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raise the temperature of the substrate to a processing temperature. lllustrative examples of
processes and associated process chambers which employ such architectures are epitaxial
film growth (often referred to as EPI) and rapid thermal processing {RTP). A pedestal is
often referred to as a susceptor in processes which use lamps for heating. Processed film
20  characteristics (e.g. film thickness, density, dopant density etc.) in these processes, as well as

other processes, can be sensitive to substrate temperature.

[0004] Traditional methods of determining temperature involve thermocouples mounted in
various locations inside the processing chamber. Difficulties with thermocouples involve
drifts in the temperature measurement due, in part, to degradation of the thermocouple joint
25  orachange in position. The substrate temperature may be monitored by aiming a pyrometer
through a top quartz dome at the substrate generally from above. Another method of
measuring the substrate temperature consists of aiming a pyrometer at the underside of the

susceptor through a bottom quartz dome forming the underside of the processing chamber.
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the bottom or the edge). The optical pyrometry assembly further includes a light receiver,
and an optical detector. The light receiver may be within the processing chamber. The
optical pyrometry assembly receives a portion of the emitted light, and a temperature of the
susceptor, pedestal or substrate is determined from an intensity of the portion of the emitted

25  light near at least one wavelength. A method of measuring a temperature of a substrate
during processing, includes disposing a light pipe near a substrate or a pedestal supporting the
substrate, shielding the end of the light pipe from stray light so that the end of the light pipe
receives light predominanily from the edge of the pedestal, purging the end of the light pipe
with a gas to reduce contamination of the end of the light pipe, detecting a portion of the light

30 emitted from the substrate or pedestal and received by the light pipe, and determining a
temperature of the substrate from the intensity of the portion of the emitted light from the

substrate or pedestal near at least one wavelength. Stray light, as used herein, means light
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[0011] FIG 1 is a cross-sectional view of an optical pyronetry
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25[ Q817 listlo&ed cfnbic8inders: 0SS- secti onal view of a substrate processing
system according to an enbodi nrent of the invention;

[0012] FIG. 2 is a perspective view of an optical pyrometry assembly mounted on a

substrate processing system according to disclosed embodiments;

[0013] FIGS. 3A-E are cross-sectional views of pyrometer assemblies according to

disclosed embodiments;
20 [0014] FIG. 4 is a graph of absorption for two different types of quartz;

[0015] FIG. 5 is a schematic view of a pyrometer assembly and susceptor with geometric

features according to disclosed embodiments;

[0016] FIG. 6 is a graph of different temperature measurements, some of which were

acquired with a pyrometry assembly according to disclosed embodiments;

25 [0017] FIG. 7 is a cross-sectional view of a substrate processing system according 1o an

embodiment of the invention;

[0018] FIG. 8 is a top view of a portion of a substrate processing system according to an

embodiment of the invention; and



[0018] FIG 8 is a top view of a portion of a substrate processi ng
system accordin 0 an enbodi nent of the invention;
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not yet developed may also benefit from aspects of the disclosed embodiments. Those

aspects enable the use of pyrometry at lower temperatures than in traditional systems.

[0023] An exemplary process and associated process chamber is used as a vehicle to

25  disclose embodiments herein. The exemplary process is epitaxial film growth (a.k.a. EPI)
and EPI processing chambers typically use pyrometers located entirely outside the processing
chamber. The pyrometers are often located above the substrate and sometimes below the
substrate (looking up towards the susceptor). Both locations rely on the pyrometer receiving
light from the substrate and/or the susceptor after the light has passed through quartz often in

30 the form of a quartz dome.

[0024] Accurate pyrometry measurements generally require knowledge of the emissivity of

an object (substrate, susceptor, etc.) at unknown temperature. Unfortunately, emissivity is
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about two orders of magnitude higher than the intensity emitted by a black body at 900°C.

[0027] Especially for shorter wavelengths, background radiation from the lamps can

significantly affect a pyrometry measurement. Disclosed embodiments enable optical

pyrometry to be used for high intensity ratios of lamp radiation to substrate radiation. These
30  disclosed embodiments are especially helpful for low substrate temperatures and shorter

wavelengths.
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some processes are detrimentally affected by metallic contamination.

[0030] FIG. 2 is a perspective view of an optical pyrometry assembly mounted on a
substrate processing system 200. Substrate processing system 200 is shown along with a

30  sheath support body 205. The sheath support body 205 supports an optically absorbing
sheath 215 which extends through a hole or slot made in preheat ring 220. A light pipe is not
shown in FIG. 2 but would be located inside the optically absorbing sheath 215. For

example, in one embodiment light pipe 100 can be disposed inside the optically absorbing
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pyr onet rsMcl?tﬁﬁeaﬂtgthecélﬁertﬂt)Sz id ?%ﬁ&ﬁ@%sﬁﬁb@éjéh@?tﬂm@ T%&eé’tﬁ@% gnal $ed
to increase the collection efficiency of the light pipe 310 for |Ii ht

or i §Pnatiadg opticaHly absodyngse bat lighblremgauses qthes thanihe ?@ﬁ*éafew argfgss Ji

al so ma n

thesubat ERARE B RITIN 60 ipathl Rivickblll cal LM SRUPAS IRkl
| i ght r &d&pnkihe ispacitgdefwasntihe Irgh@reba&e'i’ﬁ) anéh el sebssraB A0 S Inaydehverie®

than the.sur of t Su d
M R R L
alter naﬂigﬁeﬂrqm@fhermumabl nation, be supported by physical connection
to the light pipe 310. For processes which nmay affect the collection

ef fixgi enedxy aficeid Elﬁfwstalﬂ@thleﬂ Aodh&e 0B4:0o ffcaltﬂ}?orh&ﬂsasge%ﬁaly AInHige

gas may flow around the Ii pe 310 and lens 325 in order to

prot ect disskosed grabadigent pdaps gﬁ%rﬁl@éﬂ toriéﬁéQSPGW cobegion glisanicy phihe lightepipe
| ens 32%15‘1%{ h%ﬁt éﬁ‘%ﬁétﬁg Fgﬁr‘r gﬂﬁ o'fﬂ{%eeﬁ E@Js &Esﬁ?%ﬁ%\@ﬁédﬁso%ﬁéy as
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25  than the surface of the light pipe 310. The lens 325 may be supported by physical

connections made to the sheath 305 but the lens 325 may, alternatively or in combination, be
supported by physical connection to the light pipe 310. For processes which may affect the
collection efficiencies of either the light pipe 310 or the lens 325, a purge gas may flow
around the light pipe 310 and lens 325 in order to protect the surfaces from chemical reaction
30  ordeposition, The lens 325 may be smaller than the inner diameter of the sheath 305 as
shown or may be made the larger even touching the inner diameter of the sheath 305 in
embodiments. For a larger lens 325 apertures or notches may be made in the lens to allow a

purge gas to flow.
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sensor 330. [00Q34] Silicon substrate opetry. a i gher vel engt hs
than ar GiAReptsr OgFHeisgeaélF@BFcéﬁsa‘fria@e%esd‘ﬂgy{’% OWEXF@%QF%PHFW BRYEhce
of tike gl &S F¥masid A BOSS Kibhile! FYG 1318dhokB @ rQHS Sin¥bdidiehtSvitAsG

smal 'er than unity. The tenperature dependence of the em ssjvit )
af f ect s lensaStre Helmeay il de stparesgedt hyythe shsath @ﬁleﬁﬁﬁllb’r&@?ﬁ@eﬁ%%é@l?
measur e . grggg gﬁéqﬁ e BRI I &l or
irrepr o%@fegiogi. O@r?gl I te?rr?atl véet&?%' %ﬁ%z gtr%(%gépn%gfs%rc gér%éﬁh%% lragﬁﬁu?ﬁ%gé
subst r at320+5sofitle aitivaltshsopyIbnet ry assenbly at the side of the
susceptor 25 that supports the silicon substrate. Disclosed pyronetry
assenbl i{ge34yaySih@nugedratepyi@AGHS £ hiphsceiciengthe tiparaddud ¢ Sinais pretidmas
the temperatures of other substrate pedestals. The .susceptor .is .often
ad@0f 1 G R AR R CEPEOHSRPE OB ETRISVOY 2B icghes BhY aigeripgyly i

