1 7 BET 2006 WO 03/090263 PCT1US03108702 SILI CON PARTS FOR PLASMA REACTI ON
CHAMBERS BACKGROUND OF THE INVENTION 5 1. Field of the Inventlonoiﬂoom] The
invention relates to silicon parts for plasma reaction chambdrisb{l

processing segbhHepsdyctor materials. The invention also rel g%%i' @) Ewocesses
of making and using the silicon parts. 10 2. Description A% at ed Art
[0002] In the field of sem conductor material processing, vacuum processing
chanbers are used for the etching of materials and for chem cal vapor

deposi tion (CVD of materials onto substrates. A process gas is flowed into
t he processing STERAENTHEPRTAhFPR PEMBPOREACTIRNNCHRMBERY adi o frequency (RF) field,
Is applied to the 15 process gas to generate a plasnma. [0003] An upper

el ectrode (or "showerhead el ectrode”) 10 in an assenbly for a single wafer
etcher as disclosed in conmmonly-assigned U S. Patent No. 6,376,385 is shown
in FIG 1. The upper electrode 10 is typicall used with an electrostatic
chuck including a bottom el cBALBIRONND OfF M MMNa wafer is supported

20 bel ow thg ugper elﬁﬁf!{gﬁﬁ ég; b 04] The eI ectrode assenbly is a
consunabl e part;, whi ced periodically. Because the el ectrode
assermbly is att[esg1gd Tie iavéation eslaks!fomsiliceR Phrftdfor eihsﬁ‘ﬁ FaRfion LIRAiMRASRr Of

repl acenent, the upper surface of the outer edge of the upper el ectrode 10
has been bonded’f@(@ssén&iﬁp"p@ﬂﬂﬂquh@atﬁzﬂs ARhe invention| adgegelates 1@ processessofpport ring
12 is cl anped 6 to.a temperature-controlled menmber 14
havi ng wat er cg‘?{ﬁ‘ﬁ?‘{r% uﬁ&ﬁ&@ﬁli ngtts Is circulated in the cooling
channels 13 via water inl et/outlet connections 13a, 13b. A plasm

conf i nenent rlng 17 surrounds the upper el ectrode 10. The pl asma
confinenentOridg 17 iRBescription b kelatediAst ectric annular ring 18, which is

ot ached o2 I0BECt e AT O e ROt b FRtl® 17

chambers are used for the etching of materials and for chemical vapor deposition

(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 o 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 atiached 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-controlied
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



WO 031090263 PCTI US03/ 08702 and increases electrical resistance between the
reaction chanber walls and the plasnma, thereby concentrating the plasm

bet ween the upper electrode 10 and the |ower electrode. [0005] Process gas
froma gas source is supplied to the upper electrode 10 5 thi&dﬁﬁZ&E openi ng
20 in the twooemeey e- control |l ed menber 14. The process ga&ﬂfs@,sﬁ?ﬁgri but ed
t hrough one or nore baffle plates 22 and passes through gas { OW passages
(not shown) in the upper electrode 10 to disperse the process gas into the
reacti on chanber 24. To enhance beat conduction fromthe upper electrode 10
to the tenperature-controlled nenber 14, process gas can be supplied to
fill open 10 spaces between opposed surfaces of the tenperature-controlled

member 14 and @WbiNCEgpRsSlactricahigsisance hetwagaithy ropction chamberaxalisgad 12 connect ed

to a gas passa L. naul [l 1 r,.confine t ring 17
al | ows pressur gﬁf %Q,gﬁelereﬁg%ﬁ‘[%? e%m%%"ﬁa ’de%bﬁegzgec@ﬁgglf&fgf{e 1@&%“’nt ain
process gas undeverpgleegsdd.e between the tenperature-controlled nenber 14 and

the support ring 12, a seal 28 15 is provi ded between a surface of the
support ring 190088H Jiocsspetsdaom geanecurcetis suppliedrionbe ppper elegadenlGeal 29 i s

ided b . f. ' d f
bt Y he menter - potth dPfihind MR @hoaifldubh0 e 74, M BREER R °1T ' 2°C
reacti on chanbérdifdbutad dirbighnaile o airs badfe ﬁ&&saaﬁnﬂﬁ)@éébﬁm%ugh%hy\ﬂ&ﬁ t he

menber 14 and a nenber 18b, and between the penber 18b and the 20 housing
18a. [00061 | nPSRATS 4nqsshawmdn s upper glecsrode 19 &ndisprse the percass gesintethsr ocessed
Is placed on : t , i en the
| ower el ect rodgéaeg(;n[g t g@t%‘ée'ri‘ﬁ’gﬁheag?%‘ge EC&@HQ@%B%%%P‘Z?%Q?EQE%W

el ectrode. Thetheppeperamtecintotiald mambireln prres b cgf Bpfiphked tidiiesRn, as
described jn U S. Patent No. 25 6,376,977, during plasma etching, particles
of graphi t ¥ uppRAceshesweanRppgsed sHrtages gt the fgrepesaturccontraliadnesbexdrand thehat ar e

bei ng processegd, .t tJ Q8 r de of
paral | el plat egur]:ipggtnrg&rfezg%o%dgﬁﬁg@g%g)as%%%?%@%P@E%&a%ﬁgéf al silicon
materi al . Howevigywn) as tdemailabeany | Hokbdifinéiaéme fing NG .allo®s Preésidd ib béheavy net al

I mpurities can adhere tq the single crystal silicon during -2
monitored in the reaction chamber 24. To maintain process gas under pressure

L
-

between the temperature-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 parailel 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 paralle! plate plasma reactors has also been made
of single crystal silicon material. However, as described in U.S. Patent No.

6,376,977, heavy meial impurities can adhere to the single crystal silicon during

2-



17 OCT 2006 WD 031090263 1' CT11J803108702 manufacture of the upper

el ectrode. The netal inpurities can cause contam nation problens when the
upper el ectrode manufactured fromthe single crystal sili com tegkal is
subsequent | i.,n sem conduct or devi ce processing. [00 EHQ at ent No.
5, 993, 597 d%g??@%é? that plasma etching el ectrodes nade (},%lr 0 ‘?’T”?zcon
generate dust due to stress and m crocracks on the el ectrode surface during
pl asma etching. [0009] In view of the high purity requirenments for

processi ng sem conductor materials, there is a need for parts, such as

el ectrodes, of sem conductor processing apparatus that have reduced | evels
of netal i npur mapefgturgrad theheppar elaeirade. rlgqmmla‘mpnrétiﬁsnm canse ofntammatiomnduct or

materials by such,nmetal ijpurities durin racessing. SUM A Y. .OF THE

I NVENTI ON [00181"%(%‘@8& i vt g mattitog “%cfg%&%"tg%ﬁ‘gs“ﬁf:’a’é@%ll??& appar at us
are provided. mbieridiie sebskinfaly Bdtia sEREnduBEr a8cd o@dssingf metal inpurities
that have high mobility in silicon. The silicon parts can be used in plasna

processi ng chali®88E bSr BatensdVo. 52083, 397 alissloats) thatrplasmaietdhing-eJentrpdeswaadeon of
senm conductor substrates such tal _inpurities durin em conduct or
processi ng.jo[ Oﬁfljﬁfm a%P%EP r@étq&ugﬁ%”gﬁsﬁﬁﬂé %ﬁfocéa%toﬁglbe ﬂ?&?@ﬁis 4 silicon
part conpri sesdprdh Slhntd diehidg.Si'l i con plate froma silicon material. During

cutting, netal inpurities adhere to the cut surface of the silicon plate.
At |east the ciR008)ir fm¥igwosf thhbighiphiiyonquirskaenis forsprocessing semisonduniove et al

Impurities fromthe sjilicon plate. [0012] T tal impurities can conprise
netal s that ar Elaiﬁna]ﬁi glemialngetﬁ?rpgﬁ[lﬁ,isgﬁings E?E%E%t gfseﬁ%o ¥Pes can
originate pri npfdckingafparatus tat hiv@ rédebd 16586 of Metalimpiiditics, A WHidhcRR pl ate
fromthe silicon material. The silicon plate preferably is treated before
the metal ithpurddueeeonipninatiadf semicpadugior majesiplsthy suelymatabimapusitics deringut
surface of the_silicgon plate to outside of the cut surface region. The
treating r emoVEE*HEEal i mpurities contained in the cut surface region. In
preferred -3 7006

-
-

L

ARY O 10

[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 cuiting, 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 materigl. 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



