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 prweeaeiipwenti on pertain to nethod and appar at us PCaruspr/ames s
endpoi nt detection in processing chanbers including, without |imtation,
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

1 bort e oneotl LSERIE oG b BoRRY S e R 5 =

03/ 063196 ﬁSJésHﬁQ?dh%%% 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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("PSG') film to deposit a filmused for shallow trench isolation ("STI"),
and so forth. A periodic cleaning process is carried out after one or nore
deposi ti owopBocHIses used in these applications. To avoi @Crhs02/37063
above-descri bed physical bonbardnent of interior conponents of the
processi ng chanber, a typical cleaning process for the Applied HDP CVD

processi ng chanber is a"dark" cleaning process, i.e., a chemcal process
wherein a plasnma is fornmed renotely, i.e., external to the processing
chanber, grpS@MERIgi,fo BEwsit heiThl el fGSReNlAY &endH BslaHoh §‘STWN] drddesd bAht he
processi ng chanber to performthe cleaning process. 0005] FIG 1 shows a

pi ct ori al DeaEpdiesdeAniig PIOCES 1k Farnseh|oqub dlteDmeCVDNeHaddResition RE0CEhWAMNSEhiF| G
1, HDP CVDQ chanber i Acl eat | i.n il - .assenbly
T30, 1 nt orTor ROt p 5 R Re ohRlsR bR og 1RRRGT) L
assenbl y kafhpohttithof Férodding ichibdrNe tyfial cldauila pigcekakoratie ApPli@NHDEBO,
turbo valve 190, renote plasnma applicator 200, renote plasma Injection
tube 210, @Y nresrssing Bh%%m_lsil‘ﬁ‘]l?é@? ¢legningpioressdl- @20 chepiiealpgocgss yhereia a
oot es. RS B TmERaRRcsL” 35, St o 235 uiRR - Fnbanant wupds in
residues gbRoRN3eHekRsH plaana hamiesd thQAhe plucassety dhafdbt logeffof il dedniey
assenbly 150 and turbo punp 160. During such a typical deposition process,
roughi ng predegs 170 and turbo val ve 190 are cl osed, and roughing val ve 180

IS open u t he ntrol of a.controller (not.sh : | ,..during the
deposi ti oﬂﬂﬁ(ﬁ;cess, Cﬁg;.tsﬁ&h%"gs gpg?oqa FREge W&f’]ﬁ%ﬁ %%iﬁﬁ‘éﬁ%%ﬁ@u‘ﬁog

During a typigsin fl ERNI NHDP CEDchabey 860 hchiles B8AEAL&HinkHl14t8 TRDEcH asma
applicator 200, the plasma flows through renote plasma injection tube 210,

and t hr ouglssanghipt 120plintsnier chenaer ivoallsniid, fwiafdar 2@@ortni4), chrotthe & ga®. valwur i ng

open,  andsTatiKiS WEmBEREg Ot e rigpEnaNEs e D and GO, fiibo varde © *©
control | er1-9om?noq9?ﬁkmhu {00, BB ol IRIRA mg&ﬁeﬁweeﬂophmowwne@t

with the residues to produce gaseous byproducts that are exhausted from
chanber 106jettiwrooghif6ldr22Di dpirib@s typical depasjtiomgrasassp d¢positioniposorysor giBE06] As

is well known, .an, opii mclean tine for, each a i i i |
Funct | on R chambel 105 ueh 2R MRty SBSVn At Rabrior Akt 20 Brd EEfPEness
of resi dueae@%siﬁ&s GEdi@lesSie! Aaesst&f HoRE cRAABES $00 dholgi iRlottd &TRRkaldNE Of
interior 2 03/ 063196 PCT/ US02/ 37063

