WO 03/ 063196 PCT/ US02/ 37063 Process Endpoint Detection in Processing
Chanbers Technical Field of the Invention [0001] One or nore enbodi nents of
the presewDoBnvEne i on pertain to nmethod and apparatus foPCprsors®eendpoi nt
detection in processing chanbers including, without Ilimtation,

sem conduct or processing, chanbers. In particular, one or nore enbodi nents
of the present invention pertain to nmethod and apparatus for process

endpoi nt detection of cleaning processes in senm conductor processing
chanbers. Background oPrdchs Budyeint Detecli®D R roéssing OMaldbelsnown, processi ng
chanbers (for exanple, and without [|imtation, processing chanbers used to
deposit setfC8Bis gl ield of the Ingention processing chanbers used to etch

sem condu filmns) L r.iodi lv.to r es] due
Formed whdSoidr ' var 228 G mbth Ao BANE S BT Rt A ek <.
such procgpsiang fnagrbedss diyoibe delectidie dn Arb@ksify &hembem! Rclaing! Svitbet
processed). To clean the processing chanbers, a cleaning process is run
for a per ilnitagfon; pepiconductos pracesing chamhers. | k. partiquiareens grgnerglempogiments
requi renment..th o) ntially. all { bui | in the [ QCEeSS N
chanbers boef d?% Eeée%i.lg uélﬁng’leéé%ﬁﬂérl ‘%ﬁ%%:g%g%%pa&%sl gogl ?/cessn rfdgglél?éfa%%th%g
processes. of[c(ibtk predessek im genfiBorlud R pfdceésdig ¢halbatsrd cl eani ng process nay
be perforned by nonitoring radiation output froma plasma formed within

t he proce In onnendpoint is identified by detecting the

presence, bsence, aof t.icul ar_chem cal 0 itions . wthin.the
processi ngﬁ@?@nber, A% lgvyeglir}glggfnbyprg%esgﬁa ?}?img’eg;‘fo?f eexam?rk‘?’t%}{ged"lﬁmut
radi at i on. j;HRMRIE prodetditly RhaAPEs Gls6@ b phdiP caaR8AdRMEi RS Bnd PHRdsdiy be
di sadvant ageous in certain environnents due to physical bonbardnment o

interior chemberseused t@ktchisemprondecisr filmymenthde bbyelesned peniadically tofrembree

pl asma, such .physical . bonbar nt caysing deterioration aof these interior
Component S HABOBHICA gl aUP ey SLANFA RERHEE e ABER GRBerpit gt Hop
CVD")  pr os68sking cRRABRS madyHécllemed Ater STV A6leU Hershie HrRbdsEd. MBS @Bl S,
Inc. of Santa Clara, California, "Applied') can be used in a 'w de range of

appl i cat i ahe prdcessingxcapibers, aplg¢aning prosess is run foar ipenod oltinde (fsddan time”) that
fl uorine-doped siljcon, glass ("ESG') fil t eposit a ndoped.si i con
ol aes. (- uSerciafe bBRAUE ER0E: Pativmine et SesiobEhy S roBfine JRAEES it md

processing chambers be removed. Such cleaning processes typically include plasma

processes.
[0003] Detecting an endpoint for a plasma cleaning process may be performed by
monitoring radiation output from a plasma formed within the processing chamber. The
endpoint is identified by detecting the presence, or absence, of particular chemical
compositions within the processing chamber, as evidenced by an analysis of the
monitored radiation. However, such plasma cleaning processes have been found to be
disadvantageous in certain environments due to physical bombardment of interior
components of the processing chamber by constituents of the plasma, such physical
bombardment causing deterioration of these interior components.

[0004] A high density plasma, chemical vapor deposition (“HDP CVD”)
processing chamber (such as one manufactured by Applied Materials, Inc. of Santa Clara,
California, “Applied”) can be used in a wide range of applications, for example, and
without limitation, to deposit a fluorine-doped silicon glass (“FSG”) film, to deposit an

undoped silicon glass (“USG”) film, to deposit a phosphorus-doped silicon glass
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WO 03/ 063196 PCT/ US02/37063 ("PSG') film to deposit a filmused for

shal l ow trench isolation ("STI"), and so forth. A periodic cleaning
process iwoaafsileel out after one or nore deposition procePEFASNYEMW63 N

t hese applications. To avoid the above-descri bed physical bonbardnment of
interior conponents of the processing chanber, a typical cleaning process
for the Applied HDP CVD processing chanber is a"dark" cl eaning process,
i.e., a chemcal process wherein a plasnma is forned renotely, i.e.,
external top3h® fHDeeasio’d adiianized forahallovh eepiNisblagon (‘ST eind @eBRhaned
plasma is adm tted to the processing chanber to performthe cleaning
process. [BO0SIc qigaping]propesRds sampicd 09t REET PrEpPleEOrR deNosHionfPIeasssRp iS¢k HDP
CVD chanber. = As..s in F : i ncl, o
heat i ng- cggifsfn%opélf;%?o\ggllg? %’giq hea@ﬁb%%@%@%ﬁﬂcé&gg?ggﬁe %ﬁéro f BT 130,

