool includes an
outer netal surface that 5 contacts the silicon material during cutting.
For exanple, the cutting tool can be a wire saw, which includes a netallic
bl ade having a nmetal coating. During cutting, netal contained in the netal
coating can be renoved fromthe bl ade by wear and _adhere to one or nore
surfaces of shanghsilicomingonard treaymehe g dartdn @revddme sigaificayidy gadaced
exenplary materials th t(ﬁav been used to 10 formnetal outer coatings of
bl ades of mjﬂﬁﬁéémgu%Qﬁﬁv 8l§ﬁﬁmgrlicon materials. Brass, which contains

copper and zigip1] haphdX§hddnYRed S mansaethiddthy durihg Slisdplatel #d@Ba sifiebn
exanpl e, brass outer coatings have been applied over iron-containing

mat eri al s, sumkeriabusingelcsttingrioali rEhesanying adeincludes ateewer methl surfadgedhat
publication by MB. Shabani et al. entjtl "SI MOX Side or Polysilicon
Backsi de dwhi EPRIRAS Eﬁéﬁwnﬁ?’r‘@#’dé‘}“‘é&ctﬂ%n %ieégnwﬁﬁr rFé‘“Wegt‘QPf %Hﬁl‘fr% ties,"
Proceedi ngs g@f:_.t aﬂ%] i d | ind. | Imsee@uidesul at or
Technol ogy a%r eD%@i’ ?gl\s{ Elgdéﬁ g%%?lgdcﬂg% Iéa§f|¥ %g%eg{p;,gﬁllr?c., Volg.Qﬁ%d-éis%,
pages 162- 17mefdl 286chined dphermdralscoatihg gin beenidvied Yroimn thei Bladeosy Wwyardinflf usi on.
Copper has a | ow activation enthal pfy for, diffusion in silicon and thus is
mobi | e in thadkere fcore ryakeasuriagesofghe sifigen Pldfser at ures. 20 Consequently,

copper. can di[(‘({Z#f: Iﬁ):eg :2_l|1¥d !é(g)rg)tgpgll Ialfe Q%e_nzéléli Crﬂﬁexﬁﬁﬂ%ﬁ;ﬁ!ha% b&inqgediﬂ)d | ow

t enper at ur es. er an ou use to silicon surfaces and

aggr egati® on féfemetal baeesodiingé BOblAAE dMgirel saws Wkd %3 butasilicon maretalevat ed
tenperatures. Such aggregation can also occur at roomtenperature. Copper
cont ami nat i oMrass, whishsbhi@insicapperandwing has bgea used a5 yROPING 1IN WIrgSa pe and

L IR ot T
oo™ TOSHAIERR s SO Yok b T a2
M.B. Shabani et al. entitled "SIMOX Side or Polysilicon Backside which is the

15 Stronger Gettering Side for the Metal Impurities, " Proceedings of the Seventh
International Symposium on Silicon-On-Insulator Technology and Devices, The
Electrochemical Society, Inc., Vol. 96-3, pages 162-175 (1996), copper has a high
mobility in silicon by diffusion. Copper has a low activation enthalpy for diffusion
in silicon and thus is mobile in the silicon crystal even at low temperatures.

20  Consequently, copper can diffuse rapidly in the bulk of silicon crystal at high and
low temperatures. In addition, copper can out-diffuse to silicon surfaces and
aggregate on the surfaces during cooling down of silicon from elevated
temperatures. Such aggregation can also occur at room temperature. Copper
contamination is a problem in the manufacture of high purity, p-type and n-type

25  silicon wafers.

[0023] In addition to copper, other metals that have high mobility in silicon
include, e.g., zinc, titanium, vanadium, chromium, manganese, iron, cobalt and
nickel. Alkali metals, such as sodium, also have high mobility. See, W.R.

Runyan and K.E. Bean, Semiconductor Integrated Circuit Processing Technology,

-5-



Runyan and K E. Bean, Sem conductor Integrated G rcuit Processing

Technol ogy, -5 WD 03/090263 PCT/ US03/ 08702 Addi son Wesl ey, pages 414-415
(1994). ™evsméal s can create deep el ectronic states i RCTiUSHT@RIOAN
consequent |y degrade the performance of silicon devices. See, CRM

G ovenor, Mcroelectronic Materials, Institute of Physics Publishing, pp.
28-32 (1994). 5 [0024] The inventors have di scovered that the cutting
process used to cut silicon plates fromsilicon material can result in

metal inpurities adhering to Q rfac f th I | at es.
These net al sAﬁléiﬁénl%‘*eﬁled%%%f‘é\f‘éaéﬂg (65%‘{) Jl}%g"t mef 52%% ‘RKEa&ﬁ? %gfp"lcgfgp ? i ﬁ;

tool. Metal er
and i ron, - as Ebi SLEH RRMCALARRM]tRaEHE dRInARY FRIDARLHAR, SRPDS
Cool ants and CSRLM( Gesvens g Microdldeeronitt Muregiapy; duseinge ofBhydicsdPublishingupe net al
inmpurities. Due to their high nobility, these netals can diffuse rapidly
into the SI RB319¥)k at | ow and el evat ed terrperatures The inventors

di scover t ess 1 e f S on of a
i 11 con g1 at B4 by PrevenlppmalERR v RhEbER b spohe B B AT, {1 g
process has ?&?& FRRIIRbE @hatérb&‘ cdiPredBl 3l mea impliritied 3@héripnot die oz undrace
region into the interior of the silicon material. The netals can

s Iubs equent | y smifapesoé thiersilinon ipdates. | Thesa nmlkh@wcbeag gpsggmr@d tQ origigate dram con

pl ate surface. equent | i licon e pl at I S

manuf act ur ed WeAt BP’;H%B?t@gtt¥(8d%ﬁ@gwrﬁle%ﬁmﬁ@g "} eé:u§1 %géléﬁlgqe during
sem conduct Ogo%fr %511 HonPAOKES 84 Hfler R LA hdvﬂgq hitgh%olil emrm@ﬂ. surface

regi ons of 2 e el ectrode can be renoved omthe si |con el ectrode plate
by the mloasmCookintsi andrsiveries usEden e precess camplso iintreBice aretgont ami nat e

waf ers processed in the plasma chanher. [0025 The I.nvent oc{@ further

di scove(rj ed t HEPUIHifSe Q‘é?ptﬁéheléﬁtghdpohﬂlﬁ’eltheé? metals ¢ap diffyps 1apIqhe intp dhe, 5 ¢
t
m grate OUt§h?§a%lkta?‘?(pi%ﬁ @ﬁ?@éﬁ%gﬁ;&cﬁxo o h{eﬁ\@ﬁt&k GE6RAE map Pl ate,

even if the SuU e’'si ate 1s ater treated to

: enove netal ynEiheéd @etalshaé rdianeddaan agaifest &glotnhﬁ asdili¢omoplate wiftice, such
reatnment is
sufficiently short period of time after the cutting process has been completed, the

15 metals can diffuse from the surface region into the interior of the silicon material.
The metals can subsequently migrate from the silicon bulk and aggregate at the
silicon plate surface. Consequently, when the silicon electrode plate is
manufactured into an electrode assembly and used in a plasma reactor during
semiconductor material processing, metal impurities in exposed surface regions of

20  the electrode can be removed from the silicon electrode plate by the plasma
environment. The removed metal impurities can contaminate wafers processed in
the plasma chamber.

