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METHODS FOR REMOVI NG BLACK Sl LI CON AND BLACK SI LI CON
CARBI DE FROM SURFACES OF SI LI CON AND SI LI CON CARBI DE
wWabaEHRABES FOR PLASMA PROCESSI NG APPARATUSES PCT/US2005/045541
BACKGROUND [ 0001] During the manufacture of
sem conduct or - based products, such as integrated
circuits, etching and/or deposition steps are used to
build up or renove |layers of material on sem conductor
substrates. A conventional etching procedure energizes
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nodi fi cati on can occur | ux of energetic
[0007 pnDuriplgaheraaanidciae iod ssmieuiduatorabases @oduats, such es

t hat are generated t he plasma di schar
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oro SR SeAYESI RE , RESHOE R BT procecur
energizks poocesardagintd nplasafstate o pfaamp etchenatsriad dashef

parallel-plate plasma processi ng apparatuses are
Sem'ﬁPBSﬁ‘ﬁ%?‘%%ﬁgﬂj A preferred enbodi nent of a nethod of

[oooéﬁmﬁé&gege@lirﬂehoﬁ&bﬁ&c% S plBEAG protdd SR clhanbbeLcar 8B Aodified
surface of an electrode of a plasma processi ng chanber

as airgsylt ofthd gdiasmaipracessesithalearesuppyithinghem. Such surface

£ i ne- t ai, ni it [ | .
mod 4B B8 S L O b b8 s noura
atomisPRed melRtildPL Rt afdgeHBRRSd BY &8¢ pRRena diseharde) asiwélcas from
and i ncludes a pl asma- exposed surface having bl ack

variogis| reaetiprsratiendantin theeprogessing pf §emicondustpreadbistratesainghe
chanh@%rj udes a pl asma- exposed surface having black silicon
Bl de on the surface. As described herei n, "black

SUMMARY
[0003] Methods for removing black silicon and black silicon carbide from surfaces
of upper electrodes of parallel-plate plasma processing apparatuses are provided.
[0004] A preferred embodiment of a method of removing black silicon or black
silicon carbide from a surface of an electrode of a plasma processing chamber is
provided, which comprises éupplying a fluorine-containing gas composition into a
plasma processing chamber including a lower electrode and an upper electrode.
The upper electrode is of (i) silicon and includes a plasma-exposed surface having
black silicon on the surface, or (ii) of silicon carbide and includes a plasma-exposed
surface having black silicon carbide on the surface. As described herein, “black
silicon” and “black silicon carbide” are formations that can result from a
morphological modification of the plasma-exposed surface of the electrode during
plasma etch processing of substrates in the processing chamber. The gas
composition is energized to produce plasma and at least a portion of the black silicon
or black silicon carbide is etched from the plasma-exposed surface of the upper

electrode.
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silicon” and "black silicon carbide" are formations
that can result from a norphol ogi cal nodification of
woheosp7essoa- exposed surface of the el ectrode deCTMg2005/045541

pl asma etch processing of substrates in the processing

chanber. The gas conposition is energized to produce

pl asma and at | east a portion of the black silicon or

bl ack silicon carbide is etched fromthe

pl asma- exposed surface of the upper el ectrode.[0005]
[0006) 3R ehbB&ierRIréfcfddesh BHBRIEHTEAE Ieadt oheasthpBReNt of a plasma

conponent of a plasnma processing apparatus other than
procassiay eappatates oftterdhan ablalekisode, pyhiehincdasse glasma-gyeosed

havi b il : L j .
surtefg e bBEK leoblBuieBis" silbigE8E iEkMaCe urf B subjocted
to plaémbefsdnifg RO BIJHO& |94sttahgomibAdlf the blaxkrsilvonbdrasikck silicon

[SI licon carbide fromthe plasma-exposed surface.

carbjde0ios] the plagiafexpperfl Wik -ment, the gas conpositi on

rther i y - i i .
oooby. S BRSPS OB BB 16 A0 A o
oxyg;élfn-ddmaiﬁlr@/?a%ﬁd,@ﬁ’ ah gmm gae:- (Rmt:eésrfhr?@go@diﬁons, ihbleding the ratio

owrate of O2, can_bhe varied tg effect_isotropic |,
of thefiom iate of luprngscasiwiniag gasde th flo§ea #idgoen be Jaried to

k : ' of the upper

eﬁecglls:(%tfbrlpgcggtcglgﬁo %e@%%%@?%égggg@gaﬁgﬁﬁer ature t Egt i's
[000&] f do i prefdreechembodendry the teingbenaturatod thf uppebelglctrofie can be

con R B e o 5 SR s o ppova o

blac%@%ﬁﬁéﬁ%&%l%rf'@rﬁﬂe? scanni ng el ectron m croscope

ow ng a silicon surface having black silicon
on the surface. [0009] FIG 2 shows a pl asnma-exposed
surface of a silicon el ectrode having black silicon on
the surf agy .
capaci ti vely H—trasto ot T atu
[0008F FUG! ahs & mprogepheskemgsipghodcaring elelctrohemicresutiped SEM)
net hods descri bed herein. '
showing a silicon surface having black silicon on the surface.

[0009] FIG. 2 shows a plasma-exposed surface of a silicon electrode having black
silicon on the surface. A

[0010] FIG. 3 shows an exemplary capacitively-coupled plasma processing
apparatus that is suitable for performing embodiments of the cleaning methods
described herein.

[0011] FIG. 4 shows the difference in height between pre-clean black silicon
features and post-clean black silicon features versus the fluorine concentration of the
cleaning gas composition used for plasma cleaning.

[0012] FIG. 5 shows the silicon oxide etch rate and etch rate uniformity at the start,
after etching 25, 50, 75 and 100 wafers, respectively, and subsequently after
cleaning the upper electrode of the plasma processing chamber according to an

embodiment of the methods described herein.
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[0011] FIG 4 shows the difference in height between
pre-clean black silicon features and post-clean bl ack
wei2bietarssé eat ur es versus the fluorine concentr 2CTAIS26/045541

the cl eaning gas conposition used for plasma cl eaning.

[0012] FIG 5 shows the silicon oxide etch rate and

etch rate uniformty at the start, after etching 25,

50, 75 and 100 wafers, respectively, and subsequently

after cleaning the upper electrode of the plasm

processi ng chanber according to an enbodi nent of the

met hods descri bed herei n. DETAI LED DESCRI PTI ON OF

PREFERRED EI\/BODI I\/ENTS 0013 Par al l el - pl at e pl 3

pr oc ¥ ) SCRIR E ARED EMBQBH .
[001gﬁ“ﬁi%§518§¢]15?%§|93%%§p¢6p§§§1 ecglgrg{su Sr{tl:ﬂfdr atéelalgl%) %Frblectrode and
a lowshietdttdee T oo nppat alecisods haatebdtons spgace edhlc?ﬁhyep;eally faces a

oS SRS B cEssston Shantere can b cper ool e
plasrﬂ?gﬁ Qsﬁ]cgﬁ&ﬁé(rhgér% &h BE %%%@HQ%%Tas%@éfdh&?aﬁ*ﬁausQHéiéﬁﬁls

I'ng processes, an etching gas is sup
suchlaastchetelmmqoﬂrmermlsppmeﬂi ag sehammlucm’rds‘.l.é)séﬁ@é& eBuwyg plasma

Ry el oo
and ér% rhlRY. esi upggné R eS alchstbpBeA thdeRtBHEa IS pRiduce

he~“sem con of substrate. [0014} Paral l el -pl ate
plasrpaaé'ﬂﬂ@ proessing sgnditiandare cbasen aethaislesireddpatures are etched

ctr se far of silicon or silicon

in m%{gpglsdagqﬁer ﬁﬁ%ﬁﬂ’c S&ib%ﬁ%g@can i ncl ude a shower head

[001? e P AIRE-platel plaing peecedsiigeharabesadasinthude an upper electrode
stributing gas in the chanber. The upper el ectrode

commedb&)raemplp; efcsilicaneer siiern carbigle. Eheikppesplgsigde can
mcluﬁ,%%tvﬁ{oﬁé}gggé%ié# ge}‘}@hﬁ r%aéaé mllicﬁlte)bqg)lé@fcﬁ%lstngﬂtlﬁg gas in

the cﬁbmthﬂ'Eh@ uqigﬂ;rtetlezﬂ@d@wambe@ecﬁuésmeee etba:ttte:rdee(eegt aalisc-shaped
such as a contjnuous or segmente

ShovguBesdh PIRGtooR Wit €85 I GBTNOIes). ARS TBEGHPIES 19 1AeH (o.0., an
mnertt{ﬂgé -shf e@lsﬂﬁmrr?e)é%oélﬁe rBQL 50 ﬁH&é@B?Ia‘ﬁfodgE?eﬁa‘éﬂ?He ring,

tro € can be nor og| ca
suchads & sentiedous cDroseg,mented ring without gas injection holes)

[0015] It has been determined that the plasma-exposed bottom surface of the
upper electrode can be morphologically modified by the flux of energetic ions,
photons and various neutral atoms and molecules that are generated by the plasma
discharge, and by various reactions that occur in the processing of semiconductor
substrates. A “morphological change” of the bottom surface of the upper electrode is
characterized by a change in surface topography, which is caused by non-uniform
removal of material across the width of the bottom surface (e.g., across the round
bottom surface of a showerhead electrode and/or the optional outer electrode ring).
Such non-uniform removal of material from the bottom surface results in different
surface regions having different topographies. The morphologically-modified surface
is characterized by regions that have micro-roughness as compared to non-modified

surface regions.
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photons and various neutral atonms and nol ecul es t hat

are generated by the plasnma di scharge, and by vari ous
woeemto7tse t hat occur in the processing of PCT/US2005/045541

sem conduct or substrates. A "norphol ogi cal change" of

the bottom surface of the upper electrode is

characterized by a change in surface topography, which

i s caused by non-uni formrenoval of material across

the width of the bottom surface (e.g., across the

[0016]0 UAdnBﬁﬁHoqxngsaJrnﬁ@&ﬁcaioraosymwmw stbeedd®derfared met is
the optional outer electrode ring). Such non-unifaqr

charaeéwwl by therereenee of fasBRANBRADAS DeHi ke, ekt ike proone-
e 5 Sl B4 B SOLOF L oo prcesago o
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conmpared to non-nodified surf ce [ egi ons
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lnclucﬁHgftﬁggfe%%ﬁres' AsC %‘?d nee 'r?e‘:eﬁl(ebl?/kefr gé%ltllﬁ%’egsé?rﬁ%s%f y spaced.