L
waf er suppefipoddfls of FHeOdrbERsifg @hhbetah VhicaA SiRffle\brd&dds fdruhd applisP HGO,
foreline 165, roughing valves 170 and 180, turbo valve 190, renpte plasma
appl i cat orC¥R@rogessing ehasnbes pha | 'dqrecelpaynng pipsessine., apkprrieshpreccpy wherain a

appl 1 ¢ 5l | . il el N "
oot sor RBLE St eBHh s SUAATh SRRBLIHEE BHBFE: g MR o
230, 240, r3etchpSencaitél HlaSRPIdnHeRPGIthe procERE gdikambar © RifeAH SHeedlednim

chanber 100 through throttle & gate valve assenbly 150 and turbo punp 160.
Duri ng sugiocess.ypi cal deposition process, roughing valve 170 and turbo

val ve 190 cl ose d, roughi ng. yal ve 180 is.open u ontrol of
a control I@ﬁ&%}npt s%&&ﬁ?.ﬁl@ﬁ?gﬂﬁ, % lr?.?antlaﬁgn %ﬂggp]?lfempgggggﬁam i dues
are formegs G LEFIEr 1, FEPr VD VidhinSerl 860 idided Qedideybddiak fiAteanoNébil
process, a plasma is .generated in renote plasma applicator 200, the plasna

f1 ows t hr cuggmblyni@0e igkaemehanmbrer exallsoB 0, wafer supposin 4 Q, Hhratidth & gatet ealyd asna

b boess. | AStHHIRG Safighs Rge 4AB Brrtiog 103 tachios wahs dad and TafichrBu g
val ve 180 jgp felnﬂﬁgﬂlak'ﬂﬁg‘ﬁf)pﬁc}aﬁ)rQ@O,tr_%&bteoﬂlashﬁ%?i_n‘tfé%ﬁbﬁ Ale10, IuGremBRSIIAdUENT S

of the renotely generated plasma interact w the residues to produce
gaseous byipjecterc tnenifoldX20a Mairmgraiypicelddeppsitioe procbss; da@Bitiohpoesytsof grsskd ne

165 b hi t h .. [0006] As i l. K ti
ol san”t F ety nanefy T s BRA PO bisorashad at Rl BT, aRdarepy
vari abl es jcB6diHoh HEsidi¥ist 8 Wxhhiditd HohPRhathbé kOB I8rofin thidglcdle g@R VANEr i or

surfaces of "the processing chanber; tenperature of interior 2
assembly 150 and turbo pump 160. During such a typical deposition process, roughing

valve 170 and turbo valve 190 are closed, and roughing valve 180 is open under the
control of a controller (not shown). Further, during the deposition process, residues are
formed on interior chamber walls 130. During a typical cleaning process, a plasma is
generated in remote plasma applicator 200, the plasma flows through remote plasma
injection tube 210, and through remote plasma injection manifold 220 into chamber 100.
During such a typical cleaning process, roughing valve 170 and turbo valve 190 are open,
and roughing valve 180 is closed under the control of the controller. The constituents of
the remotely generated plasma interact with the residues to produce gaseous byproducts
that are exhausted from chamber 100 through foreline 165 by a roughing pump (not
shown).

[0006] As is well known, an optimum clean time for each application is a
complex funcﬁon of a number of variables including, without limitation: thickness of

residue on interior surfaces of the processing chamber; temperature of interior
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WO 03/ 063196 PCT/ US02/ 37063 conponents of the processing chanber at the

i nception of, and during, the cleaning process; deposition/sputter ratios
used duriwg oa/odEposi ti on process; and chem cal conpositi @aTafS02/5m63 esi due.
In accordance with prior art techniques, the above-described dark cleaning
process is termnated (clean endpoint) after a predetermned tine, i.e.,
the clean endpoint is determned in accordance with a "by-tine" algorithm
However, such by-tine algorithns are unreliable because, anong ot her
reasons, ehaphfint oPkhel pidessibl SiRsntee M Ehe inkeptivmRlol,adid Burifig tth lckdHizes
deposi tion process variation. Sonme prior_art solutions for determning a
cl ean endpuicass; f dapositide/sputter ekafiph gispd odwHE @ndenositign; piogessy andpehgnbeales” to

trik | Ny d j L f
ol Ut ons SHREoRHOL PR TR e e Risy "0 prHieery eiianehaf oo BdGiben, o1
vol t ages, dad Qeanktl fob@Ri§ terithtdd @EH4E @n&Y 6t hiteied predeeamiped iR se., [H007]

In Iight of the above, there is a need in the art for nethod and apparatus
for det er nleai mgdppint ie dateominsdiinacqosdange dathka chyehmen algeridee s Howsygmsiop of

t he I nvention [0008], One or r nbodi nents of the present,inventiaon
hdvant ageSueryS PRty s reliiue DRGORE: Tk et Psie SR MR RR ;e 4
et hod and,aRpandidiftuleOfardabe it PrdtBicePdepRBitiBR iphice®y vatiatibaASLAR RIRGESS

running in a chanber. In particular, one enbodinent of the present.
i nvent i on solatiensvéirhistertriaing coelpani sedposttdps agiark clepniaigrpseqssh gnied ditdizingn

absorbed by a bypr,pduct.. of the cleanin rocess..into an exhaust |ine.of the
chanber ; (%‘)un St shgke ahladeg @’F gﬁg%dgjf éﬂ%sén?ﬂ £¥H{88‘}° i ggwgﬁerbflucthhe

bypr oduct fRhEe! Ehe 19t redd18N tHeh@seBTASIUR & 0fthgeabaRr bance
falls vmtﬁ?%ﬁgn%?? BISbRIFE auct e BARAID re I e e 0009]

FI G 1 shomesliablej atdprodiiceredqetrsabnoist pwoblenfs. an Applied Material s high
density plasm, chem cal vapor . de iti.on ("HDP,.CVD') process chanber;
[00010] FIl@9073 shov@"ilgb? 8{3 @Wiaz?PVggE‘?r&%ﬁ £ Bhthﬁfarﬁ?é‘?ﬁ%ﬁf’déﬂﬂc ?3‘}?8’&?3‘?5
chanber i ' JORRIE 26N endpoi nt detector that
is fabri c;f{;&g%&?ﬂf\ﬂ?m%?g%%g\ggg%{fﬁf%Egkenbodiglrgnt Sof the present invention;

[ 00011] FISsmmiarglobtie lavdtiook di agram of EDP 300 that is fabricated in

accordance_  with one_enbodi nent 8f t he trhesent i.nvention; :tSV\D 3/ 063196
PCT/ US02/ 390113 One or more embodiments of the present invention advanfageously safis

the above-identified need in the art, and provide a method and apparatus for determining

an endpoint of a cleaning process running in a chamber. In particular, one embodiment
of the present invention is a method that comprises steps of: (a) directing radiation
absorbed by a byproduct of the cleaning process into an exhaust line of the chamber; (b)
detecting a measure of absorbance of the radiation by the byproduct; and (c) determining
the endpoint when the measure of absorbance falls within a predetermined window.
Brief Description of the Figure