Si li con g@hkhfigeansh lﬁ'ﬁ‘#! a88 hebingle depatiafe 9f arRRidiRivig arfeés en used to
fabricate susceptors. The emi ssivity of silicon carbide renmains

cl oser trcagiremgnty mads of lightly dapedesilicog mMAKineanyHERYHUPeSHISEE NS O & PoPRen .
In fact,_ 8i.l.1GC i i o1t 3

opt i cal “ENARZE AR i ERIARRE IR 50 Dk R e
at a si Imeswrepantificetheanipitetedntidimshe praomsiey afseiblyhtthe wiale of tagtdesptbor

pyr cbrget Wt supports the silicon substrate. Disclosed pyrometry assemblies may be used to measure

susceptor temperatures as well as the temperatures of other substrate pedestals. The
susceptor is often made from materials which have more favorable optical properties. Silicon
carbide and silicon carbide coated graphite are often used to fabricate susceptors. The
emissivity of silicon carbide remains closer to unity and is less affected by temperature than
30  silicon. In fact, silicon carbide is reasonably close to a gray body for optical wavelengths in
the range 0.8 pm to 6 pm. Aiming the pyrometer at a silicon carbide sample enables the use

of higher wavelengths for pyrometry.
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opt ixgal tb@wvmelsﬁmiwbeﬁbﬂmuﬁ{mgthhugqm&er than 3p. m For such
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the subshe axsgepmr@e 6@@%@&@1&% é‘flthdﬁ'&l@"ﬁ Pf pe slagding gf %}rfﬁnl t PrAYICERnesD
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measurements, the light receiver may be located inside or outside the substrate processing

chamber. For even larger wavelengths (e.g. greater than 4 pm or 4.5 pm), the light receiver
may be placed inside the substrate processing chamber and sufficient shielding may be

30  provided by the optical absorption of a quartz dome or viewport. For all wavelengths, the
numerical aperture of the light receiver may be reduced to provide shielding against light
which is not thermally generated from the substrate or susceptor. The numerical aperture

may be less than 0.1, 0.05 or 0.025 in different embodiments. A low numerical aperture may
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25  [0039] Manufacturing shapes with larger internal radii than the radii of the aperture
presents challenges and increases costs. One way to manufacture geometric features into a
susceptor, which possess high total internal area but relatively small area across the optical
inlet, is to drill a deep hole into the susceptor. Creating deep holes into a susceptor made
from silicon carbide coated graphite, silicon carbide, silicon nitride, aluminum nitride and

30 other highly emissive, optically absorbing ceramic materials results in a cylinder with internal
surfaces characterized by the emissivity of graphite. The emissivity of graphite is very close

to unity for the wavelengths between 0.8 um and 6 pm, so the black body features have high

10
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DO o SRS e 00 B S B Put B bE B3 e
0.942 ¢ %Mtﬁ@ﬁixﬁblhﬁ&ﬂ’%éraﬂh@fhe BRfoRnetd k@bl iiaiﬁfferent wavelengths. The
25 horizontal axis 603 is time in seconds and the vertical axis 600 is the temperature reading of
the various methods in degrees Celsius. A curve representing temperature measurements
made with the pyrometer operating at 0.942 um is shown as a long-dashed line 615. Data
was gathered at two other wavelengths in separate acquisitions. A curve representing
temperature measurements made with the pyrometer operating at 1.550 pm is shown as a
30  short-dashed line 620. Another curve representing temperature measurements made with the
pyrometer operating at 2.300 pm is shown as a solid line 625. At 220 seconds, the heat lamps

are turned off. The reading 615 from the 0.942 pm pyrometer reacts much more rapidly than
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WO 2010/ 059300PCT/ US2009/ 059857 t he ot her readings and the rapidity
is inconsistent with a cooling of an object with mass simlar to that
of the sus¥@pVBP938he pyroneter operating at 0.942 pm BpPESHEIR5ESST
detect light fromthe lanps in this particular configuration.

Consi st gRlkner rédimes Sldeht RGIERSEMchmdiskaatvith arpolimdifah bbjactatitifitss
seconds, 580 seconds, 730 seconds, 880 seconds &&d 1040 secgnds cause
the 5 seimblar tathef of thesuscRpien el RYAGMEIR QRFTIGRB I I APPearpp Seigg hight s
to corr r { . on id 183ttt HerdBestif Beat lam
pyr omet Soid ot B afidREOlnelRRby SRy AL AR LD Rent a0y
do not eadhitiohtit ¥daetonds 38 henopda 73 @bdcoridsedt0 seomds auhHfd)seepmdy gagige the

(several |ocations jneclyuding 1040 _seco . d
Lo the ByRORELrmbEq drenterar s ST, fe ARkeE e SFRERa e BpaR
measur e geRdas laddp ifluhbti@ach H2 @yifetee sersbigni fi cantly from the

t her nocoupl e neasurenents 610 (note the regi on between 460 seconds
and 780 n ) 1530 | SP6I0E AR Exibit ReaPly 26 SR04 fall

t enper atlﬂ)rggg g@%%rgﬁie%é%%g%ﬁ%@élé%ﬁcg %Eg Si glni ficant 1devi gti on_of athe
1. 550 pfnepy2heradsneaisefsrentlocpignaingluding 10Hbsasprdsapt 88hicserfisenent
610 i ndi cates ratli f I I Calash NLensi eat | anps
to the F?H‘B?’{gﬁi {Ory}ﬁ § ?}(%hqm? rﬁgmse%ﬁsggeé%?%sra? ?394% P fnl Iri%t‘%e)(g’el{ﬁ Fﬂgyr?y[i t%t ween 400C
and 1650 Geasthishergs 4the55ppmi 620 differ id:fiBeantly iyt thethetmeerohple measur¢méngnG 10

The rati o beconmes nore conduci ye t yromet.ry. fqr higher. wavel en S.

The pyr 69 e ARG ERPRanED Seongs o/ SLAFEER Faisdimid el SRR LY

Zggsc ur egﬁégk 0%ﬁ$%ﬁéﬂa&%|b¥tﬁééﬁ QOOFTRAH] 65Dt Birpgimficsneddvidigr oPBEWESH pm
an :

e thernocoupl e gauge nmay underreport the tenper re
of the SUBSESGRIHEETYT oPhaI HefFaTSTouRE %&HF@@&@?@ Rt Pi‘éer%%_%g%
(somewhgy ti@a\{vﬁ'}fﬂ'{s?f FbinNRe RUAP LR A the iltBRSE ndhSthe RGEEEARSs SBY08RRIKAI N

the remai ni ng erences between the pyroneter neasurenents at 2.300
pm 835 &ruveeh 08 Bemht601h mskinggbeprerratiersofred by the plpavipsufasieitn The he
use of the terns “lighty, .~ ' " L SSensHReTHE Rt oRBlEY any

i mpl i caft gnbﬁcﬂlg?s Tﬂrg%g %u({::%vreg%%r%e e%?é}glé%hg?%n Tvol vedﬁmst eE)e from
t he vi sindaswpaeitts o, 300 125 62 heackp dettharmocdipée theaghtemeats 6be cloelrny

i U TR N e

i nvent i QRderdpertRliceRpsbing: GRRasBtdpsor dhOtosthe Werhal 1édd@nd Todeomaof the gauge
deposition reactor and i ncludes a_depgsiti.on chaanr 12 havi ng an
upp&l ddsamepthat avay fga thedyrePiPls ESCHNGUAIS PRV P I8¢ FINANNES t he
upper a@féér@f{@ﬁ bEREESthd déroftRthr fikQsur&Rdhtd AQ. Fob Wndlc ARl te@wMoct@ie be
circulated through sidewall 718 to cool o-rings used to seal donmes
714 and ie8uragaiin6t0.si dewal | 718. An upper liner 782 and a | ower
liner 784 are nounted agai nst the WO 20101059300PCT1US20091059857

i nsi de q0044)c eHatinsthe evadflthe/ttBns Tigbt"upgpéicaldngd fapies” dboses cFitland 716

are made of. a transparent material .to.allow heati L ght., i

b ough TRUGAERE TSGR P BRI o 190 R aa, S TR Criet SaERads
712 455 ané bRkl ﬂ"ﬁé‘ii%{t cReBestal wa2efigh supporting a wafer in a
hori zontal "position. The pedestal 720 can be a susceptor or other

vaf er SYaRrilPg,Shhyict ure

[0045] FIGS. 7-8 show an example of a substrate processing system according to
embodiments of the invention. The processing apparatus 710 shown in FIG. 7 is a deposition
reactor and includes a deposition chamber 712 having an upper dome 714, a lower dome 716
30  and a sidewall 718 between the upper and lower domes 714 and 716. Cooling fluid (not
shown) may be circulated through sidewall 718 to cool o-rings used to seal domes 714 and

716 against sidewall 718. An upper liner 782 and a lower liner 784 are mounted against the
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5 and extends transversely across the chanber 712 at the sidewall 718

to divide the chanber 712 into an upper portion 722 above the
pedest al 790 2H#8593% ower portion 724 bel ow t he pedest aPCHPH009(45g857
pedestal 720 is nounted on a shaft 726 which extends perpendicul arly

downvar ghsfde Qi er GeEWAT 718! ThBepRethomvel déhe 11edeas Vs aé2hde $he shaft
726 is connected to a notor (not shown) which rotates shaft %r 3nd
281 s