WO 03/090263 1 7 OCT PCTIUS03109 08702 02 enbodinents, the concentration
of netal inpurities on the cut surface of the silicon plate can be reduced
to low levels. [0013] In a preferred enbodi nent, the silicon

silicon el egigpadeney a silicon electrode assenbly. In anq;cﬁéﬁ é)@, [gerred
enbodi nent, the silicon electrode 5 is used in a showerhea %0

sem conduct or processi ng apparatus. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0014]
Preferred enbodi mnents of the invention will be readily understood by the
foll ow ng detail ed description in conjunction with the acconpanying

drawi ngs, in 10 which: &8015] FIG 1 is a cross-sectional viewillustrating
an enbodi ment &Pbodimsisy He sancenaationsd ensid dmprities op tm1el smfge of thes a
Cross-secti Onalsﬂl\ébr?é\fa#eléaﬂ%ﬁ&?&u@%@mﬂ@w?%&d' ment of an el ectrode assenbly

i ncl udi ng a pl anar icon [0017] FIG 3 illustrates an

embodi nent of FOEBEPIL pitfeirsdBmBbEEAOHR silichRPdrdls Hifordkléctrode or a
cross-sectional viewillustrating a parallel plate plasma apparatus

i ncludi ng a st éPbisenelestendepgablis  Brpaaier prefermed embodismeny, (tersiliaciaceadeoN OF
THE PREFERRED KA IENS, 20 L0015l S SORRIEA By Sl O VS 1T
pPOVI §. i 1i con parts

sem conduct’or processing a ratuses ar
contain |low |l evel s of rretal s that are unintentional inpurities in silicon.
Such netal inpurities are undesiﬁabl e ecause the can af fect the

performance of the silico M8 eni conduct or

substrates duri Iy _ >

preferred enbotﬁ‘itﬁ rﬂ;&éﬁg&'%ﬁ é‘gﬁl@%tgr ﬁl{:slﬂ'gﬂfsf %y% Eﬁé%{&%g%loof%ﬁg%ot her
preferred errbodcblnmﬁg déthited Siekdrip®ion RE¢dnjunstidy Wivk B dctdnfinging idesvingd, @ct r ode
asserrbly QO her exenplary silicon parts that can be made include rings used

in a plaskh r & on chanber. As described bel ow, such silicon parts can be
made by -4 17%%?0%16. 1 is a cross-sectional view illustrating an embodiment of

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.

-ETAILED DESCRIPTION OF P D

20  [0019] Silicon parts suitable for use in semiconductor processing apparatuses are
provided, The silicon parts contain low lévels 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



WO 031090263 PCTI US03108702 slicing a silicon ingot and treating the sliced
part to provide a significantly reduced netal inpurity level in the part.
[0021] The silicon parts are manufactured by cutting silicon pildLéd006rom a
silicon medyergs@éozesSi Ng a cutting tool. The cutting tool iﬂwﬂﬁg&.;@p out er
metal 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 netal coating. During cutting, metal contained in the netal
coating can be renoved fromthe bl ade by wear and adhere to one or nore
surfaces of the silicon plate. [0022] Copper and copper alloys are exenplary
mat eri al s t hat slirdnga siicon ing@dind dreatin@ the slivedrparako provide acsigificagdy ofdutddades of
W re saws used to,cut iki can terials. Brass, which contains copper and
zinc, has beennﬁ?éﬂn%‘s% eé’BIa‘Pitgngz\ wire saw blades. For exanple, brass
outer coatings i ' ' 7 W] I} e h as
steels, in w r([adil?gﬁ/ E;ﬁgggﬁ&pgirﬁ?éggfﬂ%ﬂg%%%?% pggiljiﬂg%?izgeﬁ ftog?/ﬂ%}lhéB&PShabani
et al, entitl| ethategaMBiegs: eluting topb| Tl duttingrio@dndivded an whier meta suifieee 1iat St r onger
Gettering Side for the tal Inpurities,. Proceedi of .Lhe vent h

| nt er nati orfal stgﬁﬁ‘ljﬁg?fl @F‘ieTT'glo TiRg Cligog, Eff"b?"%@%rsﬁ]bq Wgatt‘?g’e‘ﬁg@lc@es, The
El ectrochem calyirg@aw eiich iltdudes ¥ tletal@Bblade RG2S Méiat cbéfind. 1 Tfing HARRST has a
high mobility in silicon by diffusion. Copper has a | ow activdtion ent hal py
for diffusion metl sontdineshin tlaliepalisg pasidie] removed: fhem $he bladmbcwoartaatl even at

| ow tenperatures. 20 Consequent G er. can diffuse rapidly in the bul k of
silicon cryst af“mﬂ ?Wioé]ﬁoé ie F‘H\kﬂ%?se?égﬁ?ﬂ[l?ﬂ“ég’?te'l n addition, copper can

out -di ffuse tolgmrzi_q P%pﬁétrafnﬁ%@?pe@@ﬂoys%ﬂé)éﬂﬂsl fRider AR (BAHa0E Benidéd B9
cooling down of silicon fromelevated tenperatures. Such aggregati on can

al so occurllat fammetahpuraoatings ofblegdesrof wrasawsiuses: to ent $iicam patetidlem i n t he
manuf act ure of _hi gh rity, p-type gnd n:type 25 silicon waf.ers. [0023] In
addition to coBB?e‘??',W‘@%M&Wﬁ&%ﬁ&%ﬁ@%‘bﬁw BFICPT‘V‘EW"E‘T? $¥¥n
include, e.g., bBHES Fdrick@miplebraysaindsH coifings AR BebhppiRA SREEHGh-cdntRing CoObal t
and nickel. Alkali netals, such as sodium also have high nobility. See,
WR. Runyan amdtekals, sushas sic@aninodraiast bades.ndegeseribed @ the publicariocbis si ng
Technol 09y, -5yt 5 Gpabani 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 dows 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., zine, 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-



17 OCT 2006 WO 03/090263 PCTI US03/ 08702 Addi son Wesl ey, pages 414-415
(1994). These netals can create deep electronic states in silicon and
consequent |y degrade the perfornmance of silicon devices. See, ©/REM008

G ovenor, Muar@abegironic Materials, Institute of Physics #@h%ﬁﬁ{ﬂ%ﬂg’ pp.
28-32 (1994). 5 [00241 The inventors have di scovered that uttinhg
process used to cut silicon plates fromsilicon material can result in
metal inpurities adhering to one or nore surfaces of the silicon plates.
These netal s have been discovered to originate from wear of the cutting
tool. Metal inpurities contained in the cutting tool can include copper and
iron, as wel| da¥ldinoRaVesiays aress Had#hdy (19941 ghheso iictalstopnicreats deep electrdiic Cool ant s

and slurries u T £t C n_also introduce t al

ouri £ e pudties il alibeh R RRRRE AR 12113 nndt HERHER IS S a1
into the sili diR.MUGtowhot, Aficaiplbc@bify Mafedialse MRAhed of Hﬁrsicibﬁblisﬂiﬁg[‘g@r S
di scovered that. unless these metals are renpved froma surface region of a

silicon plate WOR@AI¥. sufficiently short period of time after the cutting

process hasg be Ph&L; 5y: | | f.fuse fromthe surface
region int 35 t hg@ngt? eri orlﬁgq‘m%rggw;ei 1{5@%&%@&&@1: gl.ll{mg %’f?@e‘f‘f‘é‘lsﬁé © c&‘éﬁ'i‘con
subsequent | y miphneytfeorh sitioert Hatepinl Jad @esult @ ned fnfoike fto bi€or Mbdel CON
pl ate surface. Consequently, when the silicon electrode plate is

manuf act ur ed i §BEacER obthe silicer Blates s dhpieymeizis havsden diseovsredsamrigimatetfoom dur i ng

sem conduct or ' nk. [ p b Jlies,in exposed surface
regi ons of 20 Sﬁ%ﬁ éﬁ@%tc‘%gé%?znﬂ%éﬂlgg b%ﬁ%%ﬁ?‘i]ﬁzth%ﬂn'%ﬁmg?@éﬁ%%e pl at e
by the plasma cepper andiromtas vuam@srmmehlmai&ai )ﬂ%fﬂobilﬁﬁixﬁﬁﬁboﬁ?m am nat e

waf ers processed in the plasnma chanber. [00 e inventors further
di scover ed!@ hatCoghats and shaiiesised i the cHEng Biopgss aa1 3lso inblorues mesalal s have

m gr at ed out si L.t h . i of, silicon ectrode. 2 | at e,
even if the sy?lﬁg‘g_em%f %%.%gagtl%ﬁl c@ﬁ&gﬁl@%ﬂgg‘%mﬁ*& tcémid _ Sﬁf@?&?’r"gﬁ dto
renove netal i &Pigon bulkat lobeindAsatcdgaiRgRiRgl The ivenidis dikdleredfihfice, such
treatnment is incapable of satisfactorily renoving the netal inpurities

present in theYsleps thess mily areggmayedlrem ashdacsuegion of a alicomplagovitiraent |y,
metal inpuriti i 0, & Ll . n.continue to.mgrate from
T SRTREAOF Yol P i B it AL LM

