PYROVETRY FOR SUBSTRATE PROCESSI NG BACKGROUND [ 0001] The application

rel ates generally to sem conductor processing equi pnent and particularly to
measur i ngwohelo@sageer at ure of pedestal s and susceptors wpPCh/USpaw©ISs7
techniques at relatively | ow tenperatures. [0002] Sem conductor processing
equi pnent is used in the deposition, patterning, and treatnent of thin
films and coatings. A conventional substrate processing chanber provides a
pedestal or sone equival ent way of supporting the substrate for processing.
Heat may be provided to the substrate by heating the pedestal with a

resi stive nmechani smor by using heat |anps to heat the pedestal and
substrate. Lanps are ically |qQc I i,ng chanber. The
light is allowed EXRéﬁﬂaiR @Qﬁ%ﬁ@ﬂ@mfgﬁﬁg’ﬁ@%ﬁ@| y optically
transm ssive material such as quartz. Quartz is also attractive due to the
| ow coefficient of thermal expansion and high nelting tenperature. [0003]
H gh tenperature processes oftenB%ih&@Ngmdones and external |anps to

qui ckly raise the tenperature of e substrate to a processing tenperature.
| 11 ust [@001ye Ehcaappliesionfirelates gesaaldy ondniassdoctat pocgrsmgegsipateatiyer s whi ch

enploy such architectures are epitaxial filmgromh (often.referred to as
EPIY amarticasrly to mepsingg %@gﬁr%@re@%ﬁ#m& ﬂ@osélé‘feaforé BM%PPB?F?F I9P&Y to as
a SUSC%P?e?Jtiv@e@rlB?ﬂEﬁﬁé%ﬁrwi ch use lanps for heating. Processed film

s (e.g. fi

characteristi m't hi ckness, density, dopant density etc.) in

t hese sses,. as, wel | as other.processes, ¢an be.sensitive to substrate
terrpergwﬁ3 . eé‘@)‘ﬁﬂl]duﬁ'oéé?mcﬁme rﬂggés %ﬁead%ﬁgrq%’%ﬁlﬁ(al’% W§t%ril'dz i nvol ve
t her M GRERPAES oMNEIBES Al BHARUA LOSRIIONS shtkEra@erbdeesing oltastir pebvideamber .
Difficulties with thernocouples involve drifts in the tenperature
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pyrometer at the underside of the susceptor through a_potifom quartz dome
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tabl e or using a correlati actor or other calculation.
Tr adi t itkeralal &ipghsibe apehmhundting @ogssdsei nvol ve substrate tenperatures in
the range 6500C to 1150C. Sone processes are being used or are under

dey¢l onoguy] | MMl tMinP&rature processes often use quartz domes and external lamps to quickly
raise the temperature of the substrate to a processing temperature. Illustrative 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  or achange 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.



substrate tenperatures in the range 3000C to 6500C. One such deposition
process involves the formation of a silicon carbide |ayer on a silicon
substr at evousiogomopyr onet er at these | ower tenperature®Cirasdiobfosmsart due
to the much small er anpbunt of |ight emanating fromthe substrate or

susceptor. Backgro | ight com.ng fr ther areas_of-.1h ., or even
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subst r aldkup @RI RIS ELa EQRDARG: faltBPOEIthdhaleifior. what is needed is a system
and nethod for reliably and qui ckly neasuring substrate tenperature even at
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the processin _ er.” The optical pyronetry assenbly receives a portion
of 10herendiig ed |ight, and a tenperature of the susceptor, pedestal or
substrate is determned froman intensity of the portion of the emtted

l'i ght nggye) at ThS@Ste, WhEt MRAKElANGh Bystén BB hRthoaffonkEablyian@ qaickgnper at ur e of
a substrate during processing, includes disposing a |i1ght pipe near a

subst r aneasingsubsitaie tempesaipissven AgovHempessesat e, shi el ding the end of the
l'ight pipe fromstray light so that the end of the |ight pipe receives

l'i ght predominantly from the edpRIEF SUMMpRIestal, purging the end of the

| i ght pipe w a gas to reduce contam nation of t d of tﬁf i ght pipe,

wth i e en
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or pedestahetnearowamehaashentserewaad magble. wist thase $yistghts,in axthesled her ei n,
means |ightwhich originates froma source other than the substrate or

pedest ghgogd)ot & shbdtatd ﬁrgmss'ﬂglé}{_ﬁé}ﬁﬁncflﬁdﬁ.ﬂa ﬁr@éqsﬁﬁfrﬂﬁlﬁﬁr@oer,t habeeste sdcatedbut not
originate fromthe pedestal. This may occur if Tight originating from heat

| anps rvethie thesprofdssing ehppbhedpessibly on a pedestal or susceptor), and an optical pyrometry

assembly coupled to the processing chamber to measure an emitted light originating

20  substantially from a portion of the substrate (such as the top or the edge) or pedestal (such as
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 predominantly 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



[ 0009] Further areas of applicability of the present disclosure will becone
apparent fromthe detail ed description provided hereinafter. It should be
under st oosiotzharospive det ai | ed description and specific eramlSea9/optsst e

i ndi cating various enbodi nents, are intended for purposes of illustration

only and. are. not intended to_necessari lim¢t the sgo f. the _discl osure.
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nat ur e3nd (A aRbRIAS peliesdlDut ARl Ebﬁ@ﬂltb@ﬂé&@ﬂai.zﬁds hyayfoebarieligie to the
remai ni ng portions of the specification and the draw ngs, presented bel ow.

The Fi gugiesting &oindeatlpmpataditcismibthe pedestalai | ed description portion of the
invention. [0011] FIG 1 is a cross-sectional view of an optical pyronetry

assenb;oooapcqruekhagar&@ SHappli@batly efedrernt discloR0d 211 BddGmeZippareat pemnspect i ve
view of an optical pyronmetry assenbly npunted on a substrate prgcessi ng

syst enhecistailgil dgscription sravissd deesyprsigr niisheuld b gdgrsiopdthat §i detadle

Cross-gsect.i ona i ef: A i i al] d

embod: HEt BIOT appLlE Eraf¥lel ARl inGRAGHPY (SRR SERRATBE MO IFGRRAEN ¢y pes
of quaptisbosdsQBUBIstrdién oflylad areswhéitedded ty hesseiilyalipyrtberstope ofitwenbl y and
susceptor with geonmetric features according to disclosed enbodi nents;

[ 0016] dpflgsutg. j s a graph of different tenperature neasurenents, sone of

whi ch were acquired with a pyronetry assenbly according to discl osed

enbodi nents; [0017] FIBRIEF DESERIPOEIN SHCTHEIRRAWIRGDf a substrate

process| system accordi ng to.an enbodi t of t invention; {0018] FIG

g8 i¢ am(ﬁg] viAe\‘%\‘r‘rg%ﬂ Hn%(ﬁtf“?cg’l’\g Bft%ﬁ n%%%ﬁﬁcg’aﬁ?%?eoﬁb%@vgé}é@éﬂé}é Cording to

an enbodiinEnty RffertAR tb WERKBng PHELRVthe SpdeHicadbn Bn@tir drhwivgharts show ng
exenpl ary rret}fmds whi ch may be used to deternmine the tenperature of a

subst r ateseited belowb Jthe dtigurps ave diaeorpryated inte theadeta ledidgsprinsion ipeetjonsd dhe

enbodi nents. [0020] In the appended figures, simlar conponents and/or

f eat ur &8¢ Qn'have the sane reference | abel. Further, various conponents of

t he sane ti/pe rra\é.be di stinguished by follow ng the reference, |l abel by a
dash af®01d] sddEnd is apess-sestionaliview Abn erftse] BBRGIY gesembly according to

15  disclosed embodiments;

[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 to 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



simlar conponents. If only the first reference |abel is used in the
specification, the description is applicable to any one of the simlar
conponentwohlaw/osgzobhe sanme first reference | abel irresp@cTivseomnsesie second
reference | abel. DETAILED DESCRI PTI ON [ 0021] Aspects of enbodi nents

