219633 SYNERG STI C ACI D BLEND EXTRACTI ON Al D AND

METHOD FOR I TS USE Field of the Invention [0001 ] The
wEe@sentisé nvention relates to extracti on ai ds, P@ntsS10ne034257

use of themin oil production and refinery desalting

processes. More particularly, it relates to extraction

ai ds used to renove contam nants, particularly netals

and ami nes, fromcrude oils during production and
A:EVQWEDWO%@(?@S‘EN@E ANIS ¢ ?ﬁUHOOSiﬁg%tAH MERARED

ydr ocar bon medi uns, such as crude oils and crude
fractions, incl uSPECTRALREFLEGTOMEERYKer osene, | et

fuel, fuel oil, gas oil and vacuumresiduals, often
BAC [ ontam nants that can be deleterious to
g or product quality. The contam nants can

Fiel¢ontri bute to corrosion, heat exchanger fouling,
furnace cooking, catalyst deactivation and product o
[0001diegr Edaapodiments pkihienargntipiugendrely pelatsetoserocessrs for fabricating

anj s.ar ly | fi l s, t
clec b1 PiGEERhaEs: Yol TRdle sPEr Rl it process
parabiegs® ihmpusiettr@sic devicedabetutiongporopess.t he particul ar
crude and to its processing. [0003] Desalting or
dewatering is a process that is used to renove
Des@'&h‘t‘%ﬂi%éﬁ?ﬁe'@ﬁ%gfq ly water and inorganic salts,
ro i r [
000z} | DTTER AN Jortesr HBSROACAL ifBRALH Al 0O gR€es has
introduecddinewi cigallandey farel G tatinicator téchemlidht, énclidiogkbatneed to etch
. (FWKO) to separate the produced water fromthe oil.
nigh (sRePLrY, S Pttt STt FeoiparRG ahtis O Sganeae; shoh as a
semiBoRNectb P afidi Fat eRhﬂ?Ié,"@eeﬁP%h&h Gidrag8 Auchire¥ e in some
the objective of the FWKO is to renove water to bel ow
dynaiitie [sinsiem necossecfarsaryi epplidetionge sedquitenglesipe hign aspect ratio

enchBh 86 oL R PRy SRR 8B°, Pl Qattid phen etning i
typicapntagieddoitnid & ebactive ioheetehinde(RIE) pascariz @iMAry arnsikdth oxide
allow this brine to be renoved. Desalting provides

maskenefits to the processing or refining of crude oils,
i ncl udi ng, reducing crude unit corrosion;

[0003{ eduging fsg/EféQﬁs Wfﬁ{}g Alva Yshoh F&g,lg't g;éf;orn?lgHEé ng getching

he potenti a rodisti t1on colum ucin
high exspegy retistfsatuaes ineskroicogddcionsvafeessmipribeeABPAHED CENTURA

HAREN® B SVSfFroAriane: Dpep et PLASTRE GHRUTERAPPE ] Gved available
from }Mp‘p‘ﬂe& hatemhR! IRdMBdHed iPShAth ClarhhCafoffh. afheaRAMT™ etching

our (4) to about ten (10) percent by volume based on

systermatilizasde MERIE kemcter dapabifdelletchingHeermhesdaving asixea ratios up
o 70t PR Byt PO bREVERHI 155 bR DRt s o ccse

HowdwarC oal @8lerne cevdblé habsioalion et Rfedtad eirsuitdittaiving sub-90nm

. progressively larger droplets and event ual _ i
criticgjrdilfienatansn &ircuib gasigneenhaye demasideddmpravierk trepri giniformity at
p ] US t \no., 4. , B89, :
v e P2y, LABRE) 1055, 0901 B0 oyl 3o mbrove thing
performance to enable the realization of next generation devices.

[0004] In order to meet these challenges, improvements must be made in
monitoring process parameters on the wafer, such as wafer temperature and feature

depths or dimensions, during processing. Generally, conventional measurement
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contam nants, particularly calcium from
hydr ocar bonaceous feedstocks. The process conprises
worRooenglishe feedstock with an aqueous sol uti onP@f/US2009/034257

netal s sequestering agent, particularly

hydr oxycar boxylic acids, and nore particularly, citric

acid, or salts or mxtures thereof, and separating the

aqueous sol ution containing the netals formthe

' t . ..
techrgll‘ags% ?Sngisggﬁ %&fﬂlﬁ&fé(the[rﬁw%gghp dé‘%r%% rb%gltlé)pgéqn%gmmny to

the veafeci th stipromseteroor oanlnqoln@hmt ® @moditor wafesukbipdesiure. Other

froma liquid hydrocaybon, such as crude oil. A .
CO”VEHBP t r%%@%’é?'é‘@”ﬁr(ﬁ‘fh‘ﬁ’é'ear C@aongqagqe,r%egy dpdicat emission
spec%s&bpg)}' J Sé}clh%ébﬁ]e%gdgq qhe §RE! ¥r %Q:ohb@n drﬂii“détermlnatlon in the

rocar on an erevvl th. The wash wat er
time aidadmintamd‘/mrrheweavactyedomalmtd faeilitdtei amendp@ntefml an etch jgrocess.
sol ved, and t ron | aden. a ueous

Wh"% hegetyve t'ﬁ’ﬁég?rqcﬁsﬁﬁs FiVe i 3’61& 'Pﬁ%l”%ﬁ lel?Mq ecugsfylresults,
the eﬂ/@f w#é?eag%/tWJ@ptﬁ% as;béctVi@ﬁoi O4HH c it d‘?ﬁbﬁé@ns may leave

/'or am nes can be rempved or transferred from a
the Cﬁwerdmabmeme@enbp@oaasw Igskbngfor nexlrgenaraomprocesses.
br eaki ng process by using a conposition that contains
te r ' The | y S
ooos 2% TERUYAY SuBRES0 0 RELESor e RERRPLARA-ITRL B ror

provitiliey aleastirate und heatetirae meris of Emuesamg eganpiérnal |y
i ncluded in the conposition. e process permts

fer or netals and/or am nes into the aqueous
SU_M%& with little or no hydrocarbon phase under-carry
[oooej nt OEHlﬁ)cﬁm%ﬁ&“%e@.Eﬁbe({iwqq)@r%]n AG6GBE1 R9kethéd NGRS aﬁﬁdaratus for
exi sts for a process that woul'd show an | nprovene

obtaioingr prohessitformeatiaming stlvetraie manifaciotisgipnoddss wainglplasma.

oi I s such that the contam nants are not partitioned

nto, the cr e desaltin cess 633

oour}, o1 olgh e SritEImERL gt a s EnBGe R gt B T processing
chan@rdimclutidshe ehdftheiNbbdpvaiseadsly t Ralingad pRiceSsing volume, a

neutralizer demand, are stable at high tenperatures

showgrieadhasseipblyeapsplechiq asedingmf theghambgr bpdy gad having a region
trans\hﬂ%%ﬂé k@An! 3)(1)%81 néﬂoﬁcﬁé/r é@élogn% %c OHESFH}&S{%% arranged to

pr ovi or e contamn

view &hae prdcaisSingneblamienstss refdlalmcﬁmtuﬂEobiHeScHdmlbenm&W and a spectral
onents that are desirable in Er oduct| on_ and

SenSiﬂ‘Ss Y§iPRY %W@Qs& RERGTE E'iﬂ?ﬁéﬁ' At ¥oldme phtiae chamber body
througﬁ JHQltl%lnSH'ﬁf\:/ ﬁé\f% {)ﬁ)@f hd ¥h0\§éﬁ A s\énﬁilg?? é%‘i‘\%% §rthogonal

exhi bit er mal 001
to the plaoamfeh@showemeanf the invention, an extraction ai d
that provi des enhanced extraction properti es is

onprlse nd |ds . a i cul a
rooosor o’ EFithBf eMnticiBenE s B5&080c Bable bl Lonpled.in 3 gadiation
sourcf atd\a spetasmeesistidseaped, hﬂ’h@ﬁi@@p opfie8hblei iREludés a first portion
acetic acid, sulfuric acid, glycolic acid, citric aci

compaisidnat leask ene fsoniree Hopr.a pEERNT poianAarepifing a plurahty of first

f
sour 0G50 o MR HRECHH ALt € Byl S A58 i
sourcagiveherkelre acpoitionadf the pfurblitgt ofnfist source fibers are arranged in a
spaced-apart relationship relative to the plurality of first signal fibers, and a third
portion comprising a plurality of second source fibers, a plurality of second signal

fibers, and a plurality of inactive fibers.
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been found to performbetter than the use of a single
acid, such as citric acid. [0012] In a further
w@bkdoennasé ve enbodi ment of the invention, it weSI/iis2ened034257

by exploration, that the synergistic effect of the
conbi nati on of nethanesul fonic acid and citric acid
was evi dent when net hanesulfonic acid is present at
| evel s of fromabout 5 to about 50% by vol ume of the

[0009§Xt I ¢ hh8iheRicthboiMBhtiSkicth&d fRrecaditdh stu‘Bsﬁﬁt@l% d‘éscrlbed
maxi mum at when net hanesul fonic acid is present iIn

The metheg tnichidesi efchinga s@bsiratefpdgémeérora@@ubstmeaawport dlsposed

i a0 BB 8 BB B R IS RRgGfver m he
pres@tde WftA pﬂéérhtaC Uhtesddding rogtical Snerdip n&t@nﬂ?@e%ldéﬁn@%d directed
form ng part of this disclosure. For a better

fOWﬁ[ﬁﬁdHﬂeswhﬁiiafﬁ@ ellechiag ianfireh sigbal and & esxpnang siggal from the plasma,
routn"@ rgér'éﬁsggﬁ r?drfqh %@f\fé E‘ ﬁepgéﬁ‘é Bﬁgg%ytr?gé ; dpécw?(?]% and cd)ntrolllng the

etch gesumsisb |raa)drmetterthe75b3ecaed®1gm13/| ng draw ngs are
i ntended to show exanples of the invention. The

oroy 't kb Sl eaboditient & fioenPhe Cpths bl Gl § radiation
sourc@%ﬂaeét lcdsBRAeSHRTIdnEtePRS debclibisy. Val“H Eﬁeﬁegﬁén"&%mes bundle

of the invention can of course be nmade. e in tion
includes adugradity efedpticahfilsers-seouidahin & @usdmmesbbn@lymusmig a first
rtthe elerrentsdsc i bed, and\;\ﬁ t hods 01} sin 23 to th
portif) jCoMpYRIIg a3l e@ﬁ o‘%”et KU PRI AVEEL A TS g%'? d, to the
radia8ibARBUFceTASP hasecehdHIPPESToRE foedifadt rré@ht.@rﬁlfebﬁa the source into
untreated waste water according to an enbodi nent of _
a prqqeésrﬁge@ambermaeﬁww PPUDD egmprigingea plurality qufgpthreturn fibers
y n$ e, C0o C
havmg# 5‘|ﬂ s? (éc?r ! néé)%ﬁ%lcaflﬁrg]v%m r}él%te{{gégﬁg)g%pérpdecg@%ﬁe% 508 a second

end pavitsHddto rdddPibbpica) Wighals iosigmaginglthe irspdsyindi@hamber, and a
enhanced anine extraction vs. a citric acid extraction
third BPH'%%PET'ﬂQQtaoP'&ﬁa'EWBH?arPé'H? f@pr&,w@wq;pgg@umsecond portion and
e CLi e
e HNCBONER, oRP S RROLRACK BRI iaalls, SRR AR foor s
sepatdied speng e @bnmmoandditisabyrejthenyt teasippld ofl the ra;mch fipers, at

an ntit repr ntation that .could perm ssibly
least S, P RE insistve BT rorh L e ARGV eS¢
function to which it is related. Accordingly, a value

[0011{md| Ihi &ebthyr ambetment, b%@fhodsf@ﬁBrc%?essﬁ}@%l%ubstkaﬂeWQHescnbed
mted to the preci se val ue specified. In at |east

The gethed Iﬁgludﬁ@ @échnme %@ﬁir@i@ rmltlﬂ@eqi anwag@tm support disposed
n an LR SHRAS, el ARAFAEUE WiroRlly DRANER b Shng sy m the

presemicd/ of d lplee;rn@mang&ﬁjucm@d optlcéi EASIYS'S NG ethedplatsnfal afld directed
and include all the sub-ranges included herein unless

lowaiflrine:cingirlca soUBGING AATEE#1@sal iR ocend ofonel MOfAING Hasma
routlrg'ﬁeoﬁr%'i idr2g tﬁ@?ﬂeigb%ﬁ So‘ﬁf'rﬂglgjrn?fli@ngé }éﬂoéglebﬂ)q' @%ﬁgn the fiber

nmbers or uant i
optic |aa1@teadixuedtes compaises am flcsinplomonnsorapdsmgeatl ielst onsesburece fiber
ecificatio e.clains, are to berb(gnder st oqd

navingCs {564 BRG] 16 heddiatias SoTdendnd & aeogmd i positoned to

direct radiation from the source into a processing chamber, a second portion
comprising a plurality of first return fibers having a first end in communication with at

least one spectrometer and a second end positioned to receive optical signals

-3-



[001 8] As used herein, the terns "conprises,"
"conprising,” "includes," "including," "has," "having"
w@eooanyl16¢ her vari ation thereof, are intended PCI/US2009/034257

a non exclusive inclusion. For exanple, a process,

nmet hod, article or apparatus that conprises219633 a

list of elements is not necessarily [imted to only

those el enents, but may include other el enents not

hiMagr

orgIEAHCERY Yrb4Ebtts ehats sl 4 3nFGHBeALegprsd o urlty o
nnactmmmﬂmemhemlntthe savoant pation aamdebherthmdu pxmlan dyretareanged on a

QV| enh extra ion ert r renovin
comBgR ARt P sOL (o BPY RuSFPRg e aTings fia PREION adius by
eitheP’2206888t bife Qif'thé%td“rhmﬂoé@ §0TEsk 9@ 6f tie MaRNide Gfbers, or both

acids, particularly water solubl e acids. It has been

returp ogd inpetiver berrd dang arendrollinge biatel i yACess dti igspoase to the
can significantly reduce the anount of
colleg{glldgsﬁ%%%nd other nmetals and the anmobunt of am nes in
t he hydrocarbon when it is run through a desalter in a
[o012] ef i reranotdre eatbdalimaht,oa odmpaidteehdableepiediauni tpoovided to

reduce the contam nants, particularly netal and am ne
controb AR AR APSesS: n I ﬁ@eh@rapeem%rpoavpt&eﬁr@qf@b@ éegium contains

RSy, BALARLOOP TR SLERY 510, BLHBFA Hon proces
performednér ythei proaerssxﬂ@ Glybteoayn thoee etehepmoessscbmpesmgeretchlng a

rocessji.n r prod e such grou
subshBrpaslioged orya; wbblath SHppdt sietoneiod. dispeeting system, the
subsfr&ieaélcﬁédbtﬂkédg!g a%tfﬁrﬁed%é&l@hg 18y é‘rYi|n iy Bn%‘éefw@é of a plasma,
I nstance, can remain in the crude oil after desalting
directing o@ilgah énergp thioaight inesplremactomeuds theiGubstihites collecting a first
. hese. an ne an,l.ead.to depositi r .
sionel gffCa 3G B SRS AERRGibfRa MR IPLHERY) troush a fier
opticCliidisitona Metesoroandr eavitesllinid)ane 1&0R psﬂweéémh&e@@énse to the
year _penetration of corrosion) have been identifi