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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conponents of the processing chanber at the inception of, and during, the
cl eaning process; deposition/sputter ratios used during a deposition
process; wWod3obmni cal conposition of the residue. |n accecaarso®3mwws h prior
art techni ques, the above-described dark cleaning process is term nated
(clean endpoint) after a predetermned tine, i.e., the clean endpoint is
determ ned in accordance with a "by-tinme" algorithm However, such by-tine
al gorithns are unreliabl e because, anong ot her reasons, chanber cool down

causes t egpapeidatCol #d pidcedidghdaniiep i ans iﬁi%F@@ﬂ ©of,0ihdD BQEES The/ @dadinigON.
Sonme prior art solutions for determ ning a clean endpoint for a dark
cl eani ng prasesss sdapasitipn/sputteri tating useddHrbgx &s depositionr presess; (sindsplemipalt he

gaseous deposi t.j.on roducts. However, .such LUt . ohl tic
because tfi p?i}{b?lb% %gr?sé‘ﬁiﬁ‘f%a%o\ég%ns?g’wdﬁj %wgrt@\(}g%é eg’,t,ﬁgg?cgfe %rslre "abl e,
and produggkedieflind ?r%l:eé@% Semtaedd @18an ch@RAY) alter 4 p@littemhintd 6inhDY.ethet her e
is aneed in the art for nethod and apparatus for_determ ning a clean

endpoi nt ftlean @ndpoikt isdetenningd pn eewwsdancsyviihed Yoyotfime'halgprthant Heweyaoesh one
or nore e di ments_of the pr nt _invention vant ageous| at i sf t he
above- i deﬁ?'l(%‘f"i’eeaféﬂgg’ﬂ“si At “%egqﬁf(? tbﬁ%adls%r%@?%g%errﬁaﬁ ’gﬁl %%p%aorogtdugmf or

det er m ni Rghse@ferSieRBiarfafioR ek PANIUGES MIPASIESH PEoLREY MeHakibna sehﬁ(rfmr artl n
particul ar, one enbodi nent of the present invention is a nethod that

conpri ses seludpss 6ifr: deteainining eccleay endpdingtfonn dadpsteaniog mygcess byler odilieingof t he
cl eaning process i,nto an exhaust.ljne of the chanber: (b tecting,a
measur e of L%smﬁn@eStBPe? et ol (ﬁ?swstcﬁgos&%} 5%8@“’ Sanggfvgyer’ St
det er m ni @QlugBﬁ'se ﬁg%@glematimaﬁsgﬁhé?%ﬁaﬂy%qﬁ&g Heb@RCST i |\§>ltﬂc\§6sbhfé a

W .

pr edet er m ne Brief Description of the Figure [0009] FI 1 shows a
pi ct ori al unegpimbleeatdgiroduceafiectmcal\pgibé pedblemtser i al s hi gh  density pl asma,

T or A0 o2 b UePbol B nit e B R 5D BB bR ey &0
whi ch fur tf&e&etﬁﬂﬁﬂhéﬁsgeagﬁn@%@ﬂ%f‘ﬁ dARIEGhRIE Jrb@ks.i s fabricated in
one~enbodi ne

accordance wt t of the present invention; [00011]] FIG 3
shows a blSeedmay afiiteinedntieBP 300 that is fabricated in accordance wth one

gl S Sl B ARG BT
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;



shown in FIG 2 wherein an interior surface of the chanber and an interior
surface of a cleaning process exhaust port are indicated; [00013] FIG 5
shows a gwephiocabé r epresentati on of how a cl ean endpoi nt PET/U$er/&063 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 undercleaning or
overcl eaning the HDP CVD chanber shown in FIG 1. Detailed Description
[00015] FIG 6 is a graph that shows particle adders as a function of

under cl ean? or OFK!FCAJ&%WSF&Qm&bHHI pRSdrMi o FIRPHDONEVDGRbceY SfidImber
depositio processi ng chanber 100 shown in FIG 1 (The term
particl e sieer m H§ asxehlerhmrm intariof enfacetaf thaehdnehes ond patntgrer elof® a

waf er as result of rmn essing step on the wafer. For
exanpl e, @lﬂgweﬁ%@% gp‘?rﬁ@%ﬂﬂwg g’of particles on the wafer prior to

under goi ng)ofoli'ﬁ] Pr OCERS| H%nokaPa ﬁmléﬁﬁ%l%t@&nmﬁnnmgw pfcipar &dpbs i9n t he
waf er aft nder gol ng the processing step. The difference in the two
nunber s i detarnninebimracoérdaparwittc bie aﬂbmhmer)t of lse pvasentimyentidnednd n t he