0 LSR5, 885, R PR R R PSSt iRl

det er mQatnhias tRfteinbBerah REBLE alibstreteqh adulsdtiasd pratesing sastauastarding tgr ocessi ng
system Substrate tenperatures are determ ned herein through the use of

opt i callisplppeshembadimpitscl osed embodi ments i nprove the tenperature reading of
the substrate by reducing the stray light hitting the optical detector and
managi [@2ohe Igeapehded fifurés) sintiti esmpodnentsomdidrifedtutehmalyihgin thersame nat es.
[0022] Properties _of disclosed enbodingnts are often descri bed,herein with
parli ctafereneclabelahtEhets VHIQH COBPEBEHT g@e §%§f¥p§tnéay;:\?eo‘§§%uﬁ e‘%g%t ens whi ch

e . E‘ﬂﬁ‘%hé) ﬂfélrk%réﬁ%g ?ab@?ﬁﬁ’% dhstearidla SRYSRIRbE ¥h A lél?stf&l?uifslﬁk% an@ngeha@nount  of

emtte comng fromsubstrates and pedestals at high tenperatures.
Howev e kimitir kemppiance I$ bnky the)fitgp refetenéanlabelés nepd inthe sphafieatitat theet devel oped

may al so benefit fr.om aspects of. .the disclosed enbadi nents. .Tho aspects
enabl ed?ﬁf?élpﬂglélsc?ﬁ’f’{i 0y ORF Oifgmmq%rncﬁg?pa?f‘ﬁ?té aYlﬁﬁﬂ%l n%erfggkl r? geéer?zg?

syste%e[ng%]cﬁegopﬁl%qpé@ﬁ%eﬁ;@ﬁ@%egnd associ ated process chanber is used
as a vehicle to disclose enbodi nents herein. The exenplary process is

epi ngi al filmgrowh (a.k. agﬁ%ﬁpgngggﬁhlﬁlwssi ng chanbers typically

us yronmeters |l ocated entir e processi ng chanber. The

pyr omelgy ] ar Lspekis @8 emBEdihResAgNGset eresitbis usal © impioeahepéniemabed e t he
substrate JI ooki ng up towards the susceptor). Both locations rely on the

py T OnetestiaEaEPHsHgE SYHHTS bY BRPIONEEIHAIHERCY agdhagnsptabiey el8ept or after the
nont ARRpBASRET ot LU AURL % QRLERe i LIRHLQLR QiR QUi ZsclaiRee [0024)

Accur at yromne renment's generally requi no ge of the

eni ssi Whyergiranroditeaiinéshdrsinrthioagh thease pf opticabpyrojnety. Ihoload
tenperature, Unfortunately, em ssiv'.tg %g}gen rally dependent on..

tegger Smbodimenty I eV ba P pyre r&%‘bg of HESEPTIR SIS BoURY P8PY abl es.
Qut si d%itﬂ[n Wil %%%5[1 Rk 08 B8RP thOEA¥si DRI Lhe S IR0 Whith$Re N@iiti es

wi th wave %ngt . The variation of "emssivity as a function of tenperature

i s the ongitatdsr oubl esonme since the tenperature is unknown. Pyronetry is
preferably done on objects with little variation of em ssivity on

tenper ghog. Pophiks MAiSQbdlbEIh@RSSre B¥n Abseibed Bl With Particular
relevance to high temperature substrate processing systems which have traditionally made
20  heavy use of pyrometry due to the large amount of emitted light coming from substrates and
pedestals at high temperatures. However, other processing equipment in use now and those
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



accurate pyronetry neasurenents. [0025] Dependi ng on surface conditions and
dopant types and l|levels, silicon substrates may have |low em ssivity at |ow
subst r at ewDenparsaioor es and a strong dependence of em ssiPEITtUs2@9/08%E! engt h.
The emissivity of siliconis uniformy high at 942 nm for tenperatures

above about,,0f 250C. however. th 1.SS1 ¥ . r.. of

magni t gﬁéer%{y &?pggge%oﬁﬁe@ @?%u%m?qrfa%%%ggsf g%%g&ﬁ?éﬂéﬂn%% gglg turate

r eadi nggrighlés iGuibitle af vitthel Bluek bodigeind weayeboRlitgt hraissifity alsb eariat widle t o maki ng
pyronmetry nmeasurenents fromthe substrate is to perform pyronet on the
susceptgvelepgtha The dasation qf smisshdtyzasa fupesippat teApEEpitirey ahf‘o@ﬁgrtr%l%é@g% es,
maki ng gggts r Ll d I 1mm may
avoi d 51?%% g%lptée%#%rue %ug%%s‘%lﬁ'vﬂ;@m\?a il%a |gerr1%v{}, }qﬁl\{iéﬂ 2@%2’? ‘e)\}?fﬁ elﬁn%\éerat ure in
exchangeriftion of eptigblignod ermpktaturg. Highee amésdivitg ssifedes intay dlw drablegnaend | i ght
signals originating fromthe heat |anps. The |anps produce nuch nore

i 1T uni AT YR PYRMFIYHBCASHSEIPEt es due to their significantly higher
tenperatures. A substrate at 9000C may be heated by a | anp at 21000C and a
subst r {00255t 2Geadng onsedpeaditonaabdepahtiypesandl80do Gilicho sutgtrates may

di ation, the jntensjt itted b | t 21000C is abput. t. d f
g R A e R o S S TR e
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e

i
magni t ude hi gher than t intensity emtted by a substrate at 4000C. At

| ohger abmutelf 8AQtthdowerirsheemissivity snayeaue brian pisier of Bagrifudgal h69 om andhe

intensi,ty emtt y. at, 21000C | i tude
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i Nt ensiyayelRAtht.efnbitemativdp mikidSpRAOMetrs nidaoutenienss fmddresubstraraigne t ude

hi gher than the intensity emtted by_a bl ack b(l)dy at 9000C. [0027]

Especi 19 gyrogiesmtos thoaiseeriion @ pedestat &t 8358~k adi ati on from the | anps can
significantly affect a pyronetry measurenent. Disclosed enbodi nents enabl e
opt i caljogRe] onetBERI ahd otier peedsstgmdkinghpyiromeny ntegsurermnems frofm diberm atadi ation to
substrate radjation. These disclosed epbodi nents are especj al | el pful for
| oW’ suBvelepgths Brlgwy iy Pe¥ aXaid anablery WQSV’éﬁa't‘Ws‘faF%‘?g ltli‘ls'd?s\{rfpe
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shown '
20 nm radiation, the intensity emitted by a lamp at 2100°C is about two orders of magnitude

higher than the intensity emitted by a substrate at 900°C. However, the intensity emitted by a
lamp at 1800°C is about six orders of magnitude higher than the intensity emitted by a
substrate at 400°C. At longer wavelengths, this effect is reduced. For 3.3 pm radiation, the
intensity emitted by a lamp at 2100°C is about one order of magnitude higher than the

25  intensity emitted by a black body at 900°C while the intensity emitted by a lamp at 1800°C is
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.



and light can be detected after exiting the |ight pipe 100. A coupler 120
is al so shown which may be used to facilitate connecting the pyroneter
sensor. TWo 2810300105 may be nmade froma material whi cirCralSesansssst he
process tenperatures. The sheath may be nade fromrefractory and/or
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| i ght pipe but | ow enough to avoid requiring excessive punpl ng speeds and
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standard. liters per .m nut 1l m. The sheat h..may be. opt.j.cal | v .absor bj ng
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cenam Gsaphite hsidsonditHde Aad hRinthih iteiae. Tthenbagest @aPbeh sRPphse réd,second
sheath made froma less brittle material (such as stainless steel) may

sur r ours@pnhive repeoated with aflesting mytestabat hiibyy gptie ¢rble vaithmeny andaintegpiest ect i on

agai nst e second sheath nmay extend partially down the
Iengthc%) Q@gﬁggsfggggae@g@%ﬁ;{nﬁ% n a di stance between the second sheath and

the processing region of the processing. chanber. Maintajning this distance
i s hel p9eA%1; Pycget o Beotest the shetod theslight pipesliylgxiendug igle tl;%%’%?ﬁsgk%g%l@% are

detri m?f&[tﬁé héhlaﬁlftﬁé:ﬁ e)bﬂoxﬂgpg?de'sé CoriHYR M @g‘gﬁg% m%gQéﬁLwEa GirodeH § @

per spective View of an opti pyronmetry a y unted on a Substrate
pr d6es purgy conseaion206. ASuirgt gateaypcwtas sigag osgatewhRbhavslitleommoaiioctg wi t h

a sheat h support .bady 205.. T h h t body 205 t
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inside the optically absorbi ngl sheat | For exanpl e, in one enbodi nent
| i ght i pehin@efdkarebevidigspd sétheiligdi ipe buelosperiongh tyavwbs erapirigsteessiye215.