tures at can ke or coneli ke
The featurbagan thgisallyceave alLEETtgth of fresuabotitr thmoeto abaut gl msweand a

Wit R SRS 409 p SHab R BBIciTR-nis PEReTSe Beef gisymined
that tﬁé%n%t %?QH@P?éblgﬁh@e%‘éfLﬂgé %HBWﬁfm &IG. 1 increases exponentially

oglca modi fied silicon surface including
with nelspeet ﬂoe@tthunggnme;smﬁhuwmactuabtlme@@lp@nden@y bemgtapsengesat on

the oFkEkLes BBRGon e FAE SR SaNRhERAA Rl £16"S Sloueyp black
SIllcoﬁffofrﬁé‘t"BrﬂBﬁlétpléé)mﬁf@%dbséﬁ%dttowg@féﬁé 6f & sgbn duterhslgctrode
al so been determned that the I ength of the

ring afesdlepen éectfasiet. ur es shown in FIG 1 increases

tial th Y
oot <P BB DAL s BGOBER I SAAE it o on
plasrﬁé-‘é&pé%ﬁ @nidbt | ngér eRketods sufaces dadsg ipfsmaatdhng of dielectric
2 shows a ack silicon formatjon on

materjﬁbs fHCR RS dewd delecin Maieriale iBthecBaMbeDn Exgmplary process
cond?loﬁétﬂﬁ%ﬂ?avré @fouﬂ@ﬁﬁ@?@oﬁave [;é’&l@ o kP9 Hr}néf@ﬂtd*rtﬁése

0ose shown 1 n een determ

featufey imclud ephigh M; kxp Qs ethdslio CBHlouprades, ejrei:mmeeate RF power
surfaces during plasna tchl ngeof di el ectr.

levelsriised foll genesaily BlasiEw. Khamareeplatcaliuaedied surfacs pE the
uppef BT e GFEABLEESHY &8P modified surface regions, e.g., at least one

modified region on the outer electrode ring and/or at least one modified region on the
showerhead electrode.

[0018] The modified surface morphology that is shown in FIGs. 1 and 2 is
commonly referred to as “black silicon.” “Black silicon” can form on a plasma-
exposed silicon surface as a result of the surface being micro-masked by material
deposits formed on the surface during plasma processing operations. The micro-
masking can be on the scale of from about 100 nm to about 100 microns.

[0019] While not wishing to be bound by any particular theory, it is believed that
black silicon formation on the plasma-exposed bottom surface of a silicon upper
electrode occurs as a result of non-contiguous polymer deposition on the electrode

during plasma processing operations. For example, a non-contiguous polymer
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conditions that have been found to be nore favorable

to the formati on of these features include high N2,
woawe@2158nd | ow CF fl ow rates, and noder at e RFPODMSR005/045541

| evel s used for generating plasma. The

nmor phol ogi cal | y-nodi fi ed surface of the upper

el ectrode can include one or nore nodified surface

regions, e.g., at |east one nodified region on the

outer electrode ring and/or at |east one nodified

depokR@affofR ohithe Yottwpt Beddcebrs liedr uplped tilctrote durmg a main
nodi fi ed surface norphol ogay that is shown in FlIGs

1
etching étep fos eteiing 8l diclestris Materieb aish an aldpv-Kidiglegkiomaterial layer,

on o EL TSI SBAGHE. T FARBTERAEhpug. sns
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n

i 560 Sped SRRl 8 e Tt B Bninsheapotidnany

propégmtmﬂ dmngaatchtrzg ol siscessixg sebstratest chdmrs—umf@me afisetropic

etchifa il G BSOS BBINAFEI L EdnaPGRCaRIcLRLtog Suefpaigf the upper

electFBHé)Qﬂtfﬁ% 8- rﬂé%&?%ﬁgcé’%%“ i (5P RssultsQh tfﬁ?é(ﬁjfﬁ{afhonébf Closely-

non-cont guous poly nmer deposi't can formon the bott
spacsd rféatueesocﬁn me;boit@mrsurm@er setheas n‘eﬁiere;aﬁna\m@g ﬁ"@Tﬁlﬂ@lpes shown in

1. 5. IR BB L e SR P! B TEEHhoc S ogions o

the sﬁi%ﬁh%‘@lﬂﬁéét@éusﬁ? ﬁids@ﬁ%gnoﬁ@%@@v?é@bla@ﬂ@@@béﬁarfd@r m
hr ee- di nensi ona i slandli ke formations that protect

[002®he (Ijrm addition ita ghe farmasiensaibiagkesiicanor Piasnayexepged silicon
oG5 oot B AR o IRRES e Mo rt e

modifieg rsﬁbﬁéc@%‘@bﬁé @tblagk bppedrante canisa orreoh @msﬁm—eﬂdosed
bl ack silicon opagat i on during etching of SUCCESSIV

surfaggs f shice’ carhuﬁe SHaatades. sMcidrPdibiee reglons e a(silieon carpide
surfathea[r% réi%?rte'docB {ﬁaéodek?aé¢§ ﬁ?r%é’r%?&&’” c bottom surface

t ie upper e m cr o- masked surface
[OOZi}?gIItQB(uﬂZdesmablétfer eithaéridadlosiliedn onblatcksllicsrlcgsipidedd form on

the PR XOHEE S RABESS EhOURT AP tlecooT RbeaT BIRRIEE (e
capa?gg}égﬂéodg SpIAERR 3reEé&Shd BRarhbePbeESugEEIbEK 8fficon and black
silicon carbide each increase the plasma-exposed surface area of the modified
surface. When the extent of the black silicon or black silicon carbide formation
becomes “excessive” (i.e., the area(s) of the modified surface region(s) and/or the
dimensions of the features reach a certain level), the black silicon or black silicon
carbide can cause a variation of the etching plasma properties, resulting in a process
shift. Consequently, the plasma etching rate can shift from wafer-to-wafer and/or
across a wafer surface during single wafer processing of a batch of wafers in the
processing chamber. For example, it has been found that the etch rate of a
semiconductor substrate can be significantly lower (e.g., from about 10% to about
20% slower) at the surface regions of the semiconductor substrate that are closer to

the regions of the electrode at which black silicon is present. The etch uniformity
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the silicon surface, causing those regions to have a
bl ack appearance. [0020] In addition to the formation
wofhowlacisesi | i con on pl asna- exposed silicon suPCamSs005/045541

formations of simlar needle-like, rod-Ilike or

rod-li ke features that give nodified surface regions a

bl ack appearance can al so form on pl asnma- exposed

surfaces of silicon carbide el ectrodes. Such nodified

regions of a silicon carbide surface are referred to
acroB8 el Waks sublarekcal Alk6 88 si@ificAtaly'ddf?8@dd bl tthé ®xcessive

undesirable for either black silicon or black silicon
formegtenpfblack silisom @rplaclesiitesaarbidgosed surface(s) of an

p I t

[002?2 j\ﬁ.l@!-.t\e/cgflttb%g%ofg{ee@ﬁ&ﬁp@b %%rgl(;%e@gg ﬁalgr%su It from morphological

char’@é@;&ﬂ%ﬁplb‘sﬂ@kemds%%twnd sbifack oﬁalsﬂmn orwllhuom\eceebm upper
i ncrease the asma- exposed surface area of the
elecipee ﬁf’é@%@”ﬂ"ﬂ%@e NeerrapRetuRlyerRURIEd tRSIHRRIRCEFSING GRamber,

it is QEsitdRELS RrhdFPBs S PEIaER I h‘?ﬂa@% 5 bi&ACSRSIY Earbide
FosigtRe g Brio e fAR Ra AL e

€ area I ed sur ce region
fromamdéma gxpesdd meniaicos of sdict blecfredes Ibefx)reeblambx‘aarrtexf thee hlack
the black silicon or black silicon carbid ﬁr%t In

SIIIC%%@aak wppatqaawdefbepﬂ@eé@eﬁﬁﬁ@lvs|a£@rf@uaﬁaﬁemcsgs S
otheétﬁ/?#l]éﬁ g?éfe'rQbI tRE RS t%f ?lﬁbf(%lllc@H'b?%&”élI'ldbn Fshﬂ)tl%illéWéH to

rate can shi rom waf er -t o-waf er and
reach@moaceasivaflevelsur f ace during single wafer proceSS| ng

10023} o ArBo8F #ShlEBhBirn plermts RLEST Rerdt P gogroge. o0, o
shoﬁ@rﬁbé@%f&&ﬁd@fe SHRRtUTHeR cfe®oB8 i8E08ingl ARIMhkY shewerhead
e.g., fromabout 10%to about 20% sl ower) at the

electode ane aneyyitensngs arenproviden c JinsumeBiods s tresfasmeaskin-situ in a
pasfieub e bhahtyy 8EABRh AR SRR Bhatlbed or mun

piecé keny@idtions UTHaoppsedledlrede kea pranodidig-aned )elétﬁg)“diﬁm@t has
by the excessive formation of black silicon or black

beers usedt duriraths plasnappeepssing (of gﬁmlq,gn(*qqur substrates, e.g., silicon
wafe?? q}{?h?g?‘c? ﬁ@ﬁ&j&%ﬁb% ﬁ&@%e& 8 ckak Ha ftLQ{:‘R silicon or black

anges of a plasna- expose

sﬂncc&UCér‘bid@ @‘ﬁ atlesist tlwplaemase:ipcxsed besttdon derfag@ehe black silicon can
el ectrode of a parall el

be oedb%eptt@mwf%ﬁaﬂ tBg shewgg%aedpe@ég@’éﬁ R dhsdiottom sydace of
the &@éﬁﬁﬁiﬁ "%’Ba%E ggﬁlggggﬁgs bl ack silicon or

[0024] It has been determlned that once such black silicon or black silicon carbide
formations become excessive on silicon or silicon carbide upper electrodes, the
cleaning process may not be able to satisfactorily remove the formations, i.e., by
restoring the etching rate and etching uniformity of production substrates (wafers)
that are subsequently processed in the processing chamber to desired values, e.g.,
production specifications.