C .not )
t her eby trarspareatsmateraal frealkost beatin bght g\ pash Hispugh mtg thy Gheslton thag
connected at its outer periphery to the inside periphery of |ower
li ner 7@W4and véxtiethdshaniow7d? isellqpodesirapedzsa. 720 ter priveed a whisyinzg

occupi es near t he me pl s the pedestal .72 i i
edgepof ﬁ?rﬁ@nlﬁ*h é??étéﬂn r 66‘%?‘%?279@%;? 6188%3?&81” (g}gré)f)h rgvg#ﬁr%‘%)é}ogtu eS?rHe e
?L tl;n_edggdiélﬁfls@% %&Q?rsél (aénrg];s tﬁgclzliédﬂ{‘t%f 7mitﬁSe(ﬁi%kal?(7clj Bfo qﬁo‘ﬁibt}%emhmdbéfrn
e side wa of chanber and i e 0 rom
a sour c@ldintyHEURRer REEAILT22abeNe ke Pﬁ‘geﬁiﬂin%@fz-ag, W?rrﬁoglqn%éméﬁlﬂg%g? 712.
The fl O}He%fstagwsf e OBl RS s Mbhdel oh S sREETRY RLY edtbiflie pepesitditly
ed w manual val v | ow

fi
contr ol es and conputer controlled C
cont r ol dewsw#d Feoncthe Aentendfithet bogtomt of gpeadestg) 329 + Thmdatti7ao isrenageird top

chanber 712 di anet i cal.l post i 1 a L

adapt od A ATRV G TR o AE R % ek o R R0 TR shibler
pl unal thpzléheit higgh8 Esrtfoejmh' ddya; kteomsr ﬁeﬁi@hérs tavihe mts'gmlpariphmmOf ToweclrenBes
712 an irects its Li t hr t upper...an ower dopes 71 716
onto t héphegersarousd 616(%5%3‘%?% ¢ %ﬁgﬁw I?r&ﬁﬁplg‘ige32%t°8c%%§tm?‘;f?é{£§§%esf’ll%?e %20
(and pr ehelicdidI N80 428 khe RBLRIEAGS S PreBRMring eERbarkicd y 428p Abm thacgeof
a material, such as silicon carbide, coated graphite which is opaque
to the rcdgh efithopedssth®Bd from | anps 734 so that they can be heated by

radiation fromlanps 734. 25 The upper and | ower dones 714, 716 are
made of [@04Tht exi inlet whaniddid 780 ismmnisipasddn thet sidetwrd! Tli8gHchambem/{hend ianps

734, _such as, cl ear, quartz. The er r _

gondal FTIEHE R APy 4ot LR e, LY a8 TR Ee Ciho e afib,
bot h vi sithl ehafiewbRedseefio@naike 941 4LuBrraferablyiiiiependanthetaatrolled withi gh
structural strength and is chemcally stable j.n the proces .

envi ronwalowal‘teﬁéané’ﬁ%‘fef%‘ﬂr@ﬁgﬁﬁg%o ngrs%{‘ltzﬁﬁugﬁ‘ ﬁgﬁ&)%ortng % he

pr ef er r edsigBANISH IR siROrRBAADRY 1 Nafafictichlly 6RO the Dilet aivalfblr730 had is

ot her nmet hods may be used such as resistance _heaters and RF inductive

heat er s.admpied {orexhpustigasesisen dheyleaosdiéonspmbaie/ 1duch as a pyrometer is
mount ed bel ow the | ower done 716 and faces the bottom surface of the

pedext al[0F48) tApbuajity oMORIIOSOERBDE PETsUSROBY /20898 9 chaberdiie andione

716. The,.t empet. e sensor. 736 i re of
{he pedditsh s grulfySp@elE donci ARalhst BEHed A4TRY S ab DEIETP Ghe! ©
pfedest a}pr&ﬂ:@t riry 'fzssmgreat the pedestab TR0 (mpl'gh)a’at Tim@%i&}j Hgiegﬂabnﬂsmﬂ@r@m]:r e
of a wafer may al so be present .in sone disclos e i ts. 5
0039 ARSI R g s 0B A i SR A DT BRI ©t he
outer suhf ARGBH ehlRd HRBEFME T4 folthat theyl AWSE hedt@ R madiatibmGoni Isnps 734.
extends around the peri pheréh%f the outer surface of the | ower dggﬁ
er

716.25TheThepppeer anddowadermes ¥ Hhgil hraremnadg oF 7 mpteriabphigh s tengnreaia By

so as t m t7he 4% dfe I
718. [0%&%3@%%%‘%& ?chgl\séﬂ% gas iﬁl%tﬂlﬂﬁiﬁzﬁab%o for _gfdeer%\r?}lng
process gakasd qumtobetfuse haartrds trAdsParetats light aftbotansiple lead Helequsetietdes a

connectofr c 8 aagaf l.e .774, an _jnser . 2 Ay
Wi t hin séﬂeé%%lxﬁ“ﬂ%,m} Wﬁfya{’l%}hgguﬁaléﬁ ?{581 o%nrgg%j %&%%1 A pdﬁ%ﬁé lrﬂ%lrblq Rer 782
environment of the deposition chamber 712. Although lamps are the preferred means for
30  heating wafers in deposition chamber 712, other methods may be used such as resistance
heaters and RF inductive heaters. An infrared temperature sensor 736 such as a pyrometer is

mounted below the lower dome 716 and faces the bottom surface of the pedestal 720 through
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and lower |iner 784. Passage 760 is connected to the upper porti on
722 of chanber 712. Process gas fromgas cap 738 passes throu
baf f1 e 774Y0RH8EBY| ate 779 and passage 760 and into PREYUEH) 9"9837
portion 722 of chanber 712. 15[0051] Reactor 710 al so includes an

i ndgpe ngeNbweiRide 798S Th@ieﬁipm%ﬁﬂ;e §enkorf706dH usgd mmonitr thepempeatgeesaf teuch
as but not limted to, hydrogen ( and |tr en into th

| over paedesigh’2fdy tefeiiep Bpredrd @H%‘%’rﬁ"@ﬁee} gt'ﬁsﬁ?%on Aﬁe@perfﬁ:re

i nert purge. 83% d\ﬂéa%ﬁrﬂg%e ERthelRurk 6?@%&& ﬁﬁy hIRb Be ?r%ﬁferitﬂiﬂnemws@i d
730, if preferre I'ong as a physically separate and distinct

passageeﬂﬁ&mnhwbugh baffl e 774, insert plate 779, and |ower |iner 784
is provided for 20 the inert gas, so that the inert purge gas can be

cont 5ol [gd9pncdiphecdetbihgeepeetkeminde broufikthp pem]ﬂﬁsy ofabe duiersuripeeragéhe

gas inlet 761 need not necessari.l ,éﬁe |nEi gat tg 03|t|tonege al ong
wi t h gadbpsideme fihi o ERP P EPdERy e BinlES; ot

react or o GbB1c01 6.98hd iper SRRk dRfbis@Enis 48 7m¢§@hﬁd730
[ 0052] grg%fg?ﬂgl%@éa}l SOeI ncl udesﬁ’g} gas outl %i{ibl?% g he; gas, outlet 732

i ncl udesogatheesdwaie tlapp threnpatpndiowengemen 7 amdts to F}b‘rﬁqeh’@“uﬂﬁer
chanmber portion 722 to the outside dianeter of sidewall 718. Exhaust
passage [0(30] i Rehttce®] Odncludes argapmbes ageifdld 236 torfenditggiroseengasprpsio | i ner

782 and | ower _|iner 784 an Lch t ends bet wee h hapher
por tPon RS FE HiEnEAAIAAR] BPEB A Heuar oh 18 SR il T
exhaust PASFAGRsiFRed WihiH dRSwWANT B8 Bﬁcﬂﬁpasﬁafgaﬁﬂe Forifidd béercam dppat himrﬂ82
insert plate 779 positioned within side 718. .A yacyu 3%?% rce,
such as 2ad puep lipsio B4 s RessRee 1081s SBRERS V@a‘t@?ﬁ%rtl‘?‘}ﬁ#ﬁg}% %2 is
coupl ed Udhhatid Bl REerPhla®i7Tdewad basdab8 70y a@h
out | et ﬁ%i%%%%%gﬁc%g%@m 2010/ 059300PCT/ USZ%OQE}]%SQBS?

f ed i nt dntollee wpppeporietra C &r 722 is exhausted through the upper

passage 792, through exhaust channel 794 and into outlet pipe 733.
[ 0053] Ihmsi rRpactonBfedlsor ieeladasran Sitependent ifdrGras Inles76A focibbdingert inert

reactor. That is, sidewal] ower 2..and.
784, reSPEASAGSHE asalﬂelén%{tlmat%ﬁ%%gﬁ?ﬁ‘gﬁ%a '%A}é?g% é?rr%lg? E?B"é i 910“
preheat TZ&%ngp%&h@ﬁ'@haQ%iﬁﬂzﬂAgﬁﬁwﬁaﬂﬂm@ w\afeﬁrpurye@eedﬂetmerwrae dur| ng
processi ng. For exanp in a gr oces%gpgeﬂsgoposm n.epitaxial licon

film on lﬁte&@%ﬁntoﬁﬁfembé@é%‘f‘ﬁﬁ 7 ngEsPeaYY és‘f@f?ﬁ%? ure
of betweg, 5@% éa%@@& thWhioh Bafrla€ 78] ;8814 @W‘gnd 1oRRE BderdBe idrodded for

terrperature out 400- GOOC The sidewal | ‘and liners are at a
cool2r ttheivertaty ﬁ@ﬂbtafbau@é uur@;ga@ieambﬁcom@eléqd\ﬁ@d direded indeneadsng pf Bn
fromla 734 due 7 OGidelb@dnk S
Tl iRt erindeales AL nddPne ARGARARINSErEARL bk LR}
with gas inlet manifold 730, and can for example be positioned on reactor 710 at an angle of

90" from deposition gas inlet manifold 730.