The optjcal ronetry ass ly 18 S i m t of.a.s tor
e
asgenblayd Bryandh&idithe pat ilthtatsirh N PTIRS shieh® rsaibisd spaicelly hbverting tatmed t he
pedestal or any_ other accessihble portion of the . L
materials such as silicon carbide, silicon nitride or other ceramics such as alumina in different
disclosed embodiments. A second sheath made from a less brittle material (such as stainless
steel) may surround the optically absorbing sheath to provide support and protection against
damage or breakage. The second sheath may extend partially down the length of the sheath
25  to maintain a distance between the second sheath and the processing region of the processing

chamber. Maintaining this distance is helpful in the case of a metal second sheath, since

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



substrate or pedestal. [0031] FIGS. 3A-E are cross-sectional views of
pyroneter assenblies shown in nore detail. FIG 3A shows a |ight pipe 310
i nsi de a wbeatdnsg®B. | n enbodi nents, the sheath 305 nayPomius2e/opmsti al |y
absorbing near the optically wavel ength(s) used for a pyronetry
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in the.l to.allow a purge gas to flow. [0033] FIG 3D shows anot her
enbodi rlrgﬁ %‘Poé%GYSBW"% pyronetry assenbly. In this

20  [0032] FIG. 3C shows another embodiment of an optical pyrometry assembly. In this
disclosed embodiment a lens 325 is used to increase the collection efficiency of the light pipe
310 for light originating from a region of the edge of the substrate 315. The lens also may
reduce the amount of stray light (from sources other than the substrate 315) which enters the
light pipe 310. In this case the light receiver is the front interface of the lens 320-3 rather

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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d pyrometry ass ies be used to neasure susceptor
t enper &dndr Ssrandighehhy &l bdeuppesspel at the sbeanli 303 bxpecislipshemtte shedtk§0als. The

susceptor_ is often_made frommaterials which have .nore.favarabl e.opti cal
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used t%Zb-%beitﬁ@Bﬁi%P&‘ﬁg oS- The enmissivity of silicon carbide renains
closer to unity and 1s less affected by tenperature than silicon. In fact,

ST RNENG S AR N T R M T
sanp! e JaPaPiRIethP&atdEdependence of the emissivity and the possibility that the emissivity is
much smaller than unity. The temperature dependence of the emissivity affects
measurements made of lightly doped silicon making pyrometry measurements of a common
substrate in EPI chambers unreliable and/or irreproducible. An alternative to making the
measurement from the substrate is to aim the pyrometry assembly at the side of the susceptor
25  that 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 um to 6 um. Aiming the pyrometer at a silicon carbide sample enables the use

of higher wavelengths for pyrometry.
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[0036] The temperature of a substrate may be determined by detecting light coming from
the susceptor or the substrate itself with minimal or no shielding of stray light provided near
the light receiver. One circumstance in which pyrometry is performed directly from the
substrate is when the substrate is supported by a mechanism other than a susceptor. For

25  temperatures between about 650C and 1300C, pyrometry may be performed on a susceptor or
substrate using emitted optical radiation with wavelength greater than 3um. For such
measurements, the light receiver may be located inside or outside the substrate processing
chamber. For even larger wavelengths (e.g. greater than 4 um 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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Manuf acturi ng shapes wth [arger ernal radii than the radii of the
aper t usescppi©es &vtb snaphéictuen hieb intethal aufasasms gsowekic feperopdy thegegrammharst ur e

OEOTeL o8 e A AR BI  S RBRSRREB bl PS8, 22
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20  performing pyrometry measurements of geometric features formed from a material with less
than unity emissivity detects more light than from a featureless object made from the same
material. As the total internal area of a feature is increased relative to the area across the
optical inlet, the perceived emissivity increases towards unity regardless of the material used

to form the geometric feature.

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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the pyroneter operating at 0.942 mmis shown as a | ong-dashed |ine 615.
DaR@ the edge of the susceptor.

[0042] The curve representing temperature measurements made with the thermocouple
gauge is represented with a dotted line 610 and may not be an ideal indicator of the susceptor
(or substrate) temperature. The thermocouple measurements can, however, be used to learn
about the suitability of operating the pyrometry assembly at different wavelengths. The

25  horizontal axis 605 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 um is shown as a solid line 625. At 220 seconds, the heat lamps

are turned off. The reading 615 from the 0.942 um pyrometer reacts much more rapidly than

11
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from ¢ RO R e Cah A0 aPBnel (Tt ho Lo sDtarefBh Shlntef WY, ¥

bet weegyORBGeadrHRRH btk OGP ( 4l 4500C € Tht eigniicher ddtidbiyn i eheShES m

insufficient. The ratio becones nore conducive to pyronetry for hi 9her
A&

wavel enptomsterTheaspiersae) andehs thearperuplonessunmeeng i & msiqaicsdharagin ot the
t her mo %815(8% gr&glgsgtg "f%)glgﬁ%th%q:ﬁjélglpﬁ Lo58 li?(teﬁ%?{é/m u sug%t&gwﬁ[ RoWHigh L ange

bet ween er nocoup gauge may underreport the
t emper dttween a00tthendeEEpinakind ke protectien biferedbly thosiatathndsufbciant dfheof t he
gauge (somewhat away fromthe suscegtor .. These, di sti Egti ons nmay expl ain

the reREIoNRSEMEs MK MBIV & maametty dorlighireyayrlenglsul BRBHPREE 2. 300 mm
625 angrfeta B TIPS 8P EBASIKE IRNESRLOuplt BRA4IrelHER S 610 clobg@yuse of the

terns rght™, "optical™ and "optics" does not carry any inplication that
t he el dobughmmythetterperatiratangn betmeoh ¢eQf Granst 6398CT Tbmthemamogoupldhgangparayi on of

the s p%%(rierryerf)]ort-l‘;ﬂee telrr{p%pe;[tur% a(')'il tl%esuggep?or}%u\é\@(\)/ ﬁlle%ﬂg%gl 10'2% %Hg IlOaCEl onS é@ tthg Iéguge
20  (somewhat away from the susceptor). These distinctions may explain the remaining

differences between the pyrometer measurements at 2.300 pm 625 and the thermocouple

measurements 610.

[0044] Herein, the use of the terms “light”, “optical” and “optics” does not carry any
implication that the electromagnetic radiation involved must be from the visible portion of

25  the spectrum. The light can be of any wavelength.