[0025] In a preferred embodiment, used electrodes having black silicon or black
silicon carbide formations on at least their respective bottom surfaces are plasma
cleaned to remove these formations and recover the bottom surface state of the
electrodes. The black silicon or black silicon carbide is formed on the upper

electrode during plasma etching of semiconductor substrates in the plasma
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from pl asma- exposed surfaces of such el ectrodes before

the extent of the black silicon or black silicon
woanlwiodessheconmes excessi ve and causes a procesBCshistdos/045541

In other words, preferably the [evel of black silicon

or black silicon is not allowed to reach an excessive

| evel . [0023] Methods for cleaning a silicon or

silicon carbide upper electrode, e.g., a showerhead

el ectrode, or an upper electrode including an inner

procSREEheatet! TRE AN DNSilRBN VATSite LipPEr e&fcﬁrd@feqslpd@f@rably
The nethods are perforned in-situ in a

plasma cteanedreferaraashingm iviebpkblask sticed @& bé%ﬁk siticen garbide
o5, 8) BGEoPErT bHAAH-EES) SRS B sl BRI progess

shift Q@rﬂﬁb tHy pl@@n’(dﬂétchlr@&ffﬁ)rcﬁ@@i&ﬁﬂh/l@r@ﬁsmgrthemmwrted)asctrode
substrates con wafers, in theq[g ess

[0026]haMsee. Pal‘ﬁ@”@'g)éd)r@feé@dr%@ﬂ'ﬁ%erﬁ? qethesm 6empisg plasma
clearﬁlbé ?;d? r‘?\%[]éél (12 %oﬁbﬂ S@%icd be @?Ilé&%ﬁ%ﬁlggtﬁs%%g’i%t@%r

Iack st l'1con can e on
electstef ofce capatitieelgivouplcdezidsmbgrocestingolddmbet.hd hbgilasma-

oo oLt S o B L B MBI i
mter\%ﬁ‘e ch b'rﬂﬁh@glb \)g 8PwREKIY! ckttsi & béﬁéﬁncrﬁ.frﬁbgteo%&ro@lﬁbh&nﬁlafers

exc on sificon or silicon carb
has @mpm&esed irthectremmbergvipteoeeng thmyppert el@@tradeee go after each
tisfact or|I rermethefo ti.ons

prodidioranares. heten & nenanrrab S e g have fiovn Blpgerser in the

chanWeRd8 &t | PomSRSGp & §§Ol§tWﬁfCﬁJ" \ﬁ)aféré‘atn adgitisHbglegHrnélbsning can
processed I n the processing chamber to desi red val ues,

be p@fcgmeobaﬁsenuasemt@belasmacm—nmes(Rﬁ b@msp hes heasy eeehedd The

oo BRT S BB heR e 380 FOAR LA KA s coch e

it is JePRPReH ot BOERISLAEFSREN d@bﬁ thé a@teaaf%ﬁﬁ@mh bbthe black
renove these formations and recover the bottom surface

silicogteithdacl silipen cpede guERg serEcCHIdElor ssipsiralmetsning Beesses.
[002@1J Lrﬁgbrgé%g ng ?ﬂhﬁdé 850 & Odr éFthr%ho%) e55ERA8d amount of

ST EOnauct or Substrates 1
blacK $itkcgnl a6 bgkadiizoa mbldbdrdmlthe Gipperselbtirode oF o iekampte, in an

emb&%rrnbeln?esuub%ﬁgaerﬁtlaelllyetﬁ(te re%ﬁ?e lIJI%c s%fcgrrx orlbYack silicon carbide formation
on a surface of an upper electrode can be removed by plasma cleaning.

[0028] In another preferred embodiment, a portion of the black silicon or black
silicon carbide can be removed such that the extent of the residual black silicon or
black silicon carbide on the electrode surface is below a level that can cause an
undesirable process shift during the plasma etching of layers, such as dielectric
(e.g., low-K) layers on production wafers in the chamber using the as-cleaned upper
electrode. The portion of black silicon or black silicon removed is preferably a major
portion, i.e., more than 50% of the vertical feature length (i.e., the feature length, or
height, in the direction perpendicular to the macroscopic bottom surface of the
electrode or a surface of another silicon or silicon carbide component) of the black
silicon or black silicon carbide formation is removed, e.g., at least about 60%, 70%,

80%, 90%, 95% or even 100% of the vertical feature length.
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pl asma cl eaned before reaching a | evel of black

silicon or black silicon carbide formation on the
wohewmatBsposed surface that can cause an undeBCTAISk@®s5/045541

process shift during the plasma etching of production

waf ers using the upper electrode. [0026] More

particularly, preferred enbodi nents of the nethods

conprise plasma cl eaning a pl asnma- exposed bottom

surface of a silicon or silicon carbide upper

[oozﬂl erF @sésmbﬁe DM thievedtynated Bheshing lof SIEckpe iR S6 meck
he pl asmaexposed bottom surface of the up

SIIICOGIC@dSbId@dbabb@ﬁ beer reranved Homithect!eelrede SUHBCS hiteer Kh&l [estimated

anfi 0 3 S8 HE S, 0 B8S552 581 6P o o

blacl@é]ﬁdfﬁfrﬁbr whick &iliédh r@rbite omntpersuefaeetducineg, the. sjchlngfdf erafers in
each production wafer, or after a certai

the pregassichehambekysipg dae slastrods, thed WAL Waé ?hatﬁaé‘rﬁe
procgﬁ IHQhé%hgn@)‘& u %or gHls e&lg?né@uﬁggf él'e%ﬂad@'tﬁ%ﬂ?n undesirable

n ng - can el ecte
process- $hifteycchfs d:mubs)eshmtédaen reached. The frequency of

o ke BT SRR A St
posﬁfé)%@@r]ﬂ'tﬂg E\g é}fa@n@ér flﬂér"@%a'n%le of Hahe siicas l@vafer or a wafer

Icon O I con car bl de duri ng sem conduct or
cover.e:cbwtth aatfdrretsuhhrag pfilovebsiison pxioe Ty aTrbieotor@mu material, can be

f d
placds] O i RUGHAtE S PBP ISR Bp IR G RUIES 1 om t e

P&He&lI&SMiRG $ethbQ8 éﬁ%é%" € ledsh rl%FP@ﬂtH@mb hol lly-
[003gﬁbst gﬁ%%ﬁl § t he entrl re Iaace Ss?%{écon or bla rp ologically

modified ireginns af telbottemreriace afiihaupper eleetrode & whmzhsblack silicon

or P 50570 S SR AR B B L R0 ove o

least%l ;bom@n d?fth@"ér@fh of tHeeatweshhsteyivathdelecaoaeenblaok bilicon or
hat the extent of the residual | ack silicon or black

blacks$||l¢@ma@m)ag@eamnpﬁe Thesithipg nefipdacaniase eprpave other
morh R DR EMRSGRYBReTR e PRl Bl 3R R becroc
resultih@ et thefle obenergetic h@né ahetohsemdnedaitatomsvafemslecules
in the chanber using the as-cl eaned upper el
that aneegqnsreteshd i thegblasmoaddipehasge dpy medet@@ﬂ'@rbe ﬁ}eewgtpé’a surface
with &iFerRIc3l PSRkt Hr8BdiMiin the plasma processing chamber during plasma
processing operations. Polymer deposits on the surface can also be removed.
[0032] In a preferred embodiment, the plasma-exposed bottom surface of the
silicon or silicon carbide upper electrode is etched by energizing a suitable fluorine-
containing gas composition into the plasma state. Preferably, the gas composition
comprises at least one fluorocarbon, hydrofluorocarbon, or mixtures thereof. For
example, the gas composition can comprise CHyF4 (e.g., CF4, CHF3, CH2F> or
CH3F), CoHyFex (€.9., CoFg or CoHaF4), CoHiFax (€.9., CaFas), CaFs, CaFs, CaFs, CaFs,
CsFs, NF3, or mixtures thereof. Preferably, the gas composition comprises CF4 or
NFs.
[0033] The cleaning gas composition preferably contains at least one additional

gas. The additional gas is preferably O.. In other embodiments, the additional gas
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portion, i.e., nore than 50% of the vertical feature
length (i.e., the feature length, or height, in the
wdizosarise perpendi cul ar to the macroscopi ¢ boPCOMIS2005/045541
surface of the el ectrode or a surface of another
silicon or silicon carbide conmponent) of the black
silicon or black silicon carbide formation is renoved,
e.g., at least about 60% 70% 80% 90% 95% or even
100% of the vertical feature |ength.[0029] For

can BXaiehs: oRafeHleYhs! (dey. e hkiiura! doansrutdorgf Ihlaasrkferred
silicon or black silicon carbide that has been renoved

embddiwnt Hbe gassonmrnsitian carteingiClu and e, ebw aRgidackRARze(e-9-

argon? a{\ff @fn%i\f/ ?ﬁ@?\l%nﬁgféﬂob? é%) Encgunn&ogg%fzgﬁw%%iioﬂgtﬁ% fluorine-

contaligihgi ¢t @ih ke T ér@cﬁudﬂﬂe portioheofethe btag ga cma‘fpmsﬁldnn
t he processing chanp usi n the el ewirode the nu