[0052] Reactor 710 also includes a gas outlet 732. The gas outlet 732 includes an exhaust
25  passage 790 which extends from the upper chamber portion 722 to the outside diameter of
sidewall 718. Exhaust passage 790 includes an upper passage 792 formed between upper
liner 782 and lower liner 784 and which extends between the upper chamber portion 722 and
the inner diameter of sidewall 718. Additionally, exhaust passage 790 includes an exhaust
channel 794 formed within insert plate 779 positioned within sidewall 718. A vacuum
30  source, such as a pump (not shown) for removing material from chamber 712 is coupled to

exhaust channel 794 on the exterior of sidewall 718 by an outlet pipe 733. Thus, process gas
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[0054] Gas outlet 732 also includes a vent 796 which extends fromthe
| ower chanber portion 724 through lower liner 784 to exhaust passage
790. Vent WOBYP¥¥ ably intersects the upper passage YGPU8H0 %ﬁ%ﬁst
passage 790 as shown in FIG 7. Inert purge gas is exhausted fromthe
| over  chatheth@aider eambedpdridrO1aH s vebst#@hrough tieugberspapagt 7 tabugh
upper 15 chanber assage 792, thrqugh exhaust channel 794, and into
out | et sxlﬁ@stré@mef/@ﬁanggaoami%weﬂé the direct exhausting of purge
gas fromthe | ower chanber portion to exhaust passage 790. [0055]
Accor di [a58b tihe sipgle sefitr réactoe shdvonin Fﬁoﬁo% ss'cgdsvall’ repaions Tirg &, alrdéwﬂﬂbd

into th el cha orti i

pr ocess%ggrp YD ﬁ‘ﬁerqg‘e’fsﬂgﬂﬁf}%z f(%b%% gl%/'r é}{e ?%an%gﬁt%h?l ne as a
gas §r gasperdtt iR }:th@thm%CFQS ah®pédesmViz0 (ﬁﬂ@awafenplachapbaean) duiﬁmg m on
a wafer or a_ substrate_ placed in chanher 712.. cl (i“ %

pr esent Prasesng AT e’ﬁ’n‘f?}e@%ﬁm‘&é?%‘gﬁﬁ?f% g S Pﬁé”fatfergg"g
such as Rg!?eisﬁl §ncﬂ§ﬁgr FOndakRab a@erﬁ;&clrétﬁx@?of %&Weapﬁsdomoe@ﬂ B\t Ghedidkwall

snoot hi e silicon surface. I'n an enbodi nent of the pr esent

i nvent i ¢mddingrsheresiba tpawpeiagirg gé@oubﬁl&@eéswsfﬂ  The %dqweélmnd élﬁfm@ 56 HP CPRlGler
on a silj f Hﬁ%g Quafteiectdie
silicon srg & %‘?:% @a%g%tgéﬁ&%% ?"r"%}% ggtgg%@%b %ﬁ-‘?gré%au / I neé: | udes
a siibi cgas,sadbe@nssdolingiuit) ud cmtatddlt}mouglﬂmﬁmallrﬁiﬁom | ane,
trichlorosilane, dichlorosilane, and tetrachl orosil ane,

et hyl - gpdsane . GR0a1a 792 RaH incBASs &0 096 whikth Iaxtaﬁdstihtim fetlowdrithimblert 0
phosphi ne, di borane, gernmane, and arsine, anpn

ot
ot her peRissd2¢dyeushdower lner (54 iganhauTRastge 79%\%4’?% §6 P@feéaﬁﬂwnéeé?et"fser
gas, SUGb &b H%assal §79? xﬁédsypés@%]w%gs sdwang F?@ 'ﬂQHQ@bﬁrFQFasggs
or-a

stream ess anber a vol une of approxi ma
liters, eahailqudﬁlom tbcnlqmeoe}m@ega@rtlgn 7 &hathrdeh wer 7 985hgglk ﬁ?l(tlpﬁ@fmehg

carri er . IS t Ha t i@ to
dep(}él t %13 assa Sl lgihﬂ%l Lggha{lfI;'ltv\(ielfﬁMé ?7%%\4 111%1&]{??%? gzgeis é}\/\?)géz
2010/ 05 %ﬁ@@?ﬁf/tlbﬁﬁ&@@dxﬁﬁ&&ﬁg ofyas g/ 88 ficgn the $ewdrichdthier pottmnitmenhatdtow
frominlet passage 760, across preheat ring 728, across pedestal 720
(and wafP@isfec oss the opposite side of preheat ring 728 and out
exhaust passage 790. The process gas is heated to de t| 0
process [B&Pherdacardingdy thprmessat 0yv¢ nﬂB"eS?)%f’&é%B%ﬂes% e%ﬁ’leér

bei ng pry ﬂ&rﬁﬁéﬁﬂrm (?22 ﬁafrp%%ﬁettrﬁaﬂ%mot 2ProBRL ggsx héi:brcﬁﬁé ﬂo(?tﬁ)é“;t)&sénﬁyer

on a wafer e pedesta 0 and preheat ring 8 are heated
t em2ér ativvestiod, ibedfinedas BLBOT g@so@@turw@iqh. a@@rﬁo wylovesdreal of ienesicafilpen

formed at tfgrnae%%rs% s‘{r_a?e[%%gg]moggiggx%e??ﬁc %gﬁa\lﬁ F«m DX US ARG R arsp%g%ég@d

deposi t %N pressurs It onal rocess gas |

into th%ayrmﬁpn@ﬂmﬁtmbahdmnnmamgas sunnh aerf,ﬁs wad tetrapas srbporgsas%se 17599 are
fed |ndependen intq the | ower r urge
10 gas. remgung e g BE sURPE R e e amerarery Sk et D e
Process f&deRLAtidhies td"dépbs@i@ﬂ&ﬁfepﬁt@ﬂhluﬁm oA Bgileed arficpbbradfet placed

deposition chanber 712. The inert purge gas |§ heat edzé)%g preBeat ring
728 2nd qreRsdestal (729 alterils whiconrpitagellps brra toakd. Porpsieal (Hieeeqgr ieludes

process cofiblie, isle a’%aoﬁﬁpﬁét lifited b, RS rosiPIE OB cKlaDsiTR2, dishlb@sildnBladt he

| ower chanber "portion at a rate which devel ops a positive
pr essur eetrachhorosilbmyerethyhsitinerand ardopam g7oepupdet fich es papt ipitediie

13pr0cess, (935 URS UL Sellrke G0 HPREL aRDRIBREPRMAIN 2P probbQGERS sRES
as oxygen, methane, ammonia, etc. A carrier gas, such as Hy, is generally included in the
30  deposition gas stream. For a process chamber with a volume of approximately 5 liters, a
deposition process gas stream between 35-75 slm (including carrier gas) is typically fed into

the upper chamber portion 722 to deposit a layer of silicon on a wafer. The flow of process
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prevented from seepi ng down through gap and into the | ower chanber
portion 724, and depositing on the backside of pedestal 720. [0057]
FIG 8 sho¥R2H08¥8¥ on of the gas inlet manifold 730 \/\/H?E’HS@G%??W”@S
gas to the upper zone of the processing chanber. The insert plate 779
of FI G gfk 793 isEeumiallp a Renig@iTRiw frothétletpas2@e 260, atrosrpradeatriB?B asmtosan
outer zone 830. According to this errbodié)&gr;}i_1 of. tﬁﬁ inéz(enti gn %he
conposi PFdsatabf20 (el WalsDekEosg e QRRPET Stde MRBTRFR 508 KA And BHE*8PS! can be

control %&qag’;ﬂ@@pq‘ﬁgﬁmg\é §9J iswﬁe&farm%{gsltiﬁ&fbr%&éﬁertﬂ atoh B préfeatng

into outer zone 830. In addition, the ow rate of e gas_ to either
of the 7% phddstab32B2skthes@sh beingphmsessaheln arspressRglepesit WEpiysalidicon

controlled independent|.y fr . i i egr ees
of cont kagFr 6% VISR e&é@fﬁ@%ﬁ 4‘}%}3 %%H%Z%Sp%gg%t%tg\égnté%{ﬁ i nog t he
conposi béwRe®EON O 2p0°CL e siligasephiaxiabfifer cadibk ffamed bt Eopestuods as ey as