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. Consequenily, metal impurities present in the silicon

bulk can continue to migrate from the silicon bulk to the silicon surface and

-6-



-6 1 7 OCT 2006 WO 03109 0 2 6 3 PCT/US0O3/08702 aggregate there, thus
providing a continuing source of nmetal inpurities that can contam nate

sem conductor substrates during plasnma processing. [00261 Sili cdn’ Wak 866
prepar ati on s are described by Richard L. Lane, r.4 "Silicon
Waf er Prepa‘r‘lg{@gﬁﬁ%i n WlliamC. O Mara et al, eds., 5 H%(%E%sce?ﬁmgpz

Sem conductor Silicon Technol ogy, Noyes, 1990. These processes cut wafers
by slicing silicon crystals into wafers, followed by heat treating the
wafers to normalize resistivity. These processes include a wafer etching
step perforned after heat treating the wafer. The etching step uses

cheni cal et changgregate theesyuine mravidped contifdnpesonsgaf snetd] imperite ten cationever ,
the etching step is.not 1Q effective to renove netal inpurities resulting on

the wafer surf CEAIHIR ?ﬂ‘@"ﬂ'@‘?“’f %Bﬁ?é‘?ﬁﬂé‘ﬁf‘gﬂas%f’%ﬂ“ﬁ&%uri ties remaining in
the wafer aft efogies i Siflediardt BihiRich proQles Brelies G BAAAE. LhRD27T The

I nventors di scovered that kno eani'ng techni ques eaning Sliced
silicon el ect r didmapist 41 SSilicdnt Wefet Reepatationndn Bfiktai €.00' Maa ebakrdper f or med,

that 15 utjli bat nd suyrfactant lufions, are unable to
satisfactor?| yﬁ%’m ‘%Ech’aﬁ’@fcéﬂ#W FI’C_P ”f’i"&bﬁ%ﬁi’é-hlgr?b E‘gﬁﬁf‘eﬁ’mﬁfﬁ&?ssi mlarly
mobile metals, chf Rfelsy ilbafikon F@?ﬂgﬁﬂﬁto%afér?,efgg!é\hécgweh@a't fehidge Pl ates. In

fact, nmetal renoval is ‘unsafis even | ani ng chni ques are
performed shor twaferaid porntatiee mesisiivityn Eieseprooetees ipdiadecs whigy etchiegstepl i ced from

the silicon materj al ,, hecause the adhered petals are 20 not  adequat el
removed from sipFYtJEHFFdearl%@Eﬁ?%(ﬁ'@a‘B}galﬁ%wéf?F‘f ;E%E“%‘Pg SR NS @Sﬂfcﬁjgm E‘Hﬂiyqugs.
Consequent |y, Q%B&rda?é&gf@ﬁd?%e imly%lo‘f ﬂi@l@dféﬁal??&é\ler ! &{Pg{cg@hgﬁegwﬂét remai n

on or near the surfac the siTicon plate er the can diffuse
into the #01i elfactbieds remale métaltimptuitids. ressitig coli thé wafeo suifacedronastiviek, when t he
surface- contarjnated silicon electrode plate is_heated to an el evated
tenperature, sOFseYe Eﬁ&!ﬁt%?h'am&ﬁw&awwg%ﬂ"@ﬁﬂ% a%ﬁhﬁﬁ:lﬂﬁgﬁﬁn RIR¥IdE | i con
plate to supporsg,m:g@gp@(;n?aut‘igatignprm an el ectrode assenbly. The netal

I mpurities can mgrate frromthe bulk to the surface region of the silicon

el ectrode pl at ¢0627] i ribheciawintorg dis€oveted thatkingwn cleating techmiquas|fat eednimgm t he

el evated tenperature, As.a resylt, the quality of an
P sﬁce% s(i:‘\hcon electrc:(?e I:Hates after theqcutt&ng t}f)erauon 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 shorily 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 aun 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 booling of the silicon

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



-7 770CT200E WD 031090263 PCT/ US03108702 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, thé0{&gigual

met al i npur igd @pee@hn be renoved fromthe electrode durin [ocessi ng
of wafers and consequently contam nate the 5 wafers, as dg%@ﬁgogﬁsﬁﬁove.

Consequently, silicon devices manufactured fromthe contam nated wafers can
have unsati sfactory perfornmance. For exanple, it has been reported that in
silicon solar cells, copper, chromum iron, titaniumand vanadium are
"lifetime killer" inpurities and, have maxi numtol erable concentration

| evel s rangi ng dleatroda pradicetiofidn the iirdb elecwods plas jis osnsiztechOdachevhee 10

ef ficiency, and shoul d. be excl uded. frfgtﬁ]e?ié,il i con terial in concentrations

hi gher than abEFI$004dF IS, ERPUSIHCS | ft) cleas e@!aﬁ'rl\/! G ovenor,
M croel ectroni crgpddyt etd ﬂdﬁionpﬁﬂ‘i—ési&ﬁ??%v%?icmop??ﬁ% i 1¥mo\n%d {rﬁrgqﬁél rable for

silicon electrode plates to contain centrations o se netals so
t hat the net al stleotrdeduringpinsmhpreckssing bbHwsiets andwonselysdntlatoontamimadt the f or m
such silico devitces. &éO@ZB&Th& i nventors, di scovered that copper and
other metal 8 thated #% bed gboyey Censequently, silicgn deviegs mapufasiused Bpmthe r enpved
fromsilicon el @fihlePhteRSaRYave Rl OBy Poieirinie 360 AAmpRANHSE DY

pl aci ng dummy sem conductor wafers in the Teaction chanber and operating
t he pl asnma r eacheen repbited that milidonsolaheadls] coppém chiohdumrirom)| tithnfuraind i es ar e
| ocated in the sili,con bﬁg.ofg{]he, el ect.rodg nd continue to 20 diffuse to
the exposed sur'fAdaEumsars Hucune Killer JmpyriticsApd, Rave spaximum dplerableode i n
processi ng subsionddntdtion K930 tankihg\tdiVatiue 161 Vﬁailil% & 1*3?? 16%5&]%%“ es,
processes of maeking silicon eleCtrodes having |low | evel's of neta

i npuriti esl@harefficiencyzant should Heieybludasbirom siticommaterial inconceatrdiidrtsdiigher e

Such a5 sem cortHLHish ipurper SAPEPB0 dsd C-Rrd- GrPYeaDh "PBEEFaEE can be
ppar At Uocs. S0 e o R o
[0031] FI G 2 itblcosthindowsondentzatiamp bbithgseantield isotint thefmetals atd mo mteddecsdr ode
into silicon substraies 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 continve fo
. 20 diffuse to the exposed surface of the electrode during use of the electrode in
processing substrates.
[0630] 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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assenbly 40. The silicon electrode assenbly 40 includes an electrically -8
11 1C1 IS WD 031090263 PCTI US03/ 08792 conductive, silicon electg%ﬁﬁdﬁgr
silicon plate) 42, which is bonded to a support ring 44, such ad B phite
or silicon %@}Ogﬁﬁﬁupport ring. The silicon el ectrode 4%&1?[1%5/%7‘35 ably

pl anar, but it can have a non-uniformthickness. For exanpl& Tnh sonme
enbodi nents the silicon el ectrode 42 thickness can be about 114 inch. If 5
desired, the electrode can be thicker. A thick electrode can be about 0.3 to
1 inch thick. The silicon electrode assenbly 40 is preferably a showerhead
el ectrode provided with a plurality of spaced apart gas discharge passages.
The passages Isandictveisiicon siectededopsilicanrplate 42, atiich is%pn@dgplayumm process

gas into a process,, ¢h r at..a desired f.low rate.and.di stributjon. The
el ectrode can 1531_35%8‘6@;%% gfﬁ‘?rgﬁeé’étgﬁ%éfb&g?ld%%v‘g’ﬁﬁgéﬂlgeI qubcag_epe?%gg&pr ocess
gas can be ener@'i@ﬁﬁf&&'bl%'@&nﬁﬂ,'bhﬁﬁﬂau 18dve atroARaifass aiidnkssd OFdy @xafiple Oinf Or m a
plasma in the reaction chanber beneath the silicon electrode assenbly.

