08 OCT 2003 1 SYSTEM AND PROCESS FOR CALI BRATI NG PYROVETERS | N THERVAL
PROCESSI NG CHAMBERS Fi el d of the Invention The present invention i

“general ly directed to a systemand nmethod for calibrating tenpergfﬂﬁ@ 2003
sensing devices in a thermal processing chanber, according to the preanbles
of claims 1, 9 and 19. Mrre particularly, the present invention is directed
to a nethod and systemfor calibrating pyroneters in rapid thernal
processi ng chanbers for nore accurately processing sem conductor wafers.
Background of the Invention A thermal processing chanber as used herein
refers to a devesTERRANIFPROCESRIRR CANBRATINGFPROMESERSIRNAuCt Of

waf ers. Such devices typically i1 nclude a substrate hol der or hol di ng one
or nore sem conduct or wafléfERMAd. BROCENCINGICHAMBERS enits | i ght energy

for heating the wafers. During heat treatnent, the sem conductor wafers are
heat ed under controlled conditions according to a preset tenperature

regi me. During heating, variousridid ec@sIfsentioh be carried out within the

t hermal processing chanber, such as rapid thernal oxidation, nitridation,
anneal i ng, siThepresentdnvention és gengrallyndirestaddp|aj syatemoand methpd Jemealibralingt or

heati ng processes requi,re a.wafer to be heated to high,.t ratur SO
that  t e URFIERIE Sewany daficdt il & ibrmat proces TRE Chapiberashatoing tOrtis Bresilbles o
t he waf egf disimdsaoiapdtied i nto a device. During rapid thermal processing, for
i nstance, sem conductor wafers are typically heated by an array of lights
to tenper at ur¥ore paricalsalys thesprgsent tipventon s diregied to argethod mad systcah fofr e

typi cal | \s: t WEITI e ri -hes e n iy goal
27 o hedifibe, B g et Rt end i R 0 Tord BBy
pr ocessi prgcesking sefixchdattoBwaldes. 00/ 66987 PCT/ 1 BOO/ 00506 2 sem conduct or

wafer, it is desirable to nonitor and control the wafer tenperature. In
particular, for all of the high tenperature wafer processes of current and

Background of the Invention

A thermal processing chamber as used herein refers to a device that rapidly heats
objects, such as semiconductor wafers. Such devices typically include a substrate holder
for holding one or more semiconductor wafers and a light source that emits light energy
for heating the wafers. During heat treatment, the semiconductor wafers are heated under
controlled conditions according to a preset temperature regime. During heating, various
processes can be carried out within the thermal processing chamber, such as rapid thermal
oxidation, nitridation, annealing, silicidation sintering, and metallization.

Many semiconductor heating processes require a wafer to be heated to high
temperatures so that the various chemical and physical transformations can take place as
the wafer is fabricated into a device. During rapid thermal processing, for instance,
semiconductor wafers are typically heated by an array of lights to temperatures from about
300 C to about 1,200 C, for times which are typically less than a few minutes. During

these processes, one main goal is to heat the wafers as uniformly as possible.

During the rapid thermal processing of a




foreseeable interest, it is inportant that the true 5 tenperature of the

waf er be determned with high accuracy, repeatability and speed. ThﬁBDCI?Mﬁ
ability to accurately neasure the tenperature of a wafer has a direct
payoff in t"WeO0gael8Yty and size of the manufactured integratedpciasueiobsosFor

I nstance, the 10 snallest feature size required for a given sem conductor
device limts the conputing speed of the finished mcrochip. The feature
size inturnis linked to the ability to measure and control the

t enper at ure-of the device during processing. |15 One of the nost significant

chal I enges 4 I eating.systeps.is the ability to accurately neasure
t he terrperat%?%@%ﬁdg&bﬁrr é’f%se%Ur}ﬂBg:L?h@eﬁéﬁFPﬁ& tor ddisor mnde past,

various neaf@ntrdldéhiecemfar temperstage! herhepretawiaof sypbsifates in

t hermal 20 S{ C e have been devel oped. Such devices I ncl ude,
for inst anca(;f, O%??oiﬁg‘%élr rs{,ae%éerfartrﬁ%%%p‘f%gefhBFOCHgF@Et Py CHTERRL taRd

substrate ofo¥eaeeabdepliatetesid] atenist dmpbetsHbsthate trand e use of
lasey - inteshGELALR e BELYHSE f _the above tenperature sensing

devi ces, pyroﬁgtersﬁgfé§benefaﬂ%§¥%Fg#%r?%ﬁeFﬂFnﬁ eggﬁh &Ml processi ng
chanbers. MFeREREYs Tepeadpdblicltpfamdaspeedy thRet aBpeHaturg, of a
substrate, e384 lnd r W t hout contacting the
substrate. 30 For gxgnp%gi onquggg% ; §£%¥“5%iﬂ§ | HB%gEbﬁFﬁbﬁi pyr onet er
i s that thélsE®SEr RR¥oEsn ipe uraualoidy andrsiget & bRating process which

pronot es umdiFactaeal dniHeRisdd | ' an 0 more  uni form
copfact bet wee aﬁ¥ %ases fﬁgm ng tﬁ?%ﬁgﬁf%hedgﬁ%ngg%gégcgnd substrate.
t

Besides beiT abPECt §ORGE e 4% required for a given

seniconductor device limits the computing speed of the
finished microchip. The feature size in turn is
linked to the ability to measure and control the
temperature of the device during processing.

One of the most significant challenges in wafer
heating systems is the ability to accurately measure
the temperature of substrates during the heating
Process. 1In the past, various means and devices for
measuring the temperature of substrates in thermal
20 pProcessing chambers have been developed. Such devices

include, for instance, pyrometers, thermocouples that
directly contact the substrate or that are placed

adjacent to the substrate, and the use of laser
interference.