[0025] The inventors further discovered that once copper and/or other similarly
mobile metals have migrated outside of the surface region of a silicon electrode

25 plate, even if the surface of the silicon electrode plate is later treated to remove
metal impurities that have aggregated at the silicon surface, such treatment is
incapable of satisfactorily removing the metal impurities present in the silicon bulk
outside of the surface region. Consequently, metal impurities present in the silicon

bulk can continue to migrate from the silicon bulk to the silicon surface and
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i ncapabl e of satisfactorily renoving the netal inpurities present in the
silicon bulk outside of the surface region. Consequently, netal inpurities
present iwotB®9msd i con bul k can continue to m grate frompChasssod7eon bul k
to the silicon surface and -6 WD 03/090263 PCT/ US03/ 08702 aggregate there,
t hus providing a continuing source of netal inpurities that can

contam nate sem conduct or substrates during plasma processing. [0026]
Silicon wafer preparation processes are described by Richard L. Lane,
Chapter 4, "Silicon Wafer Preparation”, in WlliamC O Mira et al. eds., 5
Handbook of 8sgicedAdireothuspraviing T SeMHBIRESPUIeGRIJBCtal Ryritieh Bak C} ocesses
cut wafers by slicing si.li r I I owed by heat
treating the%ogﬁpééaég%%ﬁ lﬁ%r?d?r]gﬁo?z%bg#{ealse?gp ﬂég P Wﬁzgcgfs%lrl%cesses i ncl ude a

waf er etchi ngo@epp Siliesh ¥af@répatfiontpRedesics @ad dagribliebyRichard Theagd, chi ng
step uses chem cal etchants to renove dar.ragved surface | ayers of the wafer.
e

However, the Ghapter Ag "Siliepn WaferdRreparaties lam 6. PCeMavaetralt eds.i mpuriti es

resulting on,th fer.surface fromsliging. nse t net al

our 41 ok r RS T St digo L ST O Hadbiey 80 490, MheseiO&stesce of

contam nat i ORy &Q@?sﬁ])y Eﬁb?n% SUEMN &S@aﬂ'iﬁt@%ﬁéx@?fdﬂ&%d Qieat ﬁézﬁ‘ﬁa@'tﬂ«g )

techniques for cleani'ng sliced silicon electrode plafes after the cutting

oper ati on hasafersmo pemhaizewekistivitnt TheSe priocéssescinaludan iwadercetehing step ant

solutions, are unable to satisfact oriﬁ%{ rl_glrmvC?l adher ed tal] inpurities,
-al (N &

such as copp®erfarpedafisrhsay eatingthew e efchih SRuses cheppical Gt of
non as. . .
the silicon %r‘ﬁB% Qﬂﬁagt‘éggﬁﬁlﬁ%eulggbrg dfthe \U%%ﬁ" Hgﬁrgﬁé%ahéyé%l#it?%?&? $d At ory

even if such cleaning are pertforned shor he silicon
el ectrod pleffeasvehtavrembeemetil immdities eesultig & the sarfernsutrface &lom Hisdeuse t he
adhered netals are 20 not adequately renoved fromsilicon electrode plate
surfaces by $usequentimefal IRERHEYTRRRAINIY ik e eaen Jfter cirhirg canpyoridaer

highly nobile nmetal. inpurit.ies that renmain on or near the surface of the
silicon plat é"‘é‘FF@kC?‘rﬁm&ahg?fi ng can diffuse into the silicon el ectrode

pl ate bul k. Jogiy) di Tha!fiveitotsSdifioRedea @Bat WABWn IchQnfgttdiRues ot @it ed
silicon electrode plate is heated to an el evated tenperature, such as
sliced silicon electrode plates after the cutting operation has been performed, that
15 utilize a bath and surfactant solutions, are unable to satisfactorily remove adhered
metal impurities, such as copper and similarly mobile metals, from the surface
regions of the silicon electrode plates. In fact, metal removal is unsatisfactory
even if such cleaning techniques are performed shortly after the silicon electrode
plates have been sliced from the silicon material, because the adhered metals are
20  not adequately removed from silicon electrode plate surfaces by such cleaning
techniques. Consequently, copper and other highly mobile metal impurities that
remain on or near the surface of the silicon plate after the cleaning can diffuse into
the silicon electrode plate bulk. Such diffusion is enhanced when the surface-
contaminated silicon electrode plate is heated to an elevated temperature, such as
25  during annealing or during bonding of the silicon plate to support members to
form an electrode assembly. The metal impurities can migrate from the bulk to
the surface region of the silicon electrode plate during cooling of the silicon

electrode plate from the elevated temperature. As a result, the quality of an



25 during annealing or during bonding of the silicon plate to support
menbers to forman el ectrode assenbly. The netal inpurities can mgrate
from t he waloB/o263 t he surface region of the silicon el ect poti@sSpd/@re2 duri ng
cooling of the silicon electrode plate fromthe el evated tenperature. As a
result, the quality of an -7 WD 03/090263 PCT/ US03/ 08702 el ectrode
produced fromthe silicon electrode plate is inconsistent due to the
presence of the netal inpurities in the silicon electrode plate. [0028] In
addition, the residual netal inpurities can be renoved fromthe electrode

during plas mlqﬁtr@d@wdngecbfroméh%ﬁle%thée%t&@dd%fér\& IngoRSiTieNs (AUR &9 Bhet he 5
mferion?:‘mdﬁigsrghgﬁgfftg egaé x%ﬁ”ﬁué%‘iﬁ%{ %‘1151¥03ﬂ élé&p&egﬁ%ces manuf actured from

t he ave“unsa ormance. For exanpl e,

it has been [pgx8)r t Bfladdi@dn, it éblhumﬂetmhqmrmeé baﬁl bErRPRAed M @’ um i ron,
titaniumand vanadiumare "lifetinme killer" inpurities and, have maxi num

t ol er abl e corteetrodaticng plemaat pracassifignef wafors adeonsenoasln epniamiBatgtthers/ c B,

for a 10% devi 10 eff. nd sh d..be excl ude

rmterial 4n Stgnts erobel F0Ghe COMRGH b SR GRS SamitheHited o B
See C.R M Grc%ﬁﬁﬂﬂﬁ éedv{vﬁfe?seéa%q{a"vé’ ﬂh&atlsfx@{oﬁf bé’tjf&xna?@ge?oﬂé;arﬂ[ﬁ@ it has
Accordingly, it Is desirable for silicon electrode plates to contain |ow
concentr at i orbgewfepoled ¢chatix alleorsmlarfmllstdwpcuetchtmmame iront titanfunpdoted i nto

silicon substrates used to form such silicaon devices. 0029] The
i nventors di §’@B%¢JW§CPT? h]éﬁeu@éé‘b‘tlfrr ARBuTtiesAnd n g vg axIgym @i‘%‘?‘ﬁlge r api dl y in

silicon are hc&ﬁ’ah&ﬁ ?e%ﬁr%r%%ﬂﬂﬁ)v&%rlag@ﬂ}ﬂé“ Qt%Hasf‘én?C%%PO'P'&%

condi ti oni ng e reaction C sem ¢o ctor wa ers in

the reapji orefﬁélaﬁdyeﬁn@mbuupw eotdlmdtfhﬁn pihasmaamimd:onc&*mmtrommgmef or this
is that the netal urities are located in the silicon bulk of the
el ectrode andhaibiihquhih pas ey hillipn (BRb)t See ke ReMp evenstir Mieraelgstranie

o ectr e Ul R Bl 135S LA 1 Y ASERIA TS TR U ARETY '
ﬁl) §|C|t Ir gsels nhétalcaﬂtainqw Y&driraBbnd Bt thsel B isb ittRR (S REARK! RE ndeubdducdhi gh
into silicon substrates used to form such silicon devices.
15 [0029] The inventors discovered that copper and other metals that diffuse rapidly
in silicon are not satisfactorily removed from silicon electrode plates by
conditioning the reaction chamber by placing dummy semiconductor wafers in the
reaction chamber and operating the plasma reactor. The reason for this is that the
metal impurities are located in the silicon bulk of the electrode and continue to
20  diffuse to the exposed surface of the electrode during use of the electrode in
processing substrates.
[0030] In view of the above-described discoveries, processes of making silicon
electrodes having low levels of metal impurities characterized by a high mobility in
silicon, and that are undesirable impurities in silicon electrodes and in silicon
25 substrates, such as semiconductor wafers, are provided. The silicon electrodes can
be used to provide reduced metal impurity levels in semiconductor processing
apparatuses, such as plasma etch chambers and plasma deposition chambers.

