DETECTI ON OF ARCI NG EVENTS | N WAFER PLASMA PROCESSI NG
THROUGH MONI TORI NG OF TRACE GAS CONCENTRATI ONS
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used to process substrates by techniques including

et chi ng, physical vapor deposition (PVD), chem cal
vapor deposition (CVD), ion inplantation and resi st
renmoval . One type of plasma processing apparatus used
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energetic ions and neutral species that etch the wafer
substrate and chanber parts within the reaction
chanmber. SUWMMARY [0002] In one enbodi nent, a nethod of
detecting substrate arciB4CKGRO@NDconductor plasma
processing apparatus i s provided. eéfAPsubstrate i s
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[8 Bg'] F A°25HBY K 21’ml%ei]f‘ood| ment, a plasnma processing

apparatus includes a substrate hol der which supports a

substrate within an interior of a reaction chanber. A
gas supply supplies proceSMYARY the interior of the
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bg/pe%tlflgr%tetrr9 tsiegng]rs %If rs]glecatcrec? gas species produced in the reaction chamber during
plasma processing are monitored. The selected gas species are generated by a
substrate arcing event. The arcing event is detected when the intensities are above a
threshold value.
[0003] In another embodiment, a plasma processing apparatus includes a substrate
holder which supports a substrate within an interior of a reaction chamber. A gas
supply supplies process gas to the interior of the reaction chamber using a gas
distribution member. A power source supplies energy into the interior of the
reaction chamber and energizes the process gas into a plasma state for processing the
substrate. A gas sensor is adapted to monitor gas species in the reaction chamber
during plasma processing to identify gas species produced by substrate arcing. An

alarm generates a warning signal when gas species produced by substrate arcing are
identified.



identified. BRIEF DESCRI PTION OF FI GURES [0004] FIG I1A
is a cross-sectional view of an exenpl ary enbodi nent

w@booa/1pdsas ma apparatus. [0005] FIG IBis a  PCT/US2009/002726
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cross-sectional view of an inductively coupl ed plasna
processi ng apparatus. [0006] FIG 2Ais a real-tine
signal froman RGA nmass spectroneter of intensity as a
function of atomic nass for processing of a silicon
coupon coated with organi c photoresist in Ar plasna.
[0007] FIG 2B is a real-tine signal froman RGA nass

spectroneter of BRIEFDESCRIPEIONOFIFIGWRESt omi ¢ nass
for processing of a siljicon coupon coated with organic
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opgalthugoupon during processing in Ar plasma. [0008]
Fl 2Cis areal-tinme signal froman RGA nass
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for processing of a silicon coupon during processing
i Ao Ssmgaaé’i?ﬁr.ag{sooog] FIG 3is areal-time signal from
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atom ¢ nmass for processing of a silicon coupon in CF4
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photoresist in Ar plasma. [0011] FIG 4B is a

rased functien of Yamic masmioanroRewingeis sjieut eanpen epated with organic
'oéﬁo%]l%kitsy with tl?entn {]&%skeo:ﬂ) ﬂfed td b%ﬁ%;&‘e%f‘ tﬁ? C %o%rd'u%rr]l €
an ‘arci ng even or SYOCGSSI ng of a silicon coupeon
coeteding ihArglgam.c photoresist in Ar plasma. [0012]
FIG 5 is areal-tinme signal froman RGA nass . .
si0008k ofitip efC b5t 2 Teat-Bmsistgnabgom afHe A BASSEPCRRGIEr ofdgiensity
oerfhartth oAl Tlokhlbenhal 314 GABDTRulRe prgcesing n
nAt plasmbs can be manufactured into specific electronic
[0009] FIG. 3 is a real-time signal from an RGA mass spectrometer of intensity as
a function of atomic mass for processing of a silicon coupon in CF, plasma.
[0010] FIG. 4A is areal-time signal from an RGA mass spectrometer of intensity
as a function of atomic mass during the occurrence of an arcing event for processing
of a silicon coupon coated with organic photoresist in Ar plasma.
[0011] FIG. 4B is a real-time signal from an RGA mass spectrometer of intensity
as a function of time during the occurrence of an arcing event for processing of a
silicon coupon coated with organic photoresist in Ar plasma.
[0012] FIG. 5 is a real-time signal from an RGA mass spectrometer of intensity as

a function of atomic mass for a CF4/N; gas mixture, in which no plasma is

generated.

DETAILED DESCRIPTION
[0013] Semiconductor materials can be manufactured into specific electronic
devices, such as transistors, diodes, capacitors and the like, by the selective build up

and removal of layers of materials. In the fabrication of integrated circuits, the
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devi ces, such as transistors, diodes, capacitors and
the like, by the selective build up and renoval of
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circuits, thecontinuing increase in the nunber of
devices on a chip and the acconpanyi ng decrease in the
m ni mum feature sizes have placed increasingly

di fficult demands upon many of the fabrication steps

y b . 1o f . : : , .
B SR G LOREL G A LA i
S devetdseixs theti rhihirauint featopeadizegihase pladed hiergasimgliedi fledult demands
mat eri al agt &f grmat.ion of features within those

| SRQIrmany B fatis|caURR SIERRHUTE LB IR Aircy ffrication including
?i&lﬂi&i‘tﬁligque@f M Bern @ thaliatSGflo 5OmbGmER Hﬁﬁétﬁ“@g%ﬂgﬂzs and the

nes 1IN a se_m conduct Qr I nt egr at ed circult.
escamiabof IEENEl awinfofroatmnt ¢ff fathirdsiveitlsn ¢losadaysrOp,

Si i or the like with hi ur.j.t igh

oAy PhasPeretFace Pl yehed deBiosf AREVE) i e used o form
f VdriBus Y s 8 b 3¢micBAdRRoSIHRBHtEH cilréuif FR@&AMBR, PECVD can
chanber in the form of gaseous constituents so that

giesmchin filorsceigh es S SiHN4.rilor yhedliksswish Aighdpuaityl and high quality.