15

25 Currently, of the above temperature sensing
devices, pyrometers are generally preferred for use in
thermal processing chambers. Pyrometers are capable
of measuring the temperature of a substrate, such as a
semiconductor wafer, without contacting the substrate.
For example, ocne advantage of using a non-contact
pyrometer is that the substrate can be spun slowly
during the heating process which promotes uniform
Lemperature distribution and promotes more uniform

30

contact between any gases flowing through the chamber
35 and the substrate. Besides being able to rotate the




O8 OCT 2003 3 wafers, another advantage to using pyroneters is that,
since no tenperature gauges need to be attached to the substrate, bﬁf
'substrate can be processed nmuch nore quickly saving precious tine PWme
sem conductor fabrication. In order to use pyroneters in a therm
processi ng chanber, the pyronmeters generally need to be cali brated.
Consequently, various calibration procedures currently exist in order to
align the tenperature readings of the pyronmeters with sone absol ute and
accurate tenperature reference. The cuBrent state of the art and the nost
wi dely used nethod to calibrate tenperature devices, such as pyroneters,
in thermal processing chanbers is to place in the chanbers a sem conductor
waf er havfsts. anatherradyantags o usingoao@etersis thib sitcedo temperatuse Balegs nel to

measur enent aken fro h her p | S [ ' ature
r eadi ng?’3 S 8@%0?1\7‘530 ft{’% r&sf&%{%t il?f‘pﬁl}%g&gt:éeéaﬁetﬁasﬂrr#%%g%g@g g‘é@ﬁ&aﬁ@%k%@p ing

di Screpa;steMohéztiﬁ;aIdbhh%tsaﬂiceﬁductc&ummﬁanpatent application EP 0 801 292 A2
di scl oses a self-calibrating tenperature probe for npeasuring the

t enper at ure o grdsuidet vt Byrometerp i ce dharmgl Precssdng chambery the PYIGSEEes a

i ght pi e ' h Sl LAkt he essi| The
other oD indEfitorbe WA SCUIRELLRE, WHichs ORPPARFCRRLARET IRy T
| i ght soexistdniosderapaligmibeytemperaturel réadirg s of dircpyrofmetehewithtsomelabtolbterandand a

pyrometer is optically cqupled to another branch. Tq self-calijbrate the
probe, affCBIRtempRratute; mierencs Tt swreny state gt %H’ 8% d ‘S‘Feﬂ“é‘ﬁ ‘Wﬁlf’(%(r usedg

i nsertedi h Wﬁ{? | dQitesS ipg,r@lﬁgtg,vsat-ﬁdm A bfdBedsinensi ty
of i gﬁ?b{rﬁgﬁl ltgc"?ael rom ﬁ;ealaggj %%%Gﬁs’sgﬁée]ggﬁ d by thel py?onetlsér.eAngt her
met hod t ¢tmimbees ihteplagead the dibmbpmss semicatudien wafar cgying authernseneypleg

"t o heabeided it SFErT i R RRE B MR rop A TRERER BT S
physi cal cdmhpdied RithRhé Rmpehive rbAR G et@val Rahithe thiperdi@ReRtng devides

observing or neasuring the chem cal or physical transformation that
occurs, aeanyddijssepanoy & qabibugddutt he substrate was heated can be

accurately de Lne LC .th e o] . e, ot he rature
sensing devi %gégg%n?pﬁgﬁ\ﬂﬂ?%}oh ﬁeq&gg?fbg?i. o?algég%%l g, é#ﬁé%fr?gfmﬁ%
enmbodi Nerinpefitire gRobofor dadasmiing thertelmperatire b d sobdtravd inha prdchssinghetodrer.by
heating a silicon substrate, The anpunt or .extent . of: oxidation that occurs

when t heThgpeobe acludes alight pipe; ors ek AfWhinh is BagiteddpioriBe PERoRR R Chsmbel ¢ T
2003 The other end of the light pipe is connected to a bifurcated optica_] fiber. A light source is

optically coupled to a branch of the optical fiber, and a pyrometér is optically coupled to
another branch. To self-calibrate the probe, an object of stable reflectivity, €.g. a gold-
plated wafer, is inserted into the chamber, the light source is activated, and the intensity of
light reflected from the object is measured by the pyrometer.

Another method that has been used in the past to galibrate temperature sensing
devices, such as pyrometers, contained within thermal processing chambers is to heat a
substrate within the chamber that undergoes a chemical or physical transformation when
heated to a particular temperature. By observing or measuring the chemical or physical
transformation that occurs, the temperature to which the substrate was heated can be
accurately determined which can then be used to calibrate other temperature sensing
devices contained within the chamber. For example, in one embodiment, silicon oxidation
can be carried out within the chamber by heating a silicon substrate. The amount or extent

of oxidation that occurs when the substrate is heated indicates the temperature to which



4 the substrate was exposed. Besides silicon oxidation, other calibration
nmet hods i nclude ion inplant activation, such as As+ inplant or BFqT 0CT 2003
‘inplant, and silicidation of refractory netals, such as titaniun1ang
cobalt. Although the above nethods are well suited to calibrating
tenperature nmeasuring devices, such as pyroneters, the above nethods
require a substantial anmount of tinme i order to calibrate the

i nstrunments. As such, a need currently exists for a method of calibrating
pyrometers in thermal processing chanbers very rapidly without creating a

substantial anmount of do tipe. .In particular, a.peed exists.fqr,a nethod
of cali b\hﬁtsplﬁﬁératep‘y?so??@?%e\rﬁgBFﬂ%%Fé‘_‘?P&i%*ﬁi"&‘@@s‘é‘F‘?fg@H Hﬁgwt%dg%ﬂ?émm ng to
open t hein‘?ﬂiéﬂ*%"ciiv?tidh QhdPhs r‘\tsQ imﬁ]%fé%g gﬁqu%t,l MEGLtiaiANef Pefrdciory A

need al so 'exists for a sinple ne cal'it brating pyroneters in thernal
pr ocessi mgtalsh sudheasditariian andeolmdt. used routinely as a regular check to

verify that the, optical ronetry system. roperl.y functioning. Sunmary
of the Inventﬁﬁho%&ﬁﬁggépgﬁ’ﬁf}%ﬁﬁy‘ﬁﬂ?F‘élﬁ%gtﬁicfggmh ‘%’E!Eﬁf@?fsce‘g’% gng
foregoi ngevilles aghicBNisagRemarer, Rl Aive réthets! Rhuifd h sGBIS(tal aoBRt ke TRt hOdsS,
according to the clains 1, 9 and 19. Additional enbodinents of the

i nvent i oerdar éo galieratei thet inetrematrg.aAsssuch, Agsed diunght)y exists forap raghedtofof t he

present [nvention to provide an inproved,system and .proce f . uring
Phe "t enptfl e TroBeRrcim et URFSrE v BhEr el HpBbeSERRy SealiiE
Anot her qibsRfitial imdude oP d6WA Miméd. e PatticAlr, Hnéed Riay figtea mefiodcstScalibiting
calibrating tenperature sensi ng evi ces_contaj ned within thernmal

pr ocessi MJoBKteRhYY thermal precessieg ey withowthaving tpopse Hhe ¢hambst.ilp 9rdeg
provi de f I Rr.at Latd | ViLes,
Dlh a B, BABLET AURLE BEGRRy b phfty., RISk ied BE18 03 SRRE BRIRILE
00/ 6698 7cAibEAMETRAAOMCIcRCH (HBRAAI0RDEE: v dHambarst thet caibpeaksedoutmelypasaent

invention is to, provide a t hod, and system for caljibratjn roneters in
t her mal ﬁggl@gglgqcﬁgo gm&ﬁ%@t%thg@wome&y system is properly func 101%ng.py

Summary of the Invention

The present invention recognizes and addresses the foregoing disadvantages and
others of prior art constructions and methods, according to the claims 1, 9 and 19.
Additional embodiments of the invention are given in the subclaims. |.