InclugNGv IS RATHRN B, IG8S Shaee Q%cel 1, 1Pl AR ERBBOSITOMPW), an
equapp &rtidRy 6} Eqﬁ%gr @gﬂ%ﬁ @b ‘?{5 6184Rak Bk 8?%%@)3%]5@3[?%@p031t10n

ocess shi urs cail be ‘estimate
flow)cl@ems;f draty, rmctr’eashglgahe portdreofthl flupeintesartaining gasaindbergas
waf er positioned_in oce hanber. Fo
compsaiin Boransares SHprite coRTBrALc T4 RS, CTBaAiaN A 19 2
fIuorc?%afrbbmcoﬁb‘@mréiﬁ)naoff%ﬂdﬂt‘EfO /E' l'icon oxide or a

oresi st materi a can pl aced on the substrate
[0034;]up|lrmreasing|t|m@ﬂu¢xm@ benamntgatmtdf(tUG clgapbl pagkemposition can

norefiss PO oy kPR g e ol ket G iffasgg potior

surfaeé df"ﬂl% HBB@IF el@bt@@aé oqfﬁe&movme eBnbbaeitich bf trertlednihy aeks
l'icon carbide is fornmed. Particularly, the cleaning

compo§lttﬁrf ean akse heoinceaased it mp@@ﬂngath@otptalél@%@f theeleaning gas

comiGBRE Py SUFE L B BB 5 N0 aaon

can B m@r%éﬂwmg?ﬁ@t@ fAOws eatey &f gFgor NF;) and O, from 125 scem
nor phol ogi cal | y-nodi fi ed_regi ons of the bottom surface

CF4: 125 se@m r €60 serm (et s QaR't HOG $epm 63F4:1000 scem
Os. S{heerr(\?ﬁw Fatlo%rb? thP RGNS c@ﬁg d’f*@@b%%lto 055561 Aer gas can be

are generate asma I sChar ge,

usedbyTHeBudrireecamientmatioh caheldwbé inoreasdédiby inérebsinh éne chbmber
reactants present in the plasma processi ng chanber
Presyiliei ng pl asma processi ng operations. Polynmer deposits

[0035] PSSl RESHERh 3P cBR pr&dR%ES high etch rate of black silicon (or
black silicon carbide) do not necessarily provide optimal results with respect to black
silicon removal. Thatis, a high silicon etch rate can be achieved under anisotropic
etching conditions (i.e., etching in a direction perpendicular to the macroscopic
surface of the component, e.g., an upper electrode). However, anisoptropic etching
is not optimal for etching black silicon features (or black silicon carbide features)
across the width of the bottom surface of an electrode. Rather, black silicon (or
black silicon carbide) etching efficiency is achieved when the etching is isotropic and
the etch rate is preferably suitably high. It has been determined that etching
efficiency can be achieved by increasing the concentration of fluorine free radicals in

the plasma.
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[0032] In a preferred enbodi ment, the plasma-exposed
bott om surface of the silicon or silicon carbide upper
wehewtortde i s etched by energi zing a suitabl e PCT/US2005/045541

fl uori necontai ni ng gas conposition into the plasma

state. Preferably, the gas conposition conprises at

| east one fluorocarbon, hydrofluorocarbon, or m xtures

t hereof. For exanple, the gas conposition can conprise
CHXF4- X (e.g., CF4, CHF3, CH2F2 or CH3F), C2HxF6-X

[003% The f@%\F EatRy o@ﬁ@?ﬁﬁhne-@%i‘%ﬁﬂmé df Gith réstfetl to tH3Gther

6, CAFS8, 3, or mxtures thereof.
gaS(eBE)eﬂ éh@ble@nlﬁm@a@%n’@@ﬁi@@@ iis pesfetahiy pelesteddpprevidris.

sufﬁgle 'f?yagﬂﬁg g)p%?ﬁg%ﬁ&gﬂgﬁ%&‘@%?ﬂ%ﬁftﬁé g%iﬁ' Lrgf agéﬁé?ma to, achieve

isotr@sie dtéhimd ef sifiednh vr Slicoh Babiderarehpedenit slso ttdﬂprowde a suitably
addi ti onal gascan be at | east one noble

high leéghingriatar §ox %am%ﬁPFGIQF4éOpP'@ﬁ€M€’e@a%ﬁ?JBBP%‘%F thenfow ratio

o4
or B8, STRROAL AT 0 ST s
to about guich F@&%ncwﬁﬁ% Ideavmg géﬁeoﬁmemonetfmﬂca/i/ méahirgogbdﬁ Oy is
It
preferghGEIT ABRUE 11 et & bl erareBl o @bouf dito about 2:1.
lncreta%ﬁ{q l%%qf?)féfl fIB\W/eofttHé%'Iea%% ﬁ&?@@ﬁp‘o‘sﬁ%n lh&%seéﬂw@g%unt of un-

n, or a major ., nmore than 50% of
reacitelnia“eegtaai thgtis mﬂpbka ftonr etchﬁmg)v\a' he GIné@aflby ratio or dag Nirg/O2

e portiqgn of the f]uorine-cont
flow ERp BRI SAe T HEPERIbECHRSoR OP e do AP AR R promic
statel MErIRE AR kétkPBr th'éﬁ\lff QAﬁflé\}vLiQf O§2bPifized when the F in the
Concent fation of about 500 [0034] Increasing the
atomfi¢ staté fseditbed mmatﬁ-srreocombmtuonéaﬁom Fgadt hasnpesn detgsmined

that 6P slRoR Femticn by RSB S ar BB e Raital b

substaiRAly et RelEQHe abdties Miniaes B prayme® BldamingnSilitot kan typically
cl eani ng gas conposition can also be increased b

be etched@égaheg of fieond ebant §0 su terakaie 300riminey yagte by the in-situ

plasiRERER) PRanl B Ton can be. i noreased by o

[003Zhantiengtdl few dftne dledrisg gés GEmp(osrtldNF(&)n gpital rémgarfrom
125 seem CF4: 125 seem O2 1t ., 500 seem CF4:

abov ZBhecaio Al 2500rcems: Hobshaawer Pressure can typically range
from about 20 mT to.about 1000 mT during the cleaning process. The chamber

pressure can be adjusted by regulating the position of an optional plasma
confinement ring assembly in the processing chamber. Exemplary confinement ring
assemblies that can be used are described in commonly-assigned U.S. Patent Nos.
5,534,751; 5,998,932 and 6,527,911, each of which is incorporated herein by
reference in its entirety. The chamber pressure also can be adjusted by controlling
the position of a valve, e.g., a throttle valve, located close to a pump, e.g., a
turbomolecular pump of the apparatus.

[0038] The upper electrode is preferably at a temperature of from about 20°C to
about 200°C, more preferably at an elevated temperature of from about 100°C to
about 200°C during the cleaning process. It has been determined that increasing the

electrode temperature within this range can increase the cleaning efficiency of the
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2. Oher flowratios of the fluorine-containing gas

to 2 or another gas can be used. The fluorine
woan@iiysat i on can al so be increased by i ncreaBCHESkie/045541

chanber pressure. [0035] Processing conditions that

can produce a high etch rate of black silicon (or

bl ack silicon carbide) do not necessarily provide

optimal results with respect to black silicon renoval.

That is, a high silicon etch rate can be achi eved

electlIHREh t@7hs Bt tHPinagAkedY BBtheodslirchoah &ierage |@tgthigighe features
a direction perpendicular to the macroscopic surface

of blank sﬂlt@nc@mﬁtm@lﬁsmeee@osedrbqjﬁ@@i@|SU€ﬁ@%t 1 BaspersiRsied

e SEELI AT GBS L A8l
that |ﬂ§IU@§% $Hevavndall edctidte éBﬁefrmymw'@dmalhgaamd cooling
el ectrode. Rather, bl ack si I i con ck siljcon

capabiifies.d ) otes emtpdiments; Bral P f&l@rﬁﬁ% G gchRy 1on
bomtzarﬁp"eﬁg caﬁ d r‘é‘fﬁ%dcbf%ﬂeép ink! 8:‘?‘% orL fhoPé ?ﬁﬁéﬁl@'d{ates

een et er that et
and/@f4 ternmteWreacmrhmllad lnmmjmmmmlatenqur@ﬂdemgw tmaeelectrode assembly.
concentration C%_ or| ne free r.adi ca

[0039]) adhg UPpesEle %a,{)lpgup,r%c%s IS fpge eracbly congucted fora

suﬁlélér‘l‘t%h%}ﬁ &Q?ﬁﬁ@t&‘féﬁo@@é Wit eRRREESS f?or‘nﬁﬁe%rﬂ#é plasma-
n the cleaning gas composition is prefera ”
%glca y-

exposeti @ottenh $wrfareond ttie uppsuEfdatiogetdoythial ghy md@@ltmam

f d
modfiegrepnts) SohF e §re eRPredn el Tiek S datRdigHR
prefe%l?lgl%ﬁm/ % Ié{/él(bfttﬂ’adilkIr QIYddi'ﬁoﬁblé@k tsﬂlbe cattgifle ehgthidigcause an
rate. For exanple, for a CF4 cl eani ng

unde@wabbsrocefm shiffgluringiine @daaﬁn@etmg ogi%ph@n gradprsyin the
rom abo t

nor e preferably from
cha%d{snp %S 8% di'pfg}; %&il'ogﬁ NF3/ Q2 cl eani ng gas
[0049P”ﬂ‘h§'dléé?rﬂn trﬁ@thﬁﬂ@\*ﬁefyﬁhtr@d@ée Fshifoh the eftbl&freireqbérfbrmance of
from about 110to about 5:1 , nore preferably fro

the pigsing plogssingramber: 1Whenﬁb\Séa‘§Uﬁ°g tp pBhEBERIFCFIRRY 8f the etch

ato Y1 sELTAUPRSIR SRR SISO Uipamitl,

plasrﬁElbracéésﬂvg tlhaambeptan bptlmyy% plasma edmcbtm)rsed)pﬁerrmmeeaﬂectrode
when an i ncreased anount of i s av |Iaﬁha3 in th

has beansieaaeat DepPREINEEN he Piosfss Senatans T AR feplpsma
conditfrlify s STLE RIS rddi§udl B18ck Sficon or black silicon carbide

from the upper electrode after the cleaning step has been performed. For example,
the plasma chamber conditioning step can generate plasma from a gas composition
that contains a fluorine-containing gas, oxygen and a noble gas, such as argon. The
fluorine-containing gas can be, for example, C4Fs, and the oxygen-containing gas is
preferably O,. The following exemplary approximate process conditions can be used
for performing the conditioning step: chamber pressure of 100 mT/2000 W at 27
MHz and 3000 W at 2 MHz applied to lower electrode/20 sccm C4Fg/20 sccm O2/250
scem argon/120 s plasma conditioning.