' i f f.th b
G

t mabidretandber i thedvind of fayeusconktitents 66 fith! gheoudmolecules are
er materials froma given substrate and producin

ot h ] g
f wamaplbedistpciatedeayidgosebingd in the gas qnd onea sifice of dhresibpigaies so
(%tg'fogﬁﬁgﬁﬁm.pr vias) can be fornmed in a substrate

y dep

| ayer ositing an overlying mask | ayer, such as
af00aspaBtchingdustont éschaique Threremasing layas of ssmibenductor or other

patterned into the shape of trench, contact or via,
f%‘laie&ﬂgoéj%? 3 G YSTHH PR ProBHSR A bieh PR pgratsy creuits. For
P [l i Strer [ I i '
R b B P ooy
stepositingran oakrlyiag ariskilayeesuch ag ampegan®qihotaresistr iThesnask layer

e thioTht angios s SEREH B Rlal iR o Rewed By Shie
dploil Gp 2 PiaRMa iR LR T ?ﬁﬁicul%k' erlter@st ih PRodUCRELS & tRhi®devices due

sem conductor wafers to form|arge Scale integrated
deietterresplgtipm ard mapreved dinzasional qngichape gonsichsapabilities in

react or he enpl dto.performvari.o ocesses .

ofotip Rlsall vl TpuB e o o S, M R oS B i

f abotabBt hiflivell WHeuslbuperiff pat@he Borieh]l @hd deRatibh @fb refuired, such

wafer is placed inside a vacuum chanber of the reactor
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g§@§§m€@gﬁmhgyroduced into the chanber. The
[0017] A plasma reactor may be employed to perform various processes on a
semiconductor wafer in microelectronic fabrication including dry etching or
deposition. A wafer is placed inside a vacuum chamber of the reactor and process
gases, including etchant or deposition gases, are introduced into the chamber. The
gases are energized to ignite and maintain a plasma. Depending upon the
composition of the gases from which the plasma is formed, the plasma may be
employed to etch a particular material from the wafer or may be employed to deposit

a thin film layer of material onto the wafer. The processing chambers are configured

to receive processing gases (i.e., etch chemistries) while a radio frequency (RF)
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gases are energized to ignite and maintain a plasna.
Dependi ng upon the conposition of the gases from which
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etch a particular material fromthe wafer or may be
enpl oyed to deposit a thin filmlayer of material onto
the wafer. The processing charrbers are configured to
receive processi ng gases (i.e., etch chem stries)
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[0020] A method of detecting substrate arcing is provided, through the real-time
monitoring of gas species and identification of gas species produced by substrate
arcing in the plasma processing apparatus. Substrate arcing events within a wafer or
between a wafer surface and a plasma chamber surface releases volatile species into
the plasma. For example, a substrate arcing event can cause rapid heating of the

substrate and release volatile decomposition products associated with silicon,

aluminum, copper (i.e., aluminum-, copper-, or silicon-bearing species) or organic
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off-line for mai ntenance before nmultiple wafers are
damaged. [0020] A nethod of detecting substrate arcing
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species and identification of gas species produced by
substrate arcing in the plasma processi ng apparat us.
Substrate arcing events within a wafer or between a
waf er surface and a plasma chanber surface rel eases
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181%p88g&) ﬁ{n%?gc' pl%SI{lg %chiegsli]ng. The substrate support 104 for supporting a
substrate 106 in the interior of the reaction chamber 102 can include a clamping
device, preferably an electrostatic chuck, which is operable to clamp the substrate
106 on the substrate support 104 during processing.
[0023] The exemplary plasma process chamber 100 shown in FIG. 1 includes a
showerhead electrode assembly having a top plate 108 forming a wall of the reaction
chamber 102 and a showerhead electrode 110 attached to the top plate 108. Gas
supply 112 supplies process gas to the interior of the reaction chamber 102, via
showerhead electrode 110. Showerhead electrode 110 includes multiple gas
passages 114 extending through the thickness of the showerhead electrode 110 for
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chanber 102 contai ning a substrate support 104 on
whi ch a substrate 106 is supported during plasma
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substrate 106 in the interior of the reaction chanber
102 can include a clanping device, preferably an

el ectrostatic chuck, which is operable to clanp the
substrate 106 on the substrate support 104 during
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SPYOFRSS StRP sholiasswesnediffeseat gascomnoguions gre sipnlied ingo the plasma
p B
o ks 3B 10 1 b BB SRGHGRELSackiolfly 10 gap ve
Moundkd. vi ng an el ectrode in t he substrate support 104
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SRR IT0 b SuSER SBhE TR RO Eonsidne Plaghiin fhesurgslgeated

ame’&l @e@h@wmtea@e@u&meel 10 SRS ate suppdrt 1 4. €A detailed
frequenci es can be supplied to the substrate support

1diacuspigniof plasemalopnfigement rings and secondary grounds used in RF

capacitively coupled plasma reactors can be found in commonly assigned U.S.
Patent No. 5,534,751, which is hereby incorporated by reference.

[0026] Once a substrate arcing event occurs and upon the release of gaseous
species associated with decomposition products, it would be preferable to detect
these decomposition products before such gases become diluted in dynamic flow of
the processing gases and the concentration of the decomposition products in the
etching gases falls below the detection limit of the gas detector.