Colleqfﬁd§'gf@é%n$§eﬁa¢ﬁlbeupam gabledyinsiminciudes a ﬁéstmmon comprising
[ f S [
at le%’ﬁ Qﬁe ¢ }ch%elfllﬁgt ESVFQea dﬁrjgi epﬁe&%ﬁégq e%/]v rég‘oatlkﬂvﬁugce and a
secoB@uemIESp(otﬁm(amdﬁes directmaagiatioa froel ude ssaroesinte om processing
cid gas scrubbing unit, blowdo of leaks. It is also
chambes.sf (HEEOPH ROTUOR %@g‘pé'rﬂré} atﬁl%rai\'m maéf'f%\}(%wfw Ibgrs hgying a first
end iRfcdrMLARatibRTilH8t ReSRLhEspMRED HY@éreénﬁ%dsecond end positioned
partitioning into the crude'in t desal ter
to revmveh)pilcel prga.f@mmngmaitldgnﬂ)ﬂspmeesmgeshamber and a thlrd portion
har act are gni fi cant reduce
compig e UEAIEY & eftiRe s, Hirh BeusRaid halin fd e third
ponldmﬂ@séﬁdn?ﬁlgnlmm%rbx*éfdl@ Qnddadh $6urBE fiber is separated along
t 0, et hanol ani ne, di et hanol am ne, tri et hanol am ne,
the cmsnery Iredinartyl aihercat ieast dingechiherélarlibatmet least one of the
: : r in et hyl enedi am ne,
macumghﬁggg6&gB"?%%?ﬁggA%ﬁEFﬁggmhgﬁhhol|ne N- et hyl
et hanol am ne, Nnet hyl di et hanol am ne, di butyl am ne, and
BRIEF@BSG&IPGI@NWEWQ—I& DRAWINGIS Anot her cheni cal species

are not desirable in the processing of crude oils
l°°131and 'St dge PRIBIRENR WAVQ Hhdt apave facitpd fewvéefd@@ pRatnderstood

t al f
in degi‘?lt %alﬁ’lgrrﬁéﬁr{ﬁﬁart ggét éitﬁ'n ﬂl%ﬁ%%glﬁgﬁgé@ﬁgoo H{j%/d llf)?,had by
referdiBednderhb@diofert$esdPae ichdvhiciTabe dlusCARdvier theaappenided drawings.
h I l.s incl .
it is Fhcbe ot homavetlihs T clnass o avihar, gtitg oy typical
ni ckel , sodi um potassium
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vanadi um and conbi nations thereof. Metals that are not
extracted fromthe oil in the desalter, for instance,

wo e@p/11rmey end up in the bottonms of the atnospPEr/D82009/034257
distillation and in the coke made from these bottons.
This results in coke, which is off specification for
metal s. Residual cal cium can cause coker furnace
fouling, drive residual fuel off specification for

emb@&ﬁiﬂnt@%ﬂ‘iiﬁgtin\%nt%ﬁtar?@ afe ﬂ?ér@idfétnd?Qb%@cbﬁciﬁé}%d Iimitigg of its

feeds. [0022] The desalting process in general is use
scopasfai the: mntion neaypaemitrid @sineraamallsmétacbse embodimedts.
oil.. Water washi ng al one can extract sone

1001479 IR S o LGHEL o BB AR ' B8Rl Shamber.

contam nants, particularly am nes, by protonating the
[0015pM NERyuae 2 ek ngedtiopal e solonel enibbdivabsr .of The showerhead

benef|C|aI effect of the acids is pronounced with the
asseidy ek FIYE dphilic amines. An extraction aid that

provi des enhanced extraction properties is conprised

f a
0016fy - P RARETY R 2P RSN o Biley B, YD aCoRGA ST sensing
systefm.om t he group consisting of acetic acid, sulfuric

acid egcoIic acid, citric acid and net hanesul fonic

o017 b B8 1 B EphEe BB lraP AR B, eptgimont of o

fiber Btk Bable pyrigRs. sol ubility but is also not soluble in
hydrocarbons, and therefore does not result in acids

remai ning or entering the crude unit overhead. Such an
[0018hct i SrowBARIISr@ §1R9s-$4¢tioRal viewdoftangtaesemppdingriaita iirer optic
ent%’r]i lizer. Citric acid (CeH8Oy) is a weak organic
cabl d{lvvithavvater sol ubility of 133 g/100 m (200C),
and is not soluble in hydrocarbons, and is
[0019knvi frignre st &l hysdhematit, carsd-sesctibhel gfear ef aner efmdodedent of an
. id. [.0024] Methanesul fonic acid (CH3SO OH), is a
Opt'C%M'B?'OP% Vit fonic acid fanmly, and is an organic
acid. It is water soluble, but not soluble in
[0020nY AT PigardOBA., artk BBRiHow SERSINAtIE Y cidsstYedfioh &Maewatds r§§ubstra’[e
and is bi odegradeabl e. [0025] By conbining two acid
in anetchep@gessan extraction aid, synergistic effects are
exhibited on the extraction of contaminants from crude
(002101 | SFigBPer ?'iﬁlél ch'Léfné{\fid ?rc{s@sé?eec- ‘flg %Pwku/eofséﬁcgtﬂ‘éi sffbc¥iment of a
met al such "as but no Imt ron an
substaatd/inanaatcimesocebge synergi stic val ue of the corrbi ned
acids varies according to the conposition of the219633

ction aid istic effects xhi bi t ed
oz (GvieoR & BereleRre astgr fSecCoboTad HABBA Mok, Slectro-
mechaBR4l spA&pPIINISY BiciPhrddesBanesul fonic acid, with the
second acid conprising citric acid. One embodi nment of
the invention conprises an extraction aid conprising
[0023]net HdaWi® Poki @ GiapPll ewing tiagmacemissidie datan celireted during an
esul fonic acid conprises fromabout 10 to about
etch [%gb/g%ny vol une met hanesul fonic acid. [0026] Synergistic
effects are seen with the conbined acid extraction aid

[0024]\AherFigmmpa® asl at graps showingr paihtsnel thar siicen rserptizindedge as a
raction aid, such as citric acid. In an enbodi nent

functimglf sHbstrRieHamPstAtEhi ¢ acid and citric acid are

conbined in an extraction aid, extraction enhancenents
[0025]ar e Fﬁ@% f1rem Qéhérﬁaﬁ@@ii&grg&%i%ﬁhg%ﬂéﬁﬁhé‘éj oPegfbus elements

of the opticai transmission device.
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The average extracti on enhancenent in such an
enbodi nent is from about 20 to about 40% over
wapipaatiedl wash wat er. These synergi stic ef f eceCT/BSBOEIB4257
over a variety of crude oils, which exhibit a variety
of contam nents, including various am nes. Exanples of
such crude oils include, but are not limted to
Syncrude PZ, Maya, Arab Medium and Heidrun. The
ne [ f I j
[0026?3’ g?ﬁetﬁ{a %m%ngé gEﬁgﬁgﬁQ géé’éc{?ﬁﬁ P:cﬁﬁ n D(—‘:B]'ng)Bdlment of a plasma
fllterlng|metm¢l et hanoam ne( DVEA), nor phol i ne (MORPH),
di et hanol am neand (DEA), and nonoet hanol am ne( VEA). .

002 S istic . effects are al so .exhibifed t he
0027} o0 ot kS bt SaPan Bl pERaBuS Maghiis it compared
to flltéﬁécﬂalampﬁbrﬁ kpEctagindiat@ver the use of an extraction

aid conprised of only one acid, such as citric acid.

This is particularly true with respect to the
[0028}t E&ur@n%f isarfl ﬁ!éyvcf@ﬁu shouingropiee semipeimerds gkcan t endpoint
dete@ es. Exanple [0028] Desalter sinulations were

per rrre ‘using five industry relevant ani nes, DBA,

DVEA, MORPH, DEA and MEA, in several crude oils of
[0029Y ar y TndagiliEpe undesstandingadenticdlaefdrbace nudegalseizave been used,

ncrude, PZ um and n. The c
whergde Bhienta e %@Gaﬁhfe&ﬂw? eamm%gﬁataarﬁawmoarv {heSfigures.
It is cPREbRIite® tHBY ARt \GiSorrBRbBHRAMY hi tbreeﬁ\ﬁa‘i{)t%%usly utilized
untreated wash water. The process used 8% wash™ wa
in othar emlbediments witBoglmyther récitatided shear. The results

are displayed in the foll owi ng chart. ADVANCED PROCESS

DET é— USI NG NEAR | NFRARED SPECTRAL
GROUND Fi el d [0001] Enbodi ments of
[0030] he Whilentimbddireetsatibscritrldaherdin @eoersmprripidescribed as an

fabricati nr? el ectroni ¢ devi ces on substrates, and nore
etch geEp$s RArTameds inmAll t¥EN nghPPBeEsE Isacanianaplatad, that aspects

dosofh SRy S5 RO GBS 8R! PR oo

depopitioar thambetsgsatiedasi e;mtaxnal( b€positivn celsalbers, chemical vapor
| C fabrication

i nt d hal
depop iR G gy PP Enhgaced GhETisHT RPBRY depesiion (PECVD)

chanib%‘i'éo Eysnfoﬁﬁt\iérp%? 8EB8siASN t [FRVS)EhdPhb¥isaSa i e |IkF Other
substra such as a seniconductor wafer. For exanple

procassep inelude plasmadieating and uapis thesaal prmlr@ (RFP): chambers,

om access ne application requ ee
amorlt IR PlGcEsSes G Bl S PRRSu R dhf i uee $6r real-time
monivibgldf récedegitafidiégone trench etchi ng is typically
carried out in a reactive ion etching (RIE) process

utilizing a silicon oxide mask. [0003] Conventi onal
[0031)sy st lgHrennt cif ﬁa%cmfwﬁqvn%ﬁt oper eataagipent pfeaBhiengmplary

rocahlt, Bl 4| BRSPSl ERIRAELCY (A S

proceBsingu phachbBlr akith iSauitable( WSétc)ﬁ)ngsyﬂglemsqveat Iratib efeatures in a
substrate 144. The processing chamber 100 includes a chamber body 102 and a lid

104 which bounds a processing volume 106. The chamber body 102 is typically
fabricated from aluminum, stainless steel, or other suitable material. The chamber
body 102 generally includes sidewalls 108 and a bottom 110. A substrate access
port (not shown) is generally defined in a side wall 108 and is selectively sealed by a

slit valve to facilitate entry and egress of the substrate 144 from a substrate support
-6 -



fromApplied Materials, Inc. located in Santa O ara,
California. The HART(tn) etching systemutilizes a
wWORRPEINIS@act or capabl e of etching trenches havP@mUS2009/034257
aspect ratios up to 70:1 while maintaining trench
depth uniformty of 5 percent fromcenter to edge.
However, in order to enable fabrication of integrated
circuits having sub-90nmcritical dinensions, circuit
asserhigy 9asr dispaged drntedpbcespingvesiuineen06. UANT exidusy @it 126 is
. even higher aspect ratios. Thus, it woul d be desirable
defingg in the gb%mévfe& prY 19eranst sriRies the BregEFaiINgkelume 106 to a pump

al rgat o) t til Vi
Syste TR PR YR, OERERIR inERaEE ke BHE Bunhet ond throtie
valvesaddized tomviacoaiengngregdate {her pressercssofothet precesdieg volume 106
such as. wafer te ture and feature depths or -
of they PR NEC AP i 1D ABess RBOSHETATLy B B WOl Meyieins the
presdRaSH HRERFIRBBNGIVEBInANd odext 6B8rdtiAg Y8sures typicall%/ between
t her nocoupl es or "probes positioned in proximty to the
aboupdPenTor e abaut gorimret érlnesrt 1@t ey ber ehided to apminersurface of
: tenperature. .&.her.conventional asur nt ,
sice{il, 0 o8 RIeR M am GhAE PL ISR PEERBER D! e tiner 112
may 8R8WUd @iSpEHYd oh dRlionsbiethe Ribkitatedd\shgdreadddribly ausa
conventional determnation in the tine domain and/or
frequency domain to facilitate an endpoint for an etch

[0032hr ocERS SURRirRle SURPOE 2s5emblY 1dRds disnosed de thararpcessing volume
100 GO ph3CS 157 2nafiber 1B (e ho ULl MSembyy 100 and ot
the substtateal44ddumaspracessing. | Tdevglahbef temgeipdtrataakceiving surface of

asurenent processes cking, for next geperation
the SBaEHES SUPPPBOISE L LS SUORGTGAT PRI Hie hane of the
showbﬂ’ﬂHéH’&&éPﬁl&?H@d!sTﬁé‘@uH&?&l%‘%Jg?bﬁpJéé\éh?Blgg48rbenerally includes

ac_curat_e _and real -ti I’TE_ metric processi
a plugsdityaokelifepins (8ulMsien] dispesediisreinneugts thid swe icbefigured to lift the

subsipFECSTP Iy bt GRery” S PREIE R PierliioR g B substrate
144 iftP§ eSisotUpbnghPhAsAEa coOhibnbPmAaRAeenbodi ment, a

processi ng chanber is described. The processing
chanber includes a chanber body assenbly havin

y a
[0033]py o cR $8NHElIRHO! s, C%%%M@Caéﬁé@%ﬁ?”&%ﬁpgd the gontroller
g0 a g e
150 FEAeR0 o2 beh el PRAInd M 0P o, MBI ot Bouvoutput (v0)
devicept suggdorhoincuitsr (eng, gewec supplie) géutkt @rcuiteywbtidreontrollers, cache,
rocessing volune at a radial positiqgn of the chanber
and BisgJRERnFe SO T HIONG: &t cnpdimangeess Granaw (RAM).
InstrdchiBnPFOF BRSERE MBLHER 8ésdribRdCHEBREMBPHE Loy Uh ENCmputer
transm ssive region of the showerhead assenbly at an
readadphg) medivmbvation dhe contrdlterplSdrendéxeduted bywkee kealdoller 150.
[0008] In another enbodinent, a fiber optic cable

bund|.e u radi atigp.source and a .
o0sa1g by gfig: SrBghed, . ST iR d fieBmbly 148 includes a
mountiRglpistest 62, fi bade Pe4 bhamrcoeplrbstaig chtick €86¢ ThREmounting plate

source fiber, a second gorti on conpri si{;?2 a plurality
162 igfcopplesk tosHigr bettempbt® of fhe ghambes biody fncludesspasfages for

£ S 0 ' ' ' i ati

outn A5 S ATHILS AR A ok St e O B St e, o

the bhsberat and ehiucknhesl. i At deaspared ofitlas tbasel 864 ansdtiygk 166 may

) el ative to the r?l ural)itg (?f first_si %nal fibers, and. .

inclu @h’e,aﬁst one optional embedded heater 176 and a plurality of conduits to

control the lateral temperature profile of the support assembly 148. In the
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portion conprising a plurality of second source
fibers, a plurality of second signal fibers, and a
w@bkmpaliltsey of inactive fibers.[0009] |In anot hePCT/US2009/034257

enbodi nent, a nethod for processing a substrate is

descri bed. The nmethod includes etching a substrate
positioned on a substrate support disposed in an etch
chanber, the substrate etched through a patterned

embmiménngjelpayed in Figure preseoceduifs 369) aB0@Are Id’@p“ds@ldClhrlﬂe base

%ﬂgl‘cal erg}glntothe pl asma_and directed towa

164, prjulesg sesistiye negtar W& isndisrosed 4t the ghusk dRE- anseeéerrn@wts 168,
r e t