[0009] FIG. 1 shows a pictorial representation of an Applied Materials high
density plasma, chemical vapor deposition (“HDP CVD”) process chamber;

[00010] FIG. 2 shows a pictorial representation of the HDP CVD process chamber
shown in FIG. 1 which further comprises an endpoint detector that is fabricated in
accordance with one embodiment of the present invention;

[00011] FIG. 3 shows a block diagram of EDP 300 that is fabricated in accordance

with one embodiment of the present invention;



[00012] FIG 4 shows a pictorial representation of the HDP CVD process
chanber shown in FIG 2 wherein an interior surface of the chanber and an
i nterior woriBaeH9of a cl eaning process exhaust port are iPaaiusar/amp3 [ 00013]
FIG 5 shows a graphical representation of how a clean endpoint is

determ ned in accordance with one enbodi nent of the present invention; and
[00014] FIG 6 is a graph that shows particle adders as a function of
undercl eaning or overcleaning the HDP CVD chanber shown in FIG 1.

Det ai | ed E}%Ei]‘ pt i opyc UORbRE FfiGori8l rereSeritRRbARAHDPNOVD Hadeks Elatntrdder s
as a function of undercleaning or overcleaning high density plasng,

cheni cal staywar ind&o 2i wherein(dhHbRriovBifacemfobe skamher ehd ap datengosusiaenat in Fl G
1 (The termparticle aﬁdeLs as usgig h&,rein refers to particles that are
added to SlCHHPEProgess SXpASLPITt 8t BEFHE i ng a processing step on the wafer.
For exarrpgmm ne m ght SedsWsCa (hSHHIATRE re@int R0t HChEW DtidaRCerripbRit iBF i OF
to wundergoing the processing step, and neasure the nunber of particles on
t he waf er detbingined inndeogencegvitthengpembementipishepresenhmvditidfreprtice in the two

nunbers is a nunber_of particle adders.). As was described in the.
"Backgr out903# t he Fﬁ\"r&]ﬁiaﬁ?ﬁ‘ 'Z‘ai g’&wédﬁa%“‘%‘f wdsrs s B‘étﬁ’élsoc%fuﬁ}aerﬁﬁaﬂﬁg’ CVD
processin ng‘gp s Ewis ARRSY terials, Inc. of Santa O ara,
Californi gr ' pcmlrl%%ﬁ])e Is a "dg}?%b cl eaV{rlll?ﬁlgFIgécess, i.e., a chemcal

process whetatled Desdiiptionn i s forned renotely, i.e., external to chanber 100,

and wherein the renotely generated plasma. is admtted to chanber 100 to
per f or m t 0018] eani HEOf Bezaph et artielg-pddersys & M%@Pg?fgfeﬁ%&}é

di scovered t " ticla) OLKERRES: vhnd defbsitBnd¢mupbes
particle Sﬁdé@éﬁlgaglg{&r}g@fdeﬁﬁgy c‘?lgsglﬁf‘ur’né prg%egspd?i .%I.?O,S a gr ocess tof)r enove
resi due depsisigdchamben160 slowicheRite (@at kamlBotidé addasrbensedOBreinitaferag a
deposition process) ends tQo soon " erclean"), | before 100% of

) (an "un , 1.e.,

the resi tupartiglss Hesbare addsdde 2 wafsr F‘%@é‘?ﬂlgr%fpﬁ 8 & PYFesyng Sippcm cause

of the poor . particl er gggﬂtc 1.’{!91%’% - fQl i qgi tion

process t K2 erdglf)ocgsel&?lgl pge’ oé‘?l i onﬁa{lsggesa%i m to%Ega%lcg)é% dﬁg%%fgsﬁ?#hg

i nvent or s yRaetgoial Sl PloseRingrseeh, tahdtmqaeme thoaumbel of metidler omtheevafecafis i f

t he cl eani ng process ends too late (an_ "overcl sone ti e, after
QT

100% of t hadergeingluibe [paecessiesn siegmoyBe difftendentpe B0l bt ds 3 BEHEST or
Fori de PTG BueBRh1oF BefPRugpRIidy: ARl 6t BRMenltR, b uFpiouT

cleaning process. for an HDP CVD processing chamber manufactured by Applied

Materials, Inc. of Santa Clara, California (“Applied”) is a “dark” cleaning process, i.e., a
chemical process wherein a plasma is formed remotely, i.e., external to chamber 100, and
wherein the remotely generated plasma is admitted to chamber 100 to perform the
cleaning process. As shown in FIG. 6, the inventors have discovered that poor “particle”
performance, i.e., a large number of particle adders, occurs if the cleaning process (ie.,a
process to remove residue deposited on interior chamber walls 130 of chamber 100
during a deposition process) ends too soon (an “underclean”), i.e., before 100% of the
residue has been removed. The inventors believe that a source or cause of the poor
particle performance for an underclean following a deposition process that deposits a
silicon glass film to be SiO, particles. The inventors have also discovered that poor
particle performance occurs if the cleaning process ends too late (an “overclean”), i.e.,
some time after 100% of the residue has been removed. The inventors believe a source

or cause of the poor particle performance for an overclean to be aluminum fluoride
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particles produced by interaction of the cleaning plasma with the surface
of interior chanber walls 130. As a result, and as can be seen in FIG 6,
for a parwD®aled19€l eani ng process, there is an opti num clpeanisny3mwshdow,
wi ndow 510, during which particles generated as a result of an undercl ean
or an overclean are avoi ded. [00016] FIG 2 shows a pictorial
representation of HDP CVD process chanber 100 shown in FIG 1 which
further conprises endpoint detector 300 that is fabricated in accordance
wi th one G684 pRsduc& bl hatepicEssdf thewidahimgnplaine veitic fhee sdrfigte méninteirior
directed to detect an endpoint for a processing_chanmber cleanin Er.ocess
wher ei n Silfambeyaells 43@x M tesaltiandrasgamsecen 1bFKE & f%b?%‘ﬁ@? g‘ﬁ R