[0027] Gaseous species associated with substrate arcing can be detected by
collecting volatile decomposition products for analysis by gas sensor 120 with a

sampling structure 122 and transported to gas sensor along gas line 124. To prevent
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pl asma confinenent ring assenbly 118 can be provi ded
outwardly of showerhead el ectrode 110 and substrate
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bet ween the showerhead el ectrode 110 and substrate
support 104. A detailed discussion of plasma
confinenent rings and secondary grounds used in RF
capacitively coupled plasnma reactors can be found in
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sesrgmrc MaBrAlstshickhaswind. | Inganothen embedink@P samgling structure 122 can
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1R4k e dercleaad signalfedm Qra@at1on is easdritedi For &faniph€ the alarm 126
gaseous speci es associated with substrate arcin

SEARY HpAHY Waming Vigml waring apelgctaniceedid ovir@’%rhpté@g an
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bplasmb pheegdimgeed outwardly of the plasnma confinenent

rin 118. Exenplary sanpljing tube materials can

i %he algfth%r@%trq : @%?E%ﬂlpﬁ%?ﬂ i K1G- denductiygly ggipled plasma
C [ . [ ' t erl

SEICR) BfocBleirl Ay RSO b S8 e REHATHE (I Pl Buhanced
sthenutalrapdi2@positioh ®r RECHVAD)Neld pdasnedeteling iof actdriald on substrates

s&vver ead el ectrode 110. Once substrate arcing.ha
D BEHIRRLYIBE PERFESS SR VAP A RPFR A AdOT TSI e oRelow SO
Fﬁ’lrfoﬁ?mk}%g apbhsatainadméiaﬁfr&ﬁenégm by Qo IR BIsNFIG. 2 is a

VI Sua vyar ni ng, an el ect_r onic r or 1 nStrl_JCtI ng an
opresmsastiona viewk ef e emboediment atan P plesma pravesséng apparatus 200.

RS8N IR kb AP  RCBSSRH pbposivion
2systemtl U ufityred 041l BHR BdcafoMBC drp673tioR) 46D, Whlifornia. The ICP
apparatus 200 can be used for depositing (e.g., plasna
eplasina prpcessing apparatus is also described, for example, in commonly-owned
U.S. Patent No. 4,948,458, which is incorporated by reference in its entirety.
Reaction chamber 202 includes a substrate support 204 for supporting the substrate
206 in the interior of the reaction chamber 202. Dielectric window 208 forms a top
wall of reaction chamber 202. Process gases are injected to the interior of the
reaction chamber 202 through a gas distribution member 210. Examples of gas
distribution member 210 include a showerhead, gas injector or other suitable
arrangement. A gas supply 212 supplies process gases to the interior of reaction
chamber 202 through gas distribution member 210.

[0030] Once process gases are introduced into the interior of reaction chamber

202, they are energized into a plasma state by an energy source 216 supplying
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chem cal vapor deposition or PECVYD) and pl asma etching
of materials on substrates by supplying process gas

WO pa09/139828cuUumM chanber at a | ow pressure (i.e.pPChebmw/002726
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50 niforr) and the application of radio-frequency (RF)
energy to the gas. FIG 2 is a cross-sectional view of
an enbodi nent of an | CP plasna processi ng appar at us
200 An exanpl e of an I CP plasma processi ng chanber is

t
B PAe GO Er SRR 452 ALY Ble 1
pisamﬁxte;:rnaiqﬂm agteamppas\aderad by an A BsoulesZr§ D aitd RFampedance

exa in.co owned. U. S. Patent Nao. 4, 948, 458,
Ry gﬁ%ﬁf%@dwl‘m el R Fiepergydnioreastiopshamber 202

Rﬁﬁ%éc%gﬂ?ﬁ@ﬁ@ﬁela%%nérg&h l’b?gﬁez gpéﬁ%éﬁﬁ&?] of ﬁF?}B%P {d pl%ﬁfr antenna

for supp I ng the "substra e I nterior

ht@rgleas:thle proashngdsdp faMP a highedensity ptasmiarRi@veg. 208 {10 Tiens/cm®)
vp % eacti on chanmber 202. Process gases are

i lfo &8 Stfaée % interior of the reaction chanber 202

t [o0swph AadigRetrid WindbWUW0BAMABRIEE Blandd Shtefnbaiial 28 dRktridia®n
di stribution menber 210 include a shower head,

| meEbeD21 brs plehet balew dideairie piadrgeAGH A Melydensiymhsyna is

2 AR5 GRS Bo L R SRS B8, o

[&Q&@he@n@t@mmaﬁﬁglﬁﬁmsnaeeosmroduced into the
interior reaction chanber 202, they are energized

i 082k §|lra§#et0§bea5 1G. Hyelabpdémmgga@em gnecips @ssocia ed with
SHBREBAREL Yo L6y LIRS 00, LRG0 RAT s v

pgarsansa26with psameylach syctune K2 mﬂlerpgrté(be gii’sdellfé%r along gas
I Ipe ce matching circuit 18B to.inductively

Eﬁfp?@f Ao BiRFRloRdeTseiemet the B CaaRAHOTPUGtS, 2hs line 224 can
ei)@ﬁéd’téﬂmgﬂlegﬂeﬁtef s&lsti rb?'ii@&ﬁﬁ‘p&i’tlc;rnt?roéﬁ)&& Is éhﬁg sttficture

F power to Pl anar ant na energi zes the proce
t 522‘ splacad i gh-\denﬁy by sybistrater2 0P plazed op sibdrate suppba 204 Once

i ons/ cnB) .abpve su t.e 206.. [ 0031] A el egtr.ic

IR E6IE 2 e detesfed o R Gl 226 is Generated.
dF &t dxiahipld, e ATBAR 206 dDbd Sn RIARE iRk, (Wétgﬂ RlaBfhg | 'a?l electronlc
Wi ndow Oé A high-density plasma i s generated in

zisaerdpatingaieting en @perator b take worresthisracion tcam@mgubfssubatrae

2 f deposition.or etching of substrate
%gmg[ogé%%r&'énaﬁ? %? ?Br(fcﬁ%snl‘ﬁ G 1 enbodi nent, gaseous