170 SENELIG O ARRLRETE c A O LG Aol 104 hory

heatlogmrldjbr icnglind)éhe teddrtprstattes shuck résptimsreby cdttelling, at least in

ect ed, si |s. 10010] anot her enbo
part, i el ing subrkite W pBReehon hasledpattie stk 166.
and at | east one spectroneter is described. The fiber
[oossgpt | Theak ¢oh>u§dsle%nhgryl amr?ecplowmel 5ieRfallOdd fe‘ﬁ'the chamber
bers secured in a bundl'e, the bundle conprising
bodyf1Q% anganay be apemsei tei altpwaaceesssto tdswep@@asaegfwobﬁne 106 of the

d .10 .the rad
procd g Sndmekh ThoSheCRLdonarbe® MR 147 GRIEFREES optca
proc@sumoanOMQz i @h@@ﬁbd)dimeﬁﬂatﬁ’@%md@mﬁﬁ@@mmﬂﬂbhsm of sapphire,
npri si ng @Ourallty of first return fibers having a

quar; Péptf@ﬁoﬁwtﬁb mateiiad dbabols angmispivede areapticadrsignal utilized by
cond end positioned to receive
theoéﬁ%ﬁgg S|g aﬁéﬂgﬁlgﬁhatlng t he processi ng chanber,
and a third portion conprising a plurality of i nacti ve
[0036) i beFlse Mbeesﬂirmgtdhamtwrondommcmcms ahdeaheohelmphcal metrology
ar a conmon r and each

ortign are arr.a
mod 8, S % p Bl o st REam H20: Biiksh AmudiRtigab,gnonitoring
deV|c§|1t2|89rB@ﬂ1 éfQﬁétop@iﬁﬁl rﬂBnFtBr‘Pn%%é{éﬁw ihdana op%E:ai 9B koMF device
of the inactive fibers return and | nactive
128 arremsglor{eddm\]lewmraameﬁeratdmommnt both efetheoprotessing volume

d Th t
106 A6F 3k BBl BT u1S sHESH DR, IS BhP ks, e otica
signauppalykedi me@daptlﬁaamcﬂilwﬁlnghgféiém 140 epreVRIBl’ Rf&@mation that
etched through a patterned masking | ayer in the

enab'ﬁ?e@’@ﬁ@és Fdidstpend g, CompPeBsRie iy iDpeming paleryneansistencies

t e
suct B¢ BBl RE0SH AEEE IR i of pgyoturs.
and mea:tlha), pavidesg ardmfesfSI rsﬁtesngmﬂbnhgr (ugh asf plemeaophogitoring,

le to, a detector ﬁ{le, in the fiber optic cable

femp?{@ﬂaﬁéﬂew&mgs % 9 @fﬁt%W%aﬁﬂrn%ntrﬂfta@t'%among other
functiehg source fiber having a first end coupled to a

radi ati on source and a second end positioned to direct

radi ation fromthe source into a processing chanber, a
[0037]s ec Ot p@tl@alomoodﬁpmg glevicea 1@Bualabi mllmfesfarwmdpm 2% that is

posiiphREBBRARY AN ot g e SO R0 Sk P e poste
suppdrB(aeB@fmbqpﬂﬂgadtn(ﬁlnﬁkga*f@ﬂﬁiogﬂ aatdmeptib® emaERsSisplctrum (OES)

chanb and a thi portion conprising a plurality of
monitpk, a dfievertiGah gpanitagngr deYice He8seaynke senfigeiedaisdmonor plasma

state, ttﬁé ngﬂ%r b §r rﬁ%fdﬂ]ﬁ qw%ﬁjgﬁggg%f ﬁﬁ%bg?faﬁngwong other

ource er IS Seée e comon

ophcdb;attenbul'esr wahlnl #@spravessiol ¢iembet 400. ther@ptloat m@#Rtring tool
fibers, or. both return and

he inactiv
that m%@?. @%m%é?gb %ﬁ'a fewmanap9diments deseribech hekain ds ithe EyeD®
full-speBEBRN SRt réMetkC I ArIIEE) $hEMALS available from Applied Materials,

-8-



[0012] In another enbodi nent, a conputer-readable
mediumis provided to control an etch process. In one
wepdsodirent conput er -r eadabl e nedi um cont ai ns PCT/US2009/034257

i nstructions, that when executed by a processing

system control an etch process perfornmed in the

processi ng system the etch process conpri sing,

etching a substrate positioned on a substrate support
Inc., dif S Clara, Talifooes siThgs sysé @mbaothef shibsptiadlemehittrdithy system

t hrough a patterned masking layer in the presence of a
140 sngk pptical meeritasiggo gevies| 1gﬁeP idg IBIIMAtiRE fRlaking, to pattern
i S, o t S t HhSiht SY a
oo BRaTepr it ot drtoo bbbt Heftlon®Hat nay be
monidrgddrorhhrandagne pofritd eosdiohied dthudjomatlp amddieteretlp witharedpect to
h iont rPI lin h% i}l&h process in response to the
the plajig glthg P S&fﬁ **The the fiber optic cable bundle

includes a first portion conprising at |east one

[o03s$ our FRefdHoferhexd Rgsémbly $80 eNdoGHIBB!t18thri MitévidraslirfddeOd¥ the lid
source and a second end positioned to direct radiation

104. fihenshaveerbsad @ssemidy 43@rineludes agoluralithef apartymsohp that allow

e 36 BN TELSN e BrBLLRTL Yl PRI PR 102 o
the prreksipgel/elunandl @6 seicansl ervdepsinyt chaebet 010@Cii \e predefined
. optical signals originating the Pr ocessi ng chanber,
distrighior agrassdhpsiuriesh of dhpsrBstgteal 4 bekg Ripcepsqchicthievghamber
100. T TRE showiss &4 BsEAG ﬁﬁ%’@%deﬂfowaﬁni Guddrg BHnd ransmissive to
porfion are arrangeg on a conmon ¥a I US, an eack
an oplaal oetfalbgy sigeak ephe apddalyl wagsrizsiveormgion oapassaday138 in the
either at | east one of the return fibers, at | east one
shovgyhedr.asserBbpyad PoursbloforiloR NG FPiam MeniBrgsystem 140
to vidw BRI ?roo%&ﬁﬁ VoraEB! 0 SAY/EF stib& rABANNGS: tiQ%PBbn e substrate
that the nmanfier in which the above recited features
suppedrasisembiyi@48t dbe passageal I8 mayrsr @ npatetiak @naaperture or plurality

of afgdlesh b chbamial Mo i oo TenTasSEmty o mat i

subsidnltitBy frahthidsive ftethrpransedgiisasi &asigy ldeniesatb@ BE and reflected
not ed, however, that the appended drawings illustrate

backoifl, ythey giptigale MrRSUNBET SYSEM Hi4D- i nVBat Passadied 18Beis positioned
t [ Lo of i
subsh RSB SFRchBial' e (IARE FORE bbb 1 o LA F580Apent. ne
passagdotisremiladed G0 ldteFilg8r ® brotech thecwinooal Mi2evvoad the harsh
. one enbodj ment of a processi ng chgn‘oer. [001?@ Fi gure .
envirgningnh of dpe; BPSLSHNEwWIrMendOnbdaeneiate did Ay be a sapphire

mete B0 MR BRSSP e s g cmer
suitalSEShRARrdIO0TAk plAsr 1@ by AerhNEY I disposed in the lid 104
cross-sectional view of one enbodi nent of a fi ber

betwegn the winislow bdinahd th¢ poasissFigelemesl 66 a
cross-sectional view of another enbodi nent of a fiber

oo, 530 IR, B0 Rl od P By i
plurality aosfsroresi that adewder separate control of gas flowing into the processing
volume 106 of the processing chamber 100. In the embodiment Figure 1, the
showerhead assembly 130 has an inner zone and an outer zone that are separately
coupled to a gas panel that is coupled to the processing chamber 100 to provide

process and/or cleaning gases to the processing volume 106 through separate inlet

-9-



[ 0020] Figures 6A and 6B show schemati c,
cross-sectional views of a substrate in an etch
w@e@easdse [ 0021] Figure 7 is a schenmatic PCT/US2009/034257
cross-sectional view of another enbodi nent of a
substrate in an etch process [0022] Figure 8 is a
graph representing data collected during a mcro el ect
ro nmechani cal system (MEMS) etch process. [0023]
ports=il §8%, d 32" sTtee gaapianshdvicagpledasngas sbagiesn(ndatsaown) to deliver

col | ected guri ng an etch rtoro ess. %0%24 Figure 10 is
proc§ 085S SHOWATEPRTRS (I RISRITS oRaBRR DO BIPssRg gases
inclug® s.dmnqsr,omF?, O Uhet Bt 2 atrﬁmﬁ%;éfe&gﬁ@so@ Pdbfer gases

_ I's a schenmatic diagram sho cta
includeaMo lite, Areotber gasés inest toghe geibcessaarxhinesireactive gases.
devi ce.[0026] Figure 12 is a schematic di agram

epi ¢t e ' t . |lasma filterin t hod.
oonof 54 'R, SIRREL TR oBfod BRI L, b $eER" Sbabio o
meaSiie) CDR dabatrickreeBpang plasmbidirdiuess alisér Ptsiln (during plasma

spectrum data. [0028] Figure 14 is a flowhart show ng

Procesrin@nisesl ore ekl dhelafeper rafteleplasmarpriesenyitg)-[ 02| optical
monfHe ST BRI B AR e AU L5l moasuring

techrigaegsaioh aslepecteadcoplyeimatferonity, acattemmeiny,treflebi®@metry, and
| ated that el enents of one

figures. It is conte .
the '@ﬁboﬁfﬁﬁeﬂ@“%w%@qw{gﬁy%{a%J§Pymaw@eyzf@a §X%anelfe Fonfigured to

pert R RNy P oo B i, i 0 houtlFdf enlerense finges

in thati;meedemalirarmegsuiésr positdn ad the fingds jor heessqyuardyodoredin, and
in,an etch chanber, it js cqonte ated that aspects

the 1158135 BebSwe: Bt elrk dhatoldle ol ghacs nudtdivo BRLTGalRiTned on the

subsfhRC aaaem. rdak aifb eSDetfis UG hBRP RS iusE0BptidaR HBARorirH $6Y certain
as epitaxial deposition chanbers, chem cal vapor

appligatiansi bavh beewnliselpseth & sommarlressigredc doited tiatesl Application

. or kbi ( r hysj cal .. yapor
seria 821 ERE8bi, AL Bl REBTSS! BooBIiEl BRbRIRRFLs U, Paten
Publipatisre ke 2004102034 77| &8 Ortbberatl 4 2o thricPinitet 'Stated Patent No.
rocessi ng (RTP) chanbers, anong ot her processes _
6,414,357 which I5Peaa OB 2 2003, BAHY 6F Whidheate Mprporated herein by
refen%_ﬁr,ad -time nonitoring of process paraneters. [0031]
igure 1 is a sectional view of one enbodi nent of an
exenpl ary processi ng chanber 100 adapted as a pl asma
[0041chanbigure |2h inre sadbodahwiew gfr onesainbgdichentbef théOsheverhead

sui t e for etchin i gh aspe ratio features ip,a
assedliys a0 o ExshONREILRSRATTY  (iABRe ¥ G P HERD db bd Bate 202,
uppef PRIFRSH _M@Wd@%n@ﬂ@m@r?lé’n&ﬁﬂplm Sbe PANAYS gas distribution plate

processi ng volume 106. The chanber body 1027is
210. t Jpecppgr and lower plenum plates 204, 206 are coupled together in a
spaced-apart relation and disposed in a recess 270 formed in the lid plate 202 to
define the upper structure of the showerhead assembly 130. An inner zone 134
defined between the plates 204, 206 is fluidly separated into at least two zones by a
barrier 236. In the embodiment depicted in Figure 2, the barrier 236 separates an

inner plenum 218 from an outer plenum 220.

[0042] The passage 138 is formed through the showerhead assembly 130 to
facilitate monitoring of chamber processes and/or substrate attributes by the optical
-10 -



fabricated fromal um num stainless steel, or other
suitable material. The chanber body 102 generally
w0 p@badass si dewal | s 108 and a bottom 110. A subGIL/D81089/034257
access port (not shown) is generally defined in a side
wal | 108 and is selectively sealed by a slit valve to
facilitate entry and egress of the substrate 144 from
a substrate supportassenbly 148 di sposed in the
monjho e systegn V4 Qe dl (cludes exhapstalptahshaBids defdeneds. The
i n the_chanber body 102 and coupl es the processing
passggpyted1ife qepesalhu rlﬁcag?gt Ema ubspantiallyy seemetjimerentery of the
u
shou i Hd 25sPRbL0 TR BRSOy ogbRblly BBy Bbegprs fomed in
the lior@ates2021ghe alppee pldfuno bldtb@0d; andske rltng@hpl@harn pRt: 206. The

passEde & eI A8 TBITBEE R RRANGY SHESIE0Ba CUpageRdig the plane of
one BF %Sé&hﬁﬁattl)éﬁ'&at'hleyhd)%té%@%?*%ﬁét p(]jp% :PTQﬁlﬁmt;S’la?eb?Hh %% lower
Torr. Aliner 112 may be coupled t I nner’ sur

plenwn platee2g, |anﬂ08e tSubptra)Ee‘Gt4 (rfed showerin dhis afew)he
processi ng chanber 100. The liner 112 may al so be

ly.
oo, PR AR P e AT L BB RS T Yo pre
202 aihe praes 204, PDE e b Y&l allBRs AfevicBe211 and a plug 254,
chanber 100 bel ow t he shower head assenbl

Wh'C'lrggec 33%59 %F%OW@' diapsmisaien dayicg @05 ginenscerbodyneththe lens
| i vi f f the.
oo g B SUNTAE e e SUBALSY 8580 sveem 14

by a flaeradptiel cabde bbedlel Zate of the shower head assenbly 130.