sem conduct or_waf er .0058], Processing apparatus 710 shown in FIG 7
i ncl udesPCayidt %WP‘EB%P‘]I’”E)W “%Zleﬁ?ﬁﬁmg?%ﬁ%ﬁﬁgol s various operations of
apparatus 710 such as controlling gas flows, substrate tenperature,
and chaf¥§6] priskigionally, whilanrospasgas iwderd ingy the Hepep chagaist POTHOBRDIRA FUkEe

syst em 20, SOALLOb &l ZemabRELUTIESnE dPlobloflithne boffforl RAMYindPflrge 2
oppy dr's rivé“and a processor . The processor contains a

si ngbe pesisdefimdpshens WHBL)s substaltayy ancadivgiat pocdsspamestrpvitbemmbss
interfage boards and ste r _nmot or_. cont rohl board, Vari ts of
processi ‘??ﬁ'ﬂeﬁ/@%ﬂ?%%fi@%@%‘@g @ﬁﬁggggé7 %é?)]ﬁlglr gkd“ﬁg ggﬁlﬁ%rgr%{f/ onf or m
to the Ypmsa rMedub and RacaPEE030 3¢bAL)al1S tiandmk deryfitiratiire de therpesceksams d,
card cage, and connector dinensiq 3_ap8_,t Xﬁ%ﬁ T[‘é VE/E st ant Etd al so
def i nes Wie ibehamber (i Jpet WEes 85 7% Fptegit GVHFOAHRY POFLY; P AbPEs s
bus. [ 0Q0a9dn RYShEM FRRVeMdstire $RRiCIBRES HambbiRr@mt IMiviltessRtt th e

apparatus 710. The system5 controller executes system control

sof tlfar eroomks gah piegsuae imchpurpet chsrdgr parien 632 Prrsrsulas dip ttBeretoBadabl e
medi um ¢ Bt BY 1RR Bnchiefpdllisk 78 Lye, but
menory %g%@@?;frgpg%gﬁg{éé/%{\ﬁ‘étrm%g%ﬁg% lrrérmr y. K/Ermr; %641 may al so be
a conbi dapasttingafn thneachsideofiedeftal{/Beése ki nds of nenory. The conputer
program includes sets of instructions that dictate the tim ng,

m xt ur Ie [@(i5|7g asmgag g’%tﬁ:fﬁtbqior@jt’lﬁ&&hﬁ’ s éﬂbt?ﬁ&mfolcﬂ’m a\d:iﬂemp?ass%as tceﬁrpuppluer
power |evels, pedestal positiognp,. and o rs of a parti ar
process.zouy O%ﬁp@é‘?ss’é‘ﬁ ﬁgm%n%ﬁ? @Felwlﬁﬁggérﬁpgﬁ %Fi%l OB ;’F 8$r5’é%u6ﬁ%?%y
anobiger Aenmnk Yo ik ced hGktitiond 834. OA c@¥BRPIcahis dmbbaRRNt &fitBkin®éntion the
anot her appropriate drive, nmay al so be used to operate system

cont r ol lcempggtion ofitheiproesss pag Witich Byweie baer zpeg8 bggortrplledD noni t or
and a k ..} nt : j r i
2nd oys HRPELpY ir e EG Al FHIARE pATMARER iR YRS acnl 430! MIRRLR @0
adj ust i Mfpw e dubsgasad eitteenpibe dvuhadvisB28e.$3Bdaftbe ingkt tone 88 pandent

inventi can be .inpl enented using a co (o] [
is stor gﬁfﬂ?% c%%tgg?nﬁgaen%ﬁlggi tgorg)?g% ﬁlfog}‘gqu?}n% Bééréc%g %\?&%&%ﬂﬁé{)ﬂ%i ﬁ)fg
cont erhPsRaToR o eeueRBesa controlling the composition of the process gas mix over

different zones of the semiconductor wafer.

[0058] Processing apparatus 710 shown in FIG. 7 includes a system controller 762 which
controls various operations of apparatus 710 such as confrolling gas flows, substrate
temperature, and chamber pressure. In an embodiment of the present invention the system
30  controller 762 includes a hard disk drive (memory 764), a floppy disk drive and a processor
766. The processor contains a single board computer (SBC), analog and digital input/output

boards, interface boards and stepper motor controller board. Various parts of processing
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witten in any conputer readabl e progranm ng | anguage, such as,
assenbl y Ian% a% C, C++, Pascal, Fortran, or others. Suitable
progr am coH@ 24 #%red into a single file, or 20 mul tfﬁT’é‘S?ﬂp?/%SW
using a programeditor, and stored or enmbodied in a conputer usable
medi um aﬁlbh@éiuﬁﬂ (AnAECIRFY MY Ficevered MbiaCEuTpptany (.VMﬁmaﬂdhﬁ veldi:}t édinepde
isin a h | evel |anguage, .the code m b%cg ile and

resul t aRPAECYAN Fa86 a6 Gamestor fiaenpippicad twyetsh b gﬁ% ires the

pr econpiyh edrlchRE Bfnd £18-biBsta bl @8 Rdke8ebsi nked conpi I ed obj ect
code, the systemuser invokes the object code, causing the conputer

t th d U d
oxocut ed0sRE” SubES SR EGIer O ATIRRL LA aTES o Wi bt FE ThESARAET
;5: sosst ?61@:&)(1]69 emma% wst?egﬂcl%frelf s{@ﬁmstszhtna HodT@dngruser @mgkamstomiom @ss gas
ow rates (e.g., an ow ra roce erat ures .an
process Cﬁﬁnﬂ‘é@ﬁgeé dablemedigppughy S@R@“%ig %% r% W%@lﬁﬁ driys,
accor da%ﬁl.em&’ngﬁ 46l ?nagfra?s%%totﬂe[] ¥&Rs bﬂﬁem&go Bddmdr &8t mBfalto BE £

fl omcharts showi ng exenpl ary met hods whi ch nay be used to 30det erm ne
the t errpemhm@ﬁ@n effong os most afdkese kindyobupmenyarlke mrae&@rsﬁr@@a@y%qhmﬁ sets
accordln

posi ti one ﬁb‘%@g hgg‘?gta WF@%[}}?%%%WE ngérsggt gtﬁl}be?f)%gm 5%? The end
of tlbe ltérghtratpieplmipposit Ebdsg(jaetﬂestaﬁrpmmayaﬂd «ghd;r p@@mparfgrﬁt}l)partwulﬁrder

WD 2010/ 059302§>CT/ US2009/ 059857 to i nF) % eur ac I d

D o 51 GHREE: doRLHPE G FET AP RETREE P 45 PPt Nerep Sh Bt T device

substr atn@:h&cﬁﬁ%  Gor e a@plet moﬁgdmdcalanotha agpmpn&&anv@mauyraebtbegaai tbs
fl omwed near t

e end of the lig [ redu,? n nvg@él on, Whl
't GBETel DEAPEPBFTIS 1ot BRHARLT G SRt Broor s Wi S PRSP
(.9 >4epp3f mb%séaEiB%Eﬁéie%&We&ga fitedMhdthenchrdestal s gététn%nt?@l}} 76nd
used to 5 determne the pedestal tenperature (Step 925). The pedestal

e R R e L e S S SR

near a siitisthe ategendivivetxiorboan ﬂ;-e 1mpibmbmtagusﬁ@ aapnnﬁzﬁﬁe)r prd@rm‘n ernndugfwitittels

| ight pipe js shiel from st 9 i.n_ order
i nprove SFC}%A ‘é‘d}&‘?ﬁ%?ggﬁ%‘;ﬁrﬁxiﬂ%g%g iPd e%sfn( zé‘fp%? CP%P P Qrcr?lg?l% %
of the spRshiatsy cdniputdr@fhd @88 progfenkfing Meighagdasich s, hksemdly laegungd, ity end
of the |ight g@geto reduce contalmnatlon ich i/affe
terrperath'%‘i"ePG FRASB GTORhery. | Jyablg progrg £o ?/‘é‘}t‘"ergg“ﬁ ?%‘néeﬁ %% gm
s det eGhAfp eI NGkikd a@ﬁf’o%ﬁﬁn SBS i @bBrel Bt BRALGHED indNGm! ﬁt@ﬂusta@le medium,
det erm ne t%e substrate tenperature (Step . [006 1{1 In one
enbodi nenth asa @gmgltyrsastemmf theesBIPHIGT- s&@?@?heleﬁéﬂmég isgn phighdey geuage,

chanber . 2. pRdesta cofng) Jec%‘éﬁ@@{e&ésﬂﬁa@g%@ﬁé&%@1s%éﬂ§%)§'w%taﬁ'oﬂjerﬁmfie

proce35|ng ica pyrometry ass y coupled to
the pr oaﬁspsacnglpﬂfdalmﬂwly rbatimreaSoexecats tenfirtked dothpitgdtobject code, the system user

invokes the object code, causing the computer system to load the code in memory, from

25  which the CPU reads and executes the code to perform the tasks identified in the program.
Also stored in merory 764 are process parameters such as process gas flow rates (e.g., Hy
and HCI flow rates), process temperatures and process pressure necessary to make

measurements and adjustments in accordance with the present invention.