S[0as3 s [ins prsterad embddimenity B! da8sensadt ¢20/926 8ih B&a mass

detected by collecting such gaseous species for

atPgrijemsteppreferably, a residual gas analyzer (RGA) mass spectrometer. RGA
mass spectrometers are suitable for measuring trace gas concentrations in vacuum
systems and operate by analyzing the sample gas. The sample gas is ionized and the
ions are separted based on mass-to-charge ratio by a quadrupolar electric field using
a combination of direct current (DC) and radio-frequency (RF) potentials. The
instrument measures the flux of ions versus mass-to-charge ratio, and thereby
provides a detailed chemical analysis of the sample gas. The RGA can be equipped
with an electron multiplier for additional sensitivity or higher scanning speeds (e.g.,
20 Hz or more at a single mass). In the preferred embodiment, the RGA can be used

to detect the decomposition by-products of photoresist, which is detectable over the

background processing gases. For example, a real-time signal from a mass
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gas sensor 220 with a sanpling structure 222 and
transported to gas sensor along gas line 224. To
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gas line 224 can be heated. For greater sensitivity of
deconposition products, sanpling structure 222 is
placed in the vicinity of substrate 206 placed on
substrate support 204. Once substrate arcing has been

3 : : ey ; _ ‘
e ol St Pt O0he b R T gl fom
weiemnasy spedtusdterwan imakgde dtheeh éal speotrany efcasrdicanasses (e.g., up
instructjng an operator to take corrective action to
rﬁ#dﬂ%&pﬁ&@nﬁ@is ?‘E)P]afso terninate plasm

P[0P38F S iNdGesdriftd3bold) ndt Pl 81Lb1EH IR PYLTR o a {UBSIr&BSrcing

sensor 120/ 220 can be a mass spectroneter,” preferably,
aevens arguraadilyadetentatly due t¢ REA)igmback gspmdtaoooattrtion REProcess

mass_spectroneters are suitable for nmeasuring trace
GRSt oF ISR, BHEE RO APERIRT SREIR B BB A §ipnt and the
aprdlcyssigas niaeehary @eﬂ@ﬁpingl@ea@qnal, fv @ Péakis 2t tHRRAARAMU)
and the ions are separted based on mass-to-charge

r during 19pl-amg iRdeid mask apeciioatettyi characterigatissi. nly this case, due to the

C ' ' | t r t . .an i o-frequen
(P BB & 4R ee b B THRUEO AR Pen] Y e
| assscivted uith suh pasedus bpdcs may boundepedtdbier eby provi des
a detailed chem cal analysis of the sanple gas. The

REA3h Thus.selerisp eas shacies apsasiaied Wih suRAtiefqATriag npust be readily
a . | . .
(Bl e BB of e R 8 el B Pl PeipE BlGciated with
psubkerate accingrbadberigenti fi¢dley R@Aparany: () baselihet(or thférende)

t he decoggositio by- product s gf hot oresist, which is
RREEEPREITE Siehals of Hie Haesey BBt MNP ABRTBSE PR YaTBL YRy fO

e < - : S

B b i O e e TR P GdpiFRlgthe o

r didferanit specsiogrettly signals, sélectedhgas sppees assneipted vadnsubstrate arcing

i ncl,ude either.. ull spectrum of atom c nmasses (e.g.,
uf)anttl’frfﬁ‘gi%%ﬁﬂn@?({col lection at a single mass. [0034]
AR096P C It RedadROMEhodient3] the FAS LAYSrs TAE SHichRdeliRl@iIVEE coupled
to a substrate arC|ng event are readily detectable,

dplesma optieal kinggsicadCBrArspectoometarsy mtfiaped dfsomtionespectrometers

gases. For_ e l.e, the.gasequs species, relati.n

oA ouri R eaPABHR 1Sty R PO RRES o T  Bigh v JRACHOR ana
JFTER ftcBniQu&y happé gs fRakatidfhctBry: fol VatAR aiflicatiohd)Because the
sane A during real -tinme RGA nmass spectronetry

crhilitydto eletect differant pses iy Yrangbedepgndent ypematonypend molecular
c&%ﬁﬂgrati on of such gaseous species relative to the
process gas, a peak

[0037] EXAMPLE 1

[0038] To simulate an arcing event during plasma processing, silicon coupons

(about 3 cm x 3 cm) were coated with a 193 nm organic photoresist coating and
subsequently thermally decomposed during plasma processing in Ar plasma. These
tests demonstrated that thermal decomposition of by-products of organic
photoresists in an inert gas plasma were detectable using the RGA mass
spectrometry technique. Tests were performed in a 2300® EXELAN® FLEX-
3XTM dielectric etching system, manufactured by Lam Research Corporation



associ ated with such gaseous species may be
undet ect abl e. [0035] Thus, selected gas species
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detected in the presence of processing gas. Sel ected
gas species associated with substrate arcing can be
identified by conparing: (i) baseline (or reference)

spectronmetry signals of the process gas in the absence

A e i R LT
darfall pree mharsi@dtbned by tStan ferdgRedesrch Syktentsd Bugas akyp €alifania).

a jated with substrate arcing can be readily

B0 7 rBe thermabeqcomposition fegf Mpe P dhhtaating ad 9§

S L b . 2]
o B MO B M) Sl o R e phesied
spectssmgshe test coupan fip W iptasntar diash testreouponavasgl{dedioRpr a bare

BB ips B b 2SS AP L I e e
aghl dadibePpiessik€ 686 T BRIlfrdgnehdy REDBGFer (lab hsyiRAlto the
gases is str ongclyqyt 1(é;ﬁ\endent upon at om ¢ and nol ecul ar

shattpem gleetrodpe Vpata freferme s jof Foouwsi2nvilbk andakout 800 W at

(AR EEhodly oo, THERARb RS o (s 1y o ARt

PAKUO 66X ;She RAgierdiGrearTdhs ulisee glecrbde/whiest @BhBant 120°C. During
deconposed during plasma processing in Ar plasma.
TPlagea prosessing thsniempgratiye of the siligoniyaferwan apis 207G fo grout

B?(Od?:r l‘ﬁgﬂ&ttﬁmpfheQErﬂg%ﬁﬁu@QPﬁlg rlﬁégs e A0hich S ds s8R about

asma-wer e detect € usi ng mass spectronet

t @2%0hi Thestempesitiwe wétle tpstrcboporestoiunted oR IOLitiForEXEIeAMN( 1 )