Exemplary Systems

[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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[ 0045] FIGS. 7-8 show an exanple of a substrate processing system according
to enbodi nents of the invention. The processing apparatus 710 shown in FIG
7 is a depoxntwmsmsoneact or and includes a deposition chamb@mnsSZd/ohss? ng an
upper donme 714, a |lower dome 716 and a sidewall 718 between the upper and

v oug B QLR @‘i’@%@'?&%ﬁﬂiﬂs”ﬁp%éiﬁﬂ%&@ ogtE APl B et 0 £° g s

si dewalhnsphfent MaterRP@rallowiRhtidS Bgland ﬁass| tarREh Irto ete JBdsiioe climbet @t2.agai nst
t hei nsi de surface of sidewall % e upper and | ower domes 714 and 716

t | h h
"to e REGL QU bRIRE AR EHer T8 851 Rl UE 92 B chbHink 8y dn 1 PLD'
ci Ei cul ﬁ?rmﬁfﬂeﬂ?zo ?pb@;hgﬂ 20hé pEdestdp PO ¢anrty: eﬁsm&fpﬁrfr ar pther hafdr zopicalinggsictiren. OIThe
esta can be a_susceptor. or. other er rein ruct yr n
git%ﬁdgnd ?ﬁﬁ@ﬁéfa@éYﬁyseé&?%g%s%ﬁéhaé%ﬂé? atzt QSQFWSﬁg?g w,gqeﬁﬁe,&@ g gi vi de
the cham Ito Z&%&]BJI‘%BF pa%BVé)f?lr:p' ?@staﬂ%’%O%ﬁ X%&é}%oﬁmaéeloz;ﬁleand a

| ower por e pedesta e pedestal 720 is nmounted on a
shaft fﬂé’&esmﬂn 72t Ehd paaidsta]o’ézqge mhuntddaml ayshdGwidtawtdclf exsendsiperpcedicelarlpf t he

bottom of the pedestal 72 C a rmt not
ohown) daHRBRHBYRTBs et the ek e Pay et Ly L HD 738 e ar 50

annul ap, hownb1 %h?%%ota%s%ﬁgﬂ@ @Qé sl &%re‘be Sot@idh Bfc REEIATRDY ArDartnRr | nSI de
peri phery o ower " Iiner 784 and extends around the pedestal 720. The

pr ébeaprahiealgingZB28ds cupicesdabis bytet lb@lpshamto ;ﬂn@mélda@eltlmrpéﬂ@@teallwﬂ@m th

the i nne t b fr ter
edge of" ﬁ’éte‘%gsfé%‘f%qg%gﬁf%s?gg%@] ﬁffa {1% %f) o‘fué)y e?é’ﬁgﬁgthﬁosgﬁeltp(@%gggl n the
si de wahd pelesk8 0 wilameehinet tdedtthe §re@€@mr@d72'8c$epeﬂmeﬂ bgasah fom thevaterce of
gas or gases such as tanks 74la-c, into the chanber 712. The fl ow of gases

from t afkeofthe gedesiab7M.ef er abl y i ndependent |y control led with manual val ves
and conputer controlled flow controllers 742a-c. An outlet port 732 is
posi ti eae]i Nk hetshatgfotd 73hmositioddRindhaside wauam Byf o]pmxﬂxirt7é2 aheisi nl et

manifold 730 and i s ada ted to ?xhaust gase r hh ti,on chanber
7135 T gy a goi 845 K SROREGAL IRy oA Er - [sCBG P Snd  he
Cha”bemil%h@ﬁggﬁd %&Issfrdéﬁ %nkg gt ﬁr&y@ﬁbiwﬁdgmtaémmnmn@d wilges 714,

716 onto the pede d pre eat ring 72 o heat the pedestal 720
(and pmmmaaltvaﬂversgndzﬁjlpu@ecmﬁiodiled 20y mdomreﬁé%ﬂ-crAng)uﬂQ‘&)WEMde of a

t I t h t h. to th
"ad at POHURRTA e PR TAEr 7saceBrnany pegte g Bl Reditd BHWE ation
from | aaRSedBfexndhi® o h%@?fon@ﬂfé deﬁmorﬂ@meiim 716 are nade of a materi al
which is transparent to the |ight

20 [0048] A plurality of high intensity lamps 734 is mounted around the chamber 712 and
directs its light through the upper and lower domes 714, 716 onto the pedestal 720 (and
preheat ring 728) to heat the pedestal 720 (and preheat ring 728). Pedestal 720 and preheat
ring 728 are made of a material, such as silicon carbide, coated graphite which is opaque to
the radiation emitted from lamps 734 so that they can be heated by radiation from lamps 734.

25  The upper and lower domes 714, 716 are made of a material which is transparent to the light
from the lamps 734, such as clear quartz. The upper and lower domes 714, 716 are generally
made of quartz because quartz is transparent to light of both visible and IR frequencies.
Quartz exhibits a relatively high structural strength and is chemically stable in the process
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

13



fromthe lanps 734, such as clear quartz. The upper and | ower dones 714,
716 are generally nmade of quartz because quartz is transparent to |ight of
bot h vi siwbDeowd93oR frequenci es. Quartz exhi bits a rel aPCraisgooiogtss?
structural strength and is chemcally stable in the process environnent of

t he deposition ch 712, t F f for

heat i ngleaﬁwgrr OW%‘;‘%S@& tF Ilngﬁr%hﬁggrrebq%& Wﬁ%ﬁtgrlﬁ%eﬁ%o%%stgﬁgéqhﬁgﬁg such as
resi st paksta 820 By fecaivtheRhfrh-netlieidiavien kedtar SomAe padistar 220. t/ rapgreadturee sensor
736 such as _a pyroneter is nounted hel ow the | ower done.716 and fa%es t he
bot t onseser EXeopmepsaingdhrtsmperayrg of A PRITHEREAFQ DRPresiiin soree digglase

tenperaf ure sensor 736 is used to nonitor the tenperature of the pedestal
720 by receiving infra-red radiation emtted fromthe pedestal 720. A

tenperature sensor 737 for measuring the te erathgre {l a wafer may.al so be
pr ezenf0049] s GbuRRes clepwing Wik Gt Feids arqusg Al PAR gp%f& %P‘gﬁﬁur‘i{?c? f’% €748
ext endgpgé’r%% F1he PRKPER: irg rid VB P& ds AInB GRe Srighb® dRebutdoe 714. A

| ower nping ring /50 extends around the periphery of the outer surface
of t he studaverof dentewed omd k6. iPlenprendnd ower clalmping niegs 148985078 secpsdl ar e

secured tqQgether so as.to cla t he er-,and .l r ., dones. 7 nd 716 to
the si &SRR PO 958 C %%]upﬂﬁraag@c}f)w?rl%gﬁqﬁcmgdﬂgg 72%\3%@%5%1 eevf]alfr%glngﬁf old 730 for

feedi ng process gases into chanber 712. Gas inlet manifold 730 includes a
connec{#}50¢ aReze®r 730 behides a zastinles mangfokt 13 0pfonfasdingprorsss 3s6HEWC wi t hi n
sidewal | 718, .and, a.passa f i ] | ower
i shre 2 s YR TR o LR PR ERD P RS R B e
712, Ppoges® gesidne Wigassidepall 388, pas a passhis vaforad béteved dppdrhiser 182l at e
779 and passage 760 and into the upper portion 722 of ct}agbe{) 37]1% [ 0051]
React ornd ioves|liser 78c | Rageage FR0 inerapesiedint the HEPST PGEON 126! ChEROFT0r! % eedi ng an

i nert el : r idor-@gen
(2), o BT bR e B b e 7 S e
FI G 7 jintbnls tpeuporeiogd32 ofitletmt¥6¥12an be integrated into gas inlet manifold

730, if preferred, as long as a physically separate and distinct passage

7635t hg{%ﬁg bREfete? 71 4iso iMEdek aRliftiePerldeBt indRGab ANEI76]1 if&eiree(?iﬁéah%l@tr ovi ded
for the Inert gas, so that the inert purge gas can be controlled and

di r ect edrderghepmnilenbutafot timited ta derdrggm §t2) land nitrqean (i2)gko thelleverm®rtioeed not

necessaril y be integrated . or position on ' Sq ifold 730,
and ca?{zf" S d@?@éﬁ‘&nec B’é‘gﬁr&s@[ i%h%‘&wgr}n ?2%2%,&1&17%%«2@95:%1&525%&{;?@ 90 from
deposi tiht@%raﬁz@inﬂo@a@ﬁnl&&ﬂérﬁﬂildj 7IBCf predRd] asReAe 404 pifysitatll separate hdles a gas
outlet 732. The gas outlet 732 includes an_exhaust . ) i
distinct passage 761 through baffle 774, insert plate 779, and lower liner 784 is provided for
20  the inert gas, so that the inert purge gas can be controlled and directed independent of the
process gas. Inert purge gas inlet 761 need not necessarily be integrated or positioned along