[0061] FIGS. 9A-B are flowcharts showing exemplary methods which may be used to

30  determine the temperature of a substrate in a substrate processing system according to
disclosed embodiments. In FIG. 9A, a light pipe is positioned near a pedestal which may be
rotating (Step 905). The end of the light pipe is shielded from stray light (Step 910) in order

17



originating substantially froman edge of the pedestal. The opti cal

pyronetry assenbly further includes a |ight receiver and an o
det ect or . YiP&PIPPYHE recei ver may be within the processPﬁWﬁWﬁ%&?ﬂ
The optical pyronmetry assenbly receives a portion of the emtted

i ?ht tﬁﬂﬂap}?oﬁeﬁﬁ@ﬂfcaﬁaﬂi @ncm?r ;Irér']tﬁicﬁﬂ@fa&élaberam1 wtet@mmanemoﬁth@mcmal and a
intensity of the portion o e emtted 20l ht nea Ie
wavel en@’%ﬁﬁﬁate[f@%@ﬂ or} the Q?Q?ts‘ﬁ{e Inéﬁe(po‘?(} nEhipert g PY’B n%r thﬁﬁg f 28 Tight

proc es S 'ﬁ%‘)@ & %ﬂ&exfon{aﬁnﬂartﬁﬂ SRAhERLy dfRcPd ﬂeﬁl‘ﬂeﬁnﬁ@ﬂétérﬁﬁha@fbn | L.t off l6RM
heat S to enter the processing chanber. [N yet anot her

enbodl nevavelengile(ecg. >Adrien)o dctheechqoxmeeﬁpmdhepmw @F?Qt9l'%0] andgsedicer
e S0 ot U, el 185t o Sl uh OB A st

&r “on measur enment 0066] In yet
anot her detehmde ﬂ‘ﬁﬂémp@.ﬂeremft}rmnhstmfe ih$eepa30l east one wavel ength is
greater than 4.5 p.min order to reduce an effect of stray light from

out si de [4dx9) p'?x??ﬁ?@'Bngh ﬁﬁﬂ(?&q% @iﬁl&l&ﬂﬁgﬁ%rsébéﬂfa& WG IS bhk @ BB Aftating (Ste
[0067] I[n yet “anot her eg nbodi e h portion of the esrentted |gl( b

]E hat i s 958k dibgetd phide ligetiBOp islghlﬂecb’irma SFW ght (pice Pelh ¢t ArdppigiiRg: Cihe
irst in

2010/ 05 950BBer b BR5EEmBeRERERAMMAIRATUR 160 (RIRPSE | e
pedel.sawéI alindrisgad é¢ Brwddnedr the end of thaligh pipe to heéucbq qogtaniingtion syhich may affret a
second intensity. 8 anothe

aper t ur &SRR Gefe inatll%}: e[rlelérotff’kéoq KRS etnﬁmr)g gbou?hgl)% &g&% d CS&%)H 225.

5[ 0069] g Melulhatcistkp oMol Bt débeniopthecabstiptertanpiratyred See BBy
further includes a sheath wherein the sheath extends at | east 0.005

i nch be t i
st PR 1 ch AU, s pdsngomsafmuntco i il

|i ght r gedésiadforissppertiiy W@stmdlﬁmﬁd withinile Rrderssiag chambep apdan aptical
10[ ﬁ%gélspyéom &L B NES que%Q ﬁ{eg;?%tesw?g &%@E{ B R OSESRIRY 11§1¥t5t em

inc cessin an optical pyrometry assenbly
coupl ed dﬂg}ﬁahﬁg pﬂe«aemﬂiyrfganm maedgeof the pﬁé%ssll;r Eheawptlenh Tyrakttyi agsembly

origi natj ng subs f t e
opti cal gﬁ?&%ﬁ%ﬁ%{? i@% eyve’?(ﬁ)%q /‘H“(fg) lrc%llldllj{%c rec %@%ﬁ&g%ﬁd—ﬁ 2h eh‘gltﬂ:mrl e
det ect orprockBging ¢ighiber. ENRIOpEEal Ip§roﬂdetr|51 Iaﬁlsefdbb/ PR aFiortpnelfi ﬁreimnttedﬂlr@lt

opti cal rometry assenbly r ves. a ort| n
P a‘1)1¥1 a temperg/mre of the pe%estfﬁ etermlned rom anolnte%];;lty ctﬁhe portion of the emitted

20  light near at least one wavelength.

[0064] In another embodiment, a portion of the processing chamber is transparent to allow

a portion of light from heat lamps to enter the processing chamber.

[0065] In yet another embodiment, one or more of the at least one wavelength is greater
than 3 pm in order to reduce an effect of stray light from outside the processing chamber on a

25 temperature measurement.

[0066] In yet another embodiment, one or more of the at least one wavelength is greater
than 4.5 um in order to reduce an effect of stray light from outside the processing chamber on

a temperature measurement.

[0067] In yet another embodiment, the portion of the emitted light that is received includes

30 light at a first wavelength having a first intensity and light at a second wavelength having a
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15emitted light, and a tenperature of the substrate is determ ned

froman intensity of the portion of the emtted |ight near at |east
one wavel eNGeEHYPFH72) I n yet another enbodi ment, the FEMYSIRVPETof
the substrate is | ess than about 650 degrees Cel sius. [0073) In
yet anokhehnd &ndedy. TER temparatuey offths gededtaltifidetertnihaeldfsdm o naiowdd viel fesigt h i s
| ess than 20 about 1.2 um _[0074] In yet another enbodi nent, one or
mor e of MFEIRE0 the secenG e el ength is | ess than about 1.0 pm

[0075] In yet another enbodinment, a nunerical aperture of the [|ight
recei verf0068] | ds settahetheraipoiodingent, a rguBriel apergpsof the figg7eeivenis)ess than

anot her i t portion of the processing chanber is
transpa?@%&ﬂﬁoagﬂyg&ﬁ% portion of light fromheat |anps to enter the

rocessi ng chanmber. [0077] |In yet another enbodi t ne. or ,nore of
Phe st I8l " e obrcrmoniorert b M WRRCS Y Sy ie e Petace

an ef f eGle A whdrbia¥hd dhehth ekied® £ Wasti o5 thG R SGESRS iTH réRaRbRY reiite an
t enperature neasurenent. WD 2010/ 059300PCT/ US2009/ 059857 [0078] In

yet anowhwhntefiseel light entersthe HeP@I6E- t he at | east one wavel ength is
greater than 4.5 gmin order to reduce an effect of stray |ight from
out si de [0078] priogeanbihgr alitadireentche Kgltt eerpivenis withim@ 28Limelnefithe eJBOT dle
In yet another enbodi nent, the portion of the emtted light that is
recei ved*ffitt-udes 5light at a first wavel ength having a first

intensity and |light at a second wavel ength having a, second intensity.
The 10end®9741 urle yeffanpther eypisimentcd FUBStEER PFRSHBY SYSFTNIAIUASY 3 FOTsithe

first %ﬁ%ﬂﬁértﬁéd %r?(éé}?glr %@&ggﬁﬂy 4594 E0S 'cﬁllif)rl]e({dng %rpéé@siﬂ@%ha?ﬂb@f Qgﬁeasure

enbodi t celVver 1s wt inch of the edge of
t he pedestalittalighheriguitggsabsantially from a portion of the substrate. The optica

pyrometry assembly includes a light receiver and an optical detector. The light receiver is
within the processing chamber. The optical pyrometry assembly receives a portion of the
15  emitted light, and a temperature of the substrate is determined from an intensity of the portion

of the emitted light near at least one wavelength.

[0072] In yet another embodiment, the temperature of the substrate is less than about 650

degrees Celsius.

[0073] In yet another embodiment, one or more of the at least one wavelength is less than

20  about 1.2 pm.

[0074] In yet another embodiment, one or more of the at least one wavelength is less than

about 1.0 pm.

[0075] In yet another embodiment, a numerical aperture of the light receiver is less than

about 0.1, 0.5 or 0.025.

25 [0076] In yet another embodiment, a portion of the processing chamber is transparent to

allow a portion of light from heat lamps to enter the processing chamber.