Accordingly, it is an object of the present invention to provide an improved system
and process for measuring the temperature of semiconductor wafers in thermal processing
chambers.

; Another object of the present invention is to provide a process for calibrating
temperature sensing devices contained within thermal processing chambers.

It is another object of the present invention to prdvide a system and process for
calibrating radiation sensing devices, such as pyrometers contained within thermal

processing chambers.




~having to significantly interfere with the operation 5 of the thernal

processi ng chanber. These and other objects of the present |nvent|Qq;g@pm

achi eved roviding a nethod for calibrating a tenperatu
“device ingéoﬁ 1e5%al processi ng chanber. The net hod |nclude§%gﬁ§&@¥%§% of

providing a 10 thernmal processing chanber containing at |east one
radi ati on sensing device for nonitoring the tenperature of a sem conductor
waf er placed in the chanber. The radiation sensing device can be, for

I nstance, a pyroneter or a pluralit of pyroneters 15 that are configured

to sense thergﬁ%é adlakh%n Cﬂprggegﬁg ﬁ&geﬁgV§h€8ﬂ£honTh% t her ma

processing ch U catd on Wi ating source, such as a
pIuralltuooprbvgub anmegyc@bmmﬁ¥$Y$#emeé@rngath§éﬁi66nductor waf er s

Conta|n kS p;€8RBL LI nvention, the
chanber yﬁ?{nﬁgg ?ﬁbges a2 3 atln %Qmﬁ@ﬁs ¢ t

g t source. The callbratlng
li ght sdﬂavengmﬁqsSngnfuﬂ&ntﬁyzﬂntﬁb EEQVEFEthHeaPPﬁﬁPEHLFhe radi ation

§§n5|ng JeVige +n edr 164 | &ghherdevice is placed within the
thermal “processing C er. The reflective device is, §03|t|oned opposite

t he radlatlonihaﬁﬁlﬁydﬁﬂﬁhﬁE alnitects 9fethsf PERSSRYI ABVEATHPN i ght sour ce.

30 Accorgkgg (e tdiRe B 9ok &F i d 118y P4 emeBholin¥eRt calibrikéneald brating |ight

Source emts ) ]ht energy. onto e refleﬁélve Sevi%e. gh% reflective
devi ce réﬁmr@ttmﬁ eﬁﬁﬁﬁﬂn%fd%‘ﬁ%cﬁ 4Rt e rBPEPALh B °REE "4 eset val ue.

The presghayidie Cafhdenarisdl ihaludasotheebabpse oI5 praviding aa

quantltakgg;ﬁgﬂLgéoglﬁgigglgﬁ ggegeg%h%gining at least one
radiation sensing device for monitoring the
temperature of a semiconductor wafer pladed in the
chamber. The radiation sensing device can be, for
instance, a pyrometer or a plurality of pyrometers

15 that are configured to sense thermal radiation at a
predetermined wavelength.

The thermal processing chamber is in
communication with a heating source, such as a
plurality of light energy sources for heating

20 semiconductor wafers contained in the chamber. In
accordance with the present invention, the chamber
further includes a calibrating light source. The

. calibrating light source emits light energy at ghe
wavelength at which the radiatiop sensing device L | !

-5 operates. |

A reflective device is placed within the thermal
processing chamber. The reflective device is
positioned opposite the radiation sensing devices and
in view of the calibrating light source.

30 According to the method of the present invention,
the calibrating light source emits light energy onto
the reflective device. The reflective device reflects
an amount of the light energy that has 2 preset value.
The preset value can be a gualitative or relative

35 value, or a quantitative value. The radiation sensing




0 8 0CT 2003 WO 00/ 66987 PCT/1BOQ 00506 6 device senses the |ight energy
being reflected from the reflective device. The radiation sensi ngd 80783
is then cglibrated by conparing the anobunt of |ight energy sensed in

rel ation ?’@?‘H&gﬁ eset value. 5 Various different types of PET/IBRY§0G@6
devices can be used in the process of the present invention. in general,
the reflective device should be capable of reflecting the |ight being
emtted by the calibrating light soufce in a manner so that each pyroneter
10 contained within the thermal processing chanber is exposed to the sane
i nt ensi t yd8¥iFegmensgs dhe aligbtigknesgyn bedssnme f Ineted abront he
reflectivepe i | i efl i : qgg&gé t : ich the
radiation?ggngﬁﬁggﬁgﬁ?%géﬁgbgﬁgfe,Qg%c. gggﬁéeﬁhg 1 g&?e&?ﬂ%??@ity of at

| east 0.945Tﬁ@%ﬁﬂ94&ibiﬁﬁﬁgvbﬁeC@aﬁarnﬁgu@@F'ﬁmounkt@ﬁcbigha substrate

having a Bhally RS | ¢ sELhRGEn FRE eniUbldAle viflei NStance, can -be
made from quarfz, . silicon carbide, or staifless steel. The highly 20

refl ective surVaddown 4LELBTRBE KARES ©4nmedlectyive «@eyicesoaehng

desi gned he hawd arhiahe pebkesti Wt ¥her F&@&e@ﬁ: a i Y Yorh ©f | %ﬁt ive netal.
In order to scatter, and distribute the lNght being emtted by the
cal i br at i H§PEEGHt JRR ebbeFrtiNe dsviger sheudd tife ¢apailei 06 device, the

surface oteffhectiald eghé VEIigRY BEiGAN B thewdbyoreancdeivEhesuise shaped
i n order ﬁgg%ystrlbute t he

i ght energy, |Ln one enbodi nent, the“calibrating
1ight soutdERE SPHRER R SUPBANES SR EhRitg RSB EERPRRTREL [y | nt o
10 contained within the thermal processing chamber is
exposed to the same intensity of light. Also,
although not necessary, preferably the reflective
device is highly reflective at the wavelength at which
the radiation sensing devices operate, such as having
15 a reflectivity of at least 0;9.
The reflective device can include, for instance,
a substrate having a highly reflective surface. The
substrate, for instance, can be made from quartz,
silicon carbide, or stainless steel. The highly
20 reflective surface, on the other hand, can be a
dielectric coating designed to have a high
reflectivity or can be a highly reflective metal. In
order to scatter and distribute the light beihg
emitted by the calibrating light source over the

i
0

surface of the reflective device, the surface of the
reflective device can be rough or can be otherwise
shaped in order to distribute the light energy.