[0032]h Thebsi | ise@ e@b@%ifmagéhméliwlmn@d%%wéﬂku?asicnlglbmabcwﬁrliﬁeftpoﬁded
el oct rode 45 adbeintl, EEIERRAEET ke, A iicd ORCsE8 Banf e Bl aith e

el astoneri ¢ natgitk alThe difiGoP@BEtJAS assemBEfSs preférabiahl howerhdaddlQeRAE as

described in commonly assigned U S. Patent No. 6,376,385. For exanple, 'the
el ast orreri ¢ j oipsevidedrwitlh aplurality af spaced-apas gapdisgharge paasaged. alhacensisges bl e wit h

a vacuum envi rqnnent. and si.stant .t o ther . degr tion at_ el evated high
Cemper at ur os. 1 HATE beiEs Ay F RN ulRie e TR g PR st hmeiT ng
surfaces of thenghbére®a desifatficwdfidlshdatidribi®n s UM RlderfBTERIbe Afbweadd be

pl anar or non-planar surfaces. Alternatively, the mating surfaces can be

contoured 4@ prelseirade emgronndsdickrskpdey Hecyroess gasican be gnereigediby thegdlicent .

[ 0034] To achi eye, a,good qual.i | ast ric.lain j t LI to
densify the eIeXF&TSﬁ%?SS ﬁ&?‘h&%ﬁ?"eﬁr‘&?’q’g 5‘rlhf9r5: ‘Igﬁ%iog}lchénﬁﬁi)%%ﬁ%ﬁﬁg

mat eri al to thajEeheRBtrodassdmiflnces. For exanpl e, the el astoneric bonding
material can be subjected to vibration in a vacuum environnent at anbient or
el evat ed t enperl8932] esThq Stiam]clertrededhandohe fuppor aingi 44ramde donded tegathese

applied to at lb%aa%gr sgf?a%lé) {)mfdt]}leg material, Preferably, the silicon electrode 42 and the

o]

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 1o applying the bonding material to the mating

25  surfaces. For example, the efastomeric 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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mating surfaces of the silicon el ectrode 42 and support nenber 44. After the
bondi ng materi al has been applied, the bonding material can be densified.
The -9 170CT2006 WO 031090263 PCTI US031 08702 silicon el ect rode, A CFQ@%

t her

support ne n be assenbled b ressing the matin
PP ReG 0o 3 y p 9 gr,g%%ﬁ%;@ 2

and pressure can be applied at the joint during bonding.

el astoneric bond can be cured at any suitable tenperature and in any

sui tabl e environnent. For exanple, the el ectrode assenbly 40 can be pl aced

in an 5 oven and heated to a tenperature effective to accelerate curing of

t he bond w thout inducing excessive thermal stress into the silicon

el ectrode or sudionelestinded2 andryppahmembern44oxia bandsembaddyt prassitigahe descr i bed

above, it is desj ' | t he tenperature bel ow.60C e.q., 45 to
50C for a suita +t{en%tbslhﬁf%éegetg%h{é} %ﬁf{]%reﬁnr%‘;&ﬂ;%.ap&f#&? d{eﬁgmglgwg '%‘”@gﬁged to
formthe el ast qoe3d]c The élastorhéiec Bdnd @k BElEurdd 2§ RURAle ehfpef ARk §6d n{&g?”]
FIG 3 illustrates another exenplary enbodi nent of a silicon electrode (or

el ectrode pl at Spitajde endropmsa: i Fesexample oipsleryodesassayrhiy 4GcB) beplacedtin .

6, 391, 787, [ S| r [ ej reference i.n i ntirety, the
silicon el ggt ﬁg%ﬁ%ﬂ%ﬁé&&ﬁ&géﬁgeﬁ epegflc@%%rtpggceei% egﬁlangaof MP“%WF‘#‘ e 54
including a st dpdubingSdxcestive tigdr@il @ss intoRhOvilietatelécRroad BF iipokthtentiRpsi ty of
pl asma formed adjacent to the exposed | ower surface 54 during plasm

processi ng. Th&'asiapielesHods angtsuppst membesiesaribed abovieh itdk desirable do maintdd  about

0.25 inch or O. ' r . .[,00 b 4 .l ustrates t i 1icon

el ectrode 50 m@%%eg@%&r@ébglgﬁqagr e'%r’a e 5§I §§ aﬂ’r‘%@gé@%&g&p@g}rit us 60.
The pl asma pr odesss. WiGRREbIdIS c6Rd i RirmdRs clastoméricionf! theleRebtRport 62, an
el ectrostati c chuck 64 di sposed on the substrate support 62, a substrate 66,

such as a 3@ni oswmblx.isrcomléfer, supported on the electrostatic chuck, and an
ci ' con ol ect r d80 4o Bt TR EuBlact Bibamehogra ieBn ARpFaEe i o cut
froma silicon (spélesticile plate)S0T s ddsdrite@lin SEH@bAIR asdigneBNERCPARIING Singl e
crystal silicon material, which has the ability to wear uniformly to
i ncrease |ifeti&@91.5a walichos dngarpopriedahesciniby wefafeneeial itsmtirety, the silicon
electrode 50 includes 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 (.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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particle-free performance. The silicon material can be doped or undoped
material. For exanple, the silicon material can be doped w th boron,
phosphorous or any other suitable dopant to provide desirable rzhﬂ%al
properties. whgnshyptal -10 1 7 OCT 2006 WO 031090263 PCT/

orientation of the silicon plate is not limted, and the silicon eléctrode
can have (100), (111) or (110) faces. [00401 The silicon electrode is
preferably produced by cutting a single crystal silicon ingot by abrasive
cutting to forma single crystal silicon plate. The slicing 5 process
typically utilizes a cutting blade. For exanple, the cutting blade can
conpri se steel oriawaten of the silisorcplateiinmpt diwdted; dnd tBe sititon Sentiodg cad haveng of t he
i ngot, the cog{ing n b enpved fromthe blade due to wear. Cool ants,

| ubricants and?{@ugﬁﬁe%r ‘ﬁ%@.@ﬁ% y used during cutting can al so contribute
to metal renovagoddy ONTHRicolleRERodeiS Y@érhb]??arddﬁ&é@ﬂ“&ﬁﬁﬁ%?hﬁhglk cBRat The
removed netal can adhere to one or 10 nore surfaces of the srlicon plate,
and parti cul ar Isijiceningatbi shrasive ¢utigng, toiprimcd single cexstal gilicomplatet sThersticibg ade

during cutting. [0041]. SCri a;lq oye,-the presence of tal inmpurities,
such as cop er,prc%cgss tﬁﬁfﬁzﬁ@g&}gssea 't’i@a 15O Sl §t @eic ﬁ\?ﬁ(‘f‘@ﬁgbl e because
such netal s ar @ofprigOdider Wb a@fhswﬁﬁﬁgom(meim.afmrﬁ@gu@mgbfth)é idlot,t he

silicon plate. In addition, 15 when the silicon plate’is incorporated into a
silicon el ect r duecostingeanl e rgmgvedsiromithe bladedug sorvear aCoedantsinpnignts and

sem conduct or processi.n the netal Lnmpurities Qvi de contam nat i on
source for se msﬁl&]ﬁﬁf&’ | glyslffﬁ‘g FP%‘E%?‘%@;&E @&8 80?@’3?% & H}e%é ﬁtanqv&gﬁ%uaﬁﬁe
Accordingly, ithladde, 6841 AihGodiRe iMPURRs. TRe k@NRed HetdlRhRhdlefPM dnk beS On the
surface of the silicon plate after cutting to a desirably low |level in _

order to olr cauage stréases olthe sibibvieplste, frgipapjeuksly tp thshtus serfask, which|

contam nation can he a S by treating the silicon plate to renove
metal inpuriti giéreg.ﬁf %ﬂ?&gﬁﬁﬁﬁﬁﬁ@ éﬁ’nlg{ﬂfé@gbf the silicon plates before the
netal s have haqogf f i £4 @dabribddmote) kb frbdefics éﬂﬁerﬂqm?hﬁﬁés%ﬁbhtds%ppp%t,l érfon

bul k. The netal inpurities are pref.erablglr renoved fromthe silicon plate 25
whi l e they ar e apypsuttasd of thessilinon phatg ip undeastabic heosusef sucle mewds araaof the silicon

plate after 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 snbstrates 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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the slicing operation has been conpleted. By treating the silicon plates to
renmove a portion that includes at |east the surface region, and thus to
renove netal inpurities contained in the surface region, thejpr] of the
- metal i nmpuryhig§geg2dsat er mgrating to the silicon plate surfa dur| n