" Back d of the | t CvD
or 2‘&82."%00@&%5 HRS e tel Hsieeiste SRR R4 éﬁgtfﬁo e itiRE o s,
Gal 1 or i B (ARl ek 1 EVISBRdh LB oy agess, | €. a cher cal

process ereln a plasna IS rmed renotely, i.e., external to chamber 100,
and wher Pethileh ®esipioal y gener ated plasma is adnmitted to chanber 100 to

performthe cleanin rocess.. As shown in FI Lhve rs. have
di scover et0Q0A8k pooF%l th’fstq Rl thabg}opx@rmg%%ac%erseas a n?téﬂ”g‘éfn %3%&?@188
parti cl e addgics A6 Rei fachidfy GHIERR] NEhHiBACTipdl dfpositn RAPIPSEVIP)T emOVe

resi due d8p05| erior c anber 100 during a

depositio rd%é@ﬁ%&ﬂa)anﬁﬂﬂ%@ st FIGan (Thaqubmaé Rdders es useﬂélfemnerefex@% of
the resi due has been renpved. The invent rs bBJPI eve that a source cause
of the pode parpaleﬁ f‘h?lt argpadded iagnvaier a aé‘??“ ERREAPTPEREG SEPJED i tion
process tha i

i nvent or s " (&Rf E%Pgeégééelrlﬁel a%ﬁgegg{e A‘%%ﬁre?|°??’é§6%§fd§%’gr¥?§&§%%ﬁ§ i f
the cl eanluﬁ@er@dslﬁge}ses Roeksirgase, ahé nfeasuré dlre nehbandf)particles. on t}reomfelt aﬁm af ter
100% of the residue has been renoved. The inventors beI eve a Sso

cause of wmhdergeing thapresesungstepor e differencean By O ’é‘&ﬂ 3 Hé
L heCr] e s By B T e qg‘?chpa‘ﬁﬁﬁlﬁr%rﬁldplipﬁié(:ﬁ@eﬁ%n',’”ﬁQf’lﬁe?hl on of

the cl ean ace of inte
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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chanmber walls 130. As a result, and as can be seen in FIG 6, for a
particul ar cleaning process, there is an optinmum cleani ng wi ndow, w ndow
510, duriwg@ oadsxabé particles generated as a result of an ®odarset/z@mes or an
overcl ean are avoided. [00016] FIG 2 shows a pictorial representation of
HDP CVD process chanber 100 shown in FIG 1 which further conprises

endpoi nt detector 300 that is fabricated in accordance with one enbodi nent
of the present invention. One such enbodinent is directed to detect an
endpoi nt dﬁ&ﬁcl@s BEUREEE by dnehibe rofcthe adanihgpplasres swivh eiee burfdse Fof ingaori s
exhausted from chanber 100 as a byproduct of t{he cleaning process. .Such an
enbodi menchambersetlall 30 dys areamibl aid a5 92n bg spPRE Fihdb 1oF 2 BRECHALERHHES such

, I d_wi | jmitati taQ. ' 3 R,
i1 con graeesy Feellyafichliftihy b vilow AERESID, Bulhd WHACHAARES. |
film to gepasidash ROsHharNiRleftRAGr ah biaokan gleassidedPSG') film to deposit

a filmused for shallow trench isolation ("STI"), to deposit a silicon
nitride ([08DNS]) fil|MG.ahahaws pretariall worpsatation af ERRISYS DRcEss clamber

enbodi nmen i.nfrar radiatiaon ("1 R') . . j L ¢« and
o det oot 100 SSRGS WEchiyer e HnbrisS RERSAT AR ol foo gt Shrghn 20
such, thi g.cerfash Wemt olR¥mbditesrof thed@tambiimendos! e aptpahbudithant ia

cl eani ng process wherein substantially no light is generated for use in a

standard dintdtertato detpms enrandpoiny farnal prsicasingeeisfibgt 6leamae PEXERHIVESTEIhP s