The substrate support assenbly 148 general ly includes

plurality of |ift pi (not shown) di sposed
o044’ 0 Ho il 142t is elalipgiyrd ISRPas moa"lel rassage Kbl pErvent gas

leakak @om bligh IN®
i, WO eforth 0 (20 I REEREIAS sy
140. Briin@st nohkbelathwih . re[e(ueG% nArrtemaISrloIthturelS,Oan&sprovnded to seal

e QAR WIS BESE SRR SURTIE Pl KEef 0501 Haiiona

detallsldﬂlﬂﬂé lid plaﬁé 202Hd Wiétgﬂégsali;b/ 138 ﬁﬂ%b@%mu@%ﬁﬁ@% plate 202, the
circuits power supplies, clock circuits, bus

Uppe'i:aiﬁ%mlré@f@ 8Qfé\,cianfzd taadioties wlewem pleéea 0| as N@iloay additional
Fg.g)\(p1 tru
detaile She EBECSAAE BRLAREE DA BERIGtEe okl oG i jteg States
Patera Amrhpatlm SeeaNabll /388 (B2BNfidd May 3,iE00s) nHich i€ihcbBsbrated by
and executed by the controller 150. [0034] In one
refereleE RMREnt , the substrate support assenbly 148
i ncludes a nounting plate 162, a base 164 and an
ooss1el eCtHOBltIT BHiIgLAK 1oTB8
[ ]coup edﬁtg t he bottlgm 110O of tﬁﬁé ]%Q?r%% %(?839@%69%2% by the
optical meniwsngsystengd40f dn anewernhgdintént] thegslug Adhinalsides a plurality

o ond 360 R0 e ARl b S B ecq e
proces$ing heolbage 1 ©é4010 the akn bl 61 @@ywl'nﬂé: Wé‘\%rﬁﬁwg' ﬁﬁr“stmé) R&rmation
optional enbedded heater 176 and a plurality
W'th'ncf@ﬁdlaﬁ%ﬂgleé 2&fht el onenhembadimant, ttbﬁpé\’a@nai'Slej@ dfaweear_ofaspect
o FRRRURERISEEIRIN 45, gbbut SEETRY AEMREPAS, o rover
embodmtlﬁﬁanMsI%mhaeélesﬂlarﬁetﬁeaﬂeésé-_ﬂﬁan Sr BfiRPI6AhENDEBYE
é&6 The conduits 168, 170 and heater 176
'engtha?'éd/ef rog rBBAR M5 RAHB. faspyamrledesothamebedsks mm, for
examﬂ!@“abéﬁ% §Wthﬁtalr{b@hMp{SgﬁSéﬂﬂa %rﬁ%& 5{3@ HefiR& R dFen area

huck 166, theéereby contro



part, the tenperature of the substrate 144 di sposed on
the electrostatic chuck 166. [0035] The lid 104 is
w@eabitngbey supported on the sidewall 108 of theCTHS200%E034257

body 102 and nay be opened to all ow access to the
processi ng volunme 106 of the processing chanber 100.
The Iid 104 includes a window 142 that facilitates
optical process nonitoring. In one enbodi nent, the

of uprtmaboul 62 pescennppers adeaf Thapplogrzss mJgérﬁleallplfalﬁxﬁdmtéd from a
sui t abl e Haterl al that is transm ssive to an opti cal

mategiay RAMARLIPIS Wik R5pCetreClpmisitgs. nﬂhpf@rerﬂeo@ysqr&mhm@lug 254 is
fabn&é}ga@}orﬂ_ eﬁil@fe%ﬁ?cgﬂawla‘? eés gt%% AR Ydemhdhe! ?‘ﬂﬁbdlment, the
one optical netrol ogy no suc as an optica
plug @bAiis alimigusy st em 140 and/ or an opt| cal nonitoring
devi ce 128. Both of the optical nonitoring system 140

o 5 RN A B BB 080 e oo
distriboliohIak8 10 id BE IR Mper ofPREYicAfd éﬂ@'oéﬂé@ \%Hlb%ﬁltrnﬁh? Y) or an

144. I'n one application, the optical nal s anal yz
oxideytherpef. ofit pelenatiment, ﬁbesg?@t@ﬁiﬂ:bmﬂop eddy is fabncated from

[ I d t 0 .
bulk eﬂileéﬂ?gtoe éo Eﬁ%rﬁgf]ﬁ? IP“?%VIQ e%i&?rﬁ é ﬁ F%é'ﬂéfeéjs chgm&sﬁnes In
othelasmﬁoldiméﬁﬂs therBRR di&t:‘ndtﬁ@nsblaté 1@ kshia®kibgR® from bulk yttrium

wi_dt h/ di nensi ons of structures, and the like),

OX'depW@Qs}.}es process state nonitoring (such as plasma
nmoni toring, tenperature nonitoring, CD's, and the
i ke atel N g :
oorr | XEDp1EAMPr HBGRLAY I5 S SRR 219y nlue
plateal4Sothiah ¢ WrialesmissiMeridcam dpfical Isignail.s Theglateott®imay be coupled or

enerally radially on th hanber Qo 102 with,
rastefi§d o e gsibiiiaf Pt 2ThRoRE sl oskmelia opaier of the
gas distRebtion p@eﬁe% @PId &7 eABotin@nt, SRE Pl4tem 4Cg:ss)nade of yitrium or
monitor. The optical nonitoring device 128 may be

an oxidmthegaeiequelo asdilk ¥eOpl asma state, the degree of
chanber matchi ng, and source(s) of chanber fault,

[0048]am) Eghé’ tc%ﬁné’l&é&ﬂorﬁ\éeg{ llnkméle@ o¥“2t53fi %}gg%]?qr%tg?\?/ﬁﬁ%’p%glu res 262

forme&ﬂmﬂhecgatsOdlblelbaflom piartemmn‘dﬂchp‘pihﬁéﬁorﬂse\méreblﬁ@ p181eei 43 is used,
IS Eye ull -spectrum interferonet

apertiias oFa gy ﬁéwcé 1 S PraI G oA BgpRIal allgn with channels 260

I [

i . e B AR ERAOU 4P

dlstnmptqmmate@‘rﬁ tand ln@veja\denelm,ZBarmetmi (deMimhpmtaﬁlboand open area

sunatﬂ%k&% ﬁl}@m cgﬁgﬁ&?ﬁnﬁé&éb tom(lfss S ggough the gas

distriRidint @Iét%dZﬁOO'ThV(ﬁfét a8 olfthehtS tfﬁ’é’%b?ﬂbé’?%o%é&%‘éﬂﬁ%fﬂe of the
and |laterally with res#ect to the plane of

apertdigss26hpee sigilartodbay ofrte slhmxmmé’@@ aﬂs@m@wsga makes the

cnanUBAHE B IhE Y 75 1HEshi 1y T opta

transapsidrir Efhub3dhé fanaklsopb hapeases L6aVaRg w.hﬂ@wgmz Hgcilitate
shower head assenbl 130 froman inlet port 132 into
opticg H@oya%rmgyn@ev@pﬂ% mOBIteAing 1sysiene cds witire Maevsbamber 100

wﬂho&lﬁ@a I8§§‘3? 'f[}%g Wa?rlia%é)% 'tl?en 8ﬁ|ﬁ{:}t?x?%s tdgﬁmﬁg ti‘ng%%a%al view

st rate ocesse
path. The shovver head assenbly 130 additionally includes a
region transm ssive to
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an optical netrology signal. The optically
transm ssive regi on or passage 138 in the showerhead
wa@g®enbiiye 130 is suitable for allow ng the optPCHIUS2009/034257

noni toring system 140 to view the processing vol une

106 and/or substrate 144 positioned on the substrate

support assenbly 148. The passage 138 nay be a

material, an aperture or plurality of apertures forned
[00499F le$gmee$i i$ i ttiscrahtivwidwead @ss embodirhdft bhat spéctral sensing

substantially transm ssive to the wavel engt hs of

syst@iRetQfy) thyd eRkeduSsa waﬁhdtheem@@@a%a@mw 1Q¢yef Figure 1. The
soech LRSI B0 Shebd iy HEugR ORI o 140 an e
procei;mng wbRinneatl 66b44he Ehamiber ¢ 60 &y aréibér, optfwoaiﬂe%glellelz% and an

i ncl udes a te 1 ct ,the w ndow 142 f
optice GRS RV GiSae (BRT PHIE B IRSETBPH Vol GiRtenes 0 Figure 4.
The § 80’[9&@9%5}@3 )Fﬁé(mbﬁ)@ln%ﬂ}b@?s' 4 %rd%t%\rn'ﬂ 1%09@355 adapted to
teri al optical ceramc, such as yttrium oxid
emit( lglzme)vmg wavetengthss i theblligavialeirvisible (“mérvm)aaegezamdnmar infra-
red (YR GiAle TP eAne frEe BRERE I i Sroabadd BoRt 3 EF 328 emits tign
havirk'®a98lkeadiHest abdutecsimes kead: #s6E@ARI. YTHSBrd4dband light source
configured with a plurality of zones that allow for
325 maydread éneieHty M fa gadterivawianp.isnkenamlanty, ¢t balogey lamp, light

emlttYr?é)Hg)% @E@S&LB?c&%%?rﬁé%n%qmépﬁgggf%elgg%c#%ng@qm source 325

may darthende adaﬁteaincb de auhed @orghd bt aﬁd/@rssrm@aé@lat a desired
coupled to a gas panel that |s coupled to t

freql’pﬂ”é&fe%?'hgascﬁaﬁ'é%?e oflagh prlpverr %v%%g@nanmeobroadband light
[
sours 3281 & TRETES 123 BB LRI 6T R wR0RHGhs between
aboud:ﬁor)lrmlm abgats1&unmes (not shown) to deliver process
gases and carrier gases to the inlet ports Exanpl es

roosofy; ¢ TRERERE0: FERETe RiSiRgY a7 sleo helides &) it WndPeguometers
320, 985 thigt arfradapité€ o BRERR d;jﬁlﬁz'dl eh@rg})*ﬁo@rtﬁé%ﬁiécéﬁé%g volume 106.

non-reactive gases. [004 I n one enbodi nent ,
The specteainetenid2s 339 siescentiauredite wepitsl eplial mmjen@ibs in the

Uv- @aﬁd Jr '%dur v‘é@?\%ﬁ’?‘s W%n@l &%%dﬂérﬁh?%é&isﬁét ?s[:eJrBZO 335 are

asra processi ng

dual éb@ﬁmﬂ@p@btrame@érsmlasambpddeewnngbs ﬁms@@tmﬁéter 320 may be
nmoni toring system 140 may use_one or
CO”f'ﬁWﬁﬂd&Pmﬁ@ﬁﬁ\@t@Q{ ﬁtgé‘lmsnﬁh%Rl‘N@VQ'%WﬁﬁqM@é'e spagirometer 335
[ r tte r
may S CSAAGEREYfo IEELE LRIER XiobfS h S0OPL Yeulopatye. In one
applisatging spedBomeyert20 fsocroréngarmi (29] pmmefss gtiedl wavelengibisrbetween

abouf BghtiRgor AbaRs LI B8 PHIRGBEIRTSNE Bofs sURligred to process

optlcﬁe\ﬁﬁ%lbﬁgtkﬁo%tWe%ﬂ Modtheod hirh &S apblt BOE rfrﬁeqj_:’é‘é]ﬂépectrometer
domai n, l'i1ke) to neasure the etch dept

320, gBbfis I:@urdedtth&%comollﬁfd %eﬁ@fgemmwyoﬁthemtmbﬁs 308 which

44 in, re time.  De L Wto seog 69] licati
may f%i ¢ ol9CR ?f&‘? @8?‘1”% ébﬁ on@” alleheGaPling  applications.
Additine@y omes 350 rﬁémﬁk%/ aassggrﬁam%nurmé eantPoIRrers0 to one or both of

pli1cation Seri al /674,568, filed on Septenber

spectpgmneteys 328nd3p i® syReteanizs ropgetivielas irpiiel spestioneters.

2004/ 0203177 on Cct ober 14, 2004, and United States

Patent No. 6,413,837, which issued on July 2, 2002,

both of which are incorporated herein by
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reference. [0041] Figure 2 is a sectional view of one

enbodi nent of the showerhead assenbly 130. The
waebmwartiead assenbly 130 general ly includes a peTURioaY/@34257

202, upper plenum plate 204 and | ower plenum pl ate

206, and a gas distribution plate 210. The upper and

| oner plenum pl ates 204, 206 are coupled together in a

spaced- apart relation and di sposed in a recess 270

[oos1f Or "&Grio0st $ignall ndd alre sHrl @cHemafiealyheh WgSe 3 coupling the

structure of the showerhead assenbly 130. An inner _
spectigmeter 3def i39od anst Weerpntisal prenitesingodevicesl 28 and the optical
uLdly r djn : . zangs _hy nei
ranSShb Y aBRRE EC, KDl SmbSATIo SF Bl YRR Fétrence
numbels BebAZBIHG appradatt one ommaire MdividoaRt8erkrafra éiber optic cable
outer plenum 2 0042] The passage 138 is_forned

20.
bundl, 3o HBEREPSRABIH IR RSB 1686 SpHaeades 5 KpBSmitied to the
proc@@é?h(}ﬁ QYo iHe Ofoes DRAITRRE IPCESI6S cﬁ’n‘ﬂigépfratﬁ’s%%%%\t gﬁgice 205 and

attrTbutes by the optical nonitorrng system
impinged theesubsiratg 44 awhichamit esdesmibeelvinapoz08etailtve the description

of Fifimat i POtk of Igrortikal eneti Rospiesisainy SPRovale 14 andlor

plasfigf30%R RYurkeath AreYorbbBNGtha RYekbHbATetéRr 3RS 335 b nes 315B
[id plate 202, the upper plenumplate 204, and the

and Bbhler Farexampieaopiic2d 8/aveiengls saloiweed akouy&odramitp 1700 nm

are AiiiEd 47 SpRBrERGlS SHLREPPIGH o Bl BRwdh 46Sut 200 nm to
about 90U ITe Prévided kb @pectibihetdrB35. OTRE opli€aIURbRGHIR) device 128
206, and the substrate 144 (not shown Iin this vie

is copplgddp a sigaadinentitingg i courlem taspeatroraeiex Babitg provide a retum
signeggg&ﬂetﬂegggépr[]g%ﬁobf‘ ThE digthiPid %géqg &”@l{dﬂ% ﬁiﬁegé’ﬁac by a

are to recerve’a | ens devi ce
connptioy 58, Mhibnb emeopimndrst, afe treeurapsignal id refsated serargy from
device 205. 1 n one enbodipent, the lens device 2 11 is
plasmyg 305w tINdBe IShaRIRST 100at The sigpabling) 388 Rk bes wirg) a cable, or
fi éFHBB -39 system 140 by a fiber optic cable bundle
afib 21 .t [0044] The wi ndow 142 is sealingly disposed in
the passage 138 to prevent gas |eakage through the
[0052 howAs hedabcabed nalbove3 0 spectrbmetgt | 330 imnicoofigurgd for OES
system 140.. O-rings...not, L abeled Wi th.reference .
meagiiFERs Whick G RECa G Sofatielaing i B gesciag volume
106. 1#dr eRainpe, URipeoved eminbiicats odbfroh RbfddiRatetithp hdritoring real-
~202. Additional details of the lid plate 202 and the
time yapsadssianef ther gy onie phglemask beiag sitehad. 2dhe abserbing layer of

e 588 B! GBS  SALRE ST B PUBIL B o o st

of etctiagbeypiddly 0¥ to 96rE deparadindenf thenélin nypddi, ttikat Picadases in a
Patent Applicatjion Ser. No. 11/381 523, filed My 3,
predisiahte Wayi eh the filmcepisohiney M'%P@h&%é”%‘e‘ﬂ d$ [glone completely

Th | o : t . .
100t BinEAa P ) Ao g oo 1 v

system 140. In one enbodi ment, the plug 254 includes a
[0053)p] ur kigutey 46f iscaraignenatrie aosthbedticuial view loé coptérshbdiment of the

oer TR BTN 0 S 58 L A eREPE AR of 1

fiberd, Qiltﬁ@h@ﬁ'ﬂnore or less may be used, as needed. The size of individual fibers

and number of fibers in the fiber optic bundle 215 are selected to minimize the size

of the fiber optic cable bundle 215, which reduces the bulk of the fiber optic cable