seni conduct or processing, and -11 170CT2006 WD 03/ 090263 3@?&%%%3/7@8702
provi ding a source of contam nation to sem conductor wafers being processed,
is reduced. [0043] Accordingly, because solid state diffusionis a tine
dependent process, it is desirable to performthe treating step soon after
the silicon plates have been 5 sliced froma silicon material, such as an

i ngot. Prefer aptowldimme seuresaofi cogtaimgnatipe td mnMdeﬂemD@rprMéedr isot her

nmet al |rrpur|t|e %l ng a simlar nobility in silicon as copper, have had
sufficient tinmae i ffuse outside of a surface region of the silicon plate
and to a dept higeaBpw Arabaingls BaVALe Sidtshee dRhabn isPith S

probl emati c. Such P(;t her rretg:'lfs esb; els Scopdggp lé%ir? mc%ﬁagpgaﬁ%er?gﬁg&g&nbne 10 of
zinc, titani umsdﬂmmhlhtamerbmmhn Mmgmngmmsaéter thecsmconcphﬁsthavmb&hel and the
Iike, depe§d| ng. 2 t he c. rT(Pole t he, cuttgwg used to cut the
silicon pl ﬁﬁfw&??“ £07 a3 e§"l§ @8 ap nggt-, er?tﬁb’l @SFF@»n%'ﬁor i mpurity
sour ces dur i ngpédiftmed befokdebppet 4 o ReR metaTRp S DAL 2 sfAal bR B

metal s including, for exanpl'é, calcium potaSsium an so ecause
copper has a vshs;owﬂsgmppmbhwetbﬁd swifigintstinhs toadiffuseroatsidenef atduﬁfaaa tegivanfpl ate to
sufficiently renoyve co prese the —surf on, can, al so

ef fectively reﬁ’ﬁ\? ICB?H PsdePFﬁ\PFﬁ&’ which ramoy, af?/“h? g]ﬁ‘t"!)imp‘*rg@%r nobi lity
in silicon thapepiRPpoblep ct 'Sﬁéhéfﬁéhﬁétﬁﬁb@ﬁde@%@@ﬁ%aﬁ fhchull® ﬁé'&ffi\ reg| on
along with copper. [0044] For exanple e surfa regl on o as-s |ce
silicon pllét esof #ing, tﬁmmevanzdlumedquUnmggndsc iadi, rcgbai’amckd\mdahﬁ hi ckness
up to at | east,about 25 m crons, and r.ef er abl o at st apout 100

m crons. Surfagg %@%ﬁ“ﬁ% %&@?ﬁﬂ”%?sﬁﬁﬂﬂf’g%rﬁmﬂsﬁ%@ @cug@eﬁl K¥en pEles t han 25
mi Crons, or gr Rakal ad the BresiRe Br GieR i Jﬂ ;mﬁgt ating. A
surface regi on having sgch tﬁl cknesgy%lans}be ?lgrlm %w\é&dd at r%‘?t he silicon
el ectrode pl at giciig. HOtherinetal apurigied mllmiuderﬂmlmaals ma:lluckmg ior example,

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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25 treatnent conprises contacting at |east the cut surface of the silicon
plate with a chemcal solution. Preferably, the entire outer surface of the
silicon plate is contacted with the chem cal solution so that any netal
impurities adhered to the wafer surface at |ocations other th#&fd G0ieltut
surface canyalesgogde renoved. -12 1 7 OCT 2006 WO 0310902%11[2'%55;5#@923108702

[ 0045] The chem cal solution treatnent can include dipping Sil'rcon plate
into the chemical solution. Alternatively, the chem cal solution can be
applied to the silicon plate at selected | ocations of the silicon plate
surface by any other suitable process, such as spraying. Chem cal

mechani cal poli shing 5 alternatively be used. [0046] The chem cal
sol ution can h#MShn Gh@%ﬁé%@m@aﬂﬂﬂémdmhﬂdmwlmmelwlcoai)fammto\/e to

renove at | easty.t r Iate Etc

conposi tions, Eh ‘{qlg[rm;btwegs(ﬁﬁgorr\ld e %nﬁély’p&lggﬁ P“E?‘rblf'ﬁ Eﬁoittt,‘%n are
wel | known i nsiﬂlbﬁl plate a8 scleleariobdtiots of e mﬁ&ﬁﬁﬁlht@ ,sutfﬁbeWy dﬁ?rdﬁle?'ﬁlﬂtagleA
Deckart, 10 Chapter V-1, "Chem cal Etch |g§1 .L. Vossén and W Kern

eds., Thin Fil RiocEsesuchas sprapasd &iemice) @ ampﬂ@ohsmmﬁam’) ®ey8, which is

|ncorporat h rence inits entirety. For exanple, the chem cal
sol ution cﬁ bgﬁ%ﬁg@?ﬁdberlﬁfefut I on containing hydrofluoric acid (HF); a

m xture of nit {0M6p0|”1d1e(ch®iﬁléhl salwtion bliri hatve Ahy buitaBleChebiaBeddibsikibn 8R¢lis
optionally acetlc acid (see U.S. 15 Patent No. 6,376,977); and

m xtures of HFef! mtome%@W@WegWOfﬂﬂN@m@MOEMd HCl O4; HF,
HNG3 and NaNC2;, 20 and NaF.
[ 0047] As descrl llo&“%%%h@%%%%%ﬁ'@&%ﬁ gp%dgauag?&e | nt egr at ed

Crcuit Pr ocesmm@mamlaogysmbm;me&éﬁp@mwamrxaweA:qpéenml ng 3 HF, 5
20 HNGB, EOO-I has a oomterrper"ature etch rate of silicon of about 25
mcrons/mqulte hﬁﬁﬁ‘élm Chemisal Bphing ' il Lo Viopsen and MdGern sderddindfilmas an

o1 onal m nut o” Cari e pSGEAERE RG] feLofhon 137 SR Ahootnlibe Bssadity  mased

on these renowdtrenctindts ehﬁneryf OFdregxafipl | the ehemmitalbelutiog dart Be srestve a surface
regi on

solution containing hydrofluoric acid (HF); a mixture of nitric acid (HNO,) and
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, HNQ,, CH,COOH and NaClQ,; HF,
HNO,, CH,COOH and HCIO,; HF, HNO, and NaNO,; HF, CH,COOH and
KMnO,; BF 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 mix¢ure 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
paris by volume; 49% HF, 70% HNO,, 100% CH,COOH). Based on these
removal rates, the former mixture ¢an be used to remove a surface region

25  thickness of silicon electrode plates of about 25 microns in about 1 minuie, 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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25 thickness of silicon electrode plates of about 25 mcrons in about 1
m nute, and a thickness of about 100 m crons in about 4 mnutes. The second
m xture provides a slower silicon renoval rate and thus requi,qsagq zh@nger

treat ment tigg, Ogozﬁgrmve an equival ent amount of mat eri%@ﬁg&,@é

concentration of-the acid solution can be -13 170CT2006

PCT/ CJS03/ 08702 adjusted to control the renoval rate of silicon and netal
impurities so that the treatnent can be conducted within a desired
treatment time. [00481 Alternatively, the chem cal solution can be a basic
solution, such a solution conprising one or nore of anmoni um hydroxi de,
sodi um hydr oxi dédjusted to Sonwot tescmovahyade ofksilizon a0d enetal impurdties so ttedokte chel at i ng
aci ds, such as ethyl enedi am netetracetic ,aﬁ' EDTﬁ%lﬁand the like, can be

i d
added to the cHEAmeRc EnfRsted WitR A Jhtired feptment 96 i ¢y renpval fromthe
silicon plate. 6)@;19] t i ; ) G Ut t he
sol ution terrpelléat u e,mgﬁﬁatgﬁg?;ﬁgéh%@hggkgﬁft&og??gg%ﬂ%%@ésoéﬁ.g:l& é‘gﬁ[}fo achi eve
t he desired ratselutibn canprisiig afe drimore dDammohiamechydesxide) sodita hydioxtderangl at e can
be contacted with the_ chemncal_ solution f&rﬁ@n anmount of tine effective to

remove a debi r dQEsTm hyAroxide; Qnedyr marg suigblychelatngnids) sueheds; 1 eat i ng
preferably achi | i 0, simlar
netal s descri bg&*’g@g@%ﬁ gxt%teglﬁ%tﬂgg?{fl ggigﬁ'guf%fti@egi}ﬁ %ag‘#&%ﬁgédeﬁoqg?ﬁhg%ml e,
the treating preldombd gnhasoe maalimputityeremovat &otir e isibbooplacopper at the 15
surface of the sjilicon plate tq le t han about 100 x_. 1010 atons/c and
nore prefer abI@M9 SSPHWC%{%H?DQ 9("13?@?&@?33?18“%‘7’ dhgsolution tf’PB%Y?‘?—‘F?gg&
preferably can g Sfher hAdMERr AF 16 NERA] AkhiBR: Ak dBGAR TP kdioVIPLANS
including zinc, titanfum vanadium chromum nanganese, iron, cobalt and
ni ckel to 1&®ss shifaoe ragiont Tho Gilicon fiatt@ambo contantad, witnthe whemicplr sohuwtioalfbry | ess
t han about 10 x 10i 0 atopsl cn®?.. 20 [Oogél) Aftﬁ;r the ?i i con pLate has been
treated to rendhamepntl ymeeffectiyeto remoyaddgsirgd portan gf thesflicor glafeices, the