enbodi nent nay be us to . deternm.ne a,cl e i £qr ean|
process WA& ’éiy‘ﬂ( 3“#%@5?51 ﬁlfaé%eq?é @Qnaér%%’ ggr%&gcénogﬁ g?é’%taglfn Ipégcnggé't ﬁ’g?ﬁ?‘é
i nj ected LRbodislearaehsdi. fof texhmiple Witk BoMMiet @ngd @S eappficationslisuetr yis,skorl | i n
the art howto fabricate such a renote plasma generator. For exanple, and
Wi t hout | xdntygle,i and, whhmdmi@tipnatgrﬁfpg%h@ﬁhlp@ﬂe-aﬁ@ﬁdc%h% gdass{ TRE e
enerator that, emts njcrowaves j. , avity. t i . hasses.
o0015] Alo Ssiis & ypceped SHOSE RS | Tistud ARy bt Yot BB Ry el 3icRR0 203
about forgll ?@gé@?ﬁﬁﬁ, 1o hRpHEN 2 ARQusddl or skIBNOWECE ilaih (USTYY, aordefosEDP.

S a

300 that P ricated in accordance wth one enbodi nent of the present
i nvent i ona s&os hitvide (‘I$INDI fim, 3nd sRfosdur ce 400 out puts infrared radiation

b T e A R T e
vi brationgle of niddeoSidok, SRSt detect B chA FhdFsIAEatVl prodaaenibed/BvaI33f063196
PCT/ US02/ (fg@g@?godl nment, the wavel engths are substantially equal to about
1020 nm TheSiFRgasadAatichnthis 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 SiFs gas (for example, an

absorption band of vibrational modes of the SiFs gas). -In accordance with one
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output fromIR source 400 is injected through a wi ndow (not shown) into a
predeterm ned volune in foreline 165 of a chanber exhaust system of chanber
100 showwoiod/06d1®% 2. As further shown in FIG 3, EDP 300Pcorgso2/3ms3filters
420 and 425 disposed on chopper wheel 410. Chopper wheel 410 is disposed
on an opposite side of foreline 165 from IR source 400 to receive

radi ation transmtted through anot her wi ndow (not shown) in foreline 165.
Filter 420 is constructed to transmt radiation in a band of wavel engths

subst ant i gl bYqiatenVVRNELSRIENShO4E BibistdaVally Ethal®) £out e020i AL Thave raliapnbed
the infrared radiation output fromI|R source 400 (for exanple, filter 420

may transoitput riaathaiR ospuree #0Paffd injtctadvibranght s werdever@gat FhoyBbUntog?22 nnj,

and filter 425 is neutral . densi filter that .transmts i afl in a
band of M?@F@H@Wg ‘fﬂ?‘c‘)‘g@ 1p ofo{eﬁ ebléécf’#oef Cﬁ%{)/eerl eeﬁ?&?% s[y?? ae%rl?s(rhft%1 ?Ple@étr);l Q)]Q ilter
420 (for exampLeridi2t & fhBer@bwh ANEE. B, EBSI 300 @inprived filte@ni2oaind 425
wavel engt hs centered at about 909 nm. As still further shown in FIG 3,

chopper Wdéspbseildh ¢topgehwhesd 410] (hoppervheghdlQ iodispased on anoppesiteriseorf 430
in response {0 jgnals from troller 440. 1000191 further in
F'G 3 aerekivs b5 BB ctiRdoRye rtenradtiBin bpming Floue hiBe R0
Fourier Transhowd) Remptide’ fobR PiltePem) & BRitRIctcHoR thasitqudidtonlt Pbind &f gnal s
that are applied as 1nput to controller 440 for anal ysis. For exanple, an

out put  sivgivalengths silbstshtialy @b mavelehgths ouput by SéEpoetticnlss tthat rhade absopped
assing through fjlter. 425 is . us to deterni ne a ba r d. that |

g ubt ragt edhg ¢ %ragtﬂtlﬁﬂto%?‘ﬁ r’f%ﬂm ﬁgégwgd{oﬁﬂrc gef’lcijé%r %gg g rtlréené?}&%)tndi ng