In one embodiment, the calibrating light source
can be configured to emit light enerqgy directly into
30 the reflective device. The reflective device <an be

configured to disperse the light energy throughout its
interior prior to the light energy exiting at a _
surface of the reflective device. For instance, in
this embodiment, the reflective device can be a quartz
35 plate having a rough or prismatic surface. The quartz



30 the reflective device. The reflective device can be configured t

di sperse the |ight energy throughout its interior prior to the |i 0CT 2003

~energy exiting at a surface of the reflective device. For instance, in

t hi s enmbo¥ Q1896981 he refl ective device can be a quartz 35 Pﬁi"@BWéﬁPﬁ?ﬁg
rough or prismatic surface. The quartz s 0 8 O C T 2003 WO 00/ 66987
PCT/JBOO' 00506 7 5 plate can include a receiving surface which can
conprise an opening or a snmooth spot7where light being emitted by the
calibrating light source is directed into the device. In one enbodi nent of
the pres@itatienveani bncltufe ar efelascitviivey cmmﬁaeta:a-rhllféld%@?gned to be | oaded

and unl o,ih | PP \c}nﬁﬂqg{ I lon is
requi red%iﬂ—%gr%gn%ta%cgpgpﬁ‘ég?eo ec%ﬁ%? devi ce canxv%e | H:t%ih]!é sﬂg

pe of a

senmi condEntigttedfby thewsrdibeating Helghtorsaumishsts atiaremte@r contai ned

n

W thin t r ned to al so hold sem conductor wafers. These and
ot her obﬁ&:‘?@aﬁ?g ﬁgggngent invention are also achieved by providing a

system for 15 Eal Ppeackbgdimandy ffurtde argsrptdanantion + Hereaml
processi ngs £hagpels. dzt}'l%esxe%tﬁrﬂé Nd4idased b elcaddlanieg to receive and

process sem conductor wafers. A heat source is in communication with the
chanber fWrlopdad; h@tphé'h\ﬁafté@maﬁhé’?ﬂ%ﬁ%%ﬁ'nq (fIARRRTE dP%Rast one 20

radi ati om&gmfaglggwlge reRfu iiH | OrFdYg imerdredpertiierseffestiveonduct or
waf ers co&nt alned wi thi

evice can be in the shape of a semiconductor wafer

10 which can be held on a substrate holder contained
within the chamber designed to also hold semiconductor
wafers.

These and other cbjects of the present invention

are also achieved by providing a system for

15 calibrating.temperature sensing devices in thermal
processing chambers. This system includes a chamber
adapted to receive and process semiconductor wafers.
A heat source is in communication with the chamber for
heating the wafers. The chamber includes at least one

20 radiation sensing device for monitoring the
temperature of semiconductor wafers contained within
the chamber.

In accordance with the present invention, a

reflective device is also positioned within the

15 chamber opposite the radiation éensing devices. A
calibrating light source is included for emitting
light energf towards the reflective device. As
described above, the reflective device is configured
to reflect the light energy. The reflective light

30 energy has a preset value and is configured to”be
sensed by the radiation sensing devices. The system
further includes a controller in communication with
the radiation sensing devices. The controller is
configured to receive information from the radiation

35 sensing devices when sensing the light energy being



the chanber. In accordance with the present invention', a reflective
device is also positioned within the 15 chanber opposite the radlﬁﬁ 2%3
sensing devices. A calibrating light source is included for emt A@ﬁ

| i ght ene™¥) 00/66987 ds t he refl ective device. As described aboRET/IRMO0506
reflective device is configured to reflect the light energy. The
reflective light 30 energy has a preset value and is configured to be
sensed by the radiati on sensing devicgs. The system further includes a
controller in comunication with the radiation sensing devices. The
cont.rol | erréglecoalli guoad tho: rectiact ivéodenticen f fhve Centerlberon 35
sensi ng deyv ht, ener gy .hei 2003 WO 00/ 66987 8
PCT/ | BOO/ S’O%O%‘g?g?%g‘f gg%for %?ﬁbr#ﬁ I%%?l ’v'g&&g\%'(@:’gl. PS%%EC troller is
configur edﬂd&‘ﬂlcabl bazted tdre thdlmmmtseﬁsragled@eﬂcéigmmemgyhe anmount

of reflect ht . e Y, en b n £eVvi Cc I n
relation t %ehgr e%jje‘:fg ]{/aai aél% ge‘aﬁi" ge%aca% é‘gl ¥terj'%&|'gn]l§t§§ce a
pr(Sgrammbthedpmeset suchnes arthen conproﬁ:éssocanmhaer fohy ects, features and

aspects of esent_ | ' r kSGUS I g greater det ail 10
bel ow. Bri e#'gggscrl pt%f ?fﬁﬁﬁ%%%wgﬁg%é% f%ﬁ?h 3 enabl I ng di scl osure of
t he presemicropewdesgorncl uding the best node thereof, directed to one

of ordinary SkiHtﬂé}téﬁﬁéﬁés,ifeé@ﬁr&grghdnggiects of the

present invention are discussed in greater detail
10 below.

¢

Brief Description of the Drawings
A full and enabling disclosure of the present
invention, including the best mode thereof, directed
to one of ordinary skill in the art, is set forth more

15 particularly in the remainder of the specification,
which makes reference to the appended figures in
which: '

Figure 1 is a side view of one embodiment of a
system for calibrating temperature sensing devices in

20 accordance with the present invention;

Figure 2 is a side view of one embodiment of a
calibrating light source and reflective device for use
in the process of the present invention:;

Figure 3 'is a side view of an alternative

5 embodiment of a calibrating ligﬁt source and
reflective device that may be used in the process of
the present invention; and )

_Figure 4 is a plan view of the reflective device
illustrated in Figure 3.

30 Repeat use of reference characters in the present
specification and drawings is intended to represent
same or analogous features or elements of the
invention.

Detailed Description of the Preferred Embodiments

35 It is to be understood by one of ordinary skill




- 15 particularly in the remai nder of the specification, which nmakes

reference to the appended figures in which: Figure 1 is a side viegygQ(7 )
enbodi ment of a systemfor calibrating tenperature sensing devices in 20
accor danc¥QW¥¢69%he present invention;, Figure 2 is a side vPEWIBIO/HS

enbodi mrent of a calibrating Iight source and reflective device for use in
the process of the present invention; Figure 3 is a side view of an
alternative .5 enbodinment of a calibrating-light source and reflective
device that nay be used in the process of the present invention; and

Fi gure 4irs thel antvibdwtoftidepreddectdveaubyiare isldustrated in Figure 3.