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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passage 790 whi ch extends fromthe upper chanber portion 722 to the outside
di aneter of sidewall 718. Exhaust passage 790 includes an upper passage 792
formed bewoeerv/osggmer |iner 782 and |lower |iner 784 and wOrais2@iossds

bet ween t he upper chanber portion 722 and the inner dianeter of sidewall

{or mod S 01 e s FP Mo 57 208 el s R R BN Bl T2 R L

_sourceexmgtl"b}@ﬁnammaﬁd(Im@buﬁé‘t(pm)BBor rem)w ng material from chanber 712
is coupled to exhaust channel 794 on the exterior of sidewall 7 18 by an

out | et @ggfhzﬁl%'s'r@%&lafeﬂe%&%ﬁ%hm eggzﬁtlgﬁt' B5d YRR ke LRRMIRE: iPQiddvRN 722 'S

exhaus roug e upper passage rough exhaust channel 794 and
i nto o018 etd ppree alBRwer 00&3]78Thed §8hgbeevtifaly, areaict mbstaitmlly lowel-I| G 7 is a

ST o F e e R
pren eai) Jcbgkﬂi,_gg %&)r%%&nﬁl%dﬁsat nﬁrbce?sg & §&jodit@n \é@ifté?('ial RIIRGR (ﬁlﬁlh}%rae@ﬁﬂar ey i ng

processi ng exanpl e a process to deposit an epitaxial silicon film
on a wabdastal bk wpfed estlehted o awafigsratareco Hetivess 150-1200¢ ilgtthe sidewvalbet ween

550-12 whil e the sidewal | erature of . about
400- 608%‘2% IHTES) SR RP PP SIATITT P%%%‘gé‘f’d'g@‘i ) ) THsSidi aﬂeaﬁ%g@%‘isﬁrééa‘baecg’é’begeog hey
do not (RGN wcal%%&héyrd@i%taéde% d‘lfe@fndaarman Tt Bups704 deé teetlessrs735, and
because cooling fluid i's circulated through sidewall 718. [0054] Gas outl et

7320 al §35.andIbgduise goalingtfluid & cirsubtedthranstisidemisthlBe | ower chanber portion
724 through lower liner 784 to exhaust passage 790. Vent 796 preferably

i nt er sge0s] t h@asppet 71208 sapeludfa oéntevbautith passdmny 82 lasesthamber n FI G 7.
Inert purge gas is exhausted fromthe | ower chanber 8 rti.on 724 through
vent 79ertionhrdbeush forariligar G4 tsERRUSE AR Pas SRy é gg@ferf‘ Y SUgHCExhaust

channely,. \gplbq ﬁ&ga P ocf"é%dlﬁfst ?2%132%677@%'% ﬁ% PRl Qe {)Qirge Lhejsdi rect

exhaust| pur e ‘gas from ower portion to exhaust passage
790. [ @RbEAisteAdenm dierigwenchahdeppasiont’24 threugli vamt 7@6 dhl@sgh gasrton appsr 798

fed i th hanber 2 f
o1 680 SHHHLCT RITRF A0mG0Ek REMFCLEREET Al B CE! WEY 7 b VAL 86gac or gas

m xt ur g vk ?&} tAC iifedt AxhARERYEof fur8kas B5m HRPRSet cltanitieh FbRidnao WRilaE: Or a
substrate placed 1 n chanmber” 712. "According to the present invention, a

prope5$agage&%hpr|5|ng HCl and an inert gas, such as H2, is used to treat a
silicon surface by renoving and snoothing the silicon surface In an

embodi 7Be85] Of AbdbRdiRg &S8R iprésBMERTERIdNAPPESS @S og@Bed Buae dod mtcduhp appér a
silicon epitaxial layer on a silicon surface of a wafer_ plac
chamber portion 722 from gas inlet manifold 730. A process gas, accordlng tot ﬁe present
20 invention, is defined as a gas or gas mixture which acts to remove, treat, or deposit a film on
a wafer or a substrate placed in chamber 712. According to the present invention, a process
gas comprising HCI and an inert gas, such as H,, is used to treat a silicon surface by
removing and smoothing the silicon surface. In an embodiment of the present invention a
process gas is used to deposit a silicon epitaxial layer on a silicon surface of a wafer placed
25  on pedestal 720 after the silicon surface has been treated. Process gas 798 generally includes
a silicon source, such as but not limited to, monosilane, trichlorosilane, dichlorosilane, and
tetrachlorosilane, methyl-silane, and a dopant gas source, such as but not limited to
phosphine, diborane, germane, and arsine, among others, as well as other process gases such
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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on pedestal 720 after the silicon surface has been treated. Process gas 798
generally includes a silicon source, such as but not limted to,

nonosi | arw 20ro/asbdoor osi | ane, di chl orosi |l ane, and tetrackCorussianss?

nmet hyl -si | ane, and a dopant gas source, such as but not limted to
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are he era re of betwe 200 A silicon e axial film
can beﬁ(gg u‘f‘gﬁﬁ %P%’gesisgais b%e génq gft?é‘me{ aﬁqeﬁﬂ%mﬂ? aﬂ’slgﬁ%pgr%?edulced
deposi hogy garsé‘ssmﬁe fd0088)endeldiytin@nat lotver MhhBerPoE@SB240 3%n indrtfpebd Nto the
upper Chanber portion, an’'inert purge gas or gases 799 are fed

i nti&pegawistdefingdaso g&sthldv\érSUbﬁémt?élb’ ussRactiphat pracessisIpsEAtYres with sheaber; s
def I neﬁ fﬁ%g 1?’2 \g?%'h IS aced 4o g V\ﬂ?ossgtlaorﬁt Ih%lbgr Wy eﬂ{:etxhgﬁ Pﬁtﬁe hé) FS%%%E@% er at ures

with c S an srohraced i deposi't anber

i nert pkbihlg@t ﬂﬁgsnSSanlaq;eti@sﬂalWOm eﬁeﬁﬁalna/lthgsa}%te&ﬁﬂrméestmlpra’&@s 121
essentially the sane tenperature as .the pro g ile in chanber 712.
I nert piilgan ghambrod 12 Incgipuras gast 198 i Srdptod %de?léf‘rr Cb@gg‘?rd’r‘?“ﬁh Zhatg rptgt e

whi ch t&k%g&l ﬁ}'/%log %glfu'vaf reRIfES Sithh wwem uwganfohay@b%mmggec% the4 _W' th

respec €SS gas pressure in er chanmber portion
Pr d§espr@ass ga@@)reSSurehet}&fmeer q:}rambenpmiohﬁ@m Seepisrggs dBSws théneturg h gap and

LEBQSESFev'?%’Sr oo e SR Gy O o1 e R PRPRT “inthir of o 730

whi ch g%@ rpgéowgbg&sg&ée)f%@@&galzygoe of the processing chanber. The insert
plate 7 IG 8 is showmn to be constituted by an inner zone 828 and an

out er ordln Iot

compostlgh dfiC Aanaron Eu 4] A eSHel Bk e o iR SHER 854b UE yoper

cont r olzbgslof the 916&6 dhanfdker. t Tige @edrppRite TOHIAHIGE Bés gdsmubibe boddtionsd byt o
outer zone 830. addition, the flowrate of the gas to either of the two

hal¥es ag agr zglg’géb’z&)epn te}l’]lé)uit%‘ﬁéfle S heAgmgdiag o this embodiment of the invention the
composition of the process gas which flows into inner zone 828 can be controlled

independently of the composition of the gas which flows into outer zone 830. In addition, the

flow rate of the gas to either of the two halves 828a, 828b of the inner zone 828 can be

further controlled independently from one another. This provides two degrees of control for
25  the gas flow for the purposes of 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 controlling 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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further controll ed i ndependently fromone another. This provides two
degrees of control for the gas flow for the purposes of controlling the
conposi t iwo 20fo/asha®opr ocess gas m x over different zonesPof/ush@9/059857
sem conductor wafer. [0058] Processing apparatus 710 shown in FIG 7
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controller 762 includes a hard disk drive (nenory 764), a floppy disk drive
and a Pro¢Esyr hrgeg atiRediphdaie Bussid Lobit addiesspusi ngl e board conputer (SBQ),
anal og and digital input/output boards, interface boards and stepper notor
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control 762 controls the activitiés of the apparatus 710. The system
cont r obhememxeclfidesas yiso bmotonkinds of memaey. dYleworcFo4 lslafaab@hpat er program

stored in, a ¢co ter-reada dlu such _as..,.a nmenn 4 may
bea haPOMAERY B pipecr T drdifor JYBAT TGRS b b I PRF IR EE