[0031] FIG. 2 illustrates an exemplary embodiment of a silicon electrode

assembly 40. The silicon electrode assembly 40 includes an electrically
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silicon, and that are undesirable inpurities in silicon electrodes and in
silicon 25 substrates, such as sem conductor wafers, are provided. The
silicon eveosmodes can be used to provide reduced netal PopwSdy/gg7bevel s in
sem conduct or processing apparatuses, such as plasma etch chanbers and

pl asma deposition chanbers. [0031] FIG 2 illustrates an exenplary

enbodi nent of a silicon electrode assenbly 40. The silicon el ectrode
assenbly 40 includes an electrically -8 WO 03/090263 PCT/ US03/ 08702

conductive, silicon electr or silico 2, whi.ch is bonded to a
support ri ngomct%éﬂl%e Cgpé%FﬂrtSélCBPPi%&‘@or‘(ngé} ﬁltl?é‘d%%%%f"{ppf"ftng. The
silicon elec | a ni form
th! ckness. hlhgqﬁas&% dssd %5 Slfélgern@bg ell:rirc{)oﬁ)lé;a Fntg{lﬁ SLHJil5lblet rrgll |2%£§ﬂefl exg%lr&g edé42
t hi ckness cam2 bﬁpx&hﬁnﬂily Phahat, s it dah havele sibn-adifotnh ehiekmess.r Bdeexaaplédn
thicker. A thick electrode can be about 0.3 to 1 inch thick. The silicon

e: ect Irode afsMPWbQ@m%ﬁsﬁh@ﬁ’é‘F%ﬂ?Ct&O@m%ﬁ% can deebeitel/4 Hbvilfed with a
t
P ol e 5oor SEPREC Hheiiloaf 300 B4 B0RF OA BRACAAER 0. (R vRABARIS 1o 1N 2 o' 7€

and h or su a process I'n

chanber at agfgsi TR sﬂlh@ﬂVelea&&ieambr@m?uoubpisfaablymoe)eﬂfetaa @@@u@@m be a
powered 10 el ectrode or grounded el ectrode. The process gas can be

ener gi zed by ptdvadegli Wlth:arplureh@dtfrspmdasﬁéﬁbﬂ gisd@rgaopassages. fIhe prssagisasma in

t he reaction_chamber con ectrode ass 032] The
silicon el ecp?Y?d%S‘ﬁ%a%‘ﬁg Wéttgrﬂﬁﬂg? le fqrnsblpﬁlxln(gaanp@gesg&;}ag% %/’é)éé(feﬁ%r by any
sui tabl e bon%ﬂ%&%&gfa@g@ E&&frsta ahd Mistridiion! Imfecmec@ﬂoaema@af,gwefe@ the 15
support ring 44 are t oget her using an elastoneric naterial. The
bondi ng 10pr oekestrocirrmfgroabdeﬂ électmdpr (Tche:psoca:ss ghssxambb@aielrgnzeddmmmwcamy gned

U. S. Patent 376, 385.  For the el ast omer i oi nt .
2 SUi tabl o ISPy MBI 49 Sodip AR SATE S/ RECHR SHOTFOHEAE thd ©

resistant to e ion at el evated high tenperatures that occur
during pl asrrgﬁlg&gg%étsr?(ge %E%@%OOBB] The mating surfaces of the silicon

el ectrode 42[¢03d]t MEheS¢IREW dlediidba and4heuppbe rixlged¥acancie bumded tapedier
surfaces. Alternatively, the mati nlg surfaces can be
by any suitable bondmg material. Preferably, the silicon electrode 42 and the

15 support ring 44 are bonded together using an elastomeric material. The bonding
process preferably is a process as described in commonly assigned U.S. Patent
No. 6,376,385. For example, the elastomeric joint can comprise a suitable
polymer material compatible with a vacuum environment and resistant to thermal
degradation at elevated high temperatures that occur during plasma processing.

20 [0033] The mating surfaces of the silicon electrode 42 and the support member
44 can be planar or non-planar surfaces. Alternatively, the mating surfaces can be
contoured to provide an interlocking and/or self-aligning arrangement.
[0034] To achieve a good quality elastomeric joint, it is desirable to densify the
elastomer bonding material prior to applying the bonding material to the mating

25 surfaces. For example, the elastomeric bonding material can be subjected to
vibration in a vacuum environment at ambient or elevated temperatures.
[0035] The elastomeric bonding material can be applied to at least one of the
mating surfaces of the silicon electrode 42 and support member 44. After the

bonding material has been applied, the bonding material can be densified. The
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contoured to provide an interlocking and/or self-aligning arrangenent.
[ 0034] To achieve a good quality elastoneric joint, it is desirable to
densi fy twe o3edm|ex oner bondi ng material prior to applyi ngpCinasShaesiong
material to the mating 25 surfaces. For exanple, the elastoneric bonding
material can be subjected to vibration in a vacuum environnent at anbi ent
or elevated tenperatures. [0035] The el astoneric bonding material can be
applied to at | east one of the mating surfaces of the silicon el ectrode 42
and support nenber 44. After the bon ing nat%rial s, been applied, the

er 44 ¢

h
bondi ng mat ePiligen elspirese 4Fand supRert B 8568 RS LIREFFULLHEF 08702
il | 4 . . . i h
stircon € ech{aggg su e%‘%g(r?o%#%p%{rl& ng@Hfl’@Ean 6%gﬂglegﬁt g%%%fﬂ?ldﬁ{gn “oﬂﬁﬁ%s' ng the

mat i ng surface g eSsure can p at t ol nt during

bondi ng. [ OfRAk) THEhec¢lasdrnems bendaandbeaaredos any rseiatdé topersuietandlie any
tenperature and In any suitable environnment. For exanBI e, the el ectrode
assenbly 40 suitableeenyirgamgni. nFerexmmples theaglectrpdsrassembly 40 canbe placed i an

effective to accelera curing Q he bon . ¢ I I ive
Chermal St r o866 fEChed A B Rlrt 8feRE L R elBh ok REE LRSS RREAY

el ectrode angdubipp ¥xtessREMRIMARSESS BiR6! (RN diéctioBe @8 Supppl MefmberTai Nt ai n
the tenperature below 60C, e.g., 45 to 50C for a suitable tinme, e.g., 3 to

5 hours. Af Fer an hlectsodaiaridssuppore shembef deseribpd akovgs itdsrdedirabledp mpaintaie

el ectrode 10 assenbly, is cooled. [0037] -Fl 3 il trates anat her

exenpl ary enﬁ@dFWBﬁrta%‘HF lbﬁl_°§"| &} ggrfr"ésl' ggt“l 3§e(“af?roar Sué{aglg:tt%%ree‘%l’_ t'8)° 50. As

descri bed i nhﬁ%ﬁ%ﬂt tﬁéﬁ?lﬂf‘ﬁcéul'éd,sto f52h &Y e1fomerfo _FJ%;(’, R lelecefoieh 1s
erein he

i ncor por at ed y reference inits entirety, silicon electrode 50
i ncl udeslfan uagzpmblysisrcoaled. 52 and a | ower surface 54 including a step 15 56.