30 Repeat, use of,reference characters in.th r t eciflcation and
drawﬁngsq%§?¥&gﬁaga P%DF %ébﬁé%ﬁeﬁi Iéﬁ;&g ?égt%%egggr el enent s
+of ‘the iinviesmhded. aBefldmlis Hopstite roamdex ddmedtefefrtbeEnbodi ments 35 It

PCTI | BOOAIISEEEEn SEREIRCH na oy b Brddey 4kt Snel Slodfell, 01 T on of
.eibnplaryhenbbdiEBHMphaﬁghcqngtructipn.intended as limting the broader
fhe exerpl ary 3o Promen e thiolclf WHLaBHRL B50aThechbe PRoL method|
and to aeyatsysten Mfne meceracetyatelprégreympiniag and
controlling the temperature of an object, particularly
a semiconductor wafer in a thermal processing chamber

10 during heat treatment. More particularly, the present
invention is directed to a method and system for
calibrating temperature measuring devices contained
within thermal processing chambers so that the thermal
processing chamber will operate more precisely. For

15 instance, it is important that temperature sensing
devices contained within thermal processing chambers
accurately measure the temperature of semiconductor
wafers as they are being heated. In this regard, the
temperature sensing devices should be calibrated to

20 ensure that they are accurately monitoring the
temperature of the wafer. The temperature sensing

" devices should be monitored not only routinely but
should also be .calibrated for each different type of
process that is carried out in the chamber. For

-5 example, such processes include énnealing[ oxidation,
and other processes which modify or add films to.the
surface of warfers. '

In general, the method of the present invention
for calibrating temperature sensing devices,

30 " particularly radiation sensing devices such as”
pyrometers, includes the step of placing in a thermal
processing chamber a reflective device positiocned
opposite the radiation sensing devices. A calibrating
light source is also placed in communication with the

35 chamber. The calibrating light source is configured



controlling the tenperature of an object, particularly a sem’condugtaodcT :
wafer in a thermal processing chanber 10 during heat treatnent. Mor 2003

parti cul ar t present invention is directed to a nethod and system for
calibrati ng‘ng’(‘% Tat ure measuri ng devi ces contained w thin tRGViBAY/00506
processi ng chanbers so that the thermal processing chanber will operate
nore precisely. For 15 instance, it is inportant that tenperature sensing
devi ces contained within thermal processing chanbers - accurately neasure
the tenperature of sem conductor wafers as they are being heated. In this

regard, theo lIREIBighe SRRYFY Sipvd a8fe SAOH] d-Pevealbhhiaked he 20 ensure

that they are_accurately nonitoring the tenperature of the wafer. The
t enper at ur & &SRS ROV EEE /s IR DO FRRT thred, ndF BRFYINEG: bl y but

shoul d al sedreeal ibrat edgher é@m;g}diifﬁeé%nﬁé@es@fthﬂﬁoﬁﬁéﬁ that is
or .

carried out in the chanber. F 5 exanpl e, such processes include
anneal i ng, TG&EIEHIGN, SERFANG KGVIFD des s@PFeEht Aoy SBReadd filnms to the

surface of iwafedissity | Broghehd. titee nBidegt ob £t DegRE eSERYE ebBRBNLIsEN for
calibratin tegpgéature sensi ng deyvi ces, 30 partlcularL§ radi ati on sensing
devi ces sudft&FetleGtingt S5V 168 1 dECW R SERBT oFUPLAERREVYN OF t her nal

processi ng qalattiara®ivelect e dexi et POSi $é8eAy @ppRskteatke radi ation

sensing SeNess.cdh ALARLAL o LAl S0urce Leaoleg, BLECEU ol o
confi gur ed tHie8 madd 8t 2603 s\WALIGHG 6IB871 dds PET/ £ BO0KAOSA6value for

10 . the reflected light.

In one embodiment, a controller, such as a
microprocessor, can be used to automate the system and
automatically calibrate the radiation sensing devices.
Xf necessary, a correction factor may be built in to

1s compensate for any variabiliﬁy due to the physical
placement of the reflecting surface, its physical
characteristics, or the physical placement of the
radiation sensing devices. ‘

The method and system of the present invention

20 offer various advantages and benefits. For instance,
the present invention offers a relatively simple
method for quickly calibrating the radiation sensing
devices. The calibrations can be performed
automatically between wafers or wafer lots by placing

25 the reflective device into the tﬁermal processing ,
chamber when desired. For example, the reflecting
device can be in the shape of a semiconductor wafer
and can be placed within the chamber in the same
location where semiconductor wafers are processed.

30 Further, in this embodiment, the reflective deﬁice-can
be loaded and removed from the thermal processing
chamber using the same mechanism that moves and
transports the wafers. ‘

The present invention allows for the calibration

35 of radiation sensing devices in thermal processing



to emt |ight energy onto the reflective device. The reflective devi gi (jm
the other hand, is designed to reflect the |light energy in a man B 054 200

t hat each i at]on sensing device is exposed-to the sane 5 i S| of
l'i ght. Thgfcgﬁ'é%%" of-light reflected off the reflecting de\?l‘"ﬂ'ésﬁ%‘i“&%om
either qualitativy or quantitatively. The radiation sensing devices are
then calibrated by conparing the reading obtained from the radiation

sensing devices to the known- val ue ¥or 10 the refl ected light. In one
enbodi nent, .a control | er. sutch as

! M Cropr Q¢ r b ed to
aut orat S1IRY Rt 8FCEAG PSSt i%%??%%??brggﬁgitghg??g Fa?il‘%?f sensi ng
devi ces.dodd meteseauyrea ssdvsteattial f icterfaugnpe wWiitht the to 15
conpensat e_for.any _variabil. et LC pkaceneat, of the
refl ect i%elé?l#?‘%f?e?\f?tts ept%/hsalt%)a‘?dy' ch@?%gﬁgggétﬁi&:cgbvgr fhe physi cal
pl acenertte ofisefietor adildfimat e eniigie devi vedtifheinist RYTCBEFIHFSt em of the
esent invention ffer i vapnhagescapdogergki ts. For instance,
- tthe pre§%%?€?%§éntFé%ﬁgf?gfgﬁggyé#g??€eﬁgasgﬁple et hod f.or 2§L0k|y
cal i br atpngsent dadieattiiom ety cabibrasiothelEhrrbr BEVeRY &h be
perforrregncgpgg%teecael 't é&?ﬁ\?&ﬁw@f ShStelmeaten kakrerbyesphaa ng /.5 the
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reflective /ICe 1 nto ermal processing chanber when desired. For
exanpl e, dohe Aof tda ipRFt devi ce can be in the shape of a semni conductor

wafer and capyeAtaePhyi Fikhrthe, chagherenn gehersany lwaesideon where
sem conductor wafers are, processed. 30, Further, in_this.enbodinent, the
}@fl ecti +B asEEanfe BethoERePERTSPEMIVYETS & thermal processing

chanber pahAGHE &R EadEab2Bhs sehBahgmiesd carsd in thermal
processing chambers in order to more accurately
monitor the temperature of semiconductor wafers is
illustrated. System 10 includes a processing chamber

15 12 adapted toc receive substrates such as semiconductor
wafers for conducting various processes. Chamber 12
is designed to heat the wafers at very rapid rates and
under carefully controlled conditions. Chamber 12 can
be made from various materials, including certain

20 metals, glasses and ceramics. For instance, chamber
12 can be made from stainless steel or guartz.