14 - :



wi thin the passages 260. In one enbodi nent, the
channel s 260 have an aspect ratio (height to dianeter)
w@booatiilieast about 10:1 , for exanple 14:1 . |PCHOSI0NE034257

enbodi nent, channel s 260 have a di aneter of |ess than

or equal to the DEBYE | ength and/or the el ectron nean

free path, for exanple | ess than about 1.5 mm for

exanpl e, about 0.9 mm In another enbodi nent, channels

bundlé @ tief i Refeinng)p@ganarteaﬁgurp B,o fiabrrut4 100 apdr cz(mtarepeollectively

ar ea. | u 54 is ener fabricated fr
represgnied E’gﬁﬁiﬁﬁ%blaﬁ dyi “B? gé”&%@?ﬁt@ﬂr pRica |5i4|9'2ﬁ‘{% from the
broa@ﬁ?@(ﬂjh ourtd828! Wbé%ﬁf§aﬁ@9@5%é@9pfé’s@me@ b)ﬁllnes 315B and
dielectric material, such as a ceram c. |n anot
315@mespeotivedy, artbapd ugedﬁar tranarmultmgmmtlc{ab@lgawsﬂ@flemeeinwom the

subslyafe 338, pRgiar iferBr &, TOBPE 205 afS faHe afd al Bo used in
alterﬁé‘tWé @ﬁé(ﬁﬂtl&{al %ﬁb@l%élhérﬁns&bhrddﬂﬁbét\ﬁnspr InBdhe&iBBdiment, fibers

thereof. I n one enbodi ment, %as di stribution plate
405 areygsedstof agst m&h@alcammqjuw«tqﬁhe ibemogtic §ﬁb@ebl!ﬂﬂi¢ @db and are

c ar tri

etk B 81851 8L AR 1 ol AP BhE o By b e
405,143y n et 420, fandmdBible muttimede fikérde (Y208) . [ 0047]

Optionally or additionally, the gas distribution plate

210 may include a plate 143 that js transm ssive to an
[0054hht j ElIUrRi4Fhdg 2 §iesspnestianalygewn gt ggog@urﬁrglao@ment of the fiber
optlcf@%ﬂ@Bﬁdeeonwelrgﬁﬁs dhiiddileht, ARl é\‘ttﬁezfék s '4@ t H?O, 415, 420,
tantial geometric center of the strl tion

and 228 arradged m phitisnswibadnes@and adob qultheqaottik&s sr zos include

of yttriumoor an_oxide thereof uch
at e o] OHHE TBREINEP G 5BP Ror e 450 PREs dysioel e (410), zone

455 Ghdigass @“flﬂér@p@‘ﬁém’dlﬁg 263 f4‘1"5?fe@nbnzbﬁ§ 466G includes 12 fibers
di stribution plate 2 In applications where the

'ncll{dm 6034420, 3425éeef\dchtmallw tilkersebl Gadd 5t 420pand |425 lase noted with

an EP &Ing%l’lé’i ﬁehrgygf%a @ .Ic%:e aI ' Iat%?l%ge 3@% \&Qlchzc?e%vers optical

energ}b lﬂr%i’reﬁl@é?l badadibehd ﬁ@hﬁéo@f:etimﬁ griguel ) rdrlitR0depbRis€a return
and have a density, dianeter (or width), profile,

fiber an‘fdhléberﬁeén/%@ seRtcabl eNeEsly Ml i that iNTECesNGf Velume e 106 to
specg{)ﬁ%?é%s\ﬁoofis@f F{gﬂ?ei? tical signal through the gas

stribution I n one enbodi ment, the nunber
and sectional profile of the apertures 262 are simlar
[0055f O tTiaé fitlers hEtochagmgl s422R0.antha28k; naaw Bé%oﬂiﬁ?@r%d fe provide
channel s 260 and apertures 262 blind in a gas flow
selectieasatiewtation al lveewietengtips.i ¢ &br texansple sdibers 4Mlgsand 155 are
channel s 260, apertures 262, and w ndow 142 facilitate

selecipd ileapttamiate ogiosy BRdy hbleomaV@éﬂn%ﬁ.w@H AEpnsyittieg infra red
waveliiul, BiefeisBlely TR Puréﬂgzémvﬂﬁ% Agt hifvip% ciflected to
prefe\é%;ﬁ%&?%sh@p\ﬁgllelghgﬂlﬁq 3hbUR\EER ém g§g%¥‘{ﬁg¥ tﬁgf})attem of

ment of & spectral sensi ng sys
fibersdip 2ed 460, m56henpr4@@eam|mgesrmmmlnmm wbs&tajkbetdeen fibers.

The spectral sensing system 300 is coupled to the
For expmrda fibessidOsi W' fgyglﬂrm‘rv MB wauelﬁﬁaﬂﬁrf@c@@swﬁgess'ng volume

106, §F% HPgda8s 4 I ERARRE 420 dnde s Finsd Poa bR figuides
spatidf ddpaPRiAHLREMI kit WobR ih #h&0REGE2drfe FB@UTRe%patial separation of
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The spectral sensing system 300 includes a broadband
i ght source 325 adapted to emt |ight having
woerwellengt hs in the ultra-violet visible (UV-\WG)/USBNgE34257

and near inf rared (NIR) range. In another
enbodi nent, the broadband |ight source 325 emits |ight
havi ng wavel engt hs of about 200 nmto about 1800 nm
The broadband Iight source 325 may be a mercury | anp,

the Ab&BULES T YADL aAP5, 342@L08nd BBy fadiRhRIBRfERIMRal |p'r&ﬁHgat|on of
em tting di odes (LEDs), or conbinations thereof.

optidai eadizgnad rhinghizeswalicen8t25esmyaf undsbealkttetwdaplﬁbdrs o
be turned on and off and/or shuttered at a desired

f b flash. In
10056 AR ZOTE HBOp it At Mok aBapaed Bach radial aniier coaxial
relat(of@hip mﬁ%é@mmaaﬁa%bg ®hpridd ahdubstaryyl I@ﬂﬂmanSgeometry,

bet ween about 200 nmto about 1800 nm [0050

whickpaeludas aseulsitantially stiwwiachages @ $uhsrtam@élydtexlaeaaal shape, and

comBRERbAT W EDD oSty ol sFgPeR flbnafab aSSepifle a cicle or

hexa®jeRCt FOmBtahgle320ne 385 aag beoatraysd Fhdifly 6@@are from zone 450
opti cal wavel engths in the UV-Vis and/or N R

in a gibeteatgihhsircylar gremeliodi-enise. Feaet4&@hEar e spmngegsradially
r | dded controls.
outvr g o A8 Bl o SRS L QU aobBERE, ot ocss
opt i cal signals in N R wavel engt hs whi | e spectroneter
[0057335 hasanb@mtoxrdinin@ut,édn@rozqu"re)d;mss alpa isobstastighgdametnic center of

- Vi s wave] epgt hs. on plicati on, ctronet
the ey o8ic GHbleg AEde: 215, S04 1BBPaacers) S BRd e 455, 460 are
arrar@é&@&ﬁbe&%&llg%uﬂmé Pm%?QHFIe 1500 Tve ‘é@b(‘)rﬁj zone 455 includes a
spectronmeter 335 is configured to process optical
pluraity ef engtdes libes iisersadhtdd) 200 anpluralitgbofutet8MOlines (floes 415R)
spectrometer 320, 335 is coupled to the controller
dispagegl inf @ a@%ﬂ]ﬁﬁ'l\/@ RAjteEn W@Tﬁ{@th:a@'P@@ Ipegis Qﬂiﬁ@ﬁ?ﬂtnﬁw giurn line.

Outeaﬁsﬂ?céqqa%'ﬁé‘ T Py, O Fdead6eady P A #nd a pluraliy
of el b 1 #2556 ANEIEh e tled B {?%'sﬁoisq&o%ﬁdetredgv%“ two
cturhRE 43BEC! AR R4 CABFHL B (st G0abel | % hfatod by a

shown matically’in gure coup

struc&ﬂ@Cﬁtﬁmthh82)Qller3ﬁﬁbeéﬁﬁUi the opti cal mDn! toring
device 128 and the optical transm ssion device 205. In

thi s_enbodi nent, signal |ines, noted by reference
[0058} neFiguse ﬁﬁAEBQ@@m@%P&?érﬁe%'ﬁ@abV'%Pé angdewbggdient of an
ti
opticp| AEASPRLICR JenEs 208! | Tt BBLE ML GeSiR dMARSHRRE gonfigured
to bet allgrhaei iprthe gmskage \AGIBLMEFI@OI@S\H antlizhan@ id 8dapiedt todransmit and
transm. ssi gn devi ce 205 and i ing t he . .
receiR iticat SRR TN e ARlEab BIISRNY e AR & diefiber opti
cabld Bubdlg 483 CTHé’Bbl‘Péhl Yankhfisyieh devicd 0BT htRBe8thé Rber - optic cable
opti cal energy lected fromthe substrate 144 and/o
bundjg 23oma dems |dgv1|cet gum@stmlmd@nc@@ﬂﬁ siichas a colllmator which

S roneters 320 I nhe B a 15C. For
may RE &M flPedi ol ane teh s Fnled feaRitsJaerimp fhaurtace of
the lit @ldtéADNEA RirRioN P¥2 el h plepesh ot Bhs 3Vicdl 1 is adapted to
optical wavel engt hs ‘bet ween about 200 nmto about 800

transpii aplicalrenaraedram Hgeepticianenitay sysiempgdOcly the fiber optic

cablét‘?gb%rb'i‘g gfe" ﬁd&\%sﬂ 5 & ng@éer?%gég ?105286‘% HeQSIu83954, and

I's cou t O spec rOVI
apertueddlP®2 disposed in the gas distribution plate 210 to form a beam 525 that is
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signal fromthe chanber 100. The signal line 330 is
coupled to line 3 15C by a connector 355. In one
wepdodirent, the return signal is reflected eneemysionwm42s7

pl asma 305 within the chanber 100. The signal |ine 330

may be a wire, a cable, or a fiber optic fiber. [0052]

As described above, spectrometer 335 is configured for

CES neasurenents, which is indicative of the state of
subséanthaliygmrmai I(1e an rsmbet;amtna@y vdhagendl) felatiar teethenpaee of the upper

roces nt r.ol i,tated
surtdg o8 sslra i 178 AarubsBateo f44 HisppRptipregn. Likewise,
all opaogar@miﬁbm%ﬁ'dfgfeﬂé&aﬁ%glgﬁﬁeﬁé’@g)ﬁ@'dﬁgcﬂe@IYt%rthgfadé?ﬁjres 262 and
chrom um has™a smal | but neasurabl e

chartrredméﬁﬂt aacnhwlraateim@r@tugh thQ)flb@t eplingalgleypincie Py 5 tosthe optical

50/ end on the filmtype), that increases in a
moné %B[ne %@y as the filmgets thinner during

etch| ng until it is gone conpletely (100%

[oossi]r angrmbsdiorhts disehibs@yhéreth gabeidehepkdat hmenitRoibalsed on the
[0053] Figure 4A is an isonetric cross-sectional view

opticsf a@ﬁ%rpé'ﬁﬁcﬁﬂgﬁéﬁts' won (9, Whidy generally essvis nratdhat ofithe silicon
ban TBE@ é%hf—:-ﬁﬂlgu‘éﬁ%m rg’t't'J lierédSes hﬂ\é""s;ﬁ bﬁﬁ& qu&) égcreases

ess nmay 'be u
whncfﬁhmuslesethefahsncbtmndemje bf biticen ammcmmtw\rardfa de\\IHIr(SEptlcal energy
undl e 215 ar sel ected to mnimz

the fi ber o&ﬁ”|
or lgngersyvarelgpdthhe 4% serelspence cthsl alisandrans 9ap a\y\,(p;rcﬂear room
temﬂ&gfdﬁgﬁsteﬂﬁ)@w koody t WidH ESFr?é’;gédd% ?@%Jneegﬂé&eer?é@y of about

Referring again to Figure 3 ers 410 and 420
1.10€ ohicewts (peh)y and@tedbont 480D E, thesiliGor bAnd gpaalis tseldout 0.9 eV,

i BRI RS B STV, B, o e
temperalur@©f aZilicoR aarer & Adiked, tIes BFQ&HW@! the SMbrPASCIBaSES, and the

for transmtting optical s reflected fromthe
specigbsensing %ﬂerarﬁﬁfgdepcrd@eﬁh soEn rFomitars thgsnHedtiondpaigt, which
may %ddgﬁyeobgs Lésﬁgn#ﬁoﬁlbteﬁké@{ ﬁSmW aﬁgqf n's%éﬂ%nc?/pg sz‘ unctlon of
transm ssion I'Cat P

temptPatuas ealus@dwttlo uac&hs*tychlaangmd a$t|hdmdlra$ WQvélbﬁgﬂhlsttb extract
optic cable bundl e 215 and are referred to as

mfor%laﬁleetfmi g $IHRWAMR. | n one enbodi nent, one or nore
of the fibers 405, 410, 4 15, 420, and 425 are

[oosofiu! t Ffﬁlﬁ‘@s felabgkg 6H W]scﬁbﬂ'ﬁrn@ ét%sb e%tlonal ¥I€¥Vﬁeof a substrate

cross-sectional view of another enb nt o
144 i beretdptpirecassbl b bigoud €A2 B5layen 608 @@n‘qmitemad megsich10 are
and 425 are .ar,ran

ft fi 405, 4 415 0 d .
shouft o dRe SISTEIE Jates T BRdoLL:AOB M GOpi Beoh SiRg e JOAEal fim
(e.g.] ARdIsKiAc m| easthl AMe, 6f ahheothEPES - Rl intiFdddHated £RBEIts) or a

450 includes a S|ngle fiber (410), zone 455 includes 6

multiflayeried filmslaghi ﬁ@harlgnpaneawed dad smw)mo ajtamaively, patterned.

ourl BB ISR AL5s. 4Ry (A RO tnd Phdvomes

masK 6I1 Ocdsaahtetch imaskliTHe [a§er doraiasba feated aisindany conventional
whi ch delivers optical ener%y fromthe broadband Ii

thin idguFeROIBE teghpiue. 497 arMPIR; Al Byer deeeeHaN (ABEY, phySIcal
vapoWEfeE)Bsﬁ’i% 6( é%@%?ﬁ%ﬁ@@?é%gégm%éwlmg ?é‘as%g I%glhanced CVD

(PECMID) EhdTthe lfkleueas isdpdibermett LSRG, é@&es&edt;vﬁb%mwrigereactors
of CIC:‘RILFL}F%%,eEI\fDqJIQE\@,VlogeOther processing systems available from Applied