cl eani ng process. Such . i t. i : f SRR wi de
range of grﬁﬁffsrs’ci’te eohssarég)gﬂmglg? %gggﬁ Qe‘%@rﬁ%%ﬁéﬁv V\5/|q tb hgut gh@nwtha %ngﬁl,%sto
deposi t  asdnetipdd A3ar @anesk Hi urideeteaglonas o(rERE hrefavbided. t o deposit a undoped
silicon glass ("USG') film to deposit a phosphorus-doped silicon _glass
("PSG') fl00M6}t o dePsi2 shows priciedd TepreseMaliqnoaf H&Pné?ﬁ”? PEICEES ehpmbesT| ) |

o ! O o DS N £ . 0
accor danciot o 119G, Tk Snther chinprivds Flnd e AP0t R 2 hicldn
used to t§{RekiandYithOortetabbdimet! 6RtheeHdRait Miiveation Omdaichrsmbuginbeviel of

the SiF4 gas. As such, this enbodinent may be used to determ ne a ¢l ean
endpoi nt flisected tocdesentiangendpoivt §or avpracessingsehsstbsh cleaning prereps WherejtsSiks

generated for use in st andard .aptica t ' que.
For exanpf®, lst?@éu%%ﬁam@ﬁmq??ﬁx}% easuasé%pr?) gl?&d)efﬁ gg%%é%ﬁgq}gﬁ%eg% tgﬁglgg%l nt for
a cl eani ng,BEAGRAS iVISEHRI, Tof emﬂgre,e valias Midgenasaodrappiemienatsash as,pfoasm
that is injected into chanmber 100. It is well known to those of ordinary

skill in thengetandowithant fimitations o depesit a fluerine-doprdasihepngiass (FXF") Tt

le, d without |jmitatipn, . | . i
i or owave g drmerh agmdoprh g 8o IS F Fgh AqRhRicH-Aea siiteh, °7 <
gas Passeggs% g?ggﬁ} B8, 15 HRPEkil Hfifth GsedZor SRR théncH &ictaionr(“SD0), (6 EEFOSR00")

i s dispos foreline 165 of chanber 100. FIG 3 shows a bl ock
di agr am ot sfHoBPn nBfife (‘15aN™)i flm, andsd athed i n accordance with one enbodi ment

of the present invention. As sho ip. F IR s out p ’
infrared (1A} on HhyRrrdaRse! &H hQ“% usgP%‘ﬁHe%ﬁ ﬁgﬂ%rggr?%%%%%g g&p@I)east a
portion of FOLiANoRARE. & 1§ defectasidah @ndpoianal Lpreddterniihadlepéli sh band
of vi brat is%%glogﬁgés of '?he SiF4 gas). - In acc}?ridanpe with one 5 WO
03/ 063196 tIRFiFLSH2/ 8706, this embodiment may be used to determine a clean endpoint for a

cleaning process wherein substantially no light is generated for use in a standard optical
spectroscopy endpoint technique. For example, this embodiment may be used to
determine a clean endpoint for a cleaning process wherein a remote plasma generator
generates a plasma that is injected into chamber 100. It is well known to those of
ordinary skill in the art how to fabricate such a remote plasma generator. For example,
and without limitation, a remote plasma generator may comprise a microwave generator
that emits microwaves into a cavity through which a gas passes.

[00018] As shown in FIG. 2, endpoint detector 300 (“EDP 300”) is disposed about
foreline 165 of chamber 100. FIG. 3 shows a block diagram of EDP. 300 that is
fabricated in accordance with one embodiment of the present invention. As shown in
FIG. 3, IR source 400 outputs infrared radiation having wavelengths substantially
overlapping at least a portion of an absorption band of SiF; gas (for example, an

absorption band of vibrational modes of the SiFs gas). -In accordance with one
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enbodi ment, the wavel engths are substantially equal to about 1020 nm The
IR radiation output fromIR source 400 is injected through a w ndow (not
shown) i nwo oaoeapedet ermi ned volume in foreline 165 of a ekaniser3mshaust
system of chanber 100 shown in FIG 2. As further shown in FIG 3, EDP 300
conprises filters 420 and 425 di sposed on chopper wheel 410. Chopper wheel
410 i s di sposed on an opposite side of foreline 165 from IR source 400 to
receive radiation transmtted through another wi ndow (not shown) in

foreline %&%odi@elnﬁ, fhe HRPelbitRORS bibsehaally Gqial fN@But 10200ira! TR IR Fadtatpand of
wavel engt hs substantially at wavel engths output by SiF4 nolecul es that have
absor bed otipat i fdmafRdsauact a00ofs duiepled thranghl R seadave @OD shewR) aR@ms! e,
filter 420 may transm.t r.adi at.ion in band. of vel e h at
about 972 P_Fﬁ#?énémgf‘fql‘t"g? 13 Bre:h 626%(&??’ gﬁam‘aee‘n%’% ‘ﬁﬁfsly%}éjr 8% ﬁgﬁfeﬁ:@g mts
radi ationg &w@n?_ﬁr@. of Aerehenglhs 6l 1ase 3t BDPhsnbesiehrizes filersed2ongdht2s
transmtted by filter 420 (for exanple, filter 425 may transmt radi ation
in a bandispbsedeorettepgehwhestil8r dthopperabienst 400 & disyosedon ¢nioppoFiigrsideed! shown

in FIG 3, ch | 410, (and h filt 420. and. 425).. | d b

ot or 430 PR LoD eR osoutiegiRe SeePihERanion FiBpidgr AR ERhn R Bt oS, Y

shown in 'fﬁéi“r shown] BOFREIRM d5! gflr%&i) Ad0ed BMsthictddetoSrhaRitandiad@bin & bary T essed
rans

by Fouri er orm Raman ( spectroneter 460 to provide output
si gnal s t haivekngthappbstadiaily at avelengths ontpub by SiFAmplecnles dbat| hpxe gbsornd

exanple, an output signal receiv by contral |l er 440 rr ondi ng to

radi at i on thmidTarRgl TadiatiogPuRYt Em ig§°i/“'s°° ‘@be@ort %aﬁ%;ﬁ%ﬁégge%agc P8

that is Sublis@f fich bERIDADa KRl ShERA at BEGR! 97 Chub an® ANLY 41 B'a bhital
ng to

correspond radi ation passing through filter 0. In accordance with
one enbodidersity €iftert that praasmits radistent iroa, baad sifgwavelengthsuelose gnileThand of