[0041] In an embodiment, an optional waferless auto clean process can be
performed after each production wafer has been etched in the plasma processing

chamber, or after two or more (e.g., 2, 5 or 10) production wafers have been etched.

11



10

15

20

25

30

atomc state is diluted to limt F-F reconbination to
formF2. It has been determ ned that black silicon
woeeaiotreso havi ng a | engt h of about 500 nm can Pgpiusalosp45541

be substantially renmoved in about 5 m nutes of plasma
cleaning. Silicon can typically be etched at rates of
fromabout 50 nmto about 300 nm per mnute by the
in-situ plasma assisted cl eaning nethod. [0037] The

total flow of the cleaning gas conposition can

The WiRirgadd ¥utoadl8sn broBsaiiterae8 shesygen masmb Hilve to remove
seem The chanber pressure can tycﬁi cally range from
§

variogp dgpositecrinateriald Hom pEsmarexeesshitarky surggrs j the chamber.

[ . i oy ..
The RSB es A5 BPAERRTY AR oha o P haloBHion conaning
0, witkfbi gredastion ivagerdie ¢ ablyfer thdthe proceseed ito gradusedzr .
Exenpl ar% confinenent ring assenpblies that can be Hse%
semigprAufdaihasRA PIasUSHrRAINY Preaesit ghEW RIPEMAmYPERBSING Shamber.
534 _ . .
10042} 57 880ier pre8Ed ol i o ohe SHERoRLTYT Silpga
procetiw@appar_raws Ugr@rﬂha‘rloanaledjmomdjwhmreid df\silwont orailidongcarbide
the position of a valve, e.q. throttl I o .
and nglgbad klrsaE-eposefiace HVindblgk Bilkal afHIAcK iy carbide,
respé’étiv%gﬁ oRRPa'Riree, EHPBElsubRRIAPREPIaSBCEIEARIAGItE remove at least
preferably 08Cto

at a tenperature of from about 2
a podibowf tROBECK silnoa EriBaek aticgn aartide Bpevtesplasma-exposed

te rature of from about 100C to about 2 [ .
SurfaRe Tl XATRISHPB COPETIAM 8 Bt Bl EHa TPy NG of siicon
or sillddRr@RBidedol i SlRtiate dappSiaestaiupbertwia sbmicohtsctorBgestrate.

can increase the cleaning efficiency of theel ectrode
[0048h F¢Gn8 debiathenexgmplatieplasmehroerssircgpparatuy dPadeat can be

I th.of t . b N . .
usedgF 104l it B HRPuBh AR FhoicR 0B E eon. The
plasthg Petasiti¢apparadis 0N coniprieds iancapatiivelyadupled plasena

pl asma processi ng chanber that include shomgrhead
processing Foambss d BRpIVRIChLANGEMIAtS AghediemrsiyPlasma. The

e cduse ment can be remove
103 earheptiorsliykoe eogied withea suitabieavemtrabistantphateeisl, sndh as a

a tenperature-contraol| ed [ | at e, id [
plasmﬁaspggﬁq FRIPENig SaRiptialy To BPo“v? é 21 e?ec%rigal ath 1o g(reodunldr,] the

chamber wall 103 can be made of aluminum or the like, which is electrically

pIasrﬁ?@%{)’ér:%éﬁﬁi ﬁhaljngeg?/@lf fljnn @(2%% :Hjﬁﬁﬁ)er Dept 1bd§ LOfh laﬁ%mggr wall

grounded. The plasma processing chamber 102 includes a wafer transfer slot 118
provided in the chamber wall 103 to transfer semiconductor substrates into and out
of the plasma processing chamber 102.

[0044] The plasma processing chamber 102 includes an upper electrode 104
having a bottom surface 108. The bottom surface 108 is preferably flat with an
optional step, as described, for example, in commonly-assigned U.S. Patent No.
6,391,787, which is incorporated herein by reference in its entirety. The upper
electrode 104 can be a single-piece electrode or a multi-piece electrode. For
example, the upper electrode 104 can have a single-piece construction including a
showerhead electrode plate, or it can include a showerhead electrode plate and an

outer electrode ring. In such later embodiments, both the showerhead electrode
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[ 0039] The upper el ectrode cleaning process is

preferably conducted for a sufficient length of tine
woaoremmdse a sufficient thickness fromthe entPC®US2005045541

pl asmaexposed bottom surface of the upper el ectrode so

that any residual norphol ogi cal | ynodified region(s) on

t he pl asna- exposed bottom surface after cleaning

is/are preferably below a | evel of black silicon or

bl ack silicon carbide that can cause an undesirable

plate RinGCHs OLEEH élbctedde fiBgtoae i estionaily Waicked by pplataiof graphite
wafers in the chanber using the as-cleaned u

bondeg éffwlea@l by 2[lmouing mateddle aHEhas ABIaRYSMALYR '?@dﬂf&% ugper
electl%la'gctoséisg%rg Bg R r(Te,gihto ;ﬁ'\&xﬁe9§ ?E@m%ﬁg oi %@Oe mrgﬁl\é%ers for
exanipks.0Taeuppkr tletredeincudingitte ettehietegtradief rgrintmulti-piece

consigeliane) §PORE et Erbe PR I HHT R i Tb@opichatigine slicon
or an@%ﬂbgé gplﬁgrféﬁﬁﬁcdméar%llc?é:tTH’Q?PB%’[@@%O%@%@&% gas source

rocess condi ons that are used, the
(not gHovamEor smmlylngrprogessgastpamewmerreé@mmdfm@‘ésThaalpper

eloctBel Vs airey e 1 P v A bE ] Tl 3 A hing
netw&ik! lﬁ’%ﬁ?l‘]?f erﬁl@@dlmé}ﬁ%e%ﬁf@%ﬁe&%@' 10 B8hM BeHrélindéd to

generate plasma froma as conposi tion that contains a
proviflé @oneiture- paim‘%pnvm@r led>lqy otio eleelspie ofihe, plasimR
as. ar Iuorlne co |n|ng gas can be, for
proceeggg}ﬂ)&éam@li: AR b&?{}ﬁez tontai ning gas is
[0045Y ef enbbimbSBmetef e bgmmwxmham Clulend pmioess gas is
rocess conditions can be used for perform ng

supptieshifite it plagma ipcespingtanessldrat the pi@ﬁmﬁwwewewloped

at
betwg?%gl? %E?'a%g%tg&ﬁ?&g\é%}%a seerr(ife%g}J E@g S‘é@gr%ggé?g%ne/'g?(? s
semiBbfUBoCRafdr { suppored ¢ a4lbstrateasuppurbti trefihe sabstrate support
optional waferless auto ¢l ean rocgﬁﬁ can behgerfor me

111 @refeerabwdaﬁluge%an&le@tfp%%iah SEEHESS (R seRaconductor
suosfeS T o <2040 YRR 95 SRRV RR B e one

electrustatic trasck Hidt acts|amsam bpttorresslectgcexhseaad aspe&fembhglelased by an RF
t 0 renpve variou

pl d
poweR oM S4RHBIRBIL U # RGP MU Abed NarURHFS SURBdN o Of the

electrostatic chuck 114 preferably has approximately the same diameter as the
semiconductor substrate 10.

[0046] A vacuum pump (not shown) is adapted to maintain a desired vacuum
pressure inside the plasma processing chamber 102. Gas is drawn by the pump
generally in the direction represented by arrows 110.

[0047] An exemplary parallel-plate plasma reactor that can be used is a dual-
frequency plasma etch reactor (see, e.g., commonly-assigned U.S. Patent No.
6,090,304, which is hereby incorporated by reference in its entirety). In such
reactors, etching gas can be supplied to a showerhead electrode from a gas supply
and a plasma can be generated in the reactor by supplying RF energy from two RF

sources to the showerhead electrode and/or a bottom electrode, or the showerhead

13
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The oxygen plasma is preferably fornmed by energizing a

gas conposition containing 2 wth no production wafer
woOiows/0715owaf er that is processed to produce aPCT/US2005/045541

sem conduct or - based product) being present in the

pl asma processi ng chanber. [0042] In another preferred

enbodi nent, at | east one conponent of a plasm

processi ng apparatus other than an el ectrode, which is

of silicon or silicon carbide and includes a

elect%&é@% B& r<1;<na~<&|€ilca‘ﬁlg/rér@(aﬁd!él@ﬁ\émagRFbteﬂ@tq1 \eid tiveadiffererifigeiiencies
[ i con carbi de, resg| ctively, on the surface, can be
C

can mjbpe[dte@idOttbe@Oét§ﬁme gadeng to renove at |least a
[004%[) on o|f 1the bl ack silicon or black silicon carbide
m&—asma exposed surface. For exanple, the
[0049P MPFue @ﬂlc@ﬁ'ﬂxlpb@r @r&tr@aeﬁmmchmémmmsrofrqgeopémcon
silicon or silicon carbide for the substrate supp ({éfe@nt

electrinally angphermally boadied da digit taspegive paitem sutaess &

a5} O TR LB OB RO Al
electrddeg@miditvdscalgsus Htiblzek silison Torenaticrsnen thenc.eJsiengthe used
cleciia SR e R RN %Sa%ﬁra?%?‘:!% BaRns pitgssiy Shber. A

oumfiA PRS0 As B BgsIRphag el adnidpohig.
[0050hn Tdetprooess gzorhxéatlonmtl”aﬂ WEIre imsadéuli plasma cleaning the electrodes

are Shomanid dhik dr (7T CoF SPbRdts thd Bldtsts BRABINGuEees used a gas
Com;%é?ﬂﬂ%?ﬁté%n‘@h eal'nd\"@L lané@i%vfh@na @?Jfﬁﬁﬁra@é oﬁbomg@,@m a

I's electrically grounded
cleamihg dime pfr@ibeesmmrbs cingrareeleciode tehpeaeaiuig Qﬁ@bﬂu’f 20°C. The

charphé psrurBcApelhi S &b Flf FeGie fovib diiow rate

and/8f ﬂ*%"'@FPOQ‘FI@WS#d‘ﬁQ r&fieRere Vdtdd 0P &t blehgnbrasasses.
processi ng chanber 102 includes an upper electrode 104

[005mhy ey the Bitico eoypPRadbe Pos-Clemneblpek stigpR avetrae fegdunedengths

refer

were LS APl Pipe e IR Dl S RaoPEETPAE, e came
estin®atd8length ivas\basdy ba th@@@bﬂcdés edchéreing tuer sdilgeetedeto

inits entirety. The R
approximately the same plasma etc ing conditions during which black silicon formed
on the coupons and on the electrodes. For each electrode, the post-clean black
silicon feature lengths were determined by analyzing the associated coupons using
scanning electron microscopy (SEM). As shown in Table 1, the largest difference
between the pre-clean and post-clean average black silicon feature length was found

for sample no. 1, which was cleaned using a CF4/O- flow ratio of 1:2.