Lo radi ati g, passl Nadd ¥ PYSdisltsRen®RR ar BoROSRIHRNGRI Wik 2 DB AU nent

of the present 1nvention, a signal output fromFTR spectroneter 460 (a "Ix
signal ") idensityl filted thed t{ahamite xadigian ithy twngl off yavejengths ¢leses tqyihel band of
accordance with _any-one of nupher. of nmet hads t are well own. to
those of drarelasih tggnsmitted by ﬁgera‘;g&) {forb?aﬁlpieagﬂtﬁf Elgf Y t’EaBSIBfrt&(#i%éonamsaecond
signal (8 pg%rShBilngins Aliferkd &t ABEuSo@Nh). | SARRAII Bthenshdwapt FIC. 3,
controller for analysis. Then, the background-corrected 20x signal is
noni t or ed,chapskravhee 4 ENand deadeddters 420 dnsl 425¢ i Totatefichematon é3@ irttegpanse to
endpoi nt. [00020] As wi || ﬁgs described in detail below, the inventive

al gor i t hmsignalsfsm coptrolisgdslal of SiF4 from chanber 100, and a correl ation

of the ba nd- co %]%.‘ ' | +aWaki ' eNiay manee 425 R
sour ce 408;bgé:%pper %g‘g‘fh%gi , 1|5I:Igi?§hr2a\34,ahlg?lﬁt%fé§rrhigt'e%9o3/ 063196 :

PCT/ US02/ 3%#8€:3seli2by FotiRes eatisfoomeR emad §IFER'D spebirdrueterd6) o prevddeian®et wi t h

any one Ofsigna?sut:r}rlta%:e ;.reogpplied 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

6



nmet hods that are well known to those of ordinary skill in the art, and may
be obtained comercially, for exanple, from MKS Instrunents, Inc. of East
Hart f or d,wGmnamnexapé cut. Controller 440 may be a personal ®CFABOEST06Dr 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
conveni ent signal level (for exanple, a 20x signal provides an appropriate
vol tage resol ution), however, enbodi nents of the present invention are not

limted t@ysseTRfspactifitets MMRhre fabridatet in McbRIn@WaHimpYne oPd simbdrage a | x
signal is nonitored, or any other signal level is nonitored. In addition,

al t hough aretiends dbatraze twellhewietonthdessefr prgernbiat én theaathapany ke eblaingds

i1ized f K ' fyrth ' i
bresent | FOBRETURDAT RBEHF ATk areBgren 1pedt Bt REBES Rt E e st

wher ei n b@%ﬁ%ﬁ&w(}frﬁw 86 hipeRoAE ol Puite, draf flgl by i dogtro e adERuter HRk Surisn a

manner which is well Known to those of ordinary skill in the art. [000211
As those chambeti € yTlsdse|df drdinatyeskal in thiel art 8 nydegpprcb thiah e 20X tsiamal 6
signal, and, hence .the 20x si

nal rrovides a neasure of .S E4 s, IR
absor banc&5ith 14 dreyifne faaven ish%la.m%velﬂgo&n?wp ?’oﬁgsoé(. Sllgﬂala%% 1953#% wi t h
one enbodlag?@?ﬁg{@ Vo8 PFR5RIbn), hidWer fbodehid\ITthe Presditdavdntibmaeehect s a
cl ean endpol nt whenever the 20x output signal reaches a predeterm ned

vol t age | éiwneted torusacxfor A6msmnal t I faat, othartaoeiodinents ekist whewded 2 signabts

vol tage | evel corresponds t.o redet erm ned.percent age of Si F4, renpva

fr om chanBRUitpERs> Sh L% ADEL & tlg‘ﬁ% % m8¥“tcfr8$'e ﬁﬁéﬁﬁ%.a%g?@h 9 eRbQqment
pictorial S Iq0 if P PRAERE Svas haiTbel hOBeriel Saskgddund
interior gﬁ%?ﬁ%ﬁ %%&?ﬁgngg@&mgboc%%%gnber Surface Area 9%") and an interior
surface ofcotrbaionx fiatiet embodin{ehishafitbe prePenttin@utibmers put dignited 'thergbye Imf@ttcat ed.