Chec o grimelenathygnsretey e 2048y Samel e b orS SRRl edl R L) e
wel | knowq,.t9 M%l‘%{g&z gér{t‘%é/ 2Blbbht o0 AR aA$ ktill bivrtBerl Svd iPFIG03} O

provi de a second sig x signal ™), and the 20x signal is applied as
i nput to chBppeRiwirel 4UD(ahd hemediliess 420 Aded?S) isrotatedchymoton 43¢ ot yesransel t20x
signal is _nonitored, and an inventive algorithmis used to determ ne a

cl ean endpseagrﬁlsfrqreemﬂ%é"faﬁ Il be described in detail below, the inventive
al gorithmj sed o il BIEP t Ranke: Al waunsliat i on
of the baclbg?féﬁnd-co‘?? ect ed@&&ﬁsﬁﬁgﬁ% Ifa\?mﬁ?lﬁﬁpartilgtleggggrlfornance. | R

sour ce 40Gro€disydpby Polger TéibSforfni Raman 4KIRT)i dpeetrom@etdbQ 3¢ pe3vid® output

PCT/ US02/ 37063 .
signals that are applied as input to controller 440 for analysis. For example, an output

signal received by controller 440 corresponding to radiation passing through filter 425 is
used to determine a background that is subtracted from an output signal received by
controller 440 corresponding to radiation passing through filter 420. In accordance with
one embodiment of the present invention, a signal output from FTR spectrometer 460 (a
“1x signal”) is multiplied (for example, by amplifying the 1x signal in accordance with
any one of a number of methods that are well known to those of ordinary skill in the art)
by a factor of 20 to provide a second signal (a “20x signal”), and the 20x signal is applied
as input to controller 440 for analysis. Then, the background-corrected 20x signal is
monitored, and an inventive algorithm is used to determine a clean endpoint.

[00020] As will be described in detail below, the inventive algorithm is based on
removal of SiF,; from chamber 100, and a correlation of the background-corrected 20x

signal with particle performance. IR source 400, chopper wheel 410, filter 420, filter
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425, FTR spectroneter 460 are fabricated in accordance with any one of a
nunber of nethods that are well known to those of ordinary skill in the
art, and ways3besiobt ai ned comrercially, for exanple, fromPEK&Shnstoszinents,
Inc. of East Hartford, Connecticut. Controller 440 nay be a personal
conputer, or it may be a controller conputer that runs chanber 100. Those
of ordinary skill in the art should understand that a 20x signal is wused
to provide a convenient signal level (for exanple, a 20x signal provides an
appr opri aygs VeTR agectfoReérudd00abs, faheyseEn, a@m@ﬂémnhs&n?fontem PhEEBH of
invention are not” limted to use of a 20x signal. In fact, other

enbodi menttieds shatvire mesllakriownstogthase piordinsny slol du thoprtaamd wahee oblaied|

| evel is nmonitored. In addition h_an enbodi n cri bed
wher ei n' a CoRBlRUA i REr e ot Tk B, R TR an R, QFRaftar s
further egRadbiBY® Rhy b&8 peF8aSAToniplieeBri iDMmapbe at@htrbilér dogfuteh &zt Byhs | N
fact other enbodi nent’'s exi st wherein background correction may be

per f or ned chanbey 108e afEpkidftoadivaiyrskill fmtheeart shvubhunderstend thehavAx signghisse of

ordinary ski]Jl in the art. [000211 t e of ordin skil.l_jn.the art

wi || readi“F‘iF{ aw%ﬁstaew 9% S ﬁ_i‘f‘feﬁm(i‘ﬁd?"ndé" I %@!‘zb@%ﬁ BRXI9SS Bovi des
a neasure aﬁf)ro?ﬁﬁ% Wased RsaREBADRBFBvdrNehbb @B oFthe pebidéntrifydntion Gkeasi Ng
process. I'h accordance with one enbodi nent of the present invention, an

i nvent i ve liatitpdrtiot bsen afett 20x signak| bafeck rdlryi embogdineendsy exist whezox 11 signal 1s
signal reaches a predeterm.ned.voltage level . |In,.accordance with this
enbodi mentmoniteEed, gF 2R PRFHFIRR IWﬂll f%‘%@n]ltcér\eig'l I‘?:?)&r‘@%‘bc?ﬁfggu a%ergg%%@?%tr n ned
per cent age,ofy 5 F v AMLEdIREP &7 hebD Qvaa NalilRd SN BeEmD BatkRbund
foreline %ggbe%éfesé S oyge%eilfoi ct%‘?@al repr es_en% ation gf HDP C\/[?pl;nocess
chanber 1Q@rredtivne furtleen einbbéiments ofithé presendfinentiobare not dimifedrhervey. Bufaetace