Materials, Inc. of Santa Clara, California.
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sel ective attenuation of wavel engths. For exanpl e,
fibers 4 10s d 4 15R are selected to attenuate green
w@anwobiues wavel engths while transmtting i nfraP@EUS2009/034257
wavel engt hs preferentially while fibers 420s a n 425R
may be selected to preferentially transmt wavel engths
in the U-Vis range. Additionally, the pattern of
fibers in zones 450, 455, and 460 m nim zes or
[oosg! i MThat pattermesis naskks b trmeg ydnepallys be Far aefoampbe a photoresist
fibers 410s, which supply NIR wavel engths to the
masfsy 3Peg iR di-8meaMohoaBeCaBeN} inded @ hardemagiean Advanced
A 4 v
PaugBif CRRe W B Riede Mpod AR sBe s 8o GhR Gatormia

and stpat liké. S&lﬁ)abﬂé i @Xemﬁlbhe émb@dlme‘#ﬁ)5théll;§&ten4ed5ﬂask 610 is a
4205, and 425R facilitate preferential pr oEq gati on
phm@fﬁﬁ@ﬂ“%é“‘gﬁ}ﬁ“éﬂe% Rfgirng terFighiapAathe pat ra%rnask 610 has a
I
helgfjf g% ah8 '}éc'g%%ﬁgg%ﬁ#%gé? gh?%a édzg pnégﬁalggolm and the
like) rhevirtg mndﬂfnspG@@ talmdeat& mspectlvaiyldThaymdﬁnﬁr)Bse smaller than the
Ci rc eorret r whi ch i ncl

. .Substanti a a
wia g8 Wl Jr Sy Gt s BRERR of e iludn Fiask STo.
hexagonal shape and conbi nati ons thereof, anong other

[0062\2OI Y @9 sHe éhﬂf&ﬁnbﬁﬁtthgaypé&%?r@n%lr@ Qyétéhﬁ 3@0 is configured to
exagon. For exanple, zone 455 may be arranged

meagiigi Al el reva metrie matzcmﬁ@swsodﬁ; to & haight G pasuryctures 620 on

the St BERTEDG 4 s e bl ns5” PRSPl pRIRSE Ble oprica

tranghisgiohade\deD 205 lfum{nd@5s/1hd Bulsdieate niaadisirgtthe ibkd&dband source
zone 450 is at a substantial geonetric _center of the

325 {9 pepdns incides| radigting| kaving wWayielpnatles & A issedt NIR danges,
|

0.9, 08 R 2P BBULTHS 0 GBASAR) LIERRIASTS cirectea

subspinnaﬂylpbeypehdlsolawde ihienegbdifdatbet44 %Isuluaﬂmbtas a region on the

ity . of return line fibers 4 15R). di sposed in
SUbsg[ﬁ‘ %ér)éatqt\?é't pat ey P i’é o nagy Alags i eng @ppll ication, the a

dnam%%%%iﬂe 8iMhel %%ﬂs'db&%t 1Qﬁh¢io 4886t 4@%@1‘ 591 bH&'e‘l‘r‘ﬁf@dlment

a plurality of source lines (fibers 420s) and
the mmaslzeylllwmlrraémurﬂnel regisn (6n Bee ssubBERje \iHdr & aboute10 mm in

. f b 42 d bet t
diampiile, b abaer ATedhan o R 91¢ Tndessefarnot puplsto 4 mm.
such4PEb@ite! ﬁﬁﬁahadlﬁﬁebé/r avistd bsédificdllyf tHeeopttdb tiaRskission device

outer zone 460. [0058] Figure 5 is"a schematic
205 dlugysaieecairegion Of 8w Stbsinaiceirbdhaleist oefunied dyt picugtures 620
optd cal transm ssion
havnﬁodé@ir}idea'l g@"%gﬁssf cdngéhﬁarggt Wﬁ eé)% ‘igned in the passage
138 of Figures 1 and 2 and Is adapted to transmt and
[0063] eceillveineptasealacsugiogl of finerMmehsuepients| thmnntensltylgof incident
em 140 vi a the LI ber o tic _cable bundhe 215.

fadiafiéfnf&m the preasiand gme?)q‘{f e 355 MAYIQRilesa Qefmeevlafed and/or
pulsébOtdst&IﬂQé ?o%‘u"%ghe I8 bRe é‘nq)@diﬁeﬂ?‘{hé ?neq%ﬁ%%ﬁnﬁ‘)duﬁﬁg of the

devi ce such as a col i mator Inclu
mcvdalmmmd!atg)rbnmjkbe o abaut 16 Hzlagtecerady, c@@pbretlctad) teamsmission

dev1c§p %%égsr’rgaré/z %?-ﬁg]r; @ﬂgdd&, Fgefoimlir%pgeg)&é%tﬂgg\av? or spec(iirometrlc
meaduramenits a®BbseeeMssv@y from the optical monitoring
system 140 to the fiber optic cable bundle 215, the

wi ndow 142, through channels 260 in the plug 254, and
[0064h per 1 D¢ decidest raria%@@e{éay R, h‘éh@faéa@ﬁtﬁdrb)bﬂiq entigal Ara@spission

dev102902(5§tcf m[@n?at%tqﬁg}s?r%%ﬂr O'ozsz P?ﬁ ﬂ}r/"gl%f?évdéé(? gggzﬁ?agl %:r%] efrom a

of the upper



surface of the substrate support 148 and substrate 144
di sposed thereon. Likew se, all or a great portion of
wo edobactiedl optical energy is directed to the aper/Us200%034257

262 and channel s 260, and ultimtely through the fiber
optic cable bundle 215 to the optical nonitoring
system 140. [0059] Enbodinents described herein
provi de optical netrics based on the optical

surfaiieseﬁptarmhpadgiﬁyqfropagateer(reéﬁﬂ‘j) intd tHe g’eueﬂu&t IGQO The ray R5
occurs near that of the silicon

furthge PREiRY¥ PiPRAGAIRH HirengR & S‘{rf?&es@q)ﬁ E%ﬂgﬁgﬁae &é(HCTUf e 620 into the
f

layerdééagiaaz/e %éﬂg%sgowmer%gp@ﬁcg&%@dggp (r)ér?;ﬂ g nlg eabcsbhﬁéﬁopnay R7)

by thmmtenglt of th%stnua:taf@ﬁéﬁce g.t pbokirésispnabdred pgewnacf cay R5 is

reflefEF bago Nty Tl aAdgpenal. Srtign f GEombtent gadiation (ray R2)
|Ilumma‘i|h§”|% {oR® 60@'?1@a@tth@k%%btﬁé§ 680 hiag @Hlalﬁpﬁrdb%ﬁﬁtegﬁfﬁo layer

to about 0.9 eV, which corresponds to an opti cal
602 é’ﬁyrF@@a \Mlﬂer@b@NtRZ @y barabsprbest, véh apodiéon eaflectasl back (ray R9)

e of a silicon wafer is raised, the opacity
froméﬁgﬁ)%ee?@?rcon decreases, and the spectral sensi ng
system 300 described herein nonitors the inflection

[0065pOi NFigumbi T I3 amyhbmatiefdrosglsactional viaws bt aan@etewamd:ment of a

opacity and transp arencﬁrh as a function of tenperatur
SUbSHﬁEﬁ]é“G\A'T‘ (A ﬂWBr@PF?S%h 6@% embadigent. fibstrate 144 is S"'Con (Si)

and %}ﬁ%h@@ Ot% ob@?ﬁ dnfrP h i nbhegoﬁﬂe'ch&f?”z in the

Firgu and 6 W schenat
substrat;ssMé.exsurng)aabatteerd nodska6 s0 kwﬁratsebﬂr%klﬁ'ﬂ%nlr&ﬂ@ént radiation

(rayshBIR ¥ e aoEan e mRe B erics 205y mpngadhs s Betials, 144 at

dlffer‘éﬁy VePiigH| 'cfébtﬁ’s 9 b EpdvabRT dfadhef Pah}@ af Geﬂecﬁéc?'b%‘ékré(r&ys R11)
I'm metal film or any other fil'mused in integrated

depe@dmmsweoterapemlture blajhe eubstraten gndlok theiwaglength of optical

att d_(.as | ter y at.terne
emor 8 AR B o Mo B RIGL 205, @ sy BE B8Rl ancvor
wav@éﬁ@ﬁg 6y RO0 hiey Patéiicied frorsk Hatkside 720 Stk sidsifate 144 as

The Iayer 602 can be fornmed using any conventi onal

showmiim Figure depodinei iscoatingityyie, refiactivs dngices at osirieus layers,

repré(s%b%d ﬁﬁ?&feﬁéﬁ& (ﬁALJTPé X h?% C%O \(/2@%) a%%f%bt 'g%herates clear

em cal vapor deposition
interferdravecieilgeld). (TPieQNirierance frimge(s) I(Eata hnanse@tqaealf:olat@dtch depth

i ng spective processi actors of CENT
basear pn EQEBL%A@(T}&T SiprieghmgHepr ?%%%‘?Qﬁié é’va?‘ihﬁbl@a'ys's
techdi e MBtgki al's, Inc. of Santa dara,
ee Cgﬁ%? or ni a 006121q The patterned mask 610 may generally
be in a formof a photoresist nmask, an a-carbon (i.e.,
[0066hnor bigous 8dagaph WepmMIdgmcothdanng@ micro electro-

P F AP | abl e f
mecHgi et (VBT L diaboRL R p Gt ARG i dhe; e 805
repre@@ﬁtseéﬂnﬁhéﬁé‘i'eﬂﬁ@Oﬂ?ﬁan&ollé&@j RRihGT hed efehs bréckdsi s Pdint 810

phot or esi st nmask lustratively, referring to Figure
indicaias a Menshtdethed akaut 439 Hadaserepryibe @@ga é‘vﬁ@Wﬂ in Figure 8.

Flgurbn§ |§'dae H lé%) g‘ﬁc?\/&ﬁé lggr‘f{aaesg’rgu f‘ﬁg dg%cgﬁ%ctgﬁdrrﬁg an etch

urms N ng W

procesgsbgthé \&;ie}ttro?ﬂmew\ﬁﬂﬂ NFEre |3 ssing INIR tigaald fremmtitd kBhamber
618 or a wwdth of any other structure of the patterned

100. nask 610.
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[0062] In one enbodi nent, the spectral sensing system

300 is configured to nmeasure in real tinme a netric
W0 baw/1casé esponds to a hei ght 614 of struct ur eBCHRS20091034257

the substrate 144 during an etch process. During the

etch process, the optical transm ssion device 205

illum nates the substrate 144 using the broadband

source 325 to produce incident radiation having
[oo67)aV el FeqrentD isma ghaphi S0GMshdWiRgrpoige sof thee gilicor abso@iiontedge as

200 nmto,about 1700 nm nerally uch radiation is
a TUGEHIL B LA BR e HTBRTA Ber Bolith GPRr DEGoNaRaS S iR tae opical

tran%%s%d devidem s QEaﬁ a\' e&ﬁé)ﬁ‘ra@”re‘s%ﬁjt%Hb%? r?ﬁ@utlﬁdf ¥ provides
about 1 mmto about hus in one application,
tempdratugie deasreineat as¢lzrecxoﬂvlthirealbmarﬁ°|@ about 1 mmto

about 12 mm In one enbodi nent, the beam size

i ] ' .1 reqien t he substrate 144 is about
Calcfﬁiim%ﬁ%ﬁqg%gapsqghﬂgﬂfﬁﬁ%&r%%odi nment, the beam
size is less than or equal to 4 nm such as about 1

[00681M  iFiguleanteised schdrnatic fizgirdmahioming t'éfﬁactmtdecéﬂ vanous elements
transm ssion device 205 illum nates a region of
of the pRicakifansmissiondevice 3¢z mc@oﬁ%sheé@n@sﬁwpe@ézdﬂe window 142,

and RSP 454 el Flay nRERTEARR B! Zerd oI & B %upstrate 144

In ofderetus icoynpeinsatecifdethe nadd%ntem fefleotanoe, r atdbaridation of the
el gt SoRruE L TR e et Bl Sk, e ier
optlcf &8Iy Qﬁﬁﬁﬂlé’@ aqﬁabrabg q’igpfnoﬁﬁﬁeéj Rgl %9“111 5 ?“fiéftaﬁés%ﬁs THYough the

euptoaou nera teopl
lens dexiven? ‘s‘su tba \dl@dee1 @&mch%eaelugomti o theel stdape of dnensubstrate

|ntefe cand or s ctro tric S . .
144 giaRtaniach 5 o kR &1 Rl of 2hpuf 255 Qr o P tight is
refledtbd, offAﬂ@sﬂl@@lraabemmmrbxh@n m& bRy 254 2RSNViRSbAN 4BVAfEthe lens

205 to illumnate the structure 620, is partlally

devigeeP |l &de die Hhek optiagakie) bundien?d5ur Fhe eefeziedilight, indicated by ray
part r t 5).¢ 1AL 0 r e.0
13 B el 8P 348! Rl By 60 D8 i P e
mtrodwtre‘dibyz tﬁ@SlghBr@‘aatchng Heors tyystamirarérerd, rﬁx@hténetHeﬁlpI@ng 254, the
1aﬁ(?s and absor bed therein. A portion of ray R5
W'”dP‘é’ @PB’éHe densde¥ise Byt he material of the structure
620 {e.g., photoresist), and a portion of ray R5 is
[0069{ ef | prbRfbriadechnfyioRiis oM b %H@l/v'nym tAe REAEMARC A1 10, light is
he incident radiation (ray R2) illumnating regions
proviged theeugh Hbe splugc2ou e thes 20nday Wt aadlt}'leptemagatnee 211, as

I 02. R
ndiog Bt Acht Ponthef sred Baak e R PeonArRbt RBSePing disk
may B8 isd¥ehh the Gubstratd ﬁjpﬁ})(ﬁﬁfd}e{ﬂi@‘vbﬁt KdSons eEfld@iRg! back to the
vi ew of anot her enbodi nent of substrate 144 in an

soureg HHopgly the lug A54.Hhe WinDewi hée%;tandsm@slenato@vmzm ks Thus, light
reflecﬁléb tb%%gltgﬁhk l’?c?aq 3&5’[! gc%bg% tb%%le??% qg ! c%ﬁgﬁ(?%(%rg n%mey if not

solelysfrovg thepsitiy A54edndres khé witidad 42 @apm 8dd/or the lens device
Incident radiation (rays R 10) fromthe optical
211 (f3%aRdR1-ssi on devi ce 205 inpinge the substrate 144 at
di ffer ent vertical depths and a portion of the rays
[0070]';3‘r fh?ﬁge%é’aﬁ%br ﬁ%ﬁ Bbtaifed dﬁ@ﬁn%é‘gré?gﬁetnlag sub?trate at
enp at ure of the trate and/ or the wavel engt
schemptic ddl15 and the reflection error from schematic 1110, the temperature of a

substrate 144 may be resolved as shown in schematic 1105 and calculated. The
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energy fromthe optical transm ssion device 205. At
sone tenperatures and/ or wavel engths, ray R10 nay be

wo edobectied from a backsi de 720 of the substratBCT/UL208%034257
shown in Figure 7. The discontinuity in refractive
i ndices of various |layers, represented by reference
numeral s 725, 730, 735, and 740, generates clear
interference fringe(s). The interference fringe(s)

fiberdmtla agableibaddieo? th poaliddslightdhdidetaidnby esseR 1 thaopmésers through
uency, _or ot

sis t ni ques based on fre
the %Ylgetiﬁﬂ av'ﬂfgo ﬁ4 21 80 dapiY Pobes] ”ﬁ gurfacg of the
subs‘tr%t@ﬂﬂ@?r'ibs%o%rﬁng@rraﬁﬁ%% 't@%ed@ét@rrﬁmeldecﬁ%lh I isN8fécted off the

mcro elect ro hani cal system (ME et ch process
substiaten 1494 veiomgitthe gflug. 264nthe Whneloi hé2, 8@‘31 thepleas elevicea?il 1 to the

oer T EGLE" B 0T 581 PBRAR ST RO o o

mclubé§ﬁﬁh9ﬂ’éﬂbbi@dﬁ%rﬁ subenatd N4y 1S, thdhlay2B4%rdForthe window
900 show ng pl asma em ssion data coll ect ed