The step 56 is provided to control the densitl_é(gDi pl as ,.ormid adj acent to
the exposed (WA} SEIG.atBlusirates ot SKGERANLFBPRUTERIP! arfilcar; gleqtage

o oot ol SO EAB BB/ | CATIRLE oo By MM & Mgt 32 e
paral | el pl abe391pigrs Whidh @ iR®3pirated PpRimby sefbfencd hieitpémien, treciasai ng
apparatus 60e{e2§!)(¥ed§(? in%ludes an upper surface 52 and a lower surface 54 including a step
15  56. The step 56 is provided to control the density of plasma formed adjacent to
the exposed lower surface 54 during plasma processing. The silicon electrode 50
can have a thickness, e.g., of about 0.25 inch or 0.33 inch or greater.
[0038] FIG. 4 illustrates the silicon electrode 50 mounted in a parallel plate
plasma processing apparatus 60. The plasma processing apparatus 60 includes a
20 substrate support 62, an electrostatic chuck 64 disposed on the substrate support
62, a substrate 66, such as a semiconductor wafer, supported on the electrostatic
chuck, and an edge ring 68.
[0039] An exemplary method of making silicon electrodes and silicon electrode
assemblies will now be described. A silicon plate is cut from a silicon material.
25 The silicon material is preferably a single crystal silicon material, which has the
ability to wear uniformly to increase lifetime, and also can operate with minimal or
particle-free performance. The silicon material can be doped or undoped material.

For example, the silicon material can be doped with boron, phosphorous or any

other suitable dopant to provide desirable electrical properties. The crystal
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20 substrate support 62, an electrostatic chuck 64 di sposed on the
substrate support 62, a substrate 66, such as a sem conductor wafer,

support edvon3pdecel ectrostatic chuck, and an edge ring 68CT[U808&]702An
exenpl ary nmethod of making silicon electrodes and silicon el ectrode
assenblies will now be described. A silicon plate is cut froma silicon
material. 25 The silicon material is preferably a single crystal silicon
material, which has the ability to wear unifornmy to increase lifetine, and
al so can operate with mnimal or _particle-free performance. The silicon

materi al canopentaapreel Be siicanplae irdiof fimited, andne sitican electrodtocag; have on

mat eri al can d ot n, phosphorous or any other suitable dopant
to provide dé@?’a@ﬁy%%ép? ?agé' properties. The crystal -10 WO 03/090263

PCT/ US03/ 087 Q6040p" | BiY éiliédineledtrodBes prekeratsly ppddriced b coginglal singl€ckysand t he
silicon el ectrode can have (100), (111) or (110) faces. [0040] The silicon
el ectrode i ssibiced gigabby aprasiye cuiingyo furmt 2 pigele csy vyl sélicompdatey Thejsli¢iagn i ngot

by abrasive cutting to.forma single.c al _silicon plate slicing 5
process 15ypi BHIFSP %Pﬁcglil& Béﬁ%f:s 3&?&1&3’%‘{%3@@ %kaxgl}??pﬁﬁng Rlé‘a-‘%gﬂ i ng bl ade
can conpri se ghEfle H811HAGING AVrAKTORRR bG tRY &Eel! MurbiEL@lcingddF th@ethgdt,i Ci ng of
the ingot, the coating can be renoved fromthe blade due to wear.

Cool ant's, | uldrei matihg canbe reshaved ifesn thediladzl dug to s .d Goolagtse litbiricanfs enth al so
contribute to netal renoval fromthe blade, as.well as jntroduce

i npurities. THEIGSEYBIGRlY Headfurig fulimg Sap agg CQRAEibyfe t?dn?fﬁlrrgn%'glfé@@éh%f t he
silicon plat ' : i ' i

cont act s t ne s HE bt ftte@lcdintirkinh Th oG8 el Bnilhe DALY csence
of met al10i npufdré swsaces of theaslicoayiee, andrpartiowarbutof the eucdurfabe whith con pl ate

I s undesirabl e because such netals are a contam nation source and degrade
the quality @fre¢thecatacichn bladgdaring GUEARi ti on, 15 when the silicon plate is

. g R : !
react or dur i APIE T ASHASEBE) Be BEERBR AP MbUIRRE, S s BRRET,
(r:g 22 ?(r)nr nat i 0Rny QAR Jfthe SREICHAGUS iftdesiabils bE@uSS sybhaa&sisage an the plasna

contamination source and degrade the quality of the silicon plate. In addition,

15  when the silicon plate is incorporated into a silicon electrode assembly and used in
a plasma reactor during semiconductor processing, the metal impurities provide a
contamination source for semiconductor substrates processed in the plasma reactor.
Accordingly, it is desirable to reduce the level of metal impurities on the surface of
the silicon plate after cutting to a desirably low level in order to overcome these

20  problems.

[0042] The problems of metal contamination can be addressed by treating the
silicon plate to remove metal impurities on one or more surfaces of the silicon
plates before the metals have had sufficient time to diffuse too deeply into the
silicon bulk. The metal impurities are preferably removed from the silicon plate

25  while they are located substantially within a surface region of the silicon plate after
the slicing operation has been completed. By treating the silicon plates to remove
a portion that includes at least the surface region, and thus to remove metal
impurities contained in the surface region, the problem of the metal impurities

later migrating to the silicon plate surface during semiconductor processing, and
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Accordingly, it is desirable to reduce the |evel of netal inpurities on the
surface of the silicon plate after cutting to a desirably low level in
order to woes/omes t hese 20 probl ens. [0042] The probl ens eCTrsbz08702
contam nation can be addressed by treating the silicon plate to renove
metal inpurities on one or nore surfaces of the silicon plates before the
metal s have had sufficient tinme to diffuse too deeply into the silicon
bul k. The nmetal inpurities are preferably renoved fromthe silicon plate 25
while they are | ocated substantially wthin a surface region of the silicon
pl ate after Pfeyidiag psprige O EPHEMHEIRIAR L0 i?é‘é‘ﬁ‘)@é‘ﬁﬁﬁ’lré‘fag‘ﬂ.s bing ireessiedy s he
silicon plat tojremve a portion that includes at |east the surface
S Fetuced. ! ! . .