Area "B") and an interior surface qf fhe exhaust. port haust ort
Sur f ace ?Aroél@?f" ?{n?"ddP’énﬁsnE’Flétap"‘g’&Fe“? ﬂaa& %8\_‘“6‘&?8@%&‘?% HEaP((e FrRFé% \efg using
al gori t hm(bé%xgg%lg%?sr FEnagfer Wi 1§ SERYabwho dRkebromgArpsiR anteal] er 440 as

fol | ows: Surtace Area "B") (Chanber Surface Area "B") +
(Exhaust R00021fur f acks thosdof sdindrP N4 thearh sl reitly eppieciateo the Bngigelment
of the present invention, chanmher 100 is gﬁﬁped h? E?e 00%.clfe n ﬂééd a
cl ean endpefiencestheQxFienahdredes dmeayire LRty S JF aB5ERanCR oY 1GTEINR 109 at ed
by the cleapni r f herd j - BOQragaft t he
interior s‘ﬁl?#l gtggo{ag%éﬁ% sré)éps%rthfl g&;ﬂ@g@}éﬁﬁ %‘gaﬁf’%‘gﬁﬁﬁ?f i nq) 7 WO

03/ 063196 iRhtioB0 ah IdemBve algorithm detects a clean endpoint whenever the 20x output

signal reaches a predetermined voltage level. In accordance with this embodiment, the

predetermined voltage level corresponds to a predetermined percentage of SiF4 removal
from chamber 100 and an exhaust port of foreline 165. FIG. 4 shows a pictorial
representation of HDP CVD process chamber 100 wherein an interior surface of chamber
100 (Chamber Surface Area “B”) and an interior surface of the exhaust port (Exhaust
Port Surface Area “A”) are indicated. In accordance with the inventive algorithm, the
percentage SiF, removal is determined by controller 440 as follows:
(Chamber Surface Area “B”) * 100
(Chamber Surface Area “B”) + (Exhaust Port Surface Area “A”)

[00022] In accordance with one embodiment of the present invention, chamber
100 is deemed to be 100% clean, and a clean endpoint is found, whenever 97.5%
removal of SiFs that is generated by the cleaning process from the interior surface of

chamber 100 and the interior surface of exhaust port is achieved. Advantageously, in
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accordance with this enbodi nent, EPD 300 adjusts the clean tinme dynamcally
to provide a consistent |evel of chanber clean by tracking SiF4 renoval
during t hwooBeexiperg process. Thus, if Exhaust Port Surfa®eTASea3méxhanges,
the determ nation of the percentage SiF4 renoved to achieve a 100% chanber
clean will also change. [00023] FIG 5 shows a graphical representation of
how a clean endpoint is determned in accordance with one enbodi nent of
the present invention As shown in FIG 5, an anplitude of the 20x signal
s plotted,analde (0ifliAR! Epbuifchti NG OMODRANGS I Alldn Bic! BiuaheOlsea as a
function of time (it wll be appreciated that a flat-top of the 20x  signal
is due t o psatide atomsisténdleviehef slmhtbeyeleat by trackieglPiFs sAemeyednring thelogangig

voltage anplitude correspondin 0 95%,Si F4 renoval .results in_an

under cl eaREFeEhanws; lé%"g‘?ﬂsf 5’@2‘ g}ﬁf?‘iet (e é‘o?ﬁ%ﬁgﬁ%n@len%#?rguw{og%) 5ihe,
removal r L §; J CHAOME CharAbd cleaM HillAGS ABMel t ude
correspon ?#ght?gé?%%é%?v@g%g%\?‘él resul t% incan olvercl egff‘])égd chanber .
Thus, as 40@023]i n FIFEG. 5, skdwslavngraplicalorepesspmation tof how @peleamlendpdietais

wi ndow that m nim zes particle adders r.esul thﬂ% from an under&%fehan or_an

over cl ean deamined4p AserrAgace; with, ope FARALESRE Ph UEHRTESBHITEM Y ht P

present igpsent | i ' biteSis RehRRnlIFQoltd 41 f Or
000% Si Fa T8 onal Eﬂ‘i‘pr%t{r?néfe fithe %SI A §&§ Poh e 8 “oort. Further, EDP 300

adj ust's t g tlenscitsans 4 inrtivn aff ltime (it willde appregiatel fhat e dbd-temdf Her 2war e
conditions-- by neasuring . |R absorbance of th i F4 gas an byproduct,
and by trisignal indue tpesasyranaen wdﬁeiVﬁﬁa%& sc@ e“5§§he§15e%?8%’“éa & Er ﬁé@’hage

i ndependent h kd 699Sg; [ onsi AVé&lan®tr; Chamber
clean. Furth {éarl‘?e g&rﬁ%@%ﬁ@%ﬁo? ??ra?l%%gglﬁ%{li I(r%g'lsl%afrﬁeﬁg Hgéesse%ar% han t her tinmes
cor r espondigiggd QnifdBlde Sorfrdspording ato, 9US%H GiFanersonabdiestdtst imfa 106 peleaent

i nvention may provide reduced _ cleani ng gas usggﬁo gﬁ:d higgggr %lﬂ{?o.ugh ut
due to t hechombereindg seltage applifuds gprresperdipg o, dOHG pHge dieHERt ot t he
present inyvention u § ' | dsab hioBBmMALS.

t he chanbe?vefcéeafﬁ%&ﬁ C %gh%"—l%j:ytg ﬁg?vqﬁgl% gﬁ%ﬁgﬁ ?@ﬁfgé?\%?’résg%%rst ant 0gorrrrlpl etely
to clean fQefl WigdoWb5Shati Rdginfipssephrielel 6addrs renfting Som cr chdgelean ciresn i n

chanmber 100. [000241 In further enbodi nents\,,,tgf t.he present IPV ntion, the
i nvent i ve euegdean: hri\dyanjagsaustyst §hASELTEYHr Y o s, ProRASRE Pl A G° cpreset

ercent age_of .t he i i j
e et s o1 ngmtioPrEgPnlal k) Bfipoif B0 blSrifie BoIB ROR S, <SR of B,
det er ni nedhashalaB& dndale belayy porn Purtier,dEDP 800jatjusisrike cl8an/\ime 3lyo8Biteidy

PCT/ US02/ 37063 . .
--under varying process and hardware conditions-- by measuring IR absorbance of the

SiF4 gas clean byproduct, and by triggering the clean endpoint at the same level each
time, independent of chamber conditions, to provide a consistent level of chamber clean.
Further, since the optimal clean times are shorter than the times corresponding to 100%
SiF, removal, use of an embodiment of the present invention may provide reduced
cleaning gas usage, and higher throughput due to the shorter cleans. Note that, after
using this embodiment of the present invention, although there may be some deposits in
foreline 165, the chamber is 100% clean. Further note that it is not important completely
to clean foreline 165 since foreline 165 is not a source of particles in chamber 100.
[00024] Tn further embodiments of the present invention, the inventive algorithm
may be extended to provide an overclean as a percentage of the endpoint time.