14



10

15

20

el ectrode 104 can be a single-piece electrode or a

mul ti-piece el ec

tr ode.

For exanpl e,

the u

pper

wehewmtorcide 104 can have a singl e-pi ece construeCTwIS2005/045541
including a showerhead el ectrode plate, o
i ncl ude a showerhead el ectrode plate and an outer

el ectrode ring.

In such I ater enbodinents,
shower head el ectrodeplate and the outer electrode ring
can be optionally backed by a plate of graphite bonded

r it can

both t he

thereto by a bondi ng mat efhBle 1such as an el astoner

material . The upper electrode 104 can bhe sized to
No. | Gharees s L2O®T nm whk®YeE or 30DCREPmaElFEcder ofFleaning Pee- Post-
ﬂb@sdﬁ&peme&\lo@@troalect(oid@cl ud| pigwt he Tep.er [etieet r odelean Clean
ring in I -pi g BStd UEkLans n be sili
6”%-69. , s"ﬂrll’%llgoewegr yg |?1Véers Flétgon, (%ZI ycr ygtgcl [ n%\%}age Average
silicon @welﬁrst_rphtﬂygllﬁ‘sﬂcmdco nRetisr  $i li con [carbi de.| BgkSi | Black Si
appalr at Lﬁeg&anukﬂég@ﬁ?ﬁ gﬁs sour ¢e I(not sgovvn) f(Fl‘eature Feature
suppl yi|n roces 0 the uppen el ectrpde 104.
upper eI@H@'lHE)d lﬁyg/%\ pref er abl y {power ed| by an FI]—‘eng Length
power source 106/ via a matching ngetwork. |n anot hérm) (nm)
enbodi nent, the Jpper elect ode 104 can be grounded to
nr-ovid a return NPT TR0 PR |
o Hof J T ou 1T CU [} UUl T
1 P%ctrod@ogPL/t he Eqmggrm pro,e'ssi ng Chanbey é(0102 E%Uo 200
2 | @escri bemobelow. | p8M0AS] Tn the enbadi ment|ed the | 500 485
fIIC 100 Ch"\\l\r\ In F!C Q.’ pr(%r\ss \du S OUHrsiobed 360
3 |PAto th 108P/2§na 3?@8@5si ng :E’gn‘oer gOZ at ?%e pl asma
4 |66l on [dReeleped| bsdoeen thetsppen 2el ectrpee 104 \an0a a | 260
sem conductor substrate 10 le g la sem cbnductor

waf er, supported on a substrat e support 111. The

bst r at pport 111 preferably includes an
[005211 g’—(@%@el—ggjc chuck 114 that secures the sem conduct or
[oossrbm Exbmpléd 20ﬂvé BRicen b?béﬁél@cﬁ“ﬂﬁe@r\ﬂhlbry had coupons of (100)
ectrostatic clanmping force [ huck

The el ectr atic
silicopejeetiicallyaana thgimalin ineed tg dBeis resnestiye EP&PHb? ace at
| [
e QP RN OalT 15 YR Bly B MBSy B curfcos o
the etdstridecaiditieccalporis Hal:ﬂblaclefsélcablqn thas. appemxheatsedyelectrodes

th d
were| mga%?”qiewﬁ%”ﬁrﬂ@ersaa le ng)tte Q%Cmﬁonglrjélt gégétrg@t r@ére A %ummy

wafel W8t Ee R oA &L iRAraf@StMPort during the cleaning processes.

[0054] The processing conditions used for plasma cleaning the electrodes are
shown in Table 2. For each electrode, the plasma cleaning process used a cleaning
gas composition of CF4 and O, having a CF, flow rate of 200 sccm, a cleaning time
of 5 minutes, and an electrode temperature of about 20°C. The chamber pressure,
power and frequency levels applied to the lower electrode, and/or the CF4:0; flow
rate ratios were varied for cleaning the electrodes.

[0055] For the silicon coupons, the pre-clean black silicon average feature lengths
were assumed to have the same estimated values for each of the electrodes, as
described above with respect to Example 1. The post-clean black silicon feature
lengths were determined for the coupons provided on electrode sample nos. 6 and 7
by SEM. No black silicon was observed on sample nos. 5, 8 and 9. It was

determined that the process conditions used for sample no. 5, including a CF4/O-
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10

15

pressure inside the plasma processi ng chanber 102. Gas
is drawn by the punp generally in the direction

woemeaserss ed by arrows 110.

paral | el -pl ate plasma reactor that can be used is a

dual frequency plasma etch reactor (see,
comonl y- assi gned U. S. Patent
hereby incorporated by reference in its entirety).

such reactors, etching gas can be supplied to a

e.g.,
No. 6,090, 304, which is

In

[0047] An exenpl ar PCT/US2005/045541

flow 2R8I askofldRelt the deodteirabacorabination an sotrapicstehing and
y supglpyl ng RF energy

profil

can

an be generated in the reactor
blackisilizart elshrate dased onttbis srmBlediRiN:ada
a bottom el ectrode,

b

E8BTCORRNGEher BN

or the shower headel ectrode can be
%1ectrical|y grounded and RF energy at two different

frequenci es can be supplied to the bottom el ectrode.
[ 0048] Exanple 1 [0049] Four silicon upper el ectrodes,

whi ch had coupons of (10012

£con electrically and

I_toH/er'L‘ herr— TSR

&Lt

No. | ERFi gt byRprded YBAHGTATES [ Post-
at ditflerent |oclations, werle used for plasma etchin
Bressi® er™ectrPiR btk GRS ur f 46 of | 1Y el e??'ﬁ%des é{ﬁ% Clean
the couprasPdvat [deaohd Baver CORaté or @) ons |@sech hem Average | Average
Then, tn_%v‘%ﬁﬁgt el ecl/Rdss foPllasma cl eaned in @ack si | Black Si
paral |l el -plrate pl asma processi ng ichanber.; A dumy
waf er egleaeed BRAUESUbst|r at e support during t|peature | Feature
pl asma chegping. | (WABY] The process condijtions thahgth Length
were usied for pllasma cl eanijng thel el ectrqdes are qﬁll;;sawn (nm)
in Tablle 1. For leach el ectrjode, tjhe pl asrma cl eanj ng

€esSSHSeEH-a QJW WW5

5 5?9& haviér%E?CM Ioow rate jof 200 seem 4 3cI eani ngdez n? pleck
time of| 60 seconds, and an |el ectriode tenperature| of Si

6 é@b}ut 250727 T CIRRHET PTESERT €, [ APPI | €] JogWer | 500 214
electro a_n_d_t_Leq_u_en‘%/ leviel s R iflow rate

7 |80fi/ or tIEORE4 f| BAORate rattHs wet%e varile§Ofor ¥4 240

§ | o ant N d@6ReESSES00RU0SI] |[Fg T hieposi 11 CQrso00uponsno No black
the pre-clean bljack silicon average featyre | engths Si
were assunmed to have the same est| mated val ue fof each

9 | BbECT T odoo/hi S Szooe/2est 1 nated T ejngt h wad doased o300t he | No black
el ectrodes each havi ng been| subjected to Si

[0056] Example 3

[0057] In Example 3, four silicon upper electrodes were used for plasma etching of

wafers and then plasma cleaned in a parallel-plate plasma processing chamber to

determine the effect of the fluorine concentration of the cleaning gas on the

efficiency of removal of black silicon from the electrodes. Each of electrodes had

coupons of (100) silicon electrically and thermally bonded to the bottom surface at

different locations. The bottom surfaces of the electrode and the coupons had black

silicon formations on them. A dummy wafer was placed on a substrate support

during the cleaning processes.

[0058] The process conditions that were used for plasma cleaning the electrodes

are shown in Table 3. The same cleaning time and electrode temperature were

used for each electrode. Different chamber pressures, applied lower electrode

16




10

approxi mately the same plasma etching conditions
during which black silicon formed on the coupons and

wonodashe1sb ect r odes.

For each el ectrode,

bl ack silicon feature | engths were determ ned by
anal yzi ng the associ ated coupons usi ng scanni ng
el ectron mcroscopy (SEM. As shown in Table 1, t
| argest difference between the pre-clean and
post - cl ean average bl ack silicon feature | ength was

Conte{n’l]] (f
em|s§ibﬁf®’r@thd @etiddosfsactivestey. used for plasma etching of

dlffergh

AR el

The bottom surfaces of the el ect

waf e
[005Qﬂouﬁbﬁ§eﬁ’fd@sﬁﬁ%@( Eampier 8% 9iYRmN TRRIS,

AT FR e A

E& HERAES WR Frelbia

sna processi ng cC

ac

he

power %%@l@frér%lleni@ﬂ@&eﬂs NOF, ﬂow\mﬁte%hOQ@I@mﬁ}eﬁ@@ e@hd,lsr g @F4:0, flow

rate rPOOS:B\]el’BnJSEﬁalﬁﬂl’éamPl@ln@é &0 anédﬁ tppe

low'ratio of 1:2.Table 0052ee nmple 2
a@!’&@%@‘é@}ms't'on
R QLECRR RS IRl 28 gpical

ed

t he poBCTMIS2MN045541

§ %@sﬁglg@ t[}1e largest
HAK &f?(%cﬁ‘ltf%ature length

r was

was achiebsd f(m%nsplemr ti 2dwhiomgwaheleahednisitg pr(iﬁzé@sﬂew ratio of 1:2.