FLEX- . M dielectric etching syste manuf act ured b

LR RALE AT BB o ReRenOERnaR R e hTaTah Ay P egHten the
SRRIpbA AndVBeSsi IR W e AnikisTaREMATh dok thethal c@ftset, the test
analyzer, manufactured by Stanford Research Systens

( Gupny v xpeci€dito achienes) tenjp@CB@TE rifind Higlear ledn that of the silicon

decpnpasitign test .was perfo d b oatin 193 run .
bt b el dre@RS i opRl [fertnd” dhii e isine
Cile s omp6§iioR B tHe! g%%@@ﬂwiﬂg%%uglg tHeHﬁoée%ﬁhg CAMABRE WéteAr
plasma. Each test coupon was ’]g{eace over a bare

sinphigened R A mrasg gpeatontetnye Tdie ceobimtiomoAitheglgsma exposure

RS ARLE i 0 L SRS R LSRR SRS e

t 28 is a real-time signal from an RGA mass spectrometer of intensity (in arbitrary

units) as a function of atomic mass (in atomic mass units or AMU) for the
decomposition of organic photoresist in an Ar plasma.

[0040] To identify the atomic mass peak associated with organic photoresist
decomposition, the real-time signal from an RGA mass spectrometer for the silicon
and silicon with a photoresist coating without decomposing was measured. The test
conditions described above were repeated for: (i) a bare silicon wafer with no
coupon in Ar plasma; and (ii) a photoresist-coated silicon coupon attached to a bare
silicon wafer with thermal paste in Ar plasma. ‘

[0041] To prevent thermal decomposition, the thermal paste was applied to the
backsiderof the test coupon to facilitate the removal of heat from the photoresist

coating due to plasma processing. This results in a much lower temperature at the
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bottom el ectrode, about 1500 Wat a frequency of about
2 MHz and about 800 Wat a frequency of about 60 MHz.
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about 60C, the tenperature of the upper el ectrode was
set at about 120C. During plasma processing, the
tenperature of the silicon wafer was about 20C to
about 30C hi gher than the tenperature of the | ower

el ec : ' e - - .Jhe rat uf.
LSRRI Wb Ele8 el Ao B palle PR v
pfromrthe RG A nass pdetrgmeter fetahebatergicon cobporeaidthe phbtoresist
t her mal,__coupl i ng b&ltween t he coupon and the silicaon

. siigpry Gupoe 34w, thefmal ppie Aret e rted drGae £B andelC,
t @3becHOHRO THeSe AXRRE Ei%galg h BRI OUe28 W GERRIIAE lﬁuHHg the first

hi er than that of t silicon wafer. The tota
pfescseesends ofplasam @ooessing20 seconds. During pl asma

FUAPREG R R s RT3 i s 9o imes B Apaeatutomic

NRESs SPReS 4058 hfed -wifthBe miaf‘é’écio%ogﬁio% Re oRl AR Fhotoresist,

exposure and heating resulted in the therm

d‘égishpb@i exhintedfa gmglab fdepaias aghaetoneditine with@ontiruedplasma

real -tinme-si | from,an ,RGA S ect ronet er of . :

| iPggreingy THus Missei g drrpugaled Rt the sl decompggidien of
orebiBt b1 i6 afRSfra PBAK & RdssABL) for the

ecogioosnl on of orgam c photoresist in an Ar plasna.

[ 0943] Teweyenalthguahtpepegk ahimesn$k wapidgrtified acs petential indicator

) . et i i
olch RuPoRALt Se RN R, He REEPRATIbARY ohifnd 881 by
aptettidllyaniskvihé pedk f1imadse 86 absvtiatediowith @hvdotdsdititlecomposition.
deconposi ng was neasured. The test conditions .
dBacrbaysdesmsibed ton mas repsated dging §rF4 gas)ingfeaboleArfor praggssing a
ey c i _ : (i
PREES) BoBes 4B SR | s st o e
ssilicaoin QB4 plasma iillusteatedhin Figs 8e FromAhe plabsime. sigr0 41 FIG. 3, it

st eyt as CRAGRETIL shataHereakby B Bsise goaks at mass
fechld 413h&s8BeIn BEAYRhcObf HedMic Pholrdshe PheY AheESdi&dtion of a

coating due to plasnma processing. This results in a
nme$s pealudo to andieate prganicgthotdnesist siecaropgroingn esuld benpeas drin

to the case wth t hermal paste. The real -tine
Foptreh Stetoly A REpEER B b ireratbol Bbep ik B grd)
sjoougPNEXUMAP) Bpd the photoresist coated silicon
coupon with thermal paste are illustrated in FIGS. 2B

alf43Ic, In dsmext sof of (estsTorganie ahotoresist deepraposition pPdE:ts were
Z&tgc?ed’\ﬁ}r/ RAK AR ?pdecg'gﬁalegg d{nqlffg ];1!1 atsc‘:ﬁng event. As described above,

the tests were performed in a 2300® EXELAN® FLEX-3X™ dielectric etching
system coupled with a RGA200 residual gas analyzer for real-time analysis of gas
concentration during plasma processing.

[0046] A silicon coupon was coated with 193 nm organic photoresist and
subjected to plasma processing in Ar plasma. During plasma processing, the
composition of the gases flowing through the processing chamber were monitored
by RGA mass spectrometry. To induce arcing, the photoresist coated wafer was
attached to a bare silicon coupon (about 3 cm x 3 cm) that was partially grounded by

bonding a metal wire to the coupon.
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few seconds of plasma processing. [0042] In conparing
FIGS. 2A-2C, it has been determ ned that a peak at

WaL@mi1898e8ass 86 was associated with the ther maPCT/US2009/002726
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deconposition of organi c photoresist, which al so
exhi bited a gradual decay as a function of tine with
conti nued plasma processing. Thus, this testing has
denonstrated that the thermal deconposition of

p es| | 1.5 c X k_at s_.86.