Menmor y of GriBiord e dRfatd t1eaihing ainh:atref 2008, QManiber freSurd, RBSAbd nds of
nmenory. The con?ut er program i ncl udes sets of instructions that dictate the

ti A ng femporatyras lastp persardevaihandestal ppetiennad otisanemeteengfer partiewar | anp power
evel S BRI O AlapRsH 'er% ggu'tgsp%gr%ﬁt SRAOPIESRIBr 0l of aRRh ithly U pgess.  Of

course, nmput er as one St nory devi ce

i ncl Udlnﬁtgudlﬁg)ffoﬁmt@l@ a f&)}fpbf@mk)brdhsﬂhemppwpﬁal&edrlﬁpma@[atslo&iteelsdi iove, may
al so be used to operate s stem controller 762. |nput/outp (110 devices

768 SuSHEY SIRFICIHEHFR UF AR iRy odi e 768 teh 3 At PiRoEohaidRen a
moasur FapdardTER Lald rnARdoSUSHRR £0AT Al EhertAfon LAQ90km ERELBIGEBES f OT

neasurl n ust| ng the substrate tenperature in accordance with the

|on can be | usi a.co ter ram product which
3 ot o e gD &2 msrion et Gkt Laeng: SrORRE SomerBue ARGt e
pr ogr aRiOHE phRBnRRvAMLE e b ﬁn@emeﬁt@amsthge cHbRPHRP bR PR §F AINBT WHich &hguage,
such as, assenbly |anguage, C, 'C++, Pasca Fortran, or others. Suitable

pr ogr astoretia m@neln’tﬁemdumﬁcateé |bﬁg>lr@e‘ﬁﬁolr d66 oﬂ“hwrnptﬁﬁreprf)gnaescod@siam gea
program edi tor nbodi ed uter such as
A T e S e
| anguages+, tPaazap e yr beOSRithisld prafign tcbée fseawretcamto conglelfgd ogode is then
linked with an obj ect code
20  multiple files, using a program editor, and stored or embodied in a computer usable medium,
such as a memory system of the computer. When the edited code is in a high level language,
the code may be compiled, and the resultant compiled code is then linked with an object code
of precompiled library routines. To execute the linked compiled object 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 memory 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



of preconpiled library routines. To execute the |inked conpiled object
code, the systemuser invokes the object code, causing the conputer system
to | oad twe 2ewds9ion nenory, from which the CPU reads anaCefisceumwasosshe code
to performthe tasks identified in the program Al so stored in nenory 764
are process

h .
l ow r 51 SR pERECE S AHED e SLP AR oA R WAk ERol f Bepelin il ITL

measur enmihte 13§1ding dnubd pRIRbE]. | In AGCOrJan deervdds s flbwedpnes et endrofelnd ligin.
[0061] FIGS. 9A-B are flowcharts show ng exenpl ary nmet hods _which may be
used t GIR§EP Epdvice eontainatipn athighpey dffecha ratgreadetermanations Lt o1 fgcessi ng

syste { t i.s6l: 1 I , | ipe is

posi ti Ong@%ﬁ%g?@.g. %%gggﬁéfaﬁgﬁtgﬂp&ng?gggﬁ?g}teﬂ% fi%é&((g%@g 286%&%%%26 end of the
| i ght Mdeteenins tishpeekestaldemperatist (Styp P2 PhtThe Pedgst iGhpdrarunr ey then bapsal® t he
accuracy and/or precision_qQf a tenperatu determ nati on of the pedestal
and a SEkEPPsiRe W%Fmﬁﬁog%etsﬁeﬁﬁg%‘é‘sﬁ%ﬂ 5§Qn Step 915, an inert gas is

fl owed near the end of the light pipe to reduce contam nation which may
af f ect [@0@2¢ndeFaGu9B, déghd pigeriapootionddinght a sifbstraegvhiehvebe hgrdtating Gtep>4. 5 nm)

i s det ed_.com.ng fromthe pedest St ep,920)..an sed to determ.ne the
pedest ?gg} g%ﬁ’gtoglﬂée I(ggtt Qwegg%la%?‘ﬂtmé’e%@gthﬁﬁt {Sé%%@ﬁt‘% prdep o mpRQye tgeé used
to det QEairAlS 4nldfor HRIRSSRSRY f%mg)ferahﬁ@ detehainaabLof the ShdraR30n SkYOHA] ad N FI G
9B, a light '‘pipe is positioned near a substrate which may be rotating (Step

95589 . Timst gasds Bowedeear itlghendpifse fight pinecto dedpct contpsinasipn Whigh mewsalerctaso) in

order to inprove.the accura d/or _precis}o f .

det er mARRTON o HEN GRS %%é’?gﬁ}oﬁpﬁ?ﬁ%"* ge'%rquzn@rnﬁ %g%ggc?%{%ﬁg%d near
t he endropd tHeh@bdtia@(Stdp PR) bad 1&due deeaningthaibs@ite dhghatory SafpfH¥6). a
tenperature determ nation. Light of short wavelength (e.g. <1.2 nm is

det ect m r ] he
subat r S0 kb e e O L e

pr oces pedetd yatspporiag adelsstatepdigeasd withincthe plyeessireg ghadbst, ahd hoopseabpor ti ng
a substrate di sposed wi thin %heh(groces i ng chanber, and an #\i cal
pyrlénetpefgpnaeggye%mbléf&awls%tq S PHECHIE {f%lﬂ%ﬂ&%%%ﬂﬁ&%@g e an enitted
i ght Qriof-Aak kinGtsube) abkd A ddge b AR RAceAIThe bptilie phrAestAssenlblg Opti cal
pyronetry assenbly further includes a light receiver and an opti cal

det ect durtheTheclidegatlightrretiver andean dpsiceli detdctort Abe ightresevergnashkariyghin thige

opti cal ronet,ry .ass ly.receives a ponrtion of the emtted |.i ...and a
t enper H@%@SI% Ckf%rébeb'eﬁggf’%tfca&yragiegw ﬁf%@ﬁﬁsf FSRYSHe PRESAS %hf' 65‘#1'“? {:ég}btbrt i on
of the sgfhtiémperhiueéf the pédedtal IseREmaRE &Y eh angisity of @RGsktidmohe tingited

enbodi nent, a portion of the processing chanber is transparent to allow
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 pm 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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a portion of light fromheat |anps to enter the processi ng chanber. [0065]
In yet another enbodi nent, one or nore of the at | east one wavelength is
greater twearzoB/osp3oon order to reduce an effect of strayPCirgistoovnsssout si de
t he processing chanber on a tenperature neasurenent. [0066] In yet another
enbodi nent . . gne..or f e I than 4.5
mmin ?68811 1rﬁ%ns%tg.dgg§'ie§n eé#‘%c(%ﬁ%? L%??%agﬁﬁgﬁ@%%?g%%{ éstlﬁ)d(gr ﬂt?ﬁglesgr ocessi ng
chanbeintetita té gRBec@idunensgiBasur ement. [ 0067] In yet another enbodi nent, the
portion of the emtted light that is received includes light at a first
wavel e hayi ' ki [ j : h havi ng
asecon P Ues] catyparBiieh bR boll Lol i R el P e S om
rati o aboutloel, Diy@t0.02ft ensity to the second intensity. [0068] In yet another
enbodi ment, a nunerical aperture of the light receiver is |ess than about

0.15 0 o vet ! : t
s S% nbli@()?ijr '?ﬂ grgl'sanohﬁg @%oﬁlﬂleﬁlﬁ thﬁ&;ﬁidﬁ?ﬁyr@ﬁf@ﬁ? la8RAbly fi@ePRiciudad a pyronet ry