[006Q]) edhr
post—@fe%%t 6189@ stll%‘ﬁ fedt

0054]

pressur

Hangthéfl

I on

€,

cessi

Fleer?

Betuees
R 50

condi ti ons ,use

despisarican

Q2 having a CF4 flow rate
commeItRﬁOlsﬁfmwnmlﬂGeaﬂni ng tinme of 5 mnutes,
el ectrode tenperature of about 200C. The chanber

and an

power and frequency levels applied to the

Brag) et Epurggapd the
L8 HIML RInRCESTeahdefon of tiRableBfing gas

| ower el ectrode, and/or thgpfeFd O flow rate ratios
were varied for cleaning fHie electrodes [0055] For
No. [ Chembsr| |ilowsr cougdawer t he pf EEcP=AIn| Blegieades) Flpatg | Pre- Post-
pnRE3eEe HI6RbES € | IEpRgbdis wer go@Ssunpllerhp. havembhe salsen Clean
st mat Iuecﬁf Fthee rode S A
E@@cri bebgrs I%%n(?é e{;?pdr%g)gv at{s ﬁ% (ﬁc@ Average'z veragé
post - cl |[damellfirsick LevalBeemdf P@Pm)e | engt hs ver e Black Si | Black Si
determ qergqjeggy rpqaqu gipons | provi ded on el ectrode | Feature | Feature
sanpl e |nos. 6 "and 7'% SEM No bl agk siliclon was enath Lenath
obser ved¥¥H9anp W\ 8 and 9] It was| deter njHed g
that the procesg conditi ons used f:)r sanplie no. 5} (nm) (nm)
0 T et P%OS‘Q?F;*/ RbdpW T at 959050 2o PrOVI Rt e EggSt 460
esi rabl'e€ conmbi nation of isotropic et chi ngl and
11 | 200 1000/27 2500/2 200:400:0 | 20 60 460 300
12 | 500 2000/27 3000/2 83:167:50 | 20 60 480 190
13 | 600 1000/27 2500/2 200:400:0 | 20 60 480 240
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bl ack silicon etch rate, based on this sanple having a

flatter as-cleaned coupon profile. Table 2 [0056]
waxersp7ess@ [ 0057] I n Exanple 3, four silicon uppems2005/045541

el ectrodes were used for plasma etching of wafers and

then plasma cleaned in a parallel-plate plasm

processi ng chanber to determ ne the effect of the

fluorine concentration of the cleaning gas on the

efficiency of renpoval of black silicon fromthe

el ectrodes. Each of el ectrodes had coupons of (100)

silicon electrically and thermally bonded to the

[006tpt Examplefdace at different |ocations. The bottom

[0062]Lj |rTIQa:l %3@%%%? fﬁ& %g‘ﬁergﬁt Sr’il]%ﬁ Lﬁax%?ercecfé'&?er 4}2%’[ H%a&%‘égn used

for pl‘é@m% SteRmgrcHveafe HPRerd pﬁ@ﬁa@eéﬁ@d m aqvalraigalmaieqﬁsataa
[ 0058] Thé process conditions that were used fo

prOC@ﬂ%t@@rah@ﬂnéahUﬁlggtth@ SeMaRioeasS CARAIIGRS AHCERI f7hBIdifeyent upper

ctoc R B4R ERD o P IS R OB P

electﬁl@@lly @rﬁh tharenliglbeatiedde W\Bmﬁ@rn&mfmmmf}?erleat/kdcstlommﬁe

flo ates, 2 flowrates, and/or t
bottqnaﬁérfa%&s @fsth@@*%ct[@%anfﬁ %@b'afb Sﬁwanfﬁrm?‘iﬁ%ﬂs on

them cl eani ng gas conposition cont ai ned argon to allow a
Mdet er mi nation of the fluorine concentration from

[0063]|2t iThal thesd elstivodes ivege plasmeetiradediusing ihegollgwingooeegss
The te results for 3 are given in Table .

condirsh SRR HBA ST Eliiebe Belfnils ratme Y dSislimst

freq@%@y%@%@)@ aAE Q?Q\S?HQ/I [B&Er 8idctere sfe%@hbl&%vxleﬁﬂ@@él/second
was- achi eve or sanple no. 12, which was cl eaned

frequesicpof 4 0QF KB AR MHZIIGﬂo‘fOMOfZZO@ (SQGIIDIYOZ'ﬂ@WICé 4&0n

sconBEE BT B S, I EBicA AP AR Bl B 207, abour
80°CVA%$ HBo bR I OURK NS réiee v Brictredesiduting didaatimng.nFoptse
conposition is shown in FIG 4. Tabhle 3[0061] Exanple
tempgratures of 20°C, 80°C and 105°C, the black silicon average feature length was
decreased by about 100 nm, about 105 nm and about 140 nm, respectively. These
results demonstrate that the electrode cleaning efficiency can be improved by
increasing the electrode temperature to at least about 100°C.
[0064] Example5 -
[0065] In Example 5, 100 wafers each including a low-k silicon oxide layer were
subjected to an etch step in a parallel-plate plasma processing chamber using a
silicon upper electrode. After the 100 wafers had been processed, the silicon upper
electrode was cleaned using the following process conditions: chamber pressure of
600 mT/lower electrode first power level/first frequency of 2500 watts and 27 MHz/
lower electrode second power level/second frequency of 1000 watts and 2 MHz/CF,4
flow of 200 sccm/O-, flow of 400 sccm/cleaning time of 15 minutes. As shown in FIG.
5, the silicon oxide etch rate and etch rate % uniformity (3 sigma) were determined at
the start, after 25, 50, 75 and 100 wafers, respectively, were etched, and after
cleaning of the upper electrode following the etching of all 100 wafers. The test

results demonstrate that both the upper electrode bottom surface condition and the
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[0062] In Exanple 4, three different silicon upper
el ectrodes that had been used for plasma etching of
woabwrig1iser e pl asma cl eaned in a parall el - pl at eCpluasiws/045541

processi ng chanber using the sane process conditions
except for a different upper el ectrode tenperature.

For each of the el ectrodes, coupons of ( 100) silicon
were electrically and thernmally bonded to the bottom
surface at different |ocations. The bottom surfaces of

silicdrnéxigé eedH efie canbd ﬂ@@o@@@ﬂﬂﬁclbédm@thé luppkt Els@irode according to
formati ons on them [0063 he three el ectrodes were

an epbadiracl Fdhe dneibpds d@ﬁ@'b&ﬂ Nefgithg process conditi ons:
sure of 600 ml/| ower electrode first power

[oosﬁngfrequency of 2500 watts and 27 MHz/ | ower

[006%] edh Exdmmpie 6padirpiosiyonl e r/cect ok lhbkuqlwegﬂbbackfsilllﬁﬁmaving

tt d 2 MHz/ CE4 fl f 200 m 0 f 400 .
an ag@@ﬂ%e’?&é‘ﬁ@ iRatih 9k agpu x Ogglg\ quﬁ%fc a9a £ 35@8 us?ng e following

rock SRR BB 200 o ih oo
levelFirst fréereypof2800nesttoan@ 20 ¢/ Ha oW e rede EREIE, sedwlobrb@w&r
vl e 5GBSR SR AL SER B RGtho of

400 g—&ﬁ%lé&%@@nﬂ%@f‘ﬁé Bfiﬁ@"élﬁ%tanm@tn%b%tm cea bBQcIean

I cl ency can i mproved by increasing the el ectrode

black eilipen averagetfeatitrellengih wasoaRoutGEO. N0 e agcapchaicen spper

cteck§98 R st B9 S s S o o

was Eld@»ﬂ‘iaﬂblbﬁhe@ |u§tr@ We&'élf@v@%@ﬁ%éﬁ@oﬁmmfchﬁmbgr Bressure of
| i con upper electrode. After the 100 wafers had been

200 mTél@ws etectiode fgst power lappldirstireaueryeofbd Gwatinead 27 MHZ/

loweggleeg&gre@gesg{c%é%%”%&eg@géﬁ? ﬁ%gg&h&gf WWE% and 2 MHz/NF3

flow beZed stEmED, fio\w Gfein0yscem/.aningetirhs oaBa S%E NFHEd pbstvaean
el ectrode second power | evel/second frequency of

avergge featdirdengiprwasbout 300 #M.20bese st @SLMS&M@H&%@@ that
CF /&5 SN B8, '33s rhil®urBE ot Bt WiESiveDr Ft¥nG BI&Silicon, with an

NF3/O; gas mixture being even more effective.