PUBE] i, B 8 R R 3G B hamber

| cleandbief pRdsias of 8p @i kvit.i RF pon@dt et applicdrto pobstics eRkttrode with
deconposition, the use of fluorine-based etching gases

nhPO Vet ArOPHl {(&Dor%é(sqz aiffraugRaeiAboRedEMI- alkeiemperngure of the
}"fgg&{%r QQQ&Q&@V%&SS geé 9?&’&'59 9@;__&4" tH@tem-g%?atﬁlt}g)\fg?éj% 'glr%%g'ode was

was repeated using gas i'nstea
psed aeatwiuh §0C. bBneng plasma pravesying) . thd benpesitiort ofthe ghgRdlowing

fromthe RGA mass spectroneter. for bare silicon in CF4
pﬁ_rhs@i% t_ﬁ% POcPEste Hipatper Wem %omét?refsw%f?ﬁ@%sé apeciometry. The
S4B whidr Fabexpbsed to PRSMB PSSR £IdFaBEG d0NREodds4in which an

plasma is characterized by two intense peaks at nass
sgcmgevant wassdet®ted dfter aheutdsssenomadsaff pooagasing  After testing was
phot aresi st. Thus he detecti.gn of. a.mass peak. 86 1o
PHREREE B gt b s S BRI Hol T bR STt g glicon

| @poh RAN teiBhveiRhY eRdirbdd. aBotNe silicdNEoupoR GBS Sh&@srhead
is fluorocarbon based (e.g., CF4). [0044] EXAMPLE 2

[ dectB1delehibited disgelogationghativeastoharagtegight of gdmage eagperd by arcing.
d ogt ki po: I t by RGA mass . .
BRI SFLY 0 RSB A ALK B GRBRyr o st

aliubitrirh@initesdsa v torPEr ftorhitefladsNimatdnidias imElLAAMMU) for
FLEX-3X(tm .dielectric etching systemcoupled with a .
ePRRSI RS Qyaanie photpsasist fipAl plagmay Regioan af yusrestdi-c.,

ORSs<CONE Sk 5! ARssHY 4 NGa '26%%f8§9£%%§63@9 FIGOP4 6] e Ahdicated
w th run organic

sil1con’coupon’ was coate
pwotherdasi &tows) dF 4Beis taardalttom o biga atefrqan dloeR GiAnmasssplttrometer

pl asma.. During pl as rocessi ng, .the conposition of
t%@_n&a%l&éa% # Bilichen b hPBHGR Proves b e if?rnrgaisr#&rrb énasid pgmass
MRS LRLERD 60 arfdha oS RE?Ms&HEH iy FI(}F.OAI%B

S :F.ilé‘lﬁ R ChB%
t he photoresi st coated wafer was attached to % are ©
st¢pedemced asharp ifiateaset in3ntensity 8 abot 2thsecondss Kramtabaht 35 to 30

SRRt 00,3 MLl 0 S SONP 00 ons,
ciha HR8ksifds 6 the five atomic masses fell to their original levels. Thus, this
testing has demonstrated that the thermal decomposition of photoresist associated
with an arcing event results in extra peaks at mass 12.1, mass 15, mass 25.3, mass
26.3 and mass 85.6.
[0049] As described above, the use of fluorine-based etching gases may potentially
mask the mass peaks which indicate the occurrence of photoresist decomposition
associated with an arcing event. Real-time analysis of gas concentration of a CF4/N,
etching gas mixture was performed by flowing 150 SCCM CF4/50 N into the
etching chamber at a pressure of 80 mTorr. No plasma was generated. The real-
time signal from the RGA mass spectrometer for the CF4/N; gas mixture is
illustrated in FIG. 5. From FIG. 5, the CF4/N; real-time signal from the mass

spectrometer is characterized by intense peaks at mass 12.1 and 25.3, potentially
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chanber pressure of 80 nmTorr. RF power was applied to

the bottomelectrode with a power o f about 1000 W at
w@2dowaspsesicy of about 2 7 MHz. The tenper at ur ePOf/US1969/002726

| oner el ectrode was set at about 20C;, the tenperature

of the upper electrode was set at about 800C. During

pl asma processing, the conposition o f the gases

flomﬁng t hrough t he processing chanber were nonitored

t
okl R SRR NS o (B, 1 COUBIEL UGS ime signals
Wil EIG. 4 ardcFIay Seitdias bdﬁﬁdaﬂﬁ’ﬁﬁﬁécﬂdiaﬁirbmlg exbatytresdfting in extra
3ﬁ%£pds of proce33|2g; After testing was conpleted,
b

tmass b admassLochareireadily dstest I aFs ¢ FiRRINEEF-on
%@toﬁbf hfrhé bAAETSPAROS AR st RE e R AR 3Gy ELREHOAR ROt be

e silicon coupon and shower head el ectrode
esdnisliieteddrestristivd i atyi voay. t Theet scopes o Cthe ianaanéion $¢ givemby the

"SRRG QR rnet P ot et s Eirtione gl Pasfatigns and

i m@méﬂtyw@ﬁd& fanRiitHiR e Agd @th@élaﬁn& mqhteﬁae@ﬂ‘o R braced

mass (in atomc mass units or AMJ) f t he
didetsitbosi ti on of organi ¢ phot oresi st |n Ar pl asma.
Regions o f interest (i.e., mass 12.1, mass 15, nmss

25.3, mass 26.3 and mass 85.6) in FIG. 4A, are
indicated by the dark arrows. FIG 4B is a real-tine
signal fromthe RGA nmass spectroneter of intensity a s
a function of plasma processing tine for mass 12. 1,
mass 15, mass 25.3, mass 26.3 and mass 85.6. As
illustrated in FIG 4B, five atom c nmasses experienced
a sharp increase in intensity at about 2 0 seconds.
From about 25 to 30 seconds, the five atom c nmasses
reached a maxi numintensity. At about 35 seconds, the
intensities o f the five atonmic masses fell to their
original levels. Thus, this testing has denonstrated
that the thermal deconposition of photoresist
associated with an arcing event results in extra peaks
at mass 12.1, mass 15, nmass 25.3, mass 26.3 and nass
85.6. [0049] As described above, the use of

fluori ne-based etching gases may potentially mask the
mass peaks which indicate the occurrence of
phot or esi st deconposition associated with an arcing
event. Real -tine analysis of gas concentration o f a
CF4zZlI Sf2 etching gas m xture was perforned b y fl ow ng
150 SCCM CF4/50 N2 into the etching chanber at a
pressure of 80 nmforr. No plasna was generated. The
real time
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signal fromthe RGA mass spectroneter for the CF4 N 2
gas mxture is illustrated in FIG 5. FromFI G 5,