[00025] As described above, EPD 300 adjusts clean time dynamically within an

optimum clean window that is determined as described below, in accordance with one
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enbodi nent, by nonitoring Si02 and al um num fluoride particles to provide a
consistent, lowparticle, high yield chanber clean. The foll ow ng descri bes
one enboapreBG3166 a net hod to determ ne voltage | evel s t ratr/usoer/smspond to
wi ndow 500 shown in FIG 5 for a predeterm ned processing step. Step 1:
choose a voltage level on a 20x signal to determ ne an endpoint for a

cl eaning process (for exanple, initially, the voltage |Ievel should be | ow
enough to correspond to an overclean). Step 2: nonitor the cleaning
process ugiRgqikRR, 300 ABHitdi F0Sethdv aldniigem gietidé Oopaititley Mo nproviie a
endpoint. Step 3. process a predeterm ned nunber of wafers using the

pr edet er ncomsistgnto degpariigle, shigh; vididt ehambey elsan.nuhber fodpwig desribesdders f or

each of the fers i.n accordan wi. t h ny .on f_ . t hat
e el | ERBAET o G BSRt 4P afefniAel e PR, 190K Mot 2pRUIRR (GluilEODOBD |
aver age nupel iOFIPaT bt EF%d@QHﬁfn%d pRicefkinl stpICS@pIechidige U obliagdevetygla Used
to determ ne the endpoint for the cleaning process in stages, and repeat

step 3 at 20eaignaktoageiermiine ancintipejet fasveetleatingpiodses (fat example Bitdyulel y to
a high enough |evel  t cqrrespond. to _an undercl ean. 1 ve,
the averad ég?ﬁ?&ﬁ\?ﬁ SB?‘ﬁﬁé’Fﬁ?%’leé‘g‘éf&H?r ORI 19 Y eéctleaézc g%gt%:ﬁ%%gﬁg%%d
decr ease tc%aﬁing‘p%msiﬁgﬂpbhm dHAGhE BBGseATORAR: 1906130 dEleffiing hOdRIh6ing.an
condition to an underclean condition. Finally, the voltage |evels that

cor r es pondtdpo3 wprodess B5pedstetpsined ninabényofswafeounging the mied¢tpmmined p@gessErni ned
anount) the mninmnumin the average n er._of .particle adders. se of
ordi nary $kPl fietPWllpﬁéhea‘i“{fnhbq{éﬁ‘f E%E‘? ?@%pt?f éeéfl‘g?é%hei agf?rgélg%% s Ag? &?%g at

an overcl oROGs MRMINBEr SRt NSRS &L RN knokftoahe T degigiry BRI iAMRCAES can

take place Dy starting at an underclean and noving to an overclean.

[ 000261 Thaddetkilneen dverdghemarber of bartickecasigaisz Steth 4t inctrass teagbnpgrylevel
description has_ been presented for, the sake of illustrati,on and

descri pti o¥ehHn getemaing G’&%?mfppl tdop, e CHFW%B@ae%SdnﬁgagS%h%&FP?}‘g SP X & 1imit
the invent] t leSRvdI Bkl 5eGheResd dFvehtualy & Phesh @ohgdidenics may
be fabri caetagrgs%gel'cﬁﬁa??ﬁéze Zmy met hod for det err?il‘ri:ji?(ng tﬁ% abggr bance of
one or norRnEgRAadls abypdadeat.s Asllesribed aboveg therayerage numheraefdiartickhadders

oot deramineian cah seshomd Arehoite 6,6 JuoBluby BE TRp (hBfasg RS R Baee, N
non- pl as ggrogh 3@%@;\%1% %gg&ﬁiéﬁ%a an ARGer¥ehd caMMitidd. NBingfly, AR ¢ ISk ey i ab er

(for exa Imtation, deposition chanbers and etching
chanber s) .cofre¥¥on 36 RGRIG SGUTUbSBOAAIB79B®und (to within a predetermined amount) the

minimum in the average number of particle adders. As those of ordinary skill in the art

can readily appreciate, instead of starting at an overclean and moving to an underclean,
the above-described process can take place by starting at an underclean and moving to an
overclean.

[00026] Those skilled in the art will recognize that the foregoing description has
been presented for the sake of illustration and description only. As such, it is not
intended to be exhaustive or to limit the invention to the precise form disclosed. For
example, embodiments may be fabricated which utilize any method for determining the
absorbance of one or more gaseous byproducts of a cleaning process. In addition,
embodiments may be also used with any cleaning process (for example, , and without
limitation, plasma cleaning processes (dark or not dark), and non-plasma cleaning
processes), and with any kind of processing chamber (for example, and without

limitation, deposition chambers and etching chambers).
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What is clained is: 1. A nmethod for determ ning an endpoint of a cleaning
process running in a chanber that conprises steps of: directing radiation
absor bed w9 0a/0631p¢ oduct of the cleaning process into an @xhaissy3ioohe of

t he chanber; detecting a nmeasure of absorbance of the radiation by the
byproduct; and determ ning the endpoint when the neasure of absorbance
falls within a predeterm ned wi ndow. 2. The nethod of claim1l wherein the
predet ermi ned wi ndow corresponds to 100% cl eani ng of the chanber and |ess
than 100% cl eaning of a predeterm ned portion of the exhaust line. 3. The
met hod of Iai.m12. V\,ger,ei n the cleaning process is a dark cleaning process
and the st'BifteFCHHEdt ng conprises directing infrared radiation. 4. The