142 grav|ﬁr‘g4)aﬁndttbﬁ st;eleg@eb%ﬂ t (ray $pdéi.r @Iem&thearzmor(rratmrecqurred

ivough, 52 B BB Sol ol WBGRATERST 6011 PB0fe e o

abso$ptidm of tf@@%@rb@tral@n 1 eai gﬁa@&aeacélunrarew rbyOfbcﬁﬂh@t @@rt Bght reflected
nper at ur e, been di scovered in _using

from 6'@@ plig 2%4.dhe rW'@@‘PWri‘ 4deanddhe fens WC%%be%ﬂd eelculatmg the light
refle&BaHrathi NuMstriaRO Ut kH?]erféYﬁb&e‘??tLgSnpﬁ Cgcfr G(‘rop factor for lamp

nmeasur enent accuracy w
outpiralificieneecdnsay pisbde iSpkcedumtii®oaidhiaiogure 11 is a
scherratl c di agr am showi ng refl ectance of various

. msnt ti.cal nsm ssi on devi ce 205, such
Elimij l‘?{b°f€?&$ j':ire sjon Ef Q‘ﬁe wi ndow 142, and the pl ug
[0071?54 Dhah?w atéH BFéc%rs‘é. MbisB fRﬂﬁ'ﬂé’ém@%@r’irgy oﬁ@%é)ﬁge s@nsed by

the substrate I'n order to conpensate for th
the sme&n@r@etemﬁaoeﬁﬁéar@lmey mowideemanqmaateonfoomatrhre Therefore it is

[ S n, shec rovi ded
deosirg BT L BR R MRS B bRk BB B tughd B piegma novse
to préide picrei desrdtb @ptichNdiciAiAionas theyp&SidorhBls passes
through the |l ens device 2 11, the vv| ndow 142, and the

g._254 to the surface of the substrate 144
l°072ﬁa| nfQUFRd 24 aSKMRINALG SiAskamt fﬁﬁ’RéC‘(@U@ﬂe £ehadimeptpf aplasma

fllterrr%] mé_ﬁ‘r%dl Lhtgi%r]d the Efda%%ta?ﬂ '&ﬁﬁ eé'é?gt i ﬁw sléf]’nbodrment the

roug the w and t
broadi’and:hgm Sblll’d:GD lst hdarfpbt2023) suich asaalxenburftdzlsb lﬁrﬁtﬁ» C[Ibhﬂmn 1205
r.ef | ct ed | i cat

indicgiES (g B, LoGH s cOlor St (I PApEEciestBnarth e qubstate 144.
Ray ﬁﬂBQﬁdleiersomﬁgbVadlﬂ%r{ trgﬂtmé)‘?i)b%ﬂb@l@dfﬁ&ﬁ‘ tﬁ¥sstu%§1rate 144

har dwar e, such as the plug 25 the wi ndow 142, and
and hadwhenolde vadiation from [heq@eqsmerﬁaﬁ deolumn a2t@indicates the lamp

202 oy BRSO Bl P ol s 1
o ol 15 SR, e e MRSV, ERGE ag of e

hardware dred dingpoegde oalt:hletewbyztheitoaomr@@qmattdm pr event
light fromreflecting back to the source through the
pl ug 254, the wi ndow 142, and the |lens device 2 11.
Thus, 1ight lamp on_IIampoﬂ

[0073] In another embodiment, the plasma emission effect may be filtered using

a median spectral filter. In this embodiment, the following algorithm is used:
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reflected back to the fiber optic cable bundle 215 is
reflected predomnantly, if not solely, fromthe plug
wQ@zehoandsor the wi ndow 142 (ray Rl14), and/or tPET/U82989/034257
device 2 11 (ray R 15). [0070] By using the
information obtained fromthe reference substrate at
schematic 1115 and the reflection error from schematic
1110, the tenperature of a substrate 144 may be
resol ved as shpwWedian $SARNSITEA 1,5, 4 108, and &alsul at ed.
Thefi ber optic cable bundle 215 provides |ight
whereindigatesdithyandip=Rudbehaf splastieest hr ough the | ens
device 2 11, the wi ndow 142, and the plug 254 to the

sur f ce of}éhe substr {ﬁ% 144 whose ten@?erature iS
007ahe BERFR TdS EAPH g0 SMPUIG CRUCABRATPYplS SPecriim data as
com;%’r@éttb @ﬂt@réﬁf‘ébéé}b%ﬂ @pbBﬁPunﬁ}u' &'&azﬁﬁnﬂlfe'?@d %Bgl‘ﬁﬂoﬂi%%ectrum data

and the | ens device 2 to the fiber optic cab
is indicatdtl dy21dse §305 addl ébﬂe&w algsoratiomspectiiye data Ilsetndmated by trace

i ght 3. incl desll flected fromsubstrate 1
18100 SO SREGPIIT HETY SBIes 3108 PREMA {HBREDRs BiG SubStantiall
elimifd#y. and the Iens deV| ce 2 11 (ray R 15). Using the

i nformati on acquired through the techni ques set forth

at schematic¢cs 1110, 1115, the rel atlve l'i ght
[0075hbs ol tansHAtEMN. t Re SYDEIEAtE AT 44114 nﬁw ded @alacmrg@%s&lr@ chamber

f th
confifiekChs i sCitbed ble! Bhd efifted G SRING ERfprt M etohant
gas islprovidgttiortkeé Ipeod:abrﬁg chambsu iasutirlghmecainta d(plama A flbel' optic

terr['?(graturg 8orrect|onfactor faor |a Eﬁ
cablegbyndlp ]oedirerigd 3e &5 eRiiGay iFpSHISSIvE FRO'RR| QLpBaF portion of
the PRSI crolinBor ChReTbI il orAh ot b6y 4l Madheiefoquency or
frequesog erdingy, tihte $fp@cpmommgschmot)eBSSThadbtnwepnmyi dentain for
i naccur.at.e f or on. Therefore, |
exanie g 135" e BRRABh omPishe” i frs! siedrdss Wt ok Soarrying
electidhfadHARTENSRY ST 4 ‘Plrﬁrf?é/qﬁé‘?)d&mtbeth@cﬁﬂé)b@&ﬁngﬂﬁaﬁ%er and a first

information to the spectroneters. 0072} ?ure 12 is
receiving dnaifhie ifer detagtingh elepirempggeidhenermoet Hnfirsffreguency inside
the pRiESTR b TR blfds ik s Ca8f, S5804%E v iEinote ana
secon®ueceiving Buhdiepfol xdryirsgl eh sesord X%@fﬂl@nﬁy ashhde am@r optic cable
Col utm 1205 indicates the lanp 1202 is 3/
bundigmay Ik FREYEEE ARG RN HFigh anay e aaﬁvrddw le, adapted
icat [ d I
to et o8 Bk Py, Folghy B Yher active
bundleson straciiralsimmdd® fnayCalsartre a@4dpteditagirombées rigiddy loampechanical
1202.i.s "off" and r R 16, i ndi cates radiation from
Strengtﬁ‘ew'ﬂp'ﬁg%f'g%?p%‘égg'ﬁtbéﬁgﬁy 7 " of ray R15 and ray R
16 may be determ ned, and the reflectance spectrum of
[oo7et he g ﬂM\@rr@ptﬂ:n@bﬂlémnHWZbﬁdf‘rébl@lihéfeﬂ@r@/totv\%@d the substrate in
foll ow ng equation: - on - of f ' 10073] In
a maawg@reréuwb@dhﬂmﬂal i ﬁtes agerf tbmsy ploateef Fhecenengy psevided to

the fl%%rb%;gtﬁcﬁg%l{ﬁ,a' %Q%UO\%Q r%e‘h%?é{e%' féAet 6f mdrg i%%ﬁ)z'& frequenCIes

gori TS §

or me(y%e a/b2oadbard Qpecttrum enBrgy: Al Rast adottidn ) th&hﬁélﬂbﬁt energy is
/[=intensjty, and n=nupber of substrates. [0074] Figure

reflecied {from tge aﬁswsy@tm bagkwionter HiprmpRls Runeie @pdcisr earied by the

bundi@¥PoR8 or more spectral analyzers. The spectral analyzers compare the
spectral characteristics of the reflected energy to that of the incident energy to

determine the status of the substrate, such as progress of the etching process
-02 .



conpared to filtered absorpti on spectrum dat a.
Unfiltered absorption spectrumdata is indicated by
wo e@ea11lSO5 and filtered absorption spectrum dBtHUSR09/034257

i ndicated by trace 1310. As shown, intensity spikes
fromplasma em ssions are substantially elimnated.
[0075] In operation, a substrate 144 is provided to a
processi ng chanber configured as descri bed above, and

and/di Eposedtos. aPsdess randitmimgpaet adjdsteet ledswat ogalse iamalysis of the

rovided to the processing chanber and ignited into a

refleced GRETIN fi ber optic cable bundle 2 15 directed to an
optically transm ssive region of the upper portion of

[oo77j he qum@swn& CehﬁlﬁWdha‘?‘W%o%n@' 654 " &BBARLER BPCANYendpoint
of at least one frequency or frequency range, into the

detegliase axdhog) 10@nbét . 14TI0e sbaudsteataaly pronidgidnto foshamber 100 and

posi BB R pLOR ARk Ehe FPERAY BB AehiS) acfrs, optica
windbi! Suchr agugieiow a 4bheviicRCcigs pbsitiof8A@ Msal afad tie filamd of the

recei ving bundle for detecting el ectromagnetic energy
subshpte REAfAT sbstiade) FeRert @Eidda sasengdr Winslow, nycbhasbeindow 127,
. Tk ' ] . A . [ I
wic] 1 EUAShE TS AURAaERLIALIR1ESARE UL, B LRE ancor
subsfratgstippyrt. That fi428r apphotopadke duohdlae paytemierd mask 610, is
rise a sBacing bundl e, which may be a third

.CO ) )
posﬂmg& gl ghe substrata afacditate: Ratteshdataation Ry the gvlsyate. A
i . i .
prooBPBR0R L DepLbaRYAD OSSR AGHS R A% S bt process s
generatgidietyeen tnecbabsteate and émgtfinstwoptical wihdoWwi pidl2) git 1440. At

cabl.e bundl e. [0076],. The fiber tic cab bundle 2. 15.
145Odi°PhE?'sg'P?{deﬁ ‘F@;?Slt '&tﬂr'a ﬁeu¥38§t% @r NIR ShegifHg} is directed
into @@NBladhla talakogRN8LIbstPatd. SHUiRGEpRcebfiRgS UORISE &idhal, such as

The energy provided to the fiber optlc_cabLe bundl e
refleciag light jeanartheesubsatraiee isodetanted fyetbief first windowneindsa second

sianfco T 05k et SRR BE AR R le. 2 defTape seconc
windGWlSPTREE dhakh 4D186@. fihhate epbiodimemdliee &fsl dignal includes IEP
carried by the bundle to one or nore spectral

metrigh angZ8pSecPRE dgaalinadan il dnstrigsnrsed pr osgeet beth of the
IEP aﬂ?)abg‘ét bRl &éte?tfedgél‘%mhaf)lméqt a8t 927! et;ﬂgémgfgér,%?ated at
I ncl dent ener ay 0 etermne the status of the

1440sisbrminiated s ashstaswipraigt 488 o oit kearipid)i P metrics may include
ondi tions ar

. processand/or te rature. Process .are .
atiriblifgs &icbcrp reneh Hggﬁhér%‘ﬁg Wiglthy asy welh @salpereaitriyites and metrics
. . e r . - o .
reicQig) e SPOFEahZad hiiiad I RIERGEL (AUPNERG OFFES mevcs
includet Wasmas stade r mdecationpr agi dell 89 atchhandgresdion, amdong others.

TN T A T e

monitthéd BnbiBr REfistePBaged 8hMRorhatib N e A8 aPthd M8t window.
substrate and/ or substrate support, and a second

w ndow, such as w ndow 127, which is positioned in a

[0078]gendra@bodiras dpscaberohersin fre cdifrsied e ERe andhOESaeaalyses
: : 4
usung@@r%c{%ﬁ%ﬁ%kﬂﬁg&rguchAtcls. Bpoaog)aglgﬁ%g%?ﬁ{%e: "355 and/or a

as pa I'S positione
lamp s1202t astdestabéddidreinat ©neadt eoth obithedd analyses heay be used to
substrate, A
determine an end point of the etch process, temperature of the substrate, or etch

selectivity, among other parameters, and process conditions may be adjusted based

.93 .



process gas is introduced into the chanber at 1430 and
a plasma of process gas is generated between the
wauipstitase and the first optical w ndow (142) eCT/W&2009/034257

At 1450, optical energy, such as light in the U/-Vis

and/or NIR spectrumis directed into the plasma toward

the substrate. During processing, a first signal, such

as reflected light fromthe substrate, is detected at

on oneeof ibogh ofi theoanalyses.a §b09ndles:itr@mdgneslucdana:gyaemltted by the

signal jndicative of plasma attributes, etected a
plasmgemay . %od%FW&QV\P?( 1ag§)0p31§agﬁs¢,ﬁptg& Pméea gne/de wall of the
chan%mqﬁla%@ﬁan r&ﬁﬁoﬁéﬁléttofthé%@bsﬂr%l ‘éﬂ@%lééPorﬂﬁ%ﬁé&seﬁé}%y and/or

the second si gna i hcl netrics Based on one
light ar amwmﬁeqm@dyamaar’ae dEi@ctm:t nitbsard eptical etbtectondisgposed at an

142 and/.or 127 e, pl as enerated at. 1440 i
anaiq spRARl AadnalBhkte, SRS R Stk Pee siasag andior
light BRXnbA@! HEGuardisd e\ BeSaftdlyASd bhansdmpaRidto tHeeBfHEr analyses

width, as well as other attributes and netrics

descrlh@ld akevelp thherovedhe peegiasy sif dre resulinel | as

tenperature indications. CES netrics include plasm

t at 0 I r ion, . ,
oo, 2 EMAGEHECHEREAE oy SHEUCR! SSRSSIED 5B mtuing

conflphammof t@qugibuﬂeOE'S thdpsinbahd dEP emt}pdﬁnet fmblgréaleedehablllty,
ﬂ ust ed based on i nformati on detected at
espegiafy Or\AP N ?@@ﬁﬁ”%&&?ﬁ%@ﬁ sFaeexampley Qe é‘l’“ﬁ 'EP eendpomt
t
may Y 848451 T pRARSEBAIAIIGE S s AL ho enopon
methadsl/mr carﬁpanpanﬁZthastvmamethbdsl hBrcmelss Wmorontybevdiuation and

I hese, anal se term ne an_end, poi nt
momiﬂmehéo SfeniEhsteds Ceplitob ol GoneRBng.mED; Lo Mproved by
9 SRl erhé&’ foPTRRNEFPLRABI OPS BRERGHE (a V@R é)r Oﬂéﬁﬁallzatlon
con itions nag be adj usted basedon one or bot

the QiraIsjgned thrpwgh,a éh@maﬁhagym@wl@ngrtbed?PeWﬂalew Hye QEeS signal.