gi on, and o renove netal inpurities contained in the surface

region, the poodsl enaedordifglyrBécbsd sobidrsidtd @Ffusioatien tifegdependet processeitsi | i con
pl ate surface during sem conductor processing, and -11 WO 03/090263
PCT/ US03/ 087 ixxdesjsalleitel perforn gheuraating tep Gpomafiterahe sicempltesihavhbesdt or waf er s

bei d, duced. [0043] Accor di lid stat
i1 oo 1 e hin A dner ot a8 i hees TaerPRG S FeRBieF o t ne
treating stepegoQfedbdrsiec dopferSint)dr Vthe? étASimpaYiBePRRingda Sinike hdbilaia

silicon material, such as an ingot. Preferably, the treating is perforned
bef or e coppesilizonAvcoppehdraverhad buffinjent iime ¢s diffuse nytsslesif @isutfaceragidn afy | n
silicon as copper, have had suffjcient ti to diffuse outside.of a surface
region of tH %ﬁ‘qqnﬁﬁeﬁpgﬁ%agﬁﬂhiﬁﬁé" Eébgﬁe%}’%\ﬁfm TRt EARFHSof ¢ he
metal | mPurl bbaindiG0fmalil. OSL AN Rthime AR RENEpORPLA BicRBS bHES: fRPPCT Can
i ncl ude one or nor of zinc, titanium vanadium chrom um nanganese,
iron, cdigal t of inckéfanfng vahsdiuh| eomiwpemdhgumess) itdne colmip akkel aml thé t he
cutting tool used to cut the silicon plate, as well as the presence of

ot her, typi cikeydapending onm?qmgpsgmrg%éhe eHiting ol peed @Icpbmé!ll@waxe’mt al
B R e s
isinl It ﬁgn treafiding. OiRerhéthiCiadpubitiad €ant idclaué hikali entdly ifchradng feoeReipler esent
calcium, potassium and sodium. Because copper has a very high mobility in
15 silicon, treating the silicon plate to sufficiently remove copper present in the
surface region can also effectively remove other metals having a similarly high or
lesser mobility in silicon than copper, and that may also be present in the surface
region along with copper.
[0044] For example, the surface region of as-sliced silicon plates that can be
20  removed during treating can have a thickness up to at least about 25 microns, and
preferably up to at least about 100 microns. Surface regions having a different
thickness, such as less than 25 microns, or greater than 100 microns, can also be
removed by treating. A surface region having such thickness can be removed by
treating the silicon electrode plate with a chemical solution. The chemical solution
25  treatment comprises contacting at least the cut surface of the silicon plate with a
chemical solution. Preferably, the entire outer surface of the silicon plate is

contacted with the chemical solution so that any metal impurities adhered to the

wafer surface at locations other than the cut surface can also be removed.
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surface region can also effectively renove other netals having a simlarly
high or |esser nobility in silicon than copper, and that may al so be
present iwotBeer f ace region along with copper. [0044] Pom/ussxaogidxe, the
surface region of as-sliced silicon plates that can be 20 renoved during
treating can have a thickness up to at |east about 25 m crons, and
preferably up to at |east about 100 m crons. Surface regions having a
different thickness, such as |less than 25 mcrons, or greater than 100

m crons, can also be remved by treating. surfape,r%gion,having,such

A
t hi ckness cat0048] r ehes/dgmical splukign Frﬁé}mteﬂgc%li inclpde, dipping the aiicpn B WA h a
hem cal | Wt -T ' [ ' tacti
ot Teact ¢ et lmice SaBUGE" Allerfydll, B8 creplcal el b MhippBEF CRE 2011 N9

Preferably, tiligoRplatd & seleb@d 16datibaces thé siliben plats wefacpbgtasty iother suinbict ed
with the chem cal solution so that _anly metal inpurities adhered to the

waf er sur f ac@regess, seclt asompsaydns e Chemigal mpehapical pRlishigdCMP) MR¥o be renpved.
-12 WO 03/ 090263 PC]'/ bJSOS/ 08702 [0045] The chem cal solution treatnent can
i ncl ude di ppPHg PRESPFI%Eh plate into the chenical sol ution.

Al ternativel ypodehe PREMHehAtal $6uHbA B4h BAVR AR§ saivsblé Ekbrhiallddgnpositibh @ id! at e
at selected l'ocations of the silicon plate surface by any other suitable
process, suckffegtivepgo agmoyg atdeashihearfaseciegionosf] thgsilicerhplatg. (Exntnay 5
alternatively be ysed. &[ 046l %Heécﬁ{?em cal , sol tiog. can. have anﬁ sui tabl e
chemical comS®PP§ItoNs, Rich TRIES, audieting profedures,Qr siching FAECur f ace

regi on of NSl i B ol Al fese AN Hex AR IW | REHS arBlCIA ey, and et chi ng

procedures for etching silicon are we known in the art as described, for
exanpl e, 10 n Ghapter V-pntCHemAcal Brctiimg™, jin 10.. CroapdneandW1 KehChésrj d&in Eilehi ng”,
in J.L. Vossen and W Kern eds.,_ Thin Film _ Processes, Acedenmc Press,

Inc., Londonfrages, Meedemic Erespclr pdroadery 1B ehighys lmétﬁégelieﬁl ]?X s
o e g pORFIFRF e Sl U MBS 00
a mxture of g5iiBn apsaiimgaiidrémiorienield HPE & nhikuae b nfGE@GOTHNG, s a0l U. S.
HF; a mixture of HNO, and HF and optionally acetic acid (CH;COOH) (see U.S.
15  Patent No. 6,376,977); and mixtures of HF, HNO,, CH,COOH and NaClO,; HF,
HNO,, CH,COOH and HC1O,; HF, HNO; and NaNO,; HF, CH,COOH and
KMnO,; HF and NH,F; and H,0, HF and NaF.
[0047] As described in W.R. Runyan and K.E. Bean, Semiconductor Integrated
Circuit Processing Technology, pages 249-251, a mixture containing 3 HF, 5
20  HNO,, 3 CH,COOH has a room temperature etch rate of silicon of about 25
microns/minute, and a mixture containing 2 HF, 15 HNO,, 5 CH,COOH has an
average room temperature etch rate of silicon of about 3.5-5.5 microns/minute (all
parts by volume; 49% HF, 70% HNO,, 100% CH,COOH). Based on these
removal rates, the former mixture can be used to remove a surface region
25 thickness of silicon electrode plates of about 25 microns in about 1 minute, and a
thickness of about 100 microns in about 4 minutes. The second mixture provides a
slower silicon removal rate and thus requires a longer treatment time to remove an

equivalent amount of material. The concentration of the acid solution can be
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15 Patent No. 6,376,977); and m xtures of HF, HNO3, CH3COOH and NaCl02; HF,
HNO3, CH3COCH and HC1O4; HF, HNO3 and NaNO2; HF, CH3COOH and KwhO4; HF and
NHAF;, andwbd®p9ddk3 and NaF. [0047] As described in WR. Rumgarusasies7ée E.