met hod of claim 3 wherei i\ th@hsd or dbteHBingigt iah Gerkipoink i sfes clahaingc pioness
further radiation emtted by the byproduct after absorbing the radiation.
5. The netrhodngin athamberthahearentises fepsefep of detecting further conprises

anal yzing the further_ radi ation usi Four, r fqﬁﬂ?ﬁﬁ rametry.
6. The net hod of cl gfrﬁ?tglg/ﬁ?g’rag?rhg?sﬁ’g%gtb&% %&E%&c@%‘f@%é Urt her é"‘%:ggfrir%rai?lses
gener at i g, BlhsPltPdMthS Lidhdbery epresentative of the measure. 7. The nethod of

claim6 wherein the step of determ ning conprises determ ning the endpoint
when the output si gudatecing & measpurtphabshdapeaefdhe radiation bxithefoxmrodugt; arg e

hod of claim6 in. d ' ' ],;
mil L1016 of the out gRTaIRa e Gureih v rit il 3 o MELERR AR, o

det er mi ni ’bgecfg{'h‘i"miﬁ%ﬁ%ﬁﬁm. when the output signal falls within the
predet ermned w ndow conpri ses determ ning when the output signal falls

bel ow a predeterni néd | eviie. mithodTioé elainhol whereinathe gregeiermaingd ¢ widow

ol eani ng. seaeweads ikl SRR AL bt rerEe eirroslh E0PRSI6 sl e
E;J‘Fl;lr (L)Jg(agi %g?&?%r@iﬁéaqjo?ﬁérpﬁt%@ilﬁﬁsﬂlﬁ@t transmts radiation absorbed by a

3. The method of claim 2 wherein the cleaning process is a dark
cleaning process and the step of directing comprises directing infrared radiation.

4. The method of claim 3 wherein the step of detecting comprises
detecting further radiation emitted by the byproduct after absorbing the radiation.

5. The method of claim 4 wherein the step of detecting further
comprises analyzing the further radiation using Fourier Transform Raman spectrometry.

6. The method of claim 5 wherein the step of detecting further
comprises generating an output signal representative of the measure.

7. The method of claim 6 wherein the step of determining comprises
determining the endpoint when the output signal falls within the predetermined window.

8. The method of claim 6 wherein a second output signal is a
predetermined multiple of the output signal.

9. The method of claim 7 wherein the step of determining the
endpoint when the output signal falls within the predetermined window comprises
determining when the output‘ signal falls below a predetermined level.

10.  The method of claim 9 wherein the byproduct is SiFa.

11.  An apparatus for determining an endpoint of a cleaning process

running in a chamber that comprises:
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cl eaning process into an exhaust |line of the chanber; a detector that
detects further radiation emtted by the byproduct and a neasure of

backgr ourmOriadéxabé on; an anal yzer that anal yzes the furt hecTrasd/atsdn and
the neasure to determ ne a neasure of absorbance of the radiation by the
byproduct; and controller that generates an endpoi nt signal when the
nmeasure of absorbance reaches a predeterm ned w ndow. 12. The apparatus of
claim 11l wherein the predeterm ned wi ndow corresponds to 100% cl eani ng of
t he chanber and | ess radiafonl@d¥6ecthemansmitsfradiatiqr ahdetbed by raceyppmiuct ofnthef t he
exhaust line. 13. The apparatus_of ¢laim 12 wherein the cleaning process is
a dark cFleaminggrosessdatoangxhayshing ghths ChyRdZour ce conpri ses a source of

infrared radiation. agt%teJA}etthp@aéag m&} rEciiﬁtiieJH dRihaseing typeodiet sed

conprises a filter at transmts urther radiati'on and a filter that
t ransmi t s nfeaglirabf burkigrouad bakationf wavel engt hs cl ose to wavel engths of the

further radiation. 15. The apparatys of claim 14 erein the anal yzer
conprises a Fouri el THRHEEDHHHt Yees plbet ﬁB‘?@’E éP‘leati‘G‘. aﬁ*ﬂeg’ipﬁ’ﬁ B0t

claim 15 i %Egc Sdi \‘ﬁ% healLgr epresent ati ve of
t he rreasu\ra%g@?ea es‘?%g’l};?‘[‘gﬁ‘%&ggsﬁf}%?rﬁl%gbn ergiB%prt6 e controller generates
the endpoint signakonthdlert that aiehpratess mgnaldpbmk | Sgwil t Wwhen tthe meauiet erfni ned

wi ndow. 18. The apparatus of cl.aim 17 wherein the controller generates the
endpoi nt gbsprkancefrasbasepredaierrined WHEPWs al | s bel ow a predet erni ned | evel .

19. The apparatus Ole.C ! aiﬁi‘e %pmﬁ{sei)ﬁ cRYRT P0UWkreirs Rl 'f_)?edete}rillined window

corresponds to 100% cleaning of the chamber and less than 100% cleaning of a
predetermined portion of the exhaust line.

13.  The apparatus of claim 12 wherein the cleaning process is a dark
cleaning process and the radiation source comprises a source of infrared radiation.

14.  The apparatus of claim 13 wherein the detector comprises a filter
that transmits the further radiation and a filter that transmits radiation in a band of
wavelengths close to wavelengths of the further radiation.

15.  The apparatus of claim 14 wherein the analyzer comprises a
Fourier Transform Raman spectrometer.

16.  The apparatus of claim 15 wherein the analyzer generates an
output signal representative of the measure.

17.  The apparatus of claim 16 wherein the controller generates the
endpoint signal when the output signal falls within the predetermined window.

18.  The apparatus of claim 17 wherein the controller generates the
endpoint signal when the output signal falls below a predetermined level.

19.  The apparatus of claim 18 wherein byproduct is SiFs.
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