I ncludes a sheath wherein the sheath extends at | east

0. 005 kiwzth bgremndhe Kieeathi gtiendset Biastd).0@5oineke bepsad dhe bghs uereivst tosteduge a0 ght
entering the light. receiver, [.0070] .In yet another enbodi nent, the |ight
recei v& OPEt?/ésfrﬁth}ét. migrjig‘f‘l{lq?”F#éveédge of the pedestal. [0071] In yet
anot her enbodi nent, a substrate ﬁrqcessi ng systemincludes a processing
chanbel00788 dn yebarother eppodimeanttheiktrpeejves dupithig G 30 ineh pt be €dgs fghe hanber
to rreasu%eestain emtted light originating substantially froma portion of the

subst r & he optical pyronmetry assenbly includes a |ight receiver and an

optical detector. The light receiver is within the processing chanber. The
opt § call0QAl orfetyelangdhes g dF’éfé’éi%@Stéﬁt%BWFﬁH’goﬁ‘ysﬁeﬁ’emélﬁg?stae FF5Me, and a

tenper %h&ﬁ?ﬁr;ﬁhd}aﬁ gﬁtﬁ&gz @gfo?ﬁé%ry)l a%sgl%lg %ghé}g@tJ the &@séir%%%%ﬂﬂeﬂ%eésﬂ?e portion

of the em r at ‘| east vel ength. | In yet anot her
enbodi maRrMittddiéght erpmaahgisubstaitislhefremaspartomof thelselsrateh arheaiptiorl 650 degr ees

Cel sius. [0073] | t t mbodi ment , £ t l.east
wavel oRYIAY foosrabl) Rach S8 ot RSOt At ant et et e b Erdanfont  one
or nor &iffin IS rdlesdif@ShartRe. WAY 8h8RAYbIrohfetlyasSenitiffecBRYh pdrtniTithe

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 pum in order to reduce an effect of stray light from outside the processing chamber on a

temperature measurement.
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[0075] In yet another enbodi ment, a nunerical aperture of the |ight
receiver is |less than about 0.1, 0.5 or 0.025. [0076] In yet another

enbodi merwg 2a100893000n of t he processi ng chanber is trangpanseadomsat | ow a
portion of light fromheat |anps to enter the processing chanber. [0077] In

yet an nbodi ment ne or. nore of t I e IS

gr eat ewﬂtgﬁfan?%yﬁtrﬁnlo eaﬁlag?c%{rben‘l;,gaa%mgﬁe B Pgéttle%%?%é% %ﬁewgéﬂs %} ?%%1 out si de
the pragass 6 is BB ES redlicart €aRe bRty &ighe &ehir @nEdd the PoBhsingichratbennot her
enbodi nent, one or nore of the at | east one wavel ength is greater than 4.5

mm i n aitereperatorermepsuement.ef f ect of stray |light from outside the processing
chanber on a tenperature neasurenent. [0079] In yet another enbodi nent, the
por ti o[0oTd] t he yerdrotied embadimenb alie patioe ofiheedhiitatlighd dlsat s ghdivat inalufles st
wavel ength having a first intensi{nzea_nd Mﬁf t at a s conglgwa)@!?ength havi ng
a s®cohahtatedisiwayelengih hayimgey Gistinkensty prblghf f peroad WavEePER HENEE 2 r om a
ratio I kSt j 2dqd 1 et anot her
embodi P R o B A ol oL T e

pedest altesity ththesabmidriateasity. 0081] I n yet anot her enbodi ment, the substrate
processi ng systemfurther includes a sheath that extends at |east 0.005

i nch bgﬁ%@f RS el ddfifer EREBHWRNL ItRe HEHYERIRA iARRMAL. 200 iSEK aftht e ofahd er i ng
the light receirver. [0082] In yet another enbodi nent, wherein the portion
of t hepsddsti pathe silsstiatec| udes t he edge of the substrate. [0083] In yet

anot her enbodi nent, a substrate processing systemincludes a processing

chagbengosa] Padgst @otiepemDuBPpRInt i thgsibsa b ptdcatindlsysnos fdther indludes e
processi ng chanber, wherein the pedestal has one or nore featurefsvon an

por t i oshesth theeexends ot kepstG0qiaek heywnd tholght segerveriosisiysa 3n 3peUuhal Hayi nity

of the,one or. . g near at | east one wavel ength, and an optical
pyrorreth%gt%lg%len P(gg/h%@ﬁr%{:%\e to the processing chanber to neasure an emtted

light originating substantially fromthe partipn of the pedestal,. The

opt i callﬂcﬁ‘aﬂ ontBtYE a@é@éﬁﬂlb?d’l"éﬁ% "él?er?lﬁélPetﬂggo%oﬁh@ﬁPbsttr@%e‘E\’Féc‘lfu‘%’B&beleé1§et o a
first %?gqe%hbﬁra!té.ght pi pe. The optical pyronmetry assenbly al so includes an
optical detector coupled to the light receiver for detecting a portion the

o o o i TR LB EE e LD SR D e
chamber, a pedestal for supporting a substrate disposed within the processing chamber,
wherein the pedestal has one or more features on an portion of the pedestal to increase an
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.

20



[0084] In yet another enbodinment, the light receiver is substantially
aligned with the portion of the pedestal and receives |light emanating from
t he one owoOrmrospmat ures. [0085] In yet anot her enbodi meaT/uséve/ 084367 cal
pyrometry assenbly further includes a sheath disposed near the end of the

light r iver to reduce,stray. i ght L i I ] I'n yet
anothepﬁ@ﬁ%oﬁp%ghnp eﬁSm@ﬂégv%mé§$%ﬁ§@Q%§€§Q?ﬁ%Q%ﬁ%dthFﬁgﬁﬁPgﬁgﬁgipe but

does n@begick pesvend light frofd @a0eling betweng tieaiorg@nof the ppdwstal amd bk lighe pedest al

and the light receiver. [0087] In yet another enbodi nent, the sheath

ext endseccgESt- the end of the |ight pipe but does not cover the opening at
the end of the light pipe. [0088] In yet another enbodi nent, the portion of
t he peq@s7al Iagepinoses einbedetae thé shehth queahds padt thd @84 ]thd Inght eipeanot her
enbodi ment, the optical pyronmetry assenbly further includes a gas inlet

di shoséaesrodcover dhconrang sy endrd thg Egﬁlt P;‘.i%/epe. The gas inlet is coupled to a
channel within the [ight pipe wherein a gas that is supplied to the gas

inl et 100883 tlhryeuaytotliehembhdimmal, thopertien bf thetpedestal ebmphises| thgypdgepifpee and i nt o
t he chaq%gr purging the first end of the light pipe with the gas. [0090] In
yet anéf Fﬂenbodinent, the gas conprises at |east one of hydrogen,
nitrogen and argon. [0091] In yet another enbodinment, a flow rate of the
gas i s [0t89%edn yabawthez @mbediametarthe eptisiab premeimassmblyBrther gludeg s8¢y and 8

o RuRSh BRSaUAO0ERL 1 AOLISISIRSRR. e one

or noré&" e e roove around the
edge ofwitHietHeatashipk wheR99akad hay tsuppliRdhe theqraib lemiows thtdughalrectanneior e
features on the edge of the pedestal includes holes drill &@inho,the
pedest & thetfissteand o4 fthe lighs pinsrmad amtotrrechagbes Pargngdhe 3{%@@ Pf W&t RiPea at

| east ﬁ%gg§§ the area across an opening of the hole. [0094] In yet

anot her enbodinent, a nethod of neasuring a tenperature of a substrate
during processing, includes. disposing a |ight pipe near a port.ion of a
pedest AP0 IReebinseher smBSIERnE thr ey SOmPrishatdFasy fe 91 IFOBTHUUPRSIAE  ay
| i ght gp(kpat the end of the light pipe receives light froma portion of

t he pe é%tal or substrate, purging the end of the |ight pipe wwth a gas to

i i f the. t he | ight pi det i i f
s 4B pog e dsidist a v one oh e Rt RN B0 SR BB  ghe
pi pe, NFicteh@hBR 8 nAnkte ([REMIbbd 8 shddrbeiters per minute (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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substrate fromthe intensity of the portion of the emtted light fromthe
pedestal or substrate near at |east one wavel ength.[0095] In yet another
enbodi mrerw9 20tvesp@bhod further includes rotating the pe#estiskooangysst
substrate while the tenperature is being neasured. [0096] In yet another
enbodi the net hod furt.her. inc k g I pi pe
i th als1 S e o heubaliny eSS Al A ol 86 pbdfh biber |

[ 0097] sutriRtwiaRahd BinRikediisesihg ntehqure®t hod further includes flow ng
bet ween about 200 standard cubic centinmeters per mnute (seenm) and 8

stand a[(g)glggi eif; ?etsa:r{otﬂg @%gdiﬁ%hg)éh | thethod Frte? i@gﬁ&g gfl&%‘lgeﬂﬂg Rl of R lfg-hg ht

pi pe. another e nent, the pedest as one or nore
f eat ur epecrittengadpsat indluddent pragesiealf hiydrogae méasgenand apguar ent  opt i cal
em ssivity in the vicinity of the one or nore features near at |east one

wavel 65@39? ?rlﬁ vk ofﬁe? Qm;BBdigr‘r:‘etn? Ghd MGHdd PHifdr A1 @fes tla%ihd Blve&MBJuedod r om

t he pe arther 1ncludes detecting emtted light fromthe features.