[0077] In yet another embodiment, one or more of the at least one wavelength is greater
than 3 pm in order to reduce an effect of stray light from outside the processing chamber on a

temperature measurernent.
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10[ 0081] In yet another enbodi nent, the substrate processing system
further includes a sheath that extends at |east 0.005 inch beyond the
li ght receV@eP1f083Pbduce an anount of stray light entefpﬁﬁsﬁﬁémﬁﬁﬂht
receiver. [0082] In yet another enbodiment, wherein the portion of

the sub$p78] € Ih SetiafGherdambolife:ngdge oBhoichE R Rastahe walSgQfiBBgrdarer y et

anot her enbodi nent, a substrat? groces Q%T stem i.ncl udes a

proc essﬂt@@ Acispiveprderdo seres tneachp %Imsg‘s t ‘Wéo'ét‘“ e ProreSing Lpghgsn
within t Hﬂ££&g%§h§9ﬂﬁ fQanber, wherein the pedestal has one or nore
features on an portlon of the pedestal to increase an opti cal

em ssi vi th |n|t I . at: t
one wav éoéﬂlg ny %ﬁn E’t}“’ Bhe r‘;g/f tgégég n%ﬁ?géﬁéélﬁa% ﬂg&ﬁveaglh&&@
processiigsk £ a@m @Javél@ngmﬁéihﬁgea ﬁm @entityethdllighhat a26comtl lvgweilamgtm baving a

substantially fromthe portion t he pedest al metry
assenbl yend fmaeity- nEhe fg@geraiurg ‘bf e FUO8lE t?/@fiet?ﬂﬁlﬁf’%g oG rﬁ“‘? ?A%&éﬁq’ﬂd of

a |'ight ;pinay oRE QBhd GRdnsRYr ometry assenbly al so includes an optical
detector cou Ied to the i ght receiver for detecting a portion the

enmtted t er.at.ur e n
om 11 i TS I s D BB by ST g
maveleng&&mmB&ﬁﬁeﬁﬁ$&ﬁa yet anot her enbodlnent the light receiver is
substantially aligned with the portion of the pedestal and receives

l'i ghty engusayi ng yiraQmmhiNenidasndt, tﬁ@msri@@fm&@gmg EQ@85 further eladanot her
enmbodi nent , the opti cal gronetr%?assenb further includes a sheath

di spos edhwﬁathath@néﬁ@t Tesist §.AQS Inplyheyope dhei ligat reedvar deiirdBcesany ampunt offsiray

enterin 2010/ 059300PCT1US20091059857 [ 0086] I n
yet anot %¢§%nLg®£n§%p&m?h§[;heath extends past the end of the Ilght

pi pe bu S .hot vent. |.i f,rom Lray n

e oadufF° St RESH Bl EDL, VP RRGIZ LR L1 PR hiah
enbodi mefthe sibragheat h ext ends past the end of the Ilght pi pe but
5does not cover the opening at the end of the light pipe. [0088] In

yet 13notihas) eh9et ABMED etﬁﬁb%uﬂé}{ttd RBsthe }%xﬁ@esﬂﬁg St inCRIERY d SiB&estihe
edge of the pedéstal. [0089] In yet ano enbodi nent, the opti cal

pyr omet rchambeenprdgstalfor sweporfing b atdegata digaaser Aitin e sinsesesbapbe
second end Of ik DEadsta¥its Ak RE mold Bat@AS oh Bh §brtibd oF BEBE&S al B iAcrERaBRel

optical emissivity in the vicinity of the one or more features near at least one wavelength, and

an optical pyrometry assembly coupled to the processing chamber to measure an emitted light

20 originating substantially from the portion of the pedestal. The optical pyrometry assembly
further includes a light receiver coupled to a first end of a light pipe. The optical pyrometry
assembly also includes an optical detector coupled to the light receiver for detecting a portion
the emitted light, The temperature of the pedestal is determined from an intensity of the

portion of the emitted light near at least one wavelength.

25 [0084] In yet another embodiment, the light receiver is substantially aligned with the

portion of the pedestal and receives light emanating from the one or more features.

[0085] In yet another embodiment, the optical pyrometry assembly further includes a
sheath disposed near the end of the light receiver to reduce stray light entering the light pipe.
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10 within the light pipe wherein a gas that is supplied to the gas
inlet flows through the channel to the first end of the |i

and into tWe2ERY ﬁ%@"r purging the first end of the IighPCHUg ?Kﬁztggﬂt he
gas [0090] In yet another enbodinment, the gas conprises at |east one

of hydr ggsa] M yétepeReththodinge hel SRS Endsrpaytahe mdmflﬂmrhgampdbment
a flowrate of the gas. is be wegn abor#lt 200 s%%gdadﬁ dlhtg
cent i neldé?ssn%é’fev?ﬁtﬁﬂh@c(f%%ﬁm& ggersths Redion of 1 andthelight (s .

[0092] Lo.¥get another enbodinent, the one or nore features on the
edge of the pedestal includes a groove around the edge of the

pedest al anot 0

Fear ur o401 ¢ o aeh et ies gk AR uPRBBR R s b o e B b
t he peddstsadot wher dieppating fabd emdnd tlaflighhgiplol es has a total internal
area at least two tines the area across an opening of the hole.

[ 0094] gﬁb%ft RDatRShe R NER the ForfiB Hafe fldeSRABHILHEG (Re ddpaREMBL Ur e

of a substrate during processing, includes dlsp05|ng a light pipe
near a peodestabn of a pedestal or the substrate, shielding the end of
the light pipe fromstray light so that the end of the Iight pipe
recei vegoessy i ghyetfahsmxaemﬁtrhm thé ofitieel pyechestyadssamblg Givther iatiedespugagi ng

t he end of heI e wth a s .to reduce.conta tion of the
end of t“l‘llét ISRRY ‘% &08@’@’&0?%1%%5@?%% lgHds £9 %%%ﬁlc PBE from
t he jpedegatial thelightsd Wikdréin ands haciekiviftiedio thé gasl 1h19’ﬂﬂoxﬁd RBfoughie channel
determining a tenperature of the substrate fromthe inte SIE of the

port i on t@fhetfiig e&@f@ebgﬁﬁwmﬁ@w@r@%@ﬁwwg B et sad pLibe g ireat
| east ongy V\‘?g%;sengt h. [0095] In yet another enbodi nent, the nethod
further i1nc es rotati ng the pedestal and/or substrate while the

ot had. 01 0heo ek QHECCRHF G TheeeniPares his B hR T AR FRben she

that inckgides at | east one of hydrogen, nitrogen and argon. 5[0097]
In yet anot her enbodi ment, the nmethod further includes flow ng

bet ween (}@@?1 t 1896 a%xbﬁa@ﬁéiﬁ%d%&itca ﬁ&mdté@ﬁtﬁé SasREbetiediitOul B@emhdand 8
st andar ers"per mnute (sl nm o as to purge the end of the
| i ght picpbic centimeters per minute (scem) and 8 stan rd liters per mmute (slm).

[0092] In yet another embodiment, the one or more features on the edge of the pedestal

includes a groove around the edge of the pedestal.

[0093] In yet another embodiment, the one or more features on the edge of the pedestal
20  includes holes drilled into the pedestal wherein at least one of the holes has a total internal

area at least two times the area across an opening of the hole.

[0094] In yet another embodiment, a method of measuring a temperature of a substrate
during processing, includes disposing a light pipe near a portion of a pedestal or the substrate,
shielding the end of the light pipe from stray light so that the end of the light pipe receives

25  light from a portion of the pedestal or substrate, purging the end of the light pipe with a gas to
reduce contamination of the end of the light pipe, detecting a portion of the light emitted from
the pedestal or substrate and received by the light pipe, and determining a temperature of the
substrate from the intensity of the portion of the emitted light from the pedestal or substrate

near at least one wavelength.
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[0098] In yet another enbodi nent, the pedestal has one or nore
features on an edge of the pedestal to increase an apparent optical
em ssi vi t YWPRVWRE3NW cinity of the one or nore featuresPEHURWEYO4RST

| east one wavel ength and the step of detecting a portion of the |ight
em t t edfoosm et RGBS ledlbolliwicht) elle hatBddiRieherdntiaadsirogtignthe batdstal aidtor
fromthe features. [0099] In yet another enbodi nent, one or nore of
the at Pehsteteydele p/enpHgure i Beipg B§E¥edk han 3 umin order to reduce
an effect of stray light on a tenperature neasurenent. 10100{ In
yet ano{0096] eiibpe ianwthér, crbodingmt, ey metbéd fubibesinclndsspuranrgthoandoidhglight| s

reater 15 than 4.5 umi,n qrder to.reduce an effect stray light on

g t empePEEIT %%M{isﬁiﬁiﬁfoﬁy‘gﬁpﬁn’ R rbaé]%r%@%gni zeé bygt hose
skilled in the art that, while the invention has heen escrib%d a%%gve
't 61 miOWF] pllereeneliremioarHeh e Moy S e PRSI G B P08 00U
feat ureg,andy m&%ﬁﬁ%%ré P%ﬁ Pﬁlﬁg%/ BedRpsial 08 dbAMBAS b&migB (D18 UsLeas

i ndividualTy or join al'though the invention has been
descr i bédpurpe thaend ofthe kghtgfipei t s i npl enentation in a 20 particul ar
environment and for particular applications, those skilled in the art
Wil reges) zen thrahothtentdainudng@ispddsstaldfas bhadriraste fdanretan arge bthe
the present invention can be utilized in %13/ nunber .of envi r onm nts

and i nplPEdRsH Brinejprse an pRpeYenf eptisphgnvgsyifyain the vicimity of the one gr moye features

subgpr at,gRk REERE RAvANTHEMIGRIRED Sf iectiAg PHOEISS of 18 lishiakiRed fidn the
pedestal to support a substrate di sposed within the processing

chanber pedastabfrriheninclpascieiseiing erigedieh) fom he featires. an enitted |i ght
originating substantially froman edge of the pedestal, the optical
pyr omet [§09%9% s dnktyanothapmisiditgent,aonk iog trborer efcled atdeast anedvarplengih iscgibater

detector; erein the optical ronetr.y, assenbl ceLv a_portion
of the QAP T PR o refipge o coredt of Sitay IR e mpdplup bl 1 2
pedestal is determned froman intensity of the Portion of the

eni tted [9109ht Ipestrangther @akodingns qng\gaém@ﬁ‘gqfﬁl_le at least one wavelength is greater

15  than 4.5 pm in order to reduce an effect of stray light on a temperature measurement.