When chamber 12 is made from a heat conductive
material, preferably the chamber includes a coeling
system. For instance, as shown in Figure 1, chamber

5 .12 includes a cooling conduit 16'wrapped around the

| perimeter of the chamber. Conduit 16 is adapted to
circulate a cooling fluid, such as water, which is
used to maintain the walls of chamber 12 at a constant

+ temperature. .

36 Chamber 12 can also include a gas inlet 18 and a
gas outlet 20 for introducing a gas intc the chamber
and/or for maintaining the chamber within a preset
pressure range. For instance, a gas can be introduced
into chamber 12 through gas inlet 18 for reaction with

as the wafers. Once processed, the gas can then be



transports the wafers. The present invention allows for the cali bra&i O&ddgﬂ%
of radiation sensing devices in thermal processing 0'6 OCT 2003 WD ]
PCT/IBOO/QQ;Q@‘Q nbers according to a relatively sinple nmethod that does
not require A& antial interference with the oper ati on of RGFAEIHBAGE! .
The present invention can be used to calibrate single or mnulti-point
pyronetric 5 systens. Further, the nethod and system of the present

i nvention permit calibration without Rdving to incorporate a thernocouple
i nstrunment gd, the past. Referring to Figure 1,, a

r.as.was ,done_ in,
systen1generaﬁ?%%fﬁﬁﬁgﬂ@m tB%i FrasPsrdRsdadnigas H-ketes2®t i nvention for
calibrating radidtiecomaeireeby, devi daerith galkeldm®] bdracesshngnshgahers in
order to ngﬁetggg §%¥ EREiEOB the tenperatuyre of seniconguctor waf ers
is illustrated. gﬁﬁ oM hEFudls TRTp PEEYEI TGS Ranb &invantedagapt ed t o
recei ve suBbfesioalsichs ide seractidust Tromvaiceigrfialg GoRehiEhi Agevari ous

praogesses. ~fhaneer 12 i Lgned t eat _the wafers at very rapid rates
and underccarefS{Iy:%5H$rgﬁﬁggegb &gPE&H§P~eh5ﬁﬁeﬁnﬁ?§x&ﬁ #8dmade from

vari ous ne¥efi a§lathAUdtay ber tsed 20 peealshirigleasspantiued £eranpcs. For

I nst ance, atgr r.am;st ai SS eel. or guartz. Wien
chanber 120?5 nadéméfaﬁ?%gEggpaggﬁgﬁgpkée%h%éﬁgFi3%,W&%ﬁ Ptyethe chamber

i ncl udes a“'Co8MI AGS JeELeF B6r oknsnandditdonelowmngerianttefl, chanber .5
12 i ncl udepositdendty KaReath HeWiapRedogr euad e perineter of the
0

c er. Conduit 16 is adapted. t
hagro burlng proge551ng, chamber 12, in one embodiment,

can include a substrate holder 15 designed to rotate
wafers ﬁsing a wafer rotation mechanism 21. Rotating
the wafer promotes greater temperature uniformity over
the surface of the wafer and prbmotes enhanced contact
15 between the wafer and any gases introduced into the
chamber. It should be understood, however, that
besides wafers, chamber 12 is also adapted to process
optical parts, films, fibers, ribbons, and other
substrates having any particular shape.
20 A heat source generally 22 is included in
communication with chamber 12 for heating the wafers
during processing. In this embodiment, heat source 22
includes a plurality of lamps 24, such as tungsten-
halogen lamps. Heat source 22 can include a reflector
or set of reflectors, for carefﬁily directing thermal -
energy being emitted by the heat source onto the
wafers so as to produce a very uniform wafer :
temperature. As shown in Figure 1, lamps 24 are
placed above the chamber. It should be understood,
however, that lamps 24 may be placed at any pafticﬁlar
location. Further, additional lamps could be included
within system 10 if desired.

3C

The use of lamps 24 as heat source 22 is
generally preferred. For instance, lamps have much
higher heating and cooling rates than other heating

35




“circulate a cooling fluid, such as water, which is wused to maintain the

wal |'s of chanber 12 at a constant tenperature. 30 Chamber 12 can G867 20

~include a /degéﬁt 18 and a gas outlet 20 for introduci nng.’Tﬂﬁt?O/dogﬁco t he

chanber and/or for maintaining the chanber within a preset “pressure

range. For instance, a gas can be introduced into chanber 12 through gas
inlet 18 for reaction with 35 the wafers. once processed, the gas can then
be 9 8 OCT 2003 WD 00/ 66987 PCTllBoéFOOSOG 12 evacuated fromthe chanber
usi ng ga et 20. Alternat gas can be f.ed to chanber 12
t hr ough éagg%nst SeR o?sp?g Eﬁ %ﬁlaﬁ}eﬁ‘ ft 88 GPOVEHbl e si de
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i nl hanb .
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additionﬁVph@@i&ycnﬂQwirpnglaluaeg Bhnrathnﬂhee&&v@onﬁrdl&eﬂafer. 10

ring p er ' ne .enbo n.in de_a substrate
' %I der E(Egem g edFo 7ot at %‘ﬁe E?ggsogseﬁe gj}s\gﬁ:bm El ST c#grr%%ﬂani sm 21.

Rot at i ngalsive bgafayrypohyt stoppedt ak aeypénaﬁureAﬁmﬂhmwnt@nothe t he
surface efi 4he Waf iy §n94pgggnggﬁﬁggganggghcgﬂg§ﬁgu%§ ; n the wafer and

any gases. “introduced info the I't s erstood, however,

t hat be SPPEF kBT 525 chhabeFambrsugeso tadipragase rocaereasei cal parts,
films, fm@rthéﬁwpnéneagsi Bbfiag cfliRErabes thaviReay particul ar shape.