[ 0099] standaré tubin cedtaneterstpedinimeri¢ (sconpamt 8 stondardfiterhperaninutsgsim)oria gas

wavel engt h i grg%g&q}t%ﬁg. 3 mMmin order to reduce an effect of stray |ight
on a t&hpEeat ¥ BR: [0100] In yet another enbodi ment, one or nore
of the at | east one wavelength is greater than 4.5 mmin order to reduce an
ef f ect [MF98%t rlayet angkiter gmbadinemb dheypasiestahaavue orEere feptresign anedgeiof thel so be

recogni zed those skilled in.the art.th I i i been

Goscr | BEGDI BORAS AdnrnEit i LopRvich Bt viThlPot I8 b UERbI IR

t heg et @ear\i@ldagiusnefvaatlehst aaddhaspe ot detedtinghepoatinver-tie Hght dagided fremnthée on nay
be used individually or jointly. Further, although the invention has been

descr i bedesiah firthst ashides detegting anittash lighdrmtheolsatUisa parti cul ar envi r onnent

and for particular applications, those skilled in the art will recognize
t hat i {60993 eflulyseamiies embbdiniemt,tomd ot herebvhHthandleastane Warelongtbengreptevent i on
can be utilized ip any nunber_of environments and inplenentatjons. WHAT | S
CLAI NESNS g 0 ardss Bttt Gebe by HePL PR AR S MG U b cessi ng
chanber; a pedestal to support a substrate disposed within the processing
chanmbe(0108h dptyietaiotipy cotbetinyenssmembimore of e at lerst can vevelengd 1 Eighter

oyt e SE B R aiidbes AR G ettt dePAPERAR ek Bt G2t ector
[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.

22



wherein the optical pyronetry assenbly receives a portion of the emtted
light; and wherein a tenperature of the pedestal is determ ned from an

i nt ensi t ywof2otomsoorti on of the emtted |ight near at | @astuseene/osssel engt h.
2. The substrate processing systemof claim1l wherein the light receiver is

di sposﬁiﬁﬁg&&%ﬁ)@cessr ng chamber. 3. The substrate processing system

of cl rtion of the processing chanber is transparent to
allow a portion of light fromheat |anps to enter the processing chamber.
4. [The substratel.pr ocAsabsngttsyrst@smgfsysthmicmn:prim'mgr ein one or nore of the at
| east one wavelength is grea er than 3 m 5. The substrate processing

syt em of cl ai m APIRRESEIETIEM8 Hortion of the emitted light that is received

conprises |ight 9§%&ﬁﬁal {fosip¥@Y gk enabft Rkatw Ahihith prok8dsBiRShbband | i ght at

a second wavel eng aving a second Intensity and erein the tenperature
of 4 he pedestal asomiErkbpyrometly Assombdy toamasul@fantem;ttﬁd hight origtrafisgty to the

Coror | SRGTE b Ao ey o PR edBt B0 Gl ety SFEBly §B6BECh beyona

the Iight receiver. 7;|iJhacsdilast4mit e processing systemof claim1 wherein
the light receiver is wwthin 0.200 inch of the edge of the pedestal.8. The
substrate processr ng gyeptiog] dftectdrai m 1 wherein the pedestal has one or nore

f th th dest t head..
emisst vi ty i n' ¢ nBgeE e by e SERRI Ry S G IE O Es PR RRRTIEN R RE:

wavel epgt h; 9. A substrate processi ng system conprising: a pr ocessi ng
chanber; an optical pyronetry assenbly to nmeasure an emtted E
oriQi nati ng subsWhereins 1SPEFaGHE Qf%rﬁe%ﬁﬁaléﬁ defergiped Frapen 1{1?'?8513’& &l

DYoL ORI LB 18l Alfighver | and an, optl cal det ector

ry asse y re elves a portion of the emtted
| i ght; wherein the l'ight receiver is disposed within the processing
chainmber ; and whezei n &h¢ arpeatapurcessiig ¢ystensobdtinat ehesinéedighi rweelvér om an

i nt en5| t t he
dy sposed within the processing chamber.

1 3. The substrate processing system of claim 1 wherein a portion of the
2 processing chamber is transparent to allow a portion of light from heat lamps to enter the

3 processing chamber.

1 4. The substrate processing system of claim 3 wherein one or more of the

2 at least one wavelength is greater than 3 pum.

1 5. The substrate processing system of claim 1 wherein the portion of the
2 emitted light that is received comprises light at a first wavelength having a first intensity and
3 light at a second wavelength having a second intensity and wherein the temperature of the
4

pedestal is determined from a ratio of the first intensity to the second intensity.

1 6. The substrate processing system of claim 1 further comprising a sheath

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

1 7. The substrate processing system of claim 1 wherein the light receiver

2 is within 0.200 inch of the edge of the pedestal.
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portion of the enmtted light near at |east one wavel ength. 10. The
substrate processing systemof claim9 wherein the tenperature of the
subst r at ewo20ioass30bhan about 650 degrees Cel sius. 11. TRETAISRE0SI387
processing systemof claim9 wherein one or nore of the at |east one

vvavel ength is Iess than about 1.2 mm 12. The substrate processing system
of (craim 9 uher RDLAR 1%9&5&]# gst% dif8ithi DerbiROR! Mefeshpndsess than
about 0.1. 13. e su stra ocess systemof claim9 wherein a portion
(r)]f 2t h?n@b@ﬁﬁ;‘i@féﬂ@r@d}ﬁﬂﬁl@Edgsoﬁthap&matrabwtmtmaﬁl ancppeareporticalrenaifsivitytt  fr om
eat lanps to enter the praocessing chanmber substrate processin

sy 8t erfhevicEngiontle enerarpeere EGHyEes B5ngt lﬁagl’i’éﬁm"%ﬁ%ﬁgﬁi n the shealto h extendg at

| east 0.005 inch beyond the |ight receiver 15. The substrate processing

sygtem of claimg@ whe thin 0.200 inch of
ed%e of the Subsgtgrat K St uhfRGrbd Qihg EREGH ¥ShpHSnIM I of an

5 a processing chamber;

an optical pyrometry assembly to measure an emitted light originating

6
7  substantially from a portion of a substrate, the optical pyrometry assembly comprising
8 a light receiver; and

9

an optical detector;

10 wherein the optical pyrometry assembly receives a portion of the emitted light;
11 wherein the light receiver is disposed within the processing chamber; and
12 wherein a temperature of the substrate is determined from an intensity of the

13 portion of the emitted light near at least one wavelength.

1 10.  The substrate processing system of claim 9 wherein the temperature of

2 the substrate is less than about 650 degrees Celsius.

1 11. The substrate processing system of claim 9 wherein one or more of the

2 at least one wavelength is less than about 1.2 ym.

1 12. The substrate processing system of claim 9 wherein a numerical

2 aperture of the light receiver is less than about 0.1.

1 13.  The substrate processing system of claim 9 wherein a portion of the
2 processing chamber is transparent to allow a portion of light from heat lamps to enter the

3 processing chamber.

1 14.  The substrate processing system of claim 9 further comprising a sheath

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

1 15.  The substrate processing system of claim 9 wherein the light receiver

2 is within 0.200 inch of an edge of the substrate.

24