Bean, Sem conductor Integrated Circuit Processing Technol ogy, pages

249- 251, a m xture containing 3 HF, 5 20 HNO3, CH3COOH has a room
tenperature etch rate of silicon of about 25 mcrons/mnute, and a m xture
containing 2 HF, 15 HNG3, CH3COOH has an average roomtenperature etch
rate of silicon of about 3.5-5.5 microns/mnute (all parts by volune;, 49%
HF, 70% HNO3adjugiedsacretrobthe repaydatspisticon and AMPRE}IESSSO IREME o ey

m xture can be used to r f . ' thi ckness of silicon

el ectrode pl FAmeE ?C%O%eu(teorﬁ%&ﬁ?g?tg%nsaaﬁ%lﬂsgglll??&le%%n%l&fe, and a thickness of
about 100 mi gioa8p | AtcaMively? the Shenfisal sdlu€ion @E0BE a basit Yolatin ovchlas a sl ower
silicon renoval rate and thus requires a longer treatnment tine to renove an

equi val ent anelutien cdmpmsieg Pad or Mhre efmmmerine hysdroxde tsedivgehylresida@nén can

be -13 03/ 090263, PCT/ US03/ 08702 adjusted to control .the renoval rate of
silicon and RYESHUMyAr9xiqes SORG0% mgpe ﬁdﬁt@gletcgglﬁﬁ%ﬁ?&%gﬁdbgs conducted within

a desired ”g@gf@ﬁ@&iaﬁﬁd@?ﬂraEQ%ﬂd {ﬂimﬁApﬁﬁd #8llike, EdEochri @@hles?lbmida@n can

be a basic s tion, such a solution conprising one or nore of ammoni um
hydr oxi de, seslution tyyehhandedmeahunpusitp ot honhihd sdicod@latne or nore

suitabl e chel ating acids, such as ethyl enedi am necbetracetic acid (EQTA) and

the Iike, caflt48] adHEqunSthF?éIOEI‘?gmec‘giemlgagp‘?}m‘%‘h %“&Hﬂ%ﬁ%ﬂpﬁ&t‘éﬁe’ Phpurity

removal T om,t gt bhide Sihe R0 HifRORE AL LflotUentdl®l GHiRE cal
datton tenp pH "and ot

solution, the 'so erature, er paraneters can be

sel ectedot 0 g@fficeMegiohe Thesiliced plaé¢ carobe comavual with thehehemidil selufiew éorr egi on.
The silicon plate can be contacted with the chen cal solution for an
amount of ti A amppatcef time effeqtivady Eemovgasqdestad portion g thg sitigrn Rlate: con pl at e.

A T R T e T
silicon platgnd b@er similar metals described above at the surface of the silicon plate. For
example, the treating preferably can reduce the concentration of copper at the

15 surface of the silicon plate to less than about 100 x 10' atoms/cm?, and more
preferably less than about 10 x 10" atoms/cm’®. The treating preferably can also
reduce the concentration of other mobile metals including zinc, titanium,
vanadium, chromium, manganese, iron, cobalt and nickel to less than about 100 x
10' atoms/cm?, and more preferably less than about 10 x 10" atoms/cm’.

20  [0051] After the silicon plate has been treated to remove metal impurities
present at one or more surfaces, the silicon plate is rinsed to remove any residual
chemical solution. Preferably, the silicon plate is rinsed with high-purity,
deionized water to remove substantially all chemical solution from the silicon
plate.

25 [0052] Following rinsing, the silicon plate can be further processed depending
on the application. The as-rinsed silicon plate can optionally be annealed to
achieve desired electrical properties. The annealing process can be conducted in
an oxygen-containing atmosphere to introduce a desired concentration of oxygen

into the silicon plate. Typically, annealing is performed at a temperature greater

-14-



exanple, the treating preferably can reduce the concentration of copper at
the 15 surface of the silicon plate to | ess than about 100 x 1010

at ons/ cnwoasdomaex e preferably | ess than about 10 x 1010prarmissd/est® The
treating preferably can also reduce the concentration of other nobile
metal s including zinc, titanium vanadium chrom um manganese, iron,
cobalt and nickel to |l ess than about 100 x 1010 atons/cn2, and nore
preferably | ess than about 10 x 1010 atons/cnR. 20 [0051] After the silicon
pl ate has been treated to renove nmetal ippurities gqregse,nt at one or nore

surfaces, théhasiaboehPlsCat Beqause; the siigon gl \Reen frFated Drign 49 annegling. c o
solution. Prefe ] -ate is, rd ] el '

dei oni zed el CPEentiabl S Nl MBALR, SuckPyd CRBED iy URelf e the |
silicon pl akiicor plapdRSaffidreaitlyduvivitBatrthe)piobiem bhaggregationnf phstantiann be
further processed depending .on the application. The as-rjnsed silicon

pl ate can op@MmEHAlS|of tese ippwrigiesat the siliconiniate sedage ying|copling ehthe 5HSRBI 1 i es.

The annealin recess _can Qn d. i oxygen- cont ai ni ng at nosphere
to int roice%&’?%ﬁgfﬂr‘@_& a%%?gﬁt?%f#%%olfs °§§r§§§‘ﬁ- into the silicon plate.
Typically, a ) gl NPhd SiLERT plate'Bad tikn e faBARRERIUTBdEIeanE Besired4ind0 03/ 090263

PCT/ US03/ 087 han about 600C. Because the silicon plate has been treated
prior to annedicomglate ¢dnfiguoatioanthraatekamplef imapreferredoembadiment is ydticlathecopper ,

t hat b [ in.th i1, | ' fficientl | th th
oy b pieseRl 1 A slcon et Lo ST enlly, Loniogs e
silicon plat ﬂisélﬁr%gﬁ)gsslg s'daf bqulllﬁéal?(r)lgfée fiﬂ@orﬁblhtqunargl s(ﬁ:itﬁlt)l% pE6RR, tehe |

anneal i ng tenpera over cone. 3] The sili‘con plate can then be
fabri catE t daspr ddlling, tlvasaes dribthgfarnkd likesi In adslitiqol, am@ncogholgsican bon. For
exanple, in a preferred enbodinent in which the silicon plate is

i ncor por at ed formed BRGEHE@LRIAEE ect r ode assenbly, a plurality of gas

di scharge pa s . [ 4l . I.t, abl e
process, e. giﬁﬁ%g Igﬁ;‘ée]?Bgﬁ f‘?‘fgﬁ%“ bglp%%g%ﬁidé%gir%?ﬂﬁlgfag? ﬁ?@eﬂ' ﬁﬁ% I'n
addi tion, mpasdeBn Rl Refetly Perforndni@r pis dibshasid passuges)| abenting holes

and/or other features are formed in the silicon plate, so that surface damage

15  produced on the silicon plate surface by cutting and/or forming the holes can be
removed by the processing. For example, the silicon plate can be processed by a
series of sequential steps including grinding, etching, polishing and cleaning steps
to remove surface damage and achieve a desired surface finish. Other process
steps can optionally be used to achieve the desired final silicon plate.

20  [0055] After producing the desired final silicon plate, the silicon plate can be
incorporated into an electrode assembly, such as the electrode assembly 40 shown
in FIG. 2, by the exemplary assembly process described above. The silicon plate
can alternatively be shaped to form a stepped electrode plate, such as the electrode
plate 50 shown in FIG. 3.