ot or i nedtsy BBPRIEETE o3H0 WhEra| PEREO AR A6 BT e 100
(Chamber Snd 3ficht i mbier fLidBSIMRAInBRnlto Bos BEGafiaAPsifil b @RO221 I

accordance w one e I'ment of the present invention, chanber 100 is
deened t o [0602190% cl sathosanflorlimire siillén digoarh tviil seadly ragpretaten éreelx gg089%

urt ace ofsddEs e 205G ENeh FERECFYA Biersie CLoRAca: OF Bnatse Mpappfsld ° "
achi eved. dxlﬁﬁiniég?&éga"m § prodbsd. VR Qédo?c?ﬁé@%ﬁ?@n@s%é&ﬁ%ﬁt AEQRE GaBeat Wi th

this enbo , EPD 3 adjusts the clean tine dynamcally to
invention, an inventive 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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provi de a consistent |evel of chanber clean by tracking SiF4 renoval during
the cleaning process. Thus, if Exhaust Port Surface Area A changes, the
det er m nawD®n/064196¢ he percentage Si F4 renoved to achi eve &CI0B%/shenber
clean will also change. [00023] FIG 5 shows a graphical representation of
how a cl ean endpoint is determned in accordance with one enbodi nent of
the present invention As showmn in FIG 5, an anplitude of the 20x signal
is plotted on the ordinate as a function of volts and on the abscissa as a
function Qf.difRe Gith Wiis! elBoBREBAE CED eTbOL Bfhistd thé alleahopmef dynafickdy toSi gnal
is due to saturation for the voltage scale used). As shown in FIG 5, a

vol t age  pe@lidd adensistent dspbobichagmbien ceayb Birmdking Fdwatmees durisg the cdganing

under cl eaned chanper; . vol t age i tyde qgoryesponding.to.97. 5% Si,.F4
renoval r ®ERACES j MU 1%%@553%“ gﬁgﬁ‘ﬁ’e?‘,:eaa%‘d Céa’\ggf’t g‘ﬁe&éwl?atti?aeo the
correspondj Yo I 6®H chsmbdt cBdan vl alselaaned chanber.
Thus, as g’ﬁf(}\%ﬂ{agﬁéggée%&%v&&ﬁg@gféﬁo correspor?ds to an optimal clean

wi ndow t hgp0023pi n zdIGpdr show e aagdphisalr repudseitagorf of rhoan auplgan chdemntors an
over cl ean. Advant ageously, in_ accord née Wi tﬂ }} hi s eg‘oodi ment, of. t he.
present ideleEminednn acederisei i ong eXROdMERL PheJuETFAE IYSREME AHhEPTHE ¢ or

100% Si F4 mamoval m{.glﬁ{iae SHRe Q&?Fﬁgﬁﬂ ;@picben BB hteRRhlfundtiohoT9bits &P 300
adj usts thé clean time dynam cal 'y --=under varying process and hardware
condi t i onSrr theyabsEsaUdsi 0 GurlcBor o€ dinta (it avilh foet dpprecBitdddthghs fidt-demobihsr Yuct ,
and by triggering the clean endpoint at the sgne |eyel ea i me

i ndependersignst i satyrapen fqrcig§ ,VoitﬁgepT' ?f’ég)a @ﬁr%‘f"é’?e‘ﬂ'tcﬁpe§e? Vol aghanber
clean. Further [ce combc [ e ddr&learttcdadhatdber; t4 Mes
correspond rrql %e§ WJO@%%Q%QI@ rgglgv%lfﬁgﬁtsg{rrlbgg?ﬁent of the prresent

i nvent i on vadgd raanplideier estiesponding etanPngYgSsFusaneval aeshitsi gher 1009 odghput

due to the shorter cleans. Note that, after usin é{l_us eandi mi t. of the
present i rehembrrandad veltaeghrmeplipde ﬁﬁ?esﬁén‘gﬁﬁé? dQB%S $ PROVEGPRYNE Fbs,
the chamber, | q%?a%lgé’ ‘é/?éqga'ﬂ?e?.” Thﬁ?,gtrs Qﬁ&wﬁ' %&ggé.ifsg%vih&ow 500 04rrdsPBRsttadh opaial et el y