[0068] The foregoing has described the principles, preferred embodiments and
modes of operation of the present invention. However, the invention should not be
construed as being limited to the particular embodiments discussed. Thus, the
above-described embodiments should be regarded as illustrative rather than
restrictive, and it should be appreciated that variations may be made in those
embodiments by workers skilled in the art without departing from the scope of the

present invention as defined by the following claims.
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5, the silicon oxide etch rate and etch rate %
uniformty (3 sigma) were determned at the start,
wahowro725¢ 50, 75 and 100 wafers, respectivel yPCRaIS2005/045541

etched, and after cleaning of the upper el ectrode

following the etching of all 100 wafers. The test

results denonstrate that both the upper el ectrode

bott om surface condition and thesilicon oxide etch

rate can be recovered by cleaning the upper el ectrode
WHAT CUANED IS enbodi nent of the nethods descri bed

hereirn. [0066] Exanple 6 [0067] In Exanple 6, a first

silicon upper electrode including black silicon having

an 1averﬁ?9f?etf18&‘{)ﬁfe‘ar?$\ﬁﬁgtbtﬂac9<f sifQfHEr B9k gfﬁbéﬁﬁ%aﬁ’ﬂ)i@é fBm a

cl eaned using the fo W ng process conditrons:
surfacbaffiaarsaar eestrode of a s mA Prosessirg) aretmibele thie nwthpdwer

| evel /first frequency of 2500 watts and 27 MHz/ | ower
COMRYISEGr ode second power |evel/second frequency of 1000

3 AL SR ol M08 16 o B
chanster .indbeingas tovalr edactividecénd ahiupper alestrade, theatppear electrode
. lepgth.was about 460 nm A second ,siljcon _uppe -
being, pEEL P ARG IRHIRD B B e PRasHORaVRRG Ay i eglsgioon on
the sUBBELT& (iPBOSINCE caBRIE addthdvming s RhanBEEPo’eB&MIrface having
using the' foll ow ng process conditions: chanber
blaclpsibezuearbide otherfunfaseir el ectrode first power

| | [f] f .0f 25 . WHz/ |
o vietie be i i o PR e PPE ey o 3000
\’Vaattél‘ﬁn?%‘ﬂ |adYizgdvion bf @y BlacR@ficea omblack Silicom earb#R0from the

sccnicleaning tinme of 30 sec. The post-clean average
plasmagxppsed sHifere hthealRRer ¢l8cireds. These test results
denonstrate that CF4/g 2 and NF3AlI)2 gas m xtures are
both effective for renoving black silicon, with an
NEZ/ O2 TasmatkddioeClanng vevesimiheapplel etddtroele 0068 a
The foregoi ng has described the principles, preferred,
showerherf AlEOJ&RNADHaRIMENShRYIES ﬁfﬁ?trefietrtﬁ@ %@f@s Biede of single
' | Q. er o ' [ auld not be
orystal M, BRvcISHIBNAE <O d pHEgbhels SHeshs o
enbodi nents di scussed. Thus, the above-descri bed

f ﬁﬁd' né %e?rr]]oo& l)fd C%?mrﬁ%“grg% fhe flulolriH%tcro% éi\rqﬁlgrégshigrselected
from the group consisting of CF4, CHF3, CHaF2, CH3F, CaFs, CoHoF4, CaF4, CsFs,
CsFg, C4Fs, CaFs, CsFs, NF3, or mixtures thereof.

4. The method of Claim 1, wherein the gas composition consists

essentially of CF4 and O, or of NF3 and Oa.

5. The method of Claim 1, wherein:
the gas composition consists essentially of CF4 and O, and the ratio of the
flow rate of CF4 to the flow rate of O, is from about 1:10 to about 5:1; or
the gas composition consists essentially of NF3 and Oy, and the ratio of the

flow rate of NF3 to the flow rate of O, is from about 1:10 to about 5:1;
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restrictive, and it should be appreciated that

vari ations nmay be nmade in those enbodi nents by workers
wekbdslogtsssn t he art w t hout departing from t hePeTaseo0645541

the present invention as defined by the follow ng

claims. WHAT IS CLAIMED I'S: 1. A nethod of renoving

bl ack silicon or black silicon carbide froma surface

of a used el ectrode of a plasnma processi ng chanber,

the net hod conprising: supplying a fluorine-containing

g3 CONMpRsiatitsd bNCHim @'vﬂmwﬂ?m@asidﬁgn@ﬂmbate of CF, to the

including a | ower el ectrode and an upper electro

flow tate afjshepr trec@tipgfdhe dpwgals of Nfs &9 thetow sale @fr@t u%l fliqgn about

exposed surface having black silicon on the
L5tggﬂpgﬁgq or (ii) of silicon carbide and including a
pl asma- exposed surface having black silicon carbide on

the surface; ener i,ng.t as, co to produce

e SR e R T i
o SR g o 4 Sy e
a pressuhedf fodm@iun20, miberteiabouh800@ pefons! ect r ode

i ncl udes a showerhead el ectrode and a segnmented outer
el ectrode ring each made of single crystal silicon,

Pog. ycr VﬁieaHe'tﬁk?d &f IR QUhSHaRT PR Sbthpesiton % eﬁ@@lzed by
nmet hod Claim 1, wherein the fluorine cont ai ni ng gas

supplying &le diffederir powehlevegisalwe shfferent figquenairs: o therower
F2, . CH3F F C2HRF F4, C3F6, C3F8, CA4F6,
elect%wh&ggom}&g ﬁ?ﬁ UHP%%FQ?‘E%H eof. 4. The met hod of

Claim1, wherein the gas conposition consists
essentially of CF4 and Q2 or of NF3 and Q2. 5. The
ne?.hod Dfe Wethed of Claiay b.wherpneﬂ@a@a@@m@@%ea@urface of the

t 4 and 2, and the ratio of
uppeff #tfo&% 53?0%%5#'@@?%5? e flowrate of Q2 is from
about 1:10 to about 5:1 ; or
10. The method of Claim 1, wherein the temperature of the upper electrode
is from about 50°C to about 200°C during the etching.

11.  The method of Claim 1, further comprising:

plasma etching a plurality of semiconductor substrates including a low-k
dielectric layer in the plasma processing chamber, wherein the black silicon or black
silicon carbide is formed on the plasma-exposed surface of the upper electrode

during plasma etching of the low-k dielectric layers.

12.  The method of Claim 1, wherein the etching removes a depth of from
about 50 nm to about 500 nm from the plasma-exposed surface of the upper

electrode.
13. The method of Claim 1, further comprising etching black silicon from a

silicon component, or removing black silicon carbide from a silicon carbide

component, in addition to the upper electrode, in the plasma processing chamber.
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the gas conposition consists essentially of NF3 and
2, and the ratio of the flowrate of NF3 to the flow
woavw/0fsse2 is from about 1:10 to about 5:1 ; 6PCTHS2005/045541

nmet hod of daim5, wherein the ratio of the flowrate

of CF4 to the flowrate of 2, or the ratio of the
flowrate of NF3 to the flowrate of @, is from about
1:5 to about 2:1 . 7. The nethod of Claim6, wherein

the total flow of the gas conposition is from about

250 seemto about 2000 seem and the plasma processing
chanber is at a pressure of from about 20 mforr to

abbtit 1B0oethdof removingedlasl piieprvfron aiskfacewharuses electrode

iyt ' ' L yi t T
of a (a1 HRARH Hann braRE s i kot P8 B ¥herising
t heugdpvirg aed@ctdragesitibh lcengpriglngdC Rgaht@© LePRF; and O, into a
el ectrode. 9. The nethod of Claim1l, wherein the
plasippyReeesipd seambear phika satie pbthgdlry ratefiGlode the flow rate of O
o 1, A58 LU S A 28 KT DO flr B 170 g oo
5:1, thieopibswR0Totessihy cha2Bed dudingng lbWwer eteciviodg. artilan Gpper

oSl 3 Pt e SR s R i B

surfdcgw k dielectric layer in the plasm processing
chanmber, wherein the black silicon or black silicon
c aarmrgizingsthieogasecbropositien i agtucexppstha arnidace of t he

o et calgien 66 2138 S5 ReR o et BlehiHen (itag glasma-

exposB8 eifeltnd the Ipyssecidctsgeh of fromabout 50 nmto
about 500 nm fromthe pl asma-exposed surface of the

upper el ectrode. 13. The nethod of Caim1, further
conprising etching black silicon froma silicon

nofife nlins@IPKIA P AH I AInGARY £ 8o about

c
3. h
si Ii"con’ carbi'de” conponen € upper

50 n®l tecibod &00i im floen eapkasn-oxessdngrfdvandfehe 1ppeAelectrode.
nmet hod of renoving black silicon froma surface of a

used el ectrode

16. The method of Claim 14, wherein the upper electrode includes a
showerhead electrode and an outer electrode ring each made of single crystal

silicon, polycrystalline silicon or amorphous silicon.

17.  The method of Claim 14, wherein the temperature of the upper

electrode is from about 50°C fo about 200°C during the etching.

18. The method of Claim 14, wherein the ratio of the flow rate of CF4 to the
flow rate of O, or the ratio of the flow rate of NF3 to the flow rate of O, is from about
1:5 to about 2:1.

19.  The method of Claim 18, wherein the total flow of the gas composition
is from about 250 sccm to about 2000 scem, and the plasma processing chamber is

at a pressure of from about 20 mTorr to about 1000 mTorr.
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of a capacitively-coupled plasma processing chanber,

the met hod conprising: supplying a gas conposition
woaopra7sisng CF4 and O2 or NF3 and Q2 into a pl REMAIS2005/045541

processi ng chanber at (i) a ratio of the flowrate of

CF4 to the flowrate of O2 or (ii) a ratio of the flow

rate of NF3 to the flowrate of O2 of from about 1:10

to about 5:1 , the plasma processing chanmber i ncl uding

a lower electrode and an upper el ectrode of silicon

havi ng a pl asma- exposed surface with black silicon on

the surface; ener%HZ|ngéthe gas conposition_fo .

a2p! aswhe ragiods | WheksiR s gascompRsition | S@P@r%ed by

supmg%gﬁﬂﬁéﬂﬁg&¥%§bWe?ﬁ@e&%&ﬁ#ﬁpgﬁ@t gp@@?%%#?%hé@ﬁ@ﬂOf

electrogBMHil® drounéimgvthe apper efetcirodt. fron1about 50 nmto
about 500 nm fromthe pl asma-exposed surface of the

upper el ectrode. 16. The nethod of C aim 14, wherein

t he upper el ectrode includes a showerhead el ectrode
and an outer electrode ring each made of single
crystal silicon, polycrystalline silicon or anorphous
silicon. 17. The nethod of C aim 14, wherein the
tenperature of the upper electrode is from about 500C
to about 2000C during the etching. 18. The nethod of
Claim14, wherein the ratio of the flowrate of CF4 to
the flowrate of 2, or the ratio of the flow rate of
NF3 to the flowrate of @2, is fromabout 1:5 to about
2:1 . 19. The nethod of O aim 18, wherein the total

fl ow of the gas conposition is from about 250 seemto
about 2000 seem and the plasnma processing chanber is
at a pressure of from about 20 niforr to about 1000
mrorr. 20. The nethod of C aim 14, wherein the gas
conmposition is energized by supplying two different
power |levels at two different frequencies to the |ower
el ectrode whil e groundi ng the upper el ectrode.
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