25 [0056] The silicon electrodes can be used in various different plasma
atmospheres for etching, deposition, as well as other applications. Typical etch
chemistries include, e.g., chlorine-containing gases including, but not limited to,
Cl,, HCI and BCl;; bromine-containing gases including, but not limited to,

bromine and HBr; oxygen-containing gases including, but not limited to, O,, H,0
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[ 0054] The silicon plate can be processed to a desired surface finish. Such
processing is preferably perforned after gas di scharge passages, nounting
hol es amsliDes/oeRber features are formed in the silicon pl aCeusssos7bmt
surface damage 15 produced on the silicon plate surface by cutting and/or
form ng the holes can be renoved by the processing. For exanple, the
silicon plate can be processed by a series of sequential steps including
grgndiﬂg, etching, polishing and cleaning steps to renove surface damage
and achi eve a desired surface finish, Oher process, steps c .onal |

be used to adhd 8Qs Hypringecontaning g3sss inglyding, r\’ub Pk lmiteghto, &f%?]’%ﬂ? é\h:o Y

producing th f I

i ncor por at ed%I}ﬁFO n3e gg’? £ oa(i.{ed 12%231%#&1%9@5%%%15?4%% g&%slggnbl
shown in Fl Gradd Noy ThSe Qﬁ@mbﬁg%eﬁﬁﬁ?fb@'dﬂed)ﬁmgfsﬁutdﬂe(iﬁlkhﬂd ddpending The
silicon plate can “al ternati vel y be shaped to forma stepped el ectrode

pl ate, such as thcdessedplasmde EX}@H@i?éy PRSERGERFIOTrELEing Operapng CQBEHEINS PFR:

silicon Iectr S C i n_various fferent pheres for
ot chi ng, Sdepdsiaionn; tuoRflFitige SeBiraGiSef i apRat 2575 RAou O

chem stries pRGh&GreRud of f?&h%étﬂ@hﬁ?ﬂﬁatbrhbﬂﬁk 0BSAToirnelcHAt Es oWt not
limted to, d2, HO and BCl13; brom ne-containing gases including, but not

limted to, rde ofifmoen abroit &Blsccrmxydmut ¢000: sticmi; agd pawersedi elesitiode ngweb()f not

limted to, 02, H20 -15 WO 03/ 09 CT/ US03/ 0870 and

f1uori ne- conlfré’FIh?l?fﬁ“&a‘g(é‘és Forfg% oY (ﬁ)g,?wgﬁ? fqﬁgglqnﬁi‘f grsy gnd gﬁﬁ‘lo B8Nt \F31

CI—|3F CHF3 a @?%{ ot her gases including, but not limted to
He, Ar and Elgo ettssgfalg% ["l\enrgfégséses may be used in any suitable m xture,

dependi n® oQo0sTe dEkd snB@brpéleaﬂﬁes Eatetvgplised \in phya suitablecsladnoa reatmhi FQr
operating conditions are 5 as follows: bottomelectrode te ature of from
about 25C t oexasople, Beciliconglasedessandeysed Bra dyalrfrequenny. 6o rP Pz pout

ond power e SRt 8B s andrelp™ oStk SR e SOR Lo KR 0P T o
200 nm waf er Sorgdidtidd @fm&xﬁdm,a@mf@miaﬁoﬂpprwrtea énifoddRAéntsTMmydf@rahd high-

density plasma reactors can be used. Those skilled in the art will appreciate that

15 the reaction chambers described above are only exemplary plasma etch reactors in
which the silicon electrodes can be used. The silicon electrodes can be used in any
etch reactor (e.g., a metal etch reactor) or other type of semiconductor processing
apparatus, where the reduction of metal contamination of wafers is desired.

[0058] The above-described silicon parts have reduced concentrations of copper,

20  and other mobile metal impurities, that are detrimental to the performance of the
silicon parts and to silicon substrates, such as silicon wafers. Consequently, the
silicon parts have high quality. In addition, by utilizing the silicon parts in
semiconductor processing apparatuses, the contamination of semiconductor
substrates processed in the apparatuses, by metal impurities such as copper and

25  other similarly mobile metal impurities, can be reduced.

[0059] While the invention has been described in detail with reference to
specific embodiments thereof, it will be apparent to those skilled in the art that
various changes and modifications can be made, and equivalents employed,

without departing from the scope of the appended claims.
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10 [0057] The silicon electrodes can be used in any suitable plasm
reactor. For exanple, the silicon electrodes can be used in a

dual - f r equensy9026dnfi ned plasma reactor, such as an Exel anTNSps/aoessi ng
chanber avail able from Lam Research Corporation of Frenont, California. In
preferred enbodi nents, nedi um and hi gh- density plasnma reactors can be
used. Those skilled in the art will appreciate that 15 the reaction
chanbers descri bed above are only exenplary plasma etch reactors in which
the silicon el ectrodes can be used. The silicon el ectrodes can be used in
any etch re al etch reactor) or other type of

A
cont amt nati on of af or & meBRE Ay SHAE Aol ERHRARRC R e

parts have r gghieaes CongRtidgat i ons of copper, 20 and other nobile netal
inpurities, that are detrimental to the performance of the silicon parts
and to silicon substingtesdlicosyddic fromsa bilicom material suchghaigaefakimpuyities he
silicon rts_ have high ality. Ln addition utilizing the silicon
parts i n%aseﬁilll"é?\&hﬁfgtrs"‘gﬁﬁ‘é8tﬁleﬁbllcgﬂ|?gaﬁ%fiﬁr§%&%tcl‘}hl%ont amnation of
sem conduct or Sugl%é[ril?é e Rt BfeEDF SelrdcR of iR SR RhteSAth a BN &) rebdBREri ties
such as copper an 5 ther simlarly nobile netal inpurities, can be
reduced. [ 0028ladfsbme dfhlee metak ithpuritiek donb tercudascacebantl i n detail with
reference to specific enbodipents ther e_i),f, it will be apparent to those
skilled in the aroptonaly apaealggdhe HeebslicOPIAKdi f i cati ons can be nade, and

equi val ents enpl oyed, w thout departing fromthe scope of the appended
clainms. -16 WD 03/090263 PCT/ US03/ 08702 WHAT IS CLAIMED IS: 1. A nethod of
maki ng ajesi | i con part Qheangksd 600MLS 110 whprede @Rahétal ingupiziestemprisaarpr i si ng:
cutting a silicon plate froma silicon material such that netal inpurities
5 adhere to #asienestiementselgeted frons fhej geoip ANsisENg Qf FORPEE HADGUHANWE: treati ng

o L east U SRS, ekl i, R Ll Bl g, b e =
concentration of the at least one element on at least the cut surface of the silicon
plate after the treating is less than about 100 x 10" atoms/cm®.
15
3. The method of Claim 1, wherein the metal impurities comprise
copper, and the concentration of copper on at least the cut surface of the silicon

plate after the treating is less than about 10 x 10'° atoms/cm?®.

20 4. The method of Claim 1, wherein the cutting comprises cutting the
silicon material by abrasion with a cutting tool comprising metal, and metal
impurities are removed from the cutting tool and adhere to at least the cut surface

of the silicon plate during the cutting.

25 5. The method of Claim 1, wherein the treating comprises contacting
at least the cut surface of the silicon plate with an acidic solution or a basic
solution effective to remove a portion of the silicon plate that contains the adhered

metal impurities.
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optionally annealing the treated silicon plate. 10 2. The nethod of O aim
1, wherein the netal inpurities conprise at |east one elenent selected
from t he woospdensi sting of copper, zinc, titanium vanadirasps/ed10om um
manganese, iron, cobalt, nickel and alkali netals, and the concentration
of the at |east one element on at |east the cut surface of the silicon
plate after the treating is |ess than about 100 x 1010 atons/cn2. 15 3. The
met hod of Claim1l1, wherein the netal inpurities conprise copper, and the
concentration of copper on at |east the cut surface of the silicon plate

after the treating-is ITd§dnathathotplaim 51 fursher GomPHEREEmEIng. thogiligon I?*ﬁ@ met hod
of daiml, v erfgﬁz{l{ng% r§ fé O8GRI AESE t@é‘%&hﬁgsghﬂﬁtn cﬁ ﬂakf&%@luﬁ%e“ al by

abrasion witH conprisrng npurities are
removed fromﬁtdﬁemagﬂtiddﬁq,]ﬁt@ol and adhere to at |east the cut surface of
the silicon plate during the cutting. 25 5. The method of Claim1, wherein
the treating conprises contacting at |least the cut surface of the silicon