Pref orably.  ndO% OBl SQUREBRIGIPKIRES e A RL AR SRUOML | et er
to renpve substaathbihet bimikt inetaksedesaribed abdvetar dee siirface dftibe slitancplate. poat e.
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] PFollowing 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
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25 [0052] Followng 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 anneal l' r2 ess
can be cond ' an oxygen-contai ning atnosphere to i gg% sired
concentrati g‘ﬁio 9%2I>§§lgen into the silicon plate. Typicall ;%@ﬂ# i ﬁg S

performed at a tenperature greater -14 170CT2006 WD 031090263

PCTI US03/ 08702 t han about 600C. Because the silicon plate has been treated
prior to annealing, the concentration of netal inpurities, such as copper,
that may be present in the silicon plate is sufficiently |ow that the
probl em of aggrtbaynatiouh6@d* G uBesrusetthasilicomrplaie hias bekn tdeated prioptorannéadisgat t he

silicon plate surface during cooling.of the silicon 5 plate fromthe
anneal i ng t enpefaFRRCEFLIop,p F’@B”?rémp %@ﬁ%%c@PFq’@Hﬁ%iFér%‘ﬁw ‘P_ﬁl@n be
fabricated to W‘ﬂ%ﬁ%té ReufRedotg dovt !t!ﬁ@‘{he_p?éﬂlérﬁ%f‘aéﬁré‘éaﬁoﬁ@ﬁ%dtﬂédﬁﬁél' on. For
exanple, in a preferred enbodinent in which the Silicon plate Is

i ncor por at ed i ramousisooidhdse auipuities ar thd silicorsplate isysface diirime boling affthesiicon

di scharge p ssa@esfcan be fo?rre iname.si | icon plate by any suitable
process, e.g., PoeOL{he JPRGafipg fEmneranTe SOVEECoBi; | | ing or the Iike. In

addi ti on, MDUNtjongENOTRSsifEsh fifRe chOUER e EbAIE) B frbaRe i dsed FRA54] The

silicon plate can be processed to a desired surface finish. Such processing
is preferably pailidooplaelcerffigoratigns Far exampleydn p pedfergedsembrdimentimwhisheéle and/ or

th f eat re f dinth i | at t hat f d 15
produced on 1 he SO RMARSPCATROTaIES 1 hasiprleail efétipods AssaTbLY. it MTRE, Hei o) oo
can be renoved}iQ¥alelpaRhQsRar be formke®in ﬁé@ﬁi{ébﬁFlaﬁehﬂ( Ayl suftstite Ploddss, %grz be

processed by a series of sequential steps including grinding, etching,
pol i shing dfd deseadiilipgs uiyasonie drillingror/the dikef &icadditiors grouatiog balés aadea desired

desi red finai SPIPEDR B A0 PA% 0055] After produsi ng the desired final
L bbory Such DISEL U0 QR ghe 690 s ramBA Pl plar 00
exenpl ary assengrbgesging tseprsfecblycparfoemied biter gas disehasged pastages, manvating beles
2: teg[ P géievel Y bz?n or}%%'ieeg fc:[:a?urfeso grg]fgnr?e%elg Bleedsilﬁzlog ([:) arfe?%g thalt %ﬁr?eioesdgﬁ:lggeas the
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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plate 50 shown in FIG 3. 25 [0056] The silicon el ectrodes can be used in
various different plasma atnospheres for etching, deposition, as well

ot her applications. Typical etch chemstries include, e.g., 1 70CT 2006

chl orine-co gases including, but not limted to, nd BC13;
brom ne- con%‘??\%ﬁgﬁéases I ncluding, but not limted to, b%ﬁ@ﬁ@%@ HBr ;
oxygen-cont ai ni ng gases including, but not limted to, 02, H2O-15 1 7 OCT
2006 WD 03/090263 PCT/ US03108702 and SC2; fluori ne-contai ni ng gases

i ncluding, but not limted to, CF4, CH2F2, NF3, CH3F, CHF3 and SF6; and
inert and ot her gases including, but not limted to He, Ar and N2. These
and ot her gasesandeéi,b8uorineccantaining gases inelbdiag nut mor bimitetbe G, NOH,FonNFhe

desired pl asnma. reactor. etchin tin ns are 5
as fol | oves: bot?ﬁﬁ@i@t%ﬂ@@a t%ﬁd%%i“@r(ﬁh%fga?etsdgﬁl%‘ﬁ%t ubBek t"&‘“‘g'b‘BEf +90C:
chamber. pr essur gr afd 4. OThabaid offer ey m ea@s@mn%gﬁsuﬁﬁme&ndxﬁ}& figs flow

rate of from about 10" seemto a 100 seem an ower e |'éctt ode power
of from about @muesreﬂqambmt&@mgmwm n‘eetrtorzﬂéhmgmpﬂﬁtmgsc(mdmdns‘ arem O to

about 6000 V\att for 300 rs. 10 00 The trodes can be
used in any>sui® Blll%wspagcé‘WH’?lﬁﬁ plempe zﬁbﬁﬂ?w& fPﬁ 8’6%19C UCect r odes
can be used in @aMyal prefRFLETEYM a0 D iR &) HOURS00 BRELrObtchaay iy fsw an

Exel a&" processing chanber avai |l abl e from ham Researc Cor poration of
Frenmont, Cal i f ouateiof fraom aboue i@ seasuitoerbbardiOng sewn; amd giowaredretbcirodgpowterngi ty

pl asma reactors can be S t he ar reciate that
15 the reacti onToRAhYELs g%@rﬁbﬂ‘é‘?@ﬁm g?reﬂ@,{pgp %@f%?@d?‘"ﬁ% r?h Wt ch
reactors in  wymh whe B BoERm fhest rodes can be used. The silicon

el ectrodes can be used in any etch reactor (e.g., a netal etch reactor) or
ot her type 16f s[@ﬂS’I:}on’dfhc:siﬁcomurlméssumgbeaﬁqdananjasuxtamqﬂamalmaatmdtinﬂ on of
metal contam nati on. of esired. [ 005 The above- bed silicon
parts have redu%‘é@pl?oﬂ}?\gﬁfcroﬁteleﬁﬁ eépmb&lbsg{ima%alm UBtH et “%B&Pi@s%t al

| npurities, thagadse sgaltzrslaﬁwe&hmtp?oc@mg%afnaémaﬁm@fmwﬁm Rbdcaicfin parts
and to silicon substrates, such as silicon wafers. Consequently, the
silicon parts rﬁwomngmo’qﬁmmyﬂahfomladlm pratsrrdshenghodimerity gnadihen and highn parts
in