[0101] It will also be recognized by those skilled in the art that, while the invention has
been described above in terms of preferred embodiments, it is not limited thereto. Various
features and aspects of the above-described invention may be used individually or jointly.
Further, although the invention has been described in the context of its implementation in a
20  particular environment and for particular applications, those skilled in the art will recognize
that its usefulness is not limited thereto and that the present invention can be utilized in any

number of environments and implementations.
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2. The substrate processing systemof claim1l wherein the |ight
receiver is disposed within the processing chanber. 3.
The substrate processing systemof claiml1l wherein a portion of the
processi ng chanber is transparent to allow a portion of light from
heat | anps to enter the processing chanber. 4. The
substrate processing systemof claim3 wherein one or nore of the at

| east one wavel ength is greater than 3 Am 5. The
substrMﬁ%&é@g&@Qstem of claim 3 wherein one or nore of the at
| east one wavelength is greater than 4.5 itm 6. The

substrate procesging §gt?gsgg@eq,ﬁ.ocggs@,{gr@yg{ewh%&%ﬁgmg: nunerical aperture
of the light receiver is less than about O0.1. 7. The
substrat e processpiegessipgichamlydi; cl ai m 1 wherein a nunerical aperture
of the light receiver. is |less th b . . .. The
substrate proc esasPerﬁlgStglf §tméprﬁogtfa T %fa?ne %Eﬁlﬂ%gﬁl’ glﬁrﬁméhe rﬂ%ers?lgafha%b%%’t ure
of the |ight recaiogical Brdasy dshaiblabomitasOre®ATmitted light originatingd. The
substrate processing systemof claim1 wherein the portion of the
emitt eauhsragﬂelﬁft horp a7 §3%eétfé’i1w&e%@}nibﬁ gl PF’@H’F“‘&PSSSmg{Yr@tnP%éR}§1 engt h
having a first iphgnsidewepndal i ght at a second wavel ength having a
second intensity and wherein the tenperature of the pedestal is
det er mi ned from an epdichlgletsictorhe first intensity to the second

intensity. : 1Q. ..Th bstr [ iLn m ] aim
Lt ther compr i B A e PN B A BRBSERE b RaR e P leadihl
0. 005 wmth beyond the light receiver. 11. The substrate

processing systemof. claiml1 wherein the light receiver.is within
0.200 inch of th&'gage tsmpffrﬁ@wp%tﬁ%%leeéﬁsfal is defermined from g intepghy of the

subst r 8bRioRLOAR i 1S h&MaPleast bAd WhdelMfpef €i N the pedestal has one
or nore features on the edge of the pedestal to increase an apparent

optical emssivity in the vicinity of the one or nore features near
at | east one wavei engthf substrate procéssing system of deipst Wh?rémﬂh‘?)&%ﬁcﬁé’er 15

Sy st eMye00RH bsiihfifthe BriEQEEIPEAGeChamber ; an optical pyronetry

assenbly ' to neasure an emtted [1ght originating substantially froma
portion of a substrate, the optical pyronetry assenbly conprising a
| i ght receiver; &nd aBheoyybsttsag pigeqssiog gystem of claim 1 wherein a portion of the

processing chamber is transparent to allow a portion of light from heat lamps to enter the

processing chamber.

4, The substrate processing system of claim 3 wherein one or more of the at

least one wavelength is greater than 3 pm.

5. The substrate processing system of claim 3 wherein one or more of the at

least one wavelength is greater than 4.5 um.

6. The substrate processing system of claim 1 wherein a numerical aperture

of the light receiver is less than about 0.1.

7. The substrate processing system of claim 1 wherein a numerical aperture

of the light receiver is less than about 0.05.
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wherein the optical pyronetry assenbly receives a portion of the
emtted light; wherein the light receiver is disposed within the
processi ng chanber; and wherein a tenperature of the substrate is
detennined froman intensity of the portion of the emtted |ight near
at | east one wavel engt h. 14. The substrate processing
systemof claim 13 wherein the tenperature of the substrate is |ess
than about 650 d&gr eeEhecabgfatpsprocessing system of claim 1 wherei gygimegied aperture

processg li%i;{tsl gé@segﬁ%ig%qg@ﬁbt%uw?%imn one or nore of the at |east one

wavel eng 16. The substrate
processing systemof claim 13 wherein one or nore of the at |east one
wavel ength is | e$s t hEe saboute groGespng system of claim 1 wiereifitthe pertist okthe

P e 08l S0Pl D 5 RoPVIRALGE T ARt v,

pr oces sibMat & ¥&dogdwatele lh Mavhgy Mo MteAsibaRIMGMin aRathpdreuf oftiie

| ight receiver is | ess than about 0.05. . 19. The substrate
pr oces Bpérstabipseiemiped Bpm anatia ofyihe fiast antensiy tetir sepond pessiiy-e of t he

i ght receiver is |less than about 0.025. 20. The substrate

processing systepp of fhadBiled WOSLShE sitddRbt d18h PlurthBec RN PEASS shéath
chanber is transparent to allow a portion of light fromheat |anps to

ent er therepy e slesilmexiendaatlesst 0.005 inch beyondzhe lightieecsiybist r at e pr ocessi ng
system of claim 20 wherein one or nore of the at | east one wavel ength

is greater than §I.Ar "The substrate }élog?sgitﬁﬁ S}-J-sj?&i ?f‘&&ﬁﬂ ﬁ%el@fnotﬁfg%}g?ﬂ:e;ﬁ%§ liem

of claim20 whereln one or nor e at |east one wave
gr eat ewithivah2@0 fch bfthe edge of the pede@8d. The substrate processing system
of claim 13 further conprising a sheath wherein the sheath extends at

| east 0. 005 inch,bey t i ght r.ecejyer. . 24 T
sobet rai o pr ocoolPry Lk St BBl B SINGR ar daim | phercin (i pedt i has one
subst r af oeofEpiiies @8 thdwige dfthe ptddshetosiutrsiseah @pparent optical emis@bity e

substrate .pr qf_cessi ng sys}em of claim 24 wherein the |light receiver is
wi t hi n EEBRPTIRCIPeER nde BHGE T6RT HAES s ST Erasth-
13. A substrate processing system comprising:
a processing chamber;
an optical pyrometry assembly to measure an emitted light originating
substantially from a portion of a substrate, the optical pyrometry assembly comprising
a light receiver; and
an optical detector;
wherein the optical pyrometry assembly receives a portion of the emitted light;
wherein the light receiver is disposed within the processing chamber; and
wherein a temperature of the substrate is determined from an intensity of the

portion of the emitted light near at Jeast one wavelength.

14, The substrate processing system of claim 13 wherein the temperature of

the substrate is less than about 650 degrees Celsius.

15.  The substrate processing system of claim 13 wherein one or more of the at

least one wavelength is less than about 1.2 um.
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16.  The substrate processing system of claim 13 wherein one or more of the at

least one wavelength is Iess than about 1.0 ym.

17.  The substrate processing system of claim 13 wherein a numerical aperture

of the light receiver is less than about 0.1.

18.  The substrate processing system of claim 13 wherein a numerical aperture

of the light receiver is less than about 0.05.

19.  The substrate processing system of claim 13 wherein a numerical aperture

of the light receiver is less than about 0.025.

20. The substrate processing system of claim 13 wherein a portion of the
processing chamber is transparent to allow a portion of light from heat lamps to enter the

processing chamber.

21.  The substrate processing system of claim 20 wherein one or more of the at

least one wavelength is greater than 3 pm.

22.  The substrate processing system of claim 20 wherein one or more of the at

least one wavelength is greater than 4.5 um.

23.  The substrate processing system of claim 13 further comprising a sheath

wherein the sheath extends at least 0.005 inch beyond the light receiver.

24.  The substrate processing system of claim 13 wherein the portion of the

substrate comprises the edge of the substrate.

25.  The substrate processing system of claim 24 wherein the light receiver is

within 0.200 inch of the edge of the substrate.
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