to clean fOrE St nce el ne not a source of particles in
chanber 10fean QAARAL thit fuifintiess pamioli néddrs redultinge fome saentindercleart ioonan t he

inventive algorithm my be extended to provide . an overcl ean a

per cent ageovsfcleane eAdyrsitageousiyeln [ageurdaicea¥ e ?i%’%&?dgﬁﬁ‘?}e of %é?) PigRgat
adj usts cl.ean ti ' 1,1 i t oV Q¥ b ol
determ neamggntﬁ)@s”@? %e%%glﬁ%lw, nd:yhhg% g%i?%%%fg% t\lllmgyﬁ)egglgp%o )KV\\%[F(%/ 063196

PCT/ US02/ 3706Rafibdrashid tee txhabyt poeni FutliendEISP GR0 adjistalthertleamtifne wynamdisally

articles to provide a .
P --under varying process and hardware conditions-- by measuring IR absorbance of the

U

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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consistent, lowparticle, high yield chanber clean. The follow ng descri bes
one enbodinent of a nmethod to determ ne voltage |evels that correspond to
wi ndow 500 0shaams in FIG 5 for a predeterm ned processi n@CItEsp2/38bep 1:
choose a voltage level on a 20x signal to determ ne an endpoint for a

cl eaning process (for exanple, initially, the voltage |evel should be | ow
enough to correspond to an overclean). Step 2: nonitor the cleaning
process using EPD 300 and the chosen voltage |level to determne the

endpoi nt . ¢ BL&medt, BY OfSHSorgIRASt MdTanLEinGTROIGE Maficles tospogideha
predet er m ned processing sk;gg; determ ne the nunber of particle adders for
each of t hensidney dowparistor bighceldi chambaryclsae offha follapEe desHbEhE®S t hat

are well kn to those of .qrdjnary skill in t rg. - ] an
aver age nﬁ’f‘?g\églm%ﬁltﬁ ﬁﬁf‘&‘?@dg‘a Fe§r.n¥r§t %%11[%:6 1%%??‘5“2@5?%%)%\%Itgg’ég&%\r}?f) used
to det er mp&y 4 BEFENSRet & bredeferthited 9{&%&@5’(@5.08@%&: Elibosé ageRagedent] bapeat
step 3 at each stage. The voltage | evel should be increased eventually to

a hi gh en@0ghignel® d¢termivernesgperdt fa apleanite pPeocssn(fonsxarerler nBadyatsye,

t he aver age, nunber, of rticle adders determ ned c t | d
decr ease tBIt%ge%Yﬁlr?ﬁﬂ?lgiﬁdoWﬁé‘ﬂugh r QEEEPYL Qifl Odlggctslea%? r gtr?iazggfgo\?gtrg 18 gan
condi tion {4 'ﬂ%p&'&é@g ﬁéiggaﬂpm dndQRe cldseabltagd 1Beel 6 kibReRink evediEipbinat
correspong to ndow 500" substantially surround (to within a predeterm ned

anount) t iSesp i priopesma predéternzived agabenobhweafeos upng thecpredefgraeped prsessi@se of
ordinary skill in the art . can readily, appreci,at instead of st g at
an over cl SR> SFEMHBG itlifgn%beéﬁr}m@?%?%ﬁﬁ;ﬁ’rteﬁ@ 3@%\9&%‘%@ ég iagceo(rﬁ aﬁ?%yé@s can
take plac ' F AGhEAOGECAS AT wWIDY tAelo? ofdinar) ¢RilIGh eRlart;

[ 000261 T%ggénihﬁ{i?lgﬁgfﬁ&ftlﬂghart w1l recognize thgt thenzfugr egoi ng

descri pti andlis®rmineem preezemuetbef of partielesaidersofStep Huincregss tg vakage level
description only. As such,%(LPt .S ngit intended ta_b exhaldsti vg f%r 31% limt
t he i nventuSethta getermaing thg; padpoin faf HiesHlpapung, Proggss 1n | B¢ TS 81 Rents may
be fabricaf gy .C&hg%bitég%eleaélyshﬂﬁh%qnfsx‘é_ﬁse@eév@ﬁtﬁhlm}b fifa hidh endbgioIReNRe Of
one or nore gaseous byproducts of a cleaning process. In addition,

enbodi nentcemegpntico ah andercleah. wis desniped hbewe, thy qyenge ssmberodt pagtishpadders  and

fon- pl asmelBg G coth Sa6L Seufd ARt § TR B0oh DALt th e KR

ey R 830 aagreina somad v
correspond to window 500 substantially surround (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).