%8 A heat sowgfg qggﬁ %eéz &Hckgg%ger 12 is a plurality
of radiation sensing devices generally 27. Radiation
sensing devices 27 include optical fibers or light
pipes 28 which are, in turn, in communication with a
plurality of corresponding light detectors 30.

15 Optical fibers 28 are configured to receive thermal
energy being emitted by a wafer present in the chamber
at a particular wavelength. The amount of sensed
radiation is then communicated to light detectors 30
which generate. a usable voltage signal for determining

20 the temperature of the wafer. 1In one embodiment, each
optical fiber 28 in combination with a light detector
30 comprises a pyrometef.

During the process of the present invention,
system 10 should be designed such that optical fibers

15 28 only detect thermal radiation being emitted by

wafer 14 and not detect radiation being emitted by
lamps 24. 1In this regard, system 10, in one '
embodiment, includes a filter or window 32 which
prevents thermal radiation being emitted by lamps 24
30 at the wavelength at which light detectors 30 dperate
from entering chamber 12. Filter 32 as shown in
Figure 1 can be a window pqsitionéd between chambexr 12
and heat source 22. In an alternative embodiment,
each lamp 24 can be covered by a separate filter. In
35 the embodiment illustrated, window 32 also serves to



communi cation with chanber 12 for heating the wafers during proce55| ng
this enbodi nent, heat source 22 includes a plurality of |anps 24,0 2003

t ungst en- bgls: g@@,lanps. Heat source 22 can include a reer ? set
0@%@6
o gf'Q'[ém

of reflectors, carefully directing thermal™ energy bei by
the heat source onto the wafers so as to produce a very uniform wafer
tenperature. As shown in Figure 1, |anps 24 are placed above the chanber.
It should be under st ood, 30 however, that Ianps 24 may be placed at any

particular 5 cﬁ'em roilamggr E'&egro?:d%hte' 8;2%? CoHddefe i ncluded within

system 10 |f he us l"anmp eat source 22 is generally
pref erred: S¥ttamnarsen panfdehshannech 35 hi gher heating and cooling

rates than otherpydeghhig gPa gﬁl%oq_?) M3 QG{ 569844 ﬁé%@OO/ 00506 13 el
a a

devi ces, such as electric nts ‘or conventl on urnaces. Lanps 24

create a r a&@smﬁeamthem@deﬁw@swmmmeprm #imclndesnaaneous
enekgy, ﬁqaééﬁ/ {,gqgigtt@gz% \(o?ﬁ)éhS*lQJ tcmg\f %e 2 glled 5 start up

peri od- T e ow o energy from | anps can ruptly st opped at
any tine. ALWHRWHtY nofhebtiicgdr élheéi"m§>l?4]-w1eteE1W%§e38w tBha gr adual

power con @{é@al%whaﬁt ﬁ%@:e@& USE S HeD dm@@ser@fléeewé\selame ther mal
energy bein %emtte s. 10 Also contaiped within chamber 12 is a

plurality Jr%lo"f‘%ﬁ’-ﬁﬁegeﬁ'ﬁ ﬁ@%ﬁtcé'é‘%?e} a’r'?“;‘ll‘f‘iloﬁaaﬁh{‘gon sensi ng
_devices 27 dnibtté@ BPt kCalenfidefiductor k@ifer PilREDe 28nahiighedr gs in turn, in

.COHHP”'CatH9Qu%5th2tea Specifically, reflective plate 26
should be designed to reflect thermal radiation at the
wavelength at which light detectors 38 operate.
Reflective plate 26 causes the radiation being emitted
by the wafer to reflect multiple times between a

i5 surface of the wafer and a surface of reflective plate
26. As a result, optical fibers 28 sense more thermal
radiation than that which is actually being emitted by
the wafer.

By reflecting the radiation being emitted by the

20 wafer multiple ﬁimes, the reflective plate causes the
radiation between the two surfaces to add up and
approximate the radiation of a perfect black body at
the temperature of the wafer. This has the effect of
enhancing the emissivity of the wafer, which is

5 typically unknown and hard to approximate, to a value -
close to unity, allowing for more accurate temperature
measurements. The use of a reflective plate ie'more
particularly described in U.S. Patent No. 5,874,711

' which is 1ncorporated herein by reference. °

30 Referring to Figures 1 and 2, in accordance with
the present invention, system 10 further includes a
reflective device 14 and a calibrating light source 42
in order to calibrate radiation sensing devices 27.

As shown in this embodiment, refelctive device 14 is

35 positioned on substrate holder 15 and can be removed



plurality of corresponding |light detectors 30. 15 Optical fibers ﬁg ﬁrf
configured to receive thermal energy being emtted by a wafer pr GACT 2093
“the chanber at a particular wavel ength. The anount of sensed radiation is
then communicated to |ight detectors 30 which generate. a usable voltage
signal for determning 20 the tenperature of the wafer. In one enbodi nent,
each optical fiber 28 in conbination with a light detector 30 conprises a
pyrometer. During the process of the present invention, system 10 should
be designed such that optical fibers 185 28 only detect thermal radiation
being emtted by wafer 14 and not detect radiation being emtted by |anps
24. In this regard, system 10, in one enbodinent, includes a filter or

wi ndow 32 which prevents thernmal radiation being emtted by | anps 24 36 at
the wavel ength at which |light detectors 30 operate from entering chanber

12. Fil td insrid8 isbehamber 17-whier & id desiredls calibvaretheralistidn ensdg ldeviceen
chanber 12 and heat source 22. In an alternative enbodi nent each lanp 24

can be draitngnlight sases 42e oni theepthen hamss i affiseh SR fbermal (gpeesbiag, |
. o . .
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shown i plided watside ofithe thenieras thngeintthe ligHt usircatarnbe pdsitionet iporiee kedmiy
chanber 12 includes a 5 reflective plate 26 which is connected to the
pl ur al i thghpintgpiechamber.pers or 1ight pipes 28. In

When it is desirable to calibrate radiation sensing devices 27, calibrating light
source 42 emits a predetermined amount of light energy onto reflecting device 14.
Reflecting device 14 is configured to scatter and reflect the light energy in a manner such
that each of the radiation sensing devices is exposed to the same intensity of light. The
amount of light energy being reflected off reflecting device 14 in accordance with the
present invention is previously calculated and has a preset value.

Radiation sensing devices 27 are used to sense the amount of reflected light
energy. The amount of light energy registered by the radiation sensing devices is then
compared to the preset value. Should any differences be present between the measured
value and the preset value, then the radiation sensing devi_qes are calibrated accordingly.