WO b@oTEs2N 2 real -tine signal fromthe nmass  PCT/US2009/002726

10

15

20

25

30

spectroneter is characterized b y intense peaks at

mass 12.1 and 25.3, potentiallymasking any increase in
intensity due to arcing. In conparing the real-tine
signals of FIG 4A and FIG 5, it has been determ ned

t ' ¥iebgstesul ting in extra peaks at mass 15

a ATLS , SISéadi ly detectable in a CF4 etching
gas. [ 0050] ATinethpdef deteetihgesubsrlataandisg Ar £semicenductor plasma
illustrative and shoul.d not be considered restrictive

i PrOSFRFINGAPPArAHES, SUBPRSIBS: t he i nvention is given by the
append [ f r; '

Gescri Py e ¥ Berdi bR Aub R Mo e tiean shymberafgplasms
f piocessingrappatahss; r ange of the clains are intended to be
enbr ace tdherei n. VHAT 1.S CLAI MED Iﬁ;} 1tHa A net hod of

det ect IFPCEUBEPFAEE SASININGDE Fragl UL

uct or plasm

pr ocesgéﬁégatawmlﬁzsﬁoﬁgﬁgb}@ewgqspl acing a substrate
on a substrate support in a reaction chanber of a

pl asmaPivcesEEstha gubstiaterwithy the plagmasduci ng process gas
into t | 1 <generatin pl fiL

e BEaCEAgE LRI TR RGO AR B PR
Pépe6ive pratded B the gedctib® bBdrhbed Jubihg h&Rhralpro®essing, wherein the
spectronetry signals of selected gas species produced

i ¥elecked gasspEGienAre gREated By a swlsthata aeinge et s8fing,

her el etk ShE 8R4 AP ABP SR IRASHRNEHulkrfld value

substrate arcing e etec e arcing even
when the intensities are above a threshold val ue. 2.

The mef hod Clam wherein the substrate cqontai ns
al umi nfrm cg[?B&ﬁ?h%di qui@aﬁﬁl} 1 o Betfimctha sulsats Goatasps aluminum,

géecg@ei, GilRbAL &%&ﬁb Shelectidot &gaﬁs k,ﬁsio?ésia,aéldstpg géeleaed gas species

rated by Che substrate arcing event iInc
aganeratediby theopbgrate ancingg dvientinblede ahgnispme,i ppem df siticon-
econposi t.i ondﬁcl?r%jucts of. the orga?i c material..3. The
$HDd SBFCles adfRrdecompesiion pRodRctE of My qraame Ml
sel ect ed gas species generated by the substrate arcing
event, conprising: nonitoring intensities of real-tine
spect r dnet r Yhe mgiddofdflainn é, ceeunpyageg identifying selected gas

species generated by the substrate arcing event, comprising:

monitoring intensities of real-time spectrometry signals of the process gases
in the absence of the substrate arcing event;

monitoring intensities of real-time spectrometry signals during the substrate
arcing event; and

comparing the intensities of real-time spectrometry signals of the process
gases in the absence of the substrate arcing event to the intensities of real-time

spectrometry signals during the substrate arcing event.
4. The method of Claim 1, wherein monitoring intensities of real-time

spectrometry signals is performed by a residual gas analyzer (RGA) mass

spectrometer, an inductively coupled plasma optical emission (ICP-OE)
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in the absence of the substrate arcing event;
monitoring intensities of real-tine spectronetry

wGe@naks2giuri ng the substrate arcing event; anPCT/US2009/002726
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conparing the intensities of real-tinme spectronetry

signals of the process gases in the absence of the

substrate arcing event to the intensities of real-tine

spectronmetry signals during the substrate arcing

%?e@from%ter e E'Exteti%gs&he&ll gﬂer&rayme%%fg'lﬂau ﬁxﬁfdrﬂlgmfrared
tensitigs of real-1 ectrometry signals I's

pﬁ?‘IfIBb spadtioyneterr esi dual gas anal yzer (RGA) nass

spectroneter, an inductively coupled plasma opti cal

em ssion (1CP-CE)spectronmeter, an infrared absorption

spect r gmet erhe et dd ¢18fm Brﬁﬁéfeﬁf ik 'sélfeét@& e8s éﬂ%ﬂe@nclude
spectroneter. 5. The nmethod of Claim3, whérein

sédcoutpeditigapraiets which prddude sigaalo ap b 153 25, %%, 88 @c Bé atomic

t 12,. 15 26, 85 or 86
i Bl AN, R s PR “Gas anal yoor
(RGA). 6. The method of Caim1l, further conprising

generating a warning signal when an arcing event is
det ect €d t o The meithnskef Glain ) Busthgr prnoprésing generating a warning

PRI 10 PR LRONLTN: B o5t

e reac
proceSS|ng gases through a showerhead; and nnnitoring
intensities of real-tine,ssectronetry si.gnal s of

sel ect éd gadhg H@@r%’sof (laimy heWhergin BEpdyring processe@segnto the

T f98ich &ﬁﬁﬁﬁ? €db %@& o@Jssﬁ ggglt dof YR owerhead;
kG S ¥

adj acent to t stra e et A
V\hﬁimomtqmng:mmm@s bﬁfeabtnb&tspedtmmttyt‘sxgﬂms of sedetked gas SpCCleS

i nc] udes a) plasma etchin enj conduct or s, neta
l#i&f &l q&%& BAGIPCEISY agb%gl? ﬁm?ﬂ* SR aoﬁamp ing tube

dé@&&g{{dﬁegggﬁa{eal 9. The method of Caim38, wherein

the process gases for plasnma etching include

hydr ocar bon gases, fl uorocarbon gases,

hydr of b t
oxygenSoont ARG &y PG ORI A G Gagas vifyihe
C}|61§§rha dRBRREs: (@)"ﬂla%é%ﬁéﬁﬁfg dfemE@ndudiBrs, AREa11BE dl@l‘éct@lfcs or (b)

aim 8, whereln process gases for dep03|t|on i ncl ude
deposmon of conductive or dielectric material.