This PhOTFB AR BB 8 X e PRASis SR O Bl ercery
mdeﬁe@udbhﬁoﬁpllbstrfaabrﬁghtﬁé@b ah@@‘lﬂbmgﬁgtdn@ @@@www@ﬁdf chompanson

in a known frequency may be detected with an
betww .teg| m&éw@doﬁpmtsqjo%@@sratssm ghdhe rhemaski anda real-time

t t I
modé?ﬁf'g?qr I?%'ﬁ} 'S§ hc}\ﬁ%F%ryegﬂgwg?éegg\négbﬁﬁae%na ?di angg layer
thickrmm;paegd aoCrHayent)hdunragpaétylses Tdhes conbatizat ooy @aldo allows for a

rove t he aécurac%vof t he r@zsult. [ Q079 En‘o di ment
Compé‘é' epstyeRR 1BE ANBR b danspiBnRAf t1eei gteriaRg and a
real-tﬁﬁ@fM6dB?tbeﬂ1e0§pé&?£ hi@rRI8dibn Grershd Q%\Nhga@&ehﬁfﬁanon of the
endpoint for greater reliability, especially for |ow
maskigelayar théicknesa € b. gorpuderasist) Gainggtolipl e, OES and | EP
endpoi nt may be used to detect process drift and/or

ool I ShE e o et Rl B Bl e A o fregent invention

othereard tlatHeprerabddifmdnité @f ithg |h‘€ierﬁﬁjht ﬁfayf@étdefvrsed without departing

center-slow etch conditions be i nproved
from ¥eniii¢ RecRMHIIPAL andifes SPQPett epEfs mrw@wm ¢lgims that
follon @verage) . Normalization the OES signal through a

phot omask by dividing the | EP signal by the CES

SI gnal. This normalization provides for a true

transm ssi on neasurenent, |argely independent of

pl asma brightness and fluctuations and also allows for

a conparison
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bet ween the neasured spectral transm ssion of the
phot omask and a real -tinme nodel for the transm ssion,
wo b@pabpsal | om ng det erm nati on of the etchi ngPCHYS2009/034257
thi ckness (e.g., a C layer) during etch. The
normal i zation also allows for a conparison between the
nmeasured spectral transm ssion of the photomask and a
real -time nodel for the spectral transm ssion, thereby
Whatlis oldimgpdiiet er ni nati on of the nasking | ayer thickness
{e.qg., photoresist) during etch. [0080] Wile the
foregoing is directed to enbodi nents of the present
1. | N QR6GRInPSRBRbANGbAPRSAGY enbodi ments of the
i nvention nay be devised wthout departing fromthe
ba%pha@b@pbo‘tim@s%@ﬂblydmwmme precgrsinheplaoie;i s

o8 ChOMaR S adseudy BRIt Bl eI I g BpTE g having
a regﬁ@rseahbmuésm fcaRoplicl @astrdlegy elgnae; a shower head
assenbly coupled to a ceiling of the chanber body and

hed REtiEal BgNBANRG Aeyifes 3raedesd tanviept iheaProfesiidoygiume at a
rad'a?hgg'%” Oﬂhé)alnérﬂﬁler HB@%taq{d ng device arranged to view

processi ng vo t a radial position of the

chmspectrilosinsing dyatessp eartarjeds &nviovy tlsgsﬁrene@mn@n@ﬁdne of the
t he roceSS| n%vvql unme of th chanber

baod
Chan%trﬁro%ﬁ/' thieudh e fians BivegrgRnHf RehOHERIBPAR Apsembly at an
angl@%ﬁﬁ@?&ﬂal tﬁ@p%@'&tﬁé%he%ﬂ%a o the plane of the

showe he processing c \anber of claimi1,
mhereln the spectral sensi ng system conprises a fiber
tlc bundl e

2. ool pRaSslior FRSFReE drvdaigbrl whBieUiyie airgtral sonsing system

comptsésa fiber dﬁtlcfbdrﬁﬂe S reth fHeiey opiie unildudnel YoRfprises:
first signal fibers; a second active portion

c éhyst activg @oribpu rcs)mnry:lmg apdahly of duslcsoure® dbsrsaant! a plurality

- nl L of second signal fibers; and a third
of f'ré} Sﬁi’ﬁlif/'[e)gb(i)rtl on conprising a plurality of inactive

f Iabﬁ(ﬁ)nd%cﬂb@)dﬁr ¢ eswiphginghapheslitplof ebeoma 2ounsbeivirdland a
partion of the plurality of first source fibers are

pluraﬁ%%@@@ﬂﬂﬁ@%ﬁ%@daa fart relati onshl p relative to
t 'éethﬂb%%t#ﬂvﬁ’{)e&iloﬁ 'cf)ﬁ%)lrél IJré f | rr‘?a{bqilvm%%?é n the

portion I'rst source fibers
and the plurality of first S|gnal fi bers are arranged

o, UherapLely Lo substant ol yochru o BOTELLY i o o
souro‘és| ek drg éﬂarf%@l?ﬁa%&@@ﬂ Jda‘?ﬁfe?alﬁfr%hﬁﬂké‘ﬁﬁv@ t&the > P Orrallty of

| east one of plurality of first source fibers
first signdl éhsts amdwhiereihdhe portin ofytheffursn plgtalrsy ghﬁurlst fsowe:esﬁbers and

t he uralit d si
the PRI e oMl Bbbtnple PrangRf AnRsH0 fe S RIRMBHE circular
geon@nt he pI urality of second source fibers
t her ebet ween. 5. The processing chanber of claim2 ,
wherein the plurality of second signal

4. The processing chamber of claim 2, wherein each of the plurality of second
signal fibers are adjacent at least one of the plurality of first source fibers and at
least one of the plurality of first signal fibers and wherein the plurality of second
signal fibers are arranged in a substantially circular geometry and one of the plurality

of second source fibers therebétween.
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fibers and the plurality of inactive fibers are
arranged in a substantially circular geonetry and
wob@painseach of the plurality of second si gnabCT/UE®N%034257

are separated by one inactive fiber. 6. A fiber optic

cabl e bundl e coupled to a radiation source and at

| east one spectroneter, conprising: a plurality of

optical fibers secured in a bundle, the bundle
5. cohpe ipsoerpsing chsmbeorafi daint @yprheseimgthat plurakty afnsecond signal
. sour fiher .havin .fipst end coupled to th : ,
fiverS A Tae PIGGUE Bt detive iBermaniona  BRSRt Bnacetkstanialy ciroular
georh@9 ahtAWhdreReAde of H SIRrdIil Bf 8cBEIRE SRIPLNEbERATR epafated by

plurality of first return

second portion conprising a
one Naptivyefibeivi ng a first end in conmunication with the at
| east one spectroneter and a second end positioned to
receive optical signals originating in the processing
6. chartipesr; optiedcable hbuireti® adupfst €O Fadiafieh &olkdd alndt Xt Mast one
i nactive fibers, wherein the second portion and the

spectramelenh §PMPsISING e arranged on a common radi us, and

oyt BFRHY oSSl i3 eRAReN il 1B ARG RO R a firt
portiomecophipridieg i ataleaisy eorfel lBeusse ibebdtavinetaufirstaend coupled to the

.inactive fibers. 7. The fiber optic cable bundle of )

radialiplSpUECe AR AstaTONAENd PesitionastiGndired radiatipp droga g spiree into
a proRbSsiffichaagstral ternately in a substantially circul ar

geonetry. 8. The fiber optic cable bundle of claim6 ,

wesetaond pertivecxmmopising iaoplucitpof et ratuph dibats hyviaf) a first end
. first. source, fibe and a plurali of first signal .
in copy@igaiiL fin 40 ah bt apaPeyrOmelsi e segnad Sfestioned to
recei®é %pﬂé‘dxlaéi%r’fﬁls %Hgln%ﬁﬁblir‘i’ﬂﬁe Qifocte%in@'tdl‘hfaﬁ*lt?ér}’aﬁa first

er e

source fibers and at "| east one of e plurality of
f iar irds pgrN eomerisingna Piwalyi af inastipe fiteirs t whefein the second

. [ I fi.her ranged in a substantiall
porif BRATE' B3 reriF e Ui RS sl 8L Sbflon source
fiber Bosupeafedadong theceheioreriudby eheef ateastogid 6f Balreturn fibers,
bundl e of claimg, wherein the third portion conprises
at leasgt gngod the {pastive dbsitd 0s PgHuIetaindinaktye fibersadj acent
the plurality of inactive fibers in asubstantially
circular geonetry and wherein each of the plurality of
7. sdteniibesi guiad cablbarindie ef tgar 61 edhebyinahe firsgcddcoad, and third
.fiber. 10. dpe] fiber optic cabl.e buyndle of claimB®6,
POrtiGRSATE HTANAe K lisEpalght N sUpTiantiai HEUIZ dRameles a
substantially circular geonetry which includes the
second portion located radially inward relative to the
8. t Hihedibssoptiowablnbundie o cldimas twhereirsitwr saeohidgeartions comprises

lgcated.radially .inward relative to . .he secpn.

a plugdi;nirsq Folicar sbR ahgy & gialBe of 3" slBal Migees, each of the
pluraRQNGir s8¢l sRINANIfBErA aselRRfjdcdre 20kt QABICPL e plurality of first
substrate su%{%grt di sposed in an etch chanber, the )
sourceyfikarp and at gast oner duile RIVpHItY of el sieradi filprs ansk wharein the

) BB 8 5 e S A e ane

one of the plurality of second source fibers therebetween.

9. The fiber optic cable bundle of claim 6, wherein the third portion comprises a

plurality of second signal fibers that are adjacent the plurality of inactive fibers in a
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collecting a first signal and a second signal fromthe
pl asma; routing the first signal through a fiber optic
whediielis® a detector, wherein the fiber opti cPCHDE®09/034257

bundl e conprises: a first portion conprising at |east

one source fiber having a first end coupled to a

radi ati on source and a second end positioned to direct

radi ati on fromthe source into a processing chanber; a
substardiati qiveutar qgearoaiy iasidngyheargih igashi oly thef pluralily ofesegomd signal
fiberfi berg hrayi g a first .Vegﬁ) I n conmuni cation with at

? 8L PORNE %GB L PP§iRIde Ma second end positioned to

recei ve optical signals originating the processing

chanmber; and a third portion conprising a plurality of
10. i nHta fiber pptireablevipende rof tahains 8¢ wivergiorthedibedrapticheable further

i r.d .p j . g radi u .

comiyids’ 0 ShbueRANP FRLERIEERRT SRR MR Tus "Mands porion
locateyl radiahigineard ehstiveotoethef thirtl dridnirand iHeestsleast oh@asurce fiber
_ one of the inactive fibers, or both return and
is logateg radjallyt inward relative kyiergaondPari@n-et ch process in

response to the collected signals. 12. The method of

claim1l, wherein the first signal is generated by
11. opA medhocd ergycessihg atsethsfratencohwrisingst r at e and

wherei n the, second sjgnal is generated by optical | .

efaP)013 SHPEIrG SpPasHANas onT RS HhRtRis SyPPeRainbased in an etch
chami8! i ' ipatte i J&Sint

subst r at elﬁtiirffl @étjﬁte&?:drtg Fﬁ{ogg?/? ip%htgg’]{e%?ritn%g&@@‘g%&ﬁmﬂ etﬁg iprr]esence of
a plasm&; opti cal energy is directed towards the substrate

T CaR e ot fyo BRfheCand Are I3 BAR e ubstrate
c oligstirkfla biyst tshthat @eandsésurid SignaltirciA 19 pReagnal angl e
relative to the plane of the substrate and wherein the

sdeding Neyfiet signat imoueh adfibenaptic baadialtogbdptecier, wherein the
fiber éég?%?nylgo%L&&&SO&Bhgé ate. 15. A conputer-readable

arnrng’ 1 nsStructions, that when executed by

a procesfishgpostyst eompeighiy al leart @hehsquros diver peivirgy aefirst end
in the processing sgstem the etch process conprising: . .
eCOHPIRY 18 & (adiation eowissi ANbASECORd ensupatitionsd W disrpttradiation
dRROARIsbilod iMberpRREEGNEYHaRBer! Ne substrate et ched

t hrough a patterned naskifg layer in the presence of a

pl asmaa siécact pagdionptoroptisiagea gyuralityoofgfirst metuph dibees having a

AR bR B Pt Pt Tl P o
Sip@BRlbnEA O YElEIve bptRed! s@{dlé?oh%iﬂﬁ{iﬁg e Brodeksmg¥hamber; and

wherein the fiber optic cable dl'e conprises” a _
first BothiidopodiomepPripiigingt al plagalityred iseative fibetssrwherein the

hayi irs .to radi ati,on sourc nd .a

< Sebh DolidsShnd Mie SR HBHrEa® PRANGH 81 7 RHliiRETdads, and

seutk esdunte® fiBeplieepaiaigd ehaiPEis common radius by either at least
one of the return fibers, at least one of the inactive fibers, or both return and
inactive fibers; and

controlling the etch process in response to the collected signals.

12.  The method of claim 11, wherein the first signal is generated by optical
energy reflected from the substrate and wherein the second signal is generated by

optical energy from the plasma.
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a second portion conprising a plurality of first
return fibers having a first end in comunication with
wW@rookasadt6 one spectroneter and a second end poRGCT/USIV6H034257

to receive optical signals originating the processing

chanber; and a third portion conprising a plurality of

i nactive fibers, wherein the second portion and the

third portion are arranged on a common radi us, and

13. edlie smethod dfidiaim ild, sépaeiattaed cmtm;ag ehbfgycrsmimascteddowards the

| east oo?ef of the return bers, at |eas

th
subsg%'%\ge oy &We? itst RQriiQn B)@rrg angl. whsreint {au(pp]tl%l]@nergy 1s directed
towak e é’Lﬁasftﬂa*?@ E{San %]Pnglé?%‘r‘rﬁéi% h gta%% SURD sBheFRRS N

response to ected signa
14.  The method of claim 11, wherein the first signal is collected by the second
portion at an orthogonal angle relative to the plane of the substrate and wherein the

second signal is collected from a radial position relative to the substrate.

15. A computer-readable medium containing instructions, that when executed by
a processing system, control an etch process performed in the processing system,
the etch process comprising:

etching a substrate positioned on a substrate support disposed in a
processing system, the substrate etched through a patterned masking layer in the
presence of a plasma;

directing optical energy through the plasma towards the substrate;

collecting a first signal and a second signal from the plasma;

routing the first signal through a fiber optic bundle to a detector, wherein the
fiber optic cable bundle comprises:

a first portion comprising at least one source fiber having a first end
coupled to a radiation source and a second end positioned to direct radiation
from the source into a processing chamber;

a second portion comprising a plurality of first return fibers having a
first end in communication with at least one spectrometer and a second end
positioned to receive optical signals originating the processing chamber; and

a third portion comprising a plurality of inactive fibers, wherein the
second portion and the third portion are arranged on a common radius, and
each source fiber is separated along the common radius by either at least
one of the return fibers, at least one of the inactive fibers, or both return and
inactive fibers; and

controlling the etch process in response to the collected signals.
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