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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sem conduct or processi ng apparatuses, the contam nation of sem conduct or
substrates processed in the apparatuses, by netal inpurities such as copper
and 25 other simlarly nobile nmetal inpurities, can be reduced. [0059] Wiile
the invention has been described in detail with reference to specific =
enbodi ments thereof, it wll be apparent to those skilled in the art that
vari ous changes and nodifications can be nmade, and equi val ents l@ripita0eq,

wi t hout departing fromthe scope of the appended clainms. -16 17 Cct 2006

VWHAT | S %@Mt hod of making a silicon part of a sem conductor
processin » nprising: cutting a silicon plate froma silicon
material using a wre saw conprising copper or a copper alloy such that
metal inpuyrities inc i | east .copper _are renoyed fromthe wire saw and
adher e toula cut surfégget@}% ?q}%ak Iﬁ%‘gﬁﬁﬁf’"ﬁf’ﬂa a%mﬁcﬂzﬁl%f?é p&%???‘%?pﬂafagﬁst*i ng at
| east t he wotprisingf ace of the silicon plate with a solution to renove at

| east so f .t . f ion. including the cut surface;
and ann egl%luﬁ'ég taﬁsﬂﬁ?r? g%%?cp nfé %%Wgé)mn%a%ﬁéleﬁﬁﬁ %\ﬁ@é&%%ﬂﬁ%{ié%scg:ﬁg?reortaocopﬁ?rr oduce
oxygen i ntajloy bech thatimetaiimpluities incudirfhe levst dopgeindre Coraovad fromithervéiersaivendnet al

| mpuri ti esadfhgﬁetztﬁ‘%{:cui . W8S Ak ST hateUifinG RS e! ected from the group

consisting o0 e tif um vanaéll um chrom unt' manganese, iron, cobalt,
ni ckel andreatihgdtileasbirel it swrfede ohtvesinereplateatiihansakdtion dp pemoverat tefist dvene aft

| east one .he. . f f.t silicon plate after the
treating itgé?@&fr?ﬁéﬁé %%r%gé?ﬁ%%ﬁg&%ﬁ%“%tcg%r%ﬁ%é@_ The nethod of Claiml,
wher ei n t reanedling ding reatécsiliash ptaie rean oggen atmoaghere heintreditcesuygenoatodiie t he
silicon p;{i\fcﬁng{aeer the treating is | ess than about 10 x 1010 atons/cnR. 4,
The met hod o aim 1, wherein the wire saw, conprises an outer coating

whi ch consists essentially of copper or the copper alloy, and the copper is

renoved fromthe o i &% hStaf ; e of
the sili cozﬁ' pl at e %ﬁ%‘gﬁtﬁﬂgpgﬁ?‘?ﬁh‘g@% hgtaﬁe}nta#ﬁ ofyh%%éri%#]}df,séﬂﬁ?gfei n
the treat iong alemgitiselected Famdbe greyp gondisiagof zinc, titanium, vanadium, chromium,

manganese, iron, cobalt, nickel and alkali metals, and the concentration of copper or 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?.

3. The method of Claim 1, wherein 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?.

4, The method of Claim 1, wherein the wire saw, comprises an outer coating
which consists essentially of copper or the copper alioy, and the copper is removed from the
outer coating and adheres to at least the cut surface of the silicon' plate during the cutting.

5, The method of Claim 1, wherein the treating comprises contacting at [east
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.

6. The method of Claim 5, further comprising rinsing the silicon plate after
treating to remove substantially all of the acidic solution or basic solution from the silicon

plate.



the cut surface of the silicon plate with an acidic solution or a basic
solution effective to renpove a portion of the silicon plate that contains
the adhered netal inpurities. 6. The nethod of Claimb5, further conprising
rinsing the silicon plate after treating to renove substantially all of the
acidic solution or basic solution fromthe silicon plate. i"1 17 Oct 2006
7. A nmethod of meking a silicon part of a sem conductor procesKki@g 2006

appar at us, conprising cutting a silicon plate froma silicon materi al
using a re saw co cop r or a copper _alloy such that netal

i npuritie§ includin 'aPt P% wa%g%ﬁéﬂlcw@lwwaucqmwwec%smagawaaﬁd
adher e t ocemgigingsur face of the silicon plate during the cutting; treating at

| east the ut sufac &the SI|IC F ate with a solution to renpve at
| east sontie @ Hiren Shis komA Wiee MBI velisia Fisg PoR SPRENSIRG FRPPERE THRPPELI 1 ace,

\an?r ein L Alysuct thatmefal Wﬂﬁrltléﬁ .hcmgrg ol ledst calamaet BRALRdvYY ﬁdﬁ\‘n umhﬁ%)ém :c ]gn
efore the npur i t ncl udi n e opper have had sufficient
tine to df qpé\grqtﬂtaocq qcﬁt" cﬁ‘['c?'? Bl%{etchgngﬂ]ef%@@ 9region of the silicon

plh ate, thmeatuagaﬂaasttmeegmuﬁm\ufm@uobhlpmkem_ lﬁtg_auﬂuﬁmtlab@ubvéﬁ@ed"ﬂ%rﬁ@ﬁh and
the treatjn urities including at |east c er.in the
sur f ace rt(lE'S%B nﬁ B?)?‘r"%}?ﬁlr?@g'bWﬁ'tgg'f’FH'{fQ%Eu'%atcge‘g]?eéﬁmzﬁ? ?LB'%%Q f%‘?e 8. The
met hod ofsmﬂoalml wherein the silicon part is a ring. 9. The rrethod of
Claim1, erej n the. si singl.e crysta con A
rethod orRBE feptad B ines e B Bls e pieta Pl el o frast EFBerve

appar at ushaccsuifiniéns timg to difftide intp the Bﬁérloctvanmlheaswfai:e eapgian fithe ﬂrimmmw.tertheal usi ng
a wre sa onpri.sing. coppe 0 tha rities
el udi o SR SR et Bl B 6 288G 100 B P BNE eyl ahven MRIEL

duri ng t himpewitigs inguditg atdeast goger incths sulfdve regmn,sandfopttmaw ahiezlisg thecon pI ate

wth a so i " r ve at |east sone of the copper fromthe surface
region i nk#%]ﬁ%lééo?’ﬁéﬁgﬁt surface; and annealing the treated silicon plate in

an oxygen8.at nosphdihe mathachefriaionct wiveseiretheisiiiton pareis agirlgl con pl at e.
9. The method of Claim 1, wherein the silicon material is single crystal silicon.

10. A method of making a silicon electrode of a semiconductor processing
apparatus, comprising:

cutting a silicon plate from a silicon material using a wire saw comprising copper or a copper
alloy such that metal impurities including at least copper 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 at least some of
the copper from the surface region including the cut surface; and

annealing the treated silicon plate in an oxygen atmosphere fo introduce oxygen into the

silicon plate.

11. The method of Claim 10, further comprising forming the silicon plate into a
planar showerhead electrode or a stepped showerhead electrode.

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

(&



11. The met hod
into a planar

of Caim10, further conprising formng the silicon plate
shower head el ectrode or a stepped showerhead el ectrode. 12,

The nethod of C aim 10, further conprising:' annealing the treated silicon
pl ate; applying a bonding material to join opposed surfaces of a support

menber and the

treated silicon plate; and LS5 17 Cct 2006 «curing the

bonding material to forma joint between the support nenber anlf ®&&€006 eat ed

silicon plate.

13. A silicon el ectrode nade by the method of Caim10. 14. A

met hod of progessi a duct qr fer in a reaction chanber of a
seni condu%ﬁB? ﬁﬁ%&@ﬁ@'@iﬁ”@b%ﬁ%ﬁ? gdoint s “§P‘?\§“ppﬁﬁéﬁ?r%era"“§ the teasitecel ect r ode
made by tdikconptdbemd of Claim 10 in a chanber of a sem conductor processing
apparatus; introducing a process gas into the chanber; generating a plasm
fromthe process gas by supplying radio frequency power to the silicon
el ectrodetdand exciA silgpntdietpdo nads bg & methed of Phigst® state; and processing a
sem conduct or substrate in the chanber with the plasnma. 15. The net hod of
Claim 14, further conprising processing a plurality of sem conductor
substrat eBt.i n t he Amatrbdrof pootssing axgentibendsittor waer il eetttitachahber die et hod
of Claim rities further include at |east one
el enent séﬁ%'ccwagag @'&E?%n%egaﬁa%@{%o %r{s,niqg of zinc, titanium vanadi um
chr om um placiegg sifkesesledinoda made ba lthe, mathod ef Claind1@inkeathanttet af s semiochduber
concentraéljo'?%sﬁé aﬁﬁ%ﬁfs or the at |east one elenent on at |east the cut

0 e Sil

surface

con plate after the treating is less than about 100 x

1010 at oﬁeﬂr@b!cingﬁmroéﬁsegﬂetmme@hal@ben m 14, wherein the concent rati on of

copper Eré’u
is Iess t an a

@5?: a%Bmea fro%%&%l’é%:@ng ﬁasﬁéy é@glyﬁ{g rbcfﬁ? ueéhtcﬁ 8@{" Qﬁllcgﬁeat i ng

sem conduledfodpaod exsiiingghe prseess gas, intetai ptésnuostpis] &E’s a sili con pl ate
ncl ud! " SrBodSRg TroRIRATEToR b AL IPRE cndtPd G 1fe fAGRENT Fal on of al 1 east
one el enent selécted from

vanadi um
15.

he ‘group consi sting of coppér, zinc, titanium

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

semiconductor substrates in the chamber containing the silicon electrode.

186.

The method of Claim 14, wherein the metal impurities further include at least

one element selected from the group consisting of zing, titanium, vanadium, chromium,

manganese, iron, cobalt, nickel and alkali metals, and the concentration of copper or 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 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.