9



1. A nethod for determ ning an endpoint of a cleaning process running in a
chanber that conprises steps of: directing radiation absorbed by a

bypr oductwofo3ném€| eani ng process into an exhaust |ine offCrhsosmnber ;
detecting a neasure of absorbance of the radiation by the byproduct; and
determ ni ng the endpoi nt when the neasure of absorbance falls within a
predeterm ned wi ndow. 2. The nethod of claim 1l wherein the predeterm ned

wi nhdow corresponds to 100% cl eani ng of the chanmber and | ess than 100%
cleaning of a predeterm ned portion of the exhaust line. 3. The met hod of
claim?2 rei.n the .cl eaning process is a dark cleaning process and the
step of di fsiﬂ@mbegr’r%ri ses directing infrared radiation. 4. The nethod of

claim3 wherein thestep Ofm@BéE bt Astetdiify 28 Send@oineadfi ngldaninighprocess
radi ation emtted by the byproduct after absorbing the radiation. 5. The
net hod of reiraignng chiambet that ¢psnprisepsteps ofet ecting further conpri ses

lyzi the furth di at.i [ Four try.
6 The mathod of ol AT S aiPapn AREg Y hProd EARL T RRe SRR

gener at i Ny R Pl P thS Ligihders €present ative of the neasure. 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

thod of claim®6 in. d out put _Si ' ]
mal 1 pl & of the out PRIerERRR SepeRl g it ARy B oo REEKR R o ¢
det er m ni rbgedg{‘@mi&a%ga@@. 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

byproduet. L SEs uacindh ABBSIEHESul e R IHILR SRRt
by pr oduct TH T R o on oxhaust |1 ne. of the chanbel: -

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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a detector that detects further radiation emtted by the byproduct and a
nmeasure of background radi ation; an anal yzer that analyzes the further

radi at i orwernd/o631e6 neasure to determ ne a neasure of absorPbaruse2/sfoes he

radi ati on by the byproduct; and controller that generates an endpoi nt

si gnal when the neasure of absorbance reaches a predeterm ned wi ndow. 12.
The apparatus of claim 11l wherein the predeterm ned w ndow corresponds to
100% cl eani ng of the chanber and | ess than 100% cl eani ng of a predeterm ned
portion of the exhaastdihtioresout. thihearapyia ratistsonodbsaibad ty B2byphatuet of thhe

cl eaning process is a dark _cleaning process and the radiation source
conpr i ses cliarBg ProsessnioAn Gxhagst 188Pgtthf3(9ﬁ?‘m % The apparatus of claim 13

wherein the detectop LOIRLIESSIAedtd lilier rhdidior Elﬁﬂf%ﬁil%ysth&ehg}pt‘dﬂﬁhﬂd a

radiation and a filter that transmts radiation 1n a ban wavel engt hs
cl ose to wayelreofbdekgohnd kelidtiont her radi ation. 15. The apparatus of claim
14 wherein the anal yzer corrprLses Fourier Transform Rangn spectraoneter.
16. The apparatus ofn c3¥#H 5hithan Wst%@ Y Za1alah gy asuge ¢ But

signal r egﬁ?ﬁﬁ%@%%@%@éf?ﬁsgrﬁ%@é%ﬁm rﬂatioﬂ\‘ﬁ/ t&,ﬁggﬁl‘?ﬂ&& fq claim 16 wherein

the contr er genera endpol nt si gha e output signal falls
within the predet er gomeslleni thdpvgendBtesThe aplpainat signabf whemi the 1Meceduer aifn t he
controller generates the endpqint signal when the output signal falls

bel ow a peewshasecaissehes agedetermynedrNldgWnar at us of clai m 18 wherein

byproduct is SiF4. ]I% The apparatus of claim 11 wherein the predetermined 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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