plate with an acidic sqlutio r asi ¢, sal tloneff eto ve a
portion (#] the sil’ conoljﬁﬂe “éﬂ?‘ﬁ%ft&élfﬂﬁawﬁ‘sf%ﬁ’ea%‘ﬁféﬁea anlp}ﬁS%i;thl es.
-17 WO 03/ 09%%@%(1%&}&{ H@Qél’uggr? ggforeﬁthe-mﬁalriﬁip‘ilﬁﬂeﬁﬁa\glﬁlﬁ@hﬁicnéﬂﬂ'ﬁhﬁ&b
conprising rinsing the silicon plate after ‘treating to renove substantially
all of the adiffiise feah atseleoted sulfasiregisolofitheosilicoinr platet ard i |tieating finzaves 5 7.
The nethod of O aim1l, whe e|n the surface of the silicon plate is treated
with the sol l!i‘%qt@rim@é’f'lg?%mt Slregl%url ti es have had sufficient tine to
diffuse froma sel ected surface region of the silicon plate, and the
treating renoves netal inpurities in the surface region. 10 8. The net hod
of d ai mol, whereign t hdlgithétb@hop@laimils wherdimehe Slicohhpartnetahing. of C ai m 1,
wherein the silicon material is single

9. The method of Claim 1, wherein the silicon material is single

crystal silicon.

15 10. A method of making a silicon electrode of a semiconductor
processing apparatus, comprising: ‘
cutting a silicon plate from a silicon material such that metal impurities
adhere to a cut surface of the silicon plate during the cutting;
treating at least the cut surface of the silicon plate with a solution to remove
20 at least some of the metal impurities from the cut surface; and

optionally annealing the treated silicon plate.

11.  The method of Claim 10, wherein the silicon electrode is a planar
showerhead electrode or a stepped showerhead electrode.
25
12.  The method of Claim 10, further comprising:
annealing the treated silicon plate;
applying a bonding material to join opposed surfaces of a support member

- and the treated silicon plate; and
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crystal silicon. 15 10. A nethod of making a silicon electrode of a

sem conduct or processing apparatus, conprising: cutting a silicon plate
froma siwOwoemoared eri al such that nmetal inpurities adherectrasas/eav2 surface
of the silicon plate during the cutting; treating at |east the cut surface
of the silicon plate with a solution to renove 20 at |east sone of the
nmetal inpurities fromthe cut surface; and optionally annealing the treated
silicon plate. 11. The nethod of Caim 10, wherein the silicon electrode is

a planar showerhead el ectrode or a stepped, showerhead el ectrode. 25 12.
The method of C aiching thesbandHigrmateria tp SOy 2 joighbraweehieSHRPArt BSTDET si | i con

pl ate; appl yi.ng..a hondi ial to join opposed surfaces of a support
menber and taﬂgﬂferté%#éeadﬁg?(ﬁwclg%' plate; and -18 WD 03/ 090263 PCT/ US03/ 08702

curing the bonding material to forma joint between the support nmenber and
the treated silicon plate. 13. A silicon electrode nade by the nethod of
Claim 10. 5 14. A3pet Hosiliedn glegscudednady by he meglybefctleimiBf er in a reaction
chanber 2{ a sem conduct or processing apparatus, conprising: placing a
silicon ectrode made by the method of Caim10 in a chanber of a

sem conduct or proqggssi NYnRARAIFprSoessith h hROHGICAS Wafbf RCLRACERS | nto the
chanber; generating a plasma fromthe process gas by supplying radio

frequency pehanbéroftasenscdridoctor ptoecﬂs@ngckﬂpanadlsexmhpiisiggi he process gas into
i Ph e ol ot M hfacify & Sificon dferfods Hads B) e nidtnod oYl T0'ifla LhEmb "
a semiconductor processing apparatus;
10 introducing a process gas into the chamber;
generating a plasma from the process gas by supplying radio frequency
power to the silicon electrode and exciting the process gas into a plasma state; and

processing a semiconductor substrate in the chamber with the plasma.

15 15.  The method of Claim 14, further comprising processing a plurality

of semiconductor substrates in the chamber containing the silicon electrode.

16.  The method of Claim 14, wherein the metal impurities comprise at
least one element selected from the group consisting of copper, zinc, titanium,
20  vanadium, chromium, manganese, iron, cobalt, nickel and alkali metals, and the
concentration of the at least one element on at least the cut surface of the silicon

plate after the treating is less than about 100 x 10'° atoms/cm’.

17.  The method of Claim 14, wherein the metal impurities comprise
25  copper, and the concentration of copper on at least the cut surface of the silicon

plate after the treating is less than about 10 x 10" atoms/cm?’.

18.  Assilicon electrode of a semiconductor processing apparatus, which

comprises a silicon plate including a cut surface, wherein a concentration of at

-19-



15 15. The nethod of Caim 14, further conprising processing a plurality

of sem conduct or substrates in the chanber containing the silicon

el ect r odewob8/090Bbe net hod of Cl aim 14, wherein the netal POPAISNY/SI62
conprise at |east one elenent selected fromthe group consisting of
copper, zinc, titanium 20 vanadium chrom um nanganese, iron, cobalt,

ni ckel and al kali netals, and the concentration of the at |east one

el enent on at |east the cut surface of the silicon plate after the
treating is |l ess than about 100 x 1010 atons/cnR. 17. The method of Caim
14, wherei n 1638t onstelemeniselested SOt digprounconsisting pheRPPeh NG, Kb Reent r at i on

of copper on_at least. the cut surface of i |iC . f e
treating is I"@%aém{rﬂaﬂng‘&lﬂ?’ Tﬁ)ﬂ%?nisﬁlbrogt &épgﬁtﬁfﬁkélfglaa llﬁflﬁégrﬁ)&le ee%‘?‘r ode of
a seni conduct@ifaddl TGRS §ilibéh PRRAS Rlst than\dBbEd 0060 NP ho@s/cin’Si | i con pl ate
including a cut surface, wherein a concentration of at -19 WO 03/090263

PCT/ US03/ 08702 | east one el enent selected fromthe group consisting of
copper, zinc, titaniu vanadi ym chrom um. .manganese, iron, .cobalt,

i ckel and i kal i 19et alesHepRglegtode %ﬁ@%é?ofﬁ{g‘i‘?&}‘ B cppesatanaR 8fai_s | ess
than about 1@%@&&% éﬁt%%w@-les'éuéla‘%rathm@khb@%Iﬁé/eﬁt.r ode of O aim 18,

wherein the ntration o copper on the cut surface is |ess than about
10 x 1010 atons/cnR. 20. The silicon electrode of Claim 18, wherein the

silicon electrode is a__planar showerhead,. el ectrode or a, stepped.showerhead
el ectrode. 10 21. 28 sj (The§Hican glegiradrol @EﬂﬁgyW@SWHP 8‘§isﬂ§°8 e%%FrPQ"oﬁ a

el ectrode of Hng} Eﬂov&e%lqga%iecpagg 8%%2&{%%%%92 e&gﬁg&@)l y of Claim?21,

further corrplpl sing a suppor e si'licon plate with an
el astonmerg ¢ joint. -20

21. A silicon electrode assembly comprising a silicon electrode of Claim

18.

22.  The silicon electrode assembly of Claim 21, further comprising a

15  support member bonded to the silicon plate with an elastomeric joint.
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