A silicon electrode of a semiconductor processing apparatus, which comprises

a silicon plate including a plasma exposed cut surface, wherein a concentration of at least

one element selected from the group consisting of copper, zinc, titanium, vanadium,

chromium, manganese, iron, cobalt, nickel and alkali metals on the cut surface of the silicon

plate is less than about 100 x 10" atoms/cm?.

19.

The silicon electrode of Claim 18, wherein the concentration of copper on the

cut surface is less than about 10 x 10'° atoms/cm?.



chrom um nmanganese, iron, cobalt, nickel and alkali nmetals on the cut
surface of the silicon plate is |less than about 100 x 1070 atom S/ CM2. 109.
The silicon electrode of Claim18, wherein the concentration of copper on
the cut surface is less than about 10 x 1010 atonslcnZ. 13 17 Oct 2006 20.
The silicon electrode of Caim18, wherein the silicon electrode is a planar
shower head el ectrode or a stepped showerhead el ectrode. 21. A KiQetQ066

el ectrode assenbly conprising a silicon electrode according to Caim 18.

22. The silicon el ectrode assenbly of Claim2l, further conprising a support
menber bonded to the silicon plate with an elastoneric joint. 23. The

sih | coR e2®ect r ode Tie ﬁhrH@&ode!\hml Iai'rrm&l, me&iiﬂdﬂhe@][ic%‘. elsttrandas b m?].sL epped
shower hea 4. The silicon electro o] aim 18, ic as a

t hi cknessgw@@eg%%é%&je%{o SR %‘Bppegbs&ﬁ’fverfe?ﬁg'ﬁqr - The silicon el ectrode of
Claim 24, which has a thickness of at |east about 0.33 inch. 26. The

silicon ctrode pf.. ] wher.ein the.concentration of each of . copper,
zinc, ti ;ai af'li um va‘ﬁg@%ﬁ'%ﬁ%&%sﬁ?ﬁ'ﬁ%%%{ﬁg@eﬁ St qoBﬁ?ectr%%fx?c,orcﬁr?%@éial%d

al kali nt8.als on the cut surface of the silicon plate is |ess than about
100 x 1010 atonslcnZ. 27. The silicon electrode of Caim18, wherein the
concentration of each of copper, zinc, titanium vanadium chrom um
manganesed2.i ron, colel silicomelekieddecasdermbly af Claim flishermomprsioyt seppdtace of t he

silicon p i t cn2. 28. A silicon
shomerheaﬁ@@ﬁggﬁpggzﬁgkggm%gﬁ@%%H%@é@é%g%gw%gggﬁég apparatus, which
conprises a silicon plate including a plasm exposed cut surface, wherein a
concentrajd on of 251 | ] l, ' ess than
about 100% 1010 *TRRtoeARrEye bt cIaH A iReftin haSiitir GEaR R Zh Sebied [E2, o'
t he conceshowgthean etsctredsmper on the cut surface is |less than about 10 x 1010
atonsl cnz. 20

24, The silicon electrode of Claim 18, which has a thickness of about '/, inch to
about 1 inch.

25. The silicon electrode of Claim 24, which has a thickness of at least about 0.33
inch.

26, The silicon electrode of Claim 18, wherein the concentration of each of

copper, zinc, titanium, vanadium, chromium, manganese, iron, cobalt, nickef and alkali
metals on the cut surface of the silicon plate is Iess than about 100 x 10 atomsfem?®.

27. The silicon electrode of Claim 18, wherein the concentration of each of
copper, zinc, titanium, vanadium, chromium, manganese, iroh, cobalt, nickel and alkali
metals on the cut surface of the sificon plate is less than about 10 x 10™ atoms/em?

28. A silicon showerhead elecirode of a semiconductor processing apparatus,
which comprises a silicon plate including a plasma exposed cut surface, wherein a
concentration of copper on the cut surface of the silicon plate is less than about 100 x 10"°
atoms/cm®,

29. The silicon electrode of Claim 28, wherein the concentration of copper on the
cut surface is less than about 10 x 10" atoms/cm®,

2.0



17 Cct 2006 30. The silicon electrode of Claim28, wherein the silicon

el ectrode is a planar showerhead el ectrode. 31. The silicon el ectrode of
Claim 28, wherein the silicon electrode is a stepped showerhead el ectrode.
32. The silicon electrode of C aim 28, which has a thickness of about'14
inch to about 1 inch. 33. The silicon electrode of Caim 32, which has a

t hi ckness of about 0.25 inch to about 0.33 inch. 34. The net hdd Gt 2@ai m 1,
wherein the wire saw consists essentially of nmetal. 35. The nethod of Caim

10, whereip the wire.saw consists essentially of netal. 36. A nethod of
neki ng a §’|B1 icon ele ?%%”oﬁ“ﬁ@%ﬁ@ﬁ'ﬁh@t‘” rel} he slicom glectipds s & plagar

conpri si nghowerheahgeetraiel i con plate froma silicon material using a wire saw
conpri sing copper or a copper alloy such that netal inpurities including at
| east copper adhere to a cut surface of the silicon plate during the
cutting; ®Bfeating atTheesiidonteteeirods ofsllaifre2s; whktreimibe siliborc elactpldatiea sichped

sol ution ast sone of the copper fromthe surface region
i ncl udi ngtsﬁ%&egﬁg%beggﬁdggé, wherein the silicon plate is treated with the

sol ution before the copper has had sufficient time to diffuse into an

naving & B ckness upbit oIeRAERohEE G B Rirhrs TR Rhesstf A UEOLE The

copper i nabbet iSagth.ace regi on; and optionally annealing the treated silicon
plate. 37. The nethod of C aim 10, wherein the silicon plate has a thickness
of from about 0.3 to 1 inch. 38. The nethod of C aim 37, wherein the
silicon pRBate has a The sikennsalechodé pbdainaB) wthidh Wastasthitknessof aidut QX5 ikH06  39.
A met hod f ~p@kioRg jansi |1 con el ectrode of a sem conductor processing
apparatus, conprising: cutting a silicon plate froma silicon material using
a W re saw conprising an outer coating of copper or a copper alloy such

that metakyl Mpuri ti efe AU BhiAY, hhGSh HORRE Sad ondi @BV Mtially of metal.

35. The method of Claim 10, wherein the wire saw consists essentially of metal.

36. A method of making a silicon electrode of a semiconductor processing
apparatus, comprising:

cutting a silicon plate from a silicon material using a wire saw comprising copper or a copper
alloy such that metal impurities including af least copper 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 at least some of
the copper from the surface region including the cut surface, wherein the silicon plate is
treated with the solution before the copper has had sufficient time to diffuse into an interior
of the silicon plate from the surface region, the surface region having a thickness up to
about 100 microns, and the treating removes the copper in the surface region; and
optionally annealing the treated silicon plate.

37. The method of Claim 10, wherein the silicon plate has a thickness of from
about 0.3 to 1 inch.

38. The method of Claim 37, wherein the silicon plate has a thickness of from
about 0.4 to 1 inch,

S



fromthe wire saw and adhere to a cut surface of the silicon plate, during
the cutting; treating at |l east the cut surface of the silicon plate with a
solution to renove at |east copper fromthe surface region including the
cut surface; and annealing the treated silicon plate in an oxygen atnosphere
to introduce oxygen into the silicon plate. 40. The nmethod of C aim 39,
wherein the concentration of copper on at |east the cut surfad@Qef20dte
silicon plate after the treating is | ess than about 10 x 107 atons/cnR. 41.
The met hod of C1a|m39 wherein the silicon plate has a thickness of from
about 0.33%%0 1 i nchA methodrefanakingRglicon %CHP?'# af2 sepeensduptor pocessindcon pl at e
has a thi gpsatusodorigri@my: about 0.4 to 1 inch.

cutting a silicon plate from a silicon material using a wire saw comprising an outer coating of
copper or a copper alloy such that metal impurities including at least copper are removed
from the wire saw and adhere to a cut surface of the silicon plate, during the cutting;

freating at least the cut surface of the silicon plate with a solution to remove at least copper
from the surface region including the cut surface; and

annealing the treated silicon plate in an oxygen atmosphere to introduce oxygen into the
silicon plate.

40. The method of Claim 39, wherein the concentration of copper on at least the
cut surface of the silicon plate after the freating is less than about 10 x 10" atoms/em®.

41, The method of Claim 39, wherein the silicon plate has a thickness of from
about 0.3 to 1 inch.

42, The method of Claim 41, wherein the silicon plate has a thickness of from
about 0.4 to 1 inch.