9. The method of Claim 8, wherein the process gases for plasma etching
include hydrocarbon gases, fluorocarbon gases, hydrofluorocarbon gases, halogen-
containing gases, oxygen-containing gases, nitrogen-containing gases and inert

gases; and mixtures thereof.

10.  The method of Claim 8, wherein process gases for deposition include
silicon-containing reactant gas selected from the group consisting of SiHy, SiF,,
Si,Hg, tetracthylorthosilicate (TEOS), tetramethylcyclotetrasiloxane (TMCTS),
alone or in combination with additional process gases including H,, O,, N, NHj,

NF3, N,O and NO; and mixtures thereof.
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silicon-containing reactant gas selected fromthe
group consisting of SiH4, SiF4, Si2H6,

WO edwasdsks/| ort hosili cate ( TECS), PCT/US2009/002726
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tetranet hyl cycl otetrasil oxane (TMCTS), alone or in

conbi nation wth additional process gases including

H2, G2, N2, NH3, NF3, N2O and NGO and m xtures

thereof.11. A plasma processi ng apparatus conpri sing:

a substyate rtid trate within

an int g!‘i or A 5%{‘{% g%%%?%#o%%g%%O%frgﬁg'suppl y

suppl ya sgbspratcledderdassuppoiting d substrate fwithin b éhtéerGifiaaBaction
cgagger_ using a gas distribution nenber; a power

S Isuppl ying energy into the interior of the

react i Qg?gt gupgmng ﬁ{cgésZ%aE% IS nRBE 6 e 38R tib tRarfiber

pl asma f'or “proocessing e substrate; a gas
sengpa gasidiptribatibo menmher,or gas species in the reaction

chanmber durin | asnp.processing.,ta identj as.

Spect o& PRVGLTIEELF SPBARE EICE Rty giedatenanat i rachppcheber
gﬁﬁfér@??ziﬁg\t@é PrloBessPag b aWiRhaGRdte $RGHbERsiAEoduced by
substrate arcing are identified. 12. The pl asSna

pthesubsitatey apparatus of Caim 11, wherein the gas

sensor i S a._residual. . gas anal yzer . nmas )
Spoosr bkt ErsEidaNRy Aot ke e S5k i £araper during
eplasifih Procedstly OH)lerRiTy hs SigRiet prodRed BY E%sﬁd‘c&iﬁﬁ?%ﬁ@n
spectronmeter or a Fourier transforminfrared (FTIR

spect r &hlaEn to generatp @ Waramgwi gnebwhers Baspapisapedysedby

Qs ﬂét%]arc'x&%e%éhtffféﬁ gas sensor is a residual gas
anafsyzer (l nass spectroneter adapted to nonitor a

real -time signal from nass spectronetry of processes
gases g%ri n% pl asma processing and {he. gas species
producktt by I8¢ BESMAPEOCSHNS APRArAus ek Glayadils Mhgrein the gas sensor

. . 14, .
548 s 30098 Sl o B A s
porekenisgioa {{ZR-OE) spectramqitra smin fetrehahsogdmatspelcttameter or a
sem conduct ors, meéglil,9 r dielectrics; or a deposition
cHAHSE fransfopp Afrarg 'E%@isf’e%‘gt ive or dielectric

mat eri al .

13.  The plasma processing apparatus of Claim 11, wherein the gas sensor
is a residual gas analyzer (RGA) mass spectrometer adapted to monitor a real-time
signal from mass spectrometry of processes gases during plasma processing and the
gas species produced by substrate arcing are decomposition products of an organic

photoresist.

14.  The plasma processing apparatus of Claim 11, wherein the plasma
processing apparatus is a plasma etcher adapted to semiconductors, metals or
dielectrics; or a deposition chamber adapted to deposit conductive or dielectric

material.

15. The plasma processing apparatus of Claim 11, wherein the gas

distribution member is a showerhead.
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15. The pl asma processing apparatus of Caim 11,
wherein the gas distribution nenber is a

waebawasdsead. 16. The pl asna processi ng appar at uBCD1S2009/002726

10

15

Claim15, further conprising: a sanpling structure
adapted to collect gas species fromthe reaction
chanber during plasma processing; and a gas line
adapted to transfer gas species to the gas sensor.

The pl asma r
t he sa2§||n85§§§%§%39%§$ %g%#%ﬁﬁé ﬁﬁﬁ%krﬁ 38$ng
or a tabanplingstarturt adiied sudddlectadas sbé)dl%fmmahdrdabﬁon chamber

S que i s heat ed. %?. The pl asma processi ng
ER ' BYNHPIOCFHIH #1919 wherein the gas distribution

menber 5 g§s Hné%ﬁ?@?%n%?%&s%?gﬁes le LBSsAQYLr source

is a radi ofrequen source. “19. The pl asma
proceSS|ng apparatus of C aim 18, further conprising a

Do T e B o958 PR BEEL B Rhh hHampin

structure is a channel in the showerhead or a tube adjacent to the substrate holder;

and the gas line is heated.

18. The plasma processing apparatus of Claim 11, wherein the gas
distribution member is a showerhead electrode; and the power source is a radio-

frequency (RF) power source.
19. The plasma processing apparatus of Claim 18, further comprising a

plasma confinement ring assembly located outwardly of the showerhead electrode

and the substrate holder.
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