Reflective device 14 used in the process of the présent invention can have various
shapes and can be made from various materials. In general, reflective device 14 should
have reflective surface having a substantially constant reflectivity at the wavelength at
which the radiation sensing devices operate. The reflectivity of reﬂecti\(é device 14 can be
any value as long as that value can be easily determined. Preferably, however, the

reflective device is highly reflective at the wavelength of interest. For



general, when present in the system reflective plate 26 is desi g@\ﬁ%czQ ;
refl ect thermal radi ation being emtted by a sem conductor wafer ' pqqe
waf er is )f'{w heated. Specifically, reflective plate 26 WE'_FIEUI d be

desi gned to refli’ect thermal radiation at the wavel ength at °f°i"§ﬂ‘it
detectors 38 operate. Reflective plate 26 causes the radiati on being
emtted by the wafer to refl ect rrulti]gée times between a i5 surface of the
waf er and a surface of reflective pI at 26. As a result, optical fibers 28

sense nore I r o] h i s, a ing emtted by
t he waf er. be%rgﬂee’ct%g heggné? V\{&h %ﬁ?c‘g‘%"‘%ﬁl&hg% f%‘ewafer

mul tiple tirgddeatihove e¢¢‘eccﬁve.splaai elam,tsers.grmt tmlwawemehg&:we@t the two
surfaces t gy '11?%1 erfect bl ack body at
the tenperat 3&% 0 t%%?ﬁgé e%%]r}%t%&ﬁ% hhanci ng the

em ssivity of tHa vearder Baj @@nsé:ms:‘cz @lmﬂqctm-kmo&wnoel hard.nigo

appgoxi mat gegt V. accurate
tenperaturees#gaé?ur%ngﬁ?%EEQ%e use lajfgfﬂl% elté)#l‘{’% fe's nor e

parti cul ar AEVdEsc 3 HeeRM nbe), sadaatfemm N@rﬂtﬁimm&lm ch Feri ncor por at ed
herein by nref=enee; 39 HRbeembid it é:ﬁl[éc@ﬂde 2dew}#‘<]: gQrQQ ce with

the present inventi on, system 10 furt cl udes I've device 14
and a cal | BELUSe |3 gFEbSbrate daving cﬂfdbkghlif dafigekiveadi ati on sensing

devn ces 27 coahS rigfowWnThe hhgmmlr&%wé Pé&eﬁﬁtdg\’ecéi?"bé%és' s 35

z ti oned on substrate ho| 15 .and can, be_renopved 003 15 and

rted i MEG®ec FXABPfan & Qiad et e £ R calThy Atelaetrig ation
sen5| ng dedides.can be a multi-layer optical film specially

designed to have the appropriate reflectivity at the
. desired wavelength. Such films are known in the art
and can be obtained from Deposition Sciences, Inc. of
15 Santa Rosa, California.

Besides dielectric films, the reflective device
can also be made from highly.polished metals coated
with a clear protective coating, such as a clear
dielectric coating. Such metals include gold, silver,

20 and nickel. However, for a particular desired
wavelength, metal surfaces are typically not as
reflective as the dielectric films described above.

The substrate, on the other hand, can be' made
from various materials including quartz, silicon
i .5 carbide, or stainless steel. Fﬁfther, in an
alternative embodiment, reflective device 14 can be
made entirely from the above described dielectric-
film.
_ As described above and as shown particularly in

30 Figure 2, the system of the present invention .§hould
be configured so that light being emitted from
calibrating light source 42 is reflected and/or
scattered so that each radiation sensing device 28 is
exposed to the same intensity of light. This

35 objective can be accomplished according to wvarious



Calibrating light source 42, on the other hand, is affixed within thermnal
processing chanber 12. It shoul d be understood, however, that callfp0gy imﬂg
| i ght source 42 can also be placed outside of the chanmber as |long as the
i ght sourW¥@%4%f%Be positioned in order to enit |ight into RCEIBSNAGEDET .
Wien it is desirable to calibrate radiation sensing devices 27, calibrating
| ight source 42 em'ts a predeterm g&d anount of |ight energy onto
reflecting device 14. Reflecting d ce 14 is configured to scatter and

reflect t | ght energy: i nngr such _.th each of _the_ ..radiation
sensi ng eg\;ltﬂéééggi's' g%;%slélaé]ctag’%%e YAae'$ o n&%‘ﬁ%ﬂb ‘ Ifaﬁﬁ‘.ecjl:ﬂé’e amount of
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t hen the Fadlgctdivssalavrine dbdicer haee culpdrialax cohdbagby. Refl ective

devi ce lichgedaid EheHOrEsEa Pl shhfadd SR MENEAHON pgp have various
shapes and can_be made fromvarious materials. In general, reflective
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reflecti vibugal dhenay eh1ed 0bhrdice Wi Chuddte il By 081 eagkny devi ces
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reflectivaidht eourcdighly reflective at the wavel ength of interest. For
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wavel engt hdstitiwn die tdesigulingi veflensivg devioesliopeocabe. | n order to

construct ca.gf] .60 'J}’léédﬂiffﬁalaé‘%ﬂg <063 8L yity

; s By %—?‘é# ) .
characteristics, re tive device 14 can be nade from various materials.
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substrat eshaviGPadedy E8RLARLENLIof Rt CallNS-DE SRE Y1 B ghkect i ve
coating can be nade ] . ) )

. source 42 and is configured to scatter the light being
emitted by the light source and form a uniformly and
diffusely irradiated region on the surface of

20 reflective device 14, especially in the regions
opposite radiation sensing devices 28. Diffuser 52
ideally forms a uniform isotropic illumination.

An ideal theoretical diffuser produces a' uniform
source of diffused light that is traversing in totally

25 random directions with high efficiency and perfect

' transparency. In the practical embodiment of the
present invention, however, diffuser 52 need only’
approximate these ildeal conditions. Thus, the
diffuser can be limited in lateral extent instead of

30 being infinite and can be substantially diffuse
instead of perfectly diffuse.

Diffuser 52 as shown in Figure 2 can assume
various constructions. Préferably, diffuser 52 is
planar, is substantially transparent to the light

35 being emitted by calibrating light source 42, and



10 from for exanple, a dielectric film The dielectric filmcap b %
multi-layer optical filmspecially designed to have the appropra&tgiI 003
reflectivity at the desired wavelength. Such filnms are known in the art

and can beWeht@6MHEd from Deposition Sciences, Inc. of 15 SantPETABEGO0506

California. Besides dielectric films, the reflective device can also be
made from highly polished netals coated wth a clear protective coating,
such as a clear dielectric coating. $8ch nmetals include gold, silver, 20
and ni ckel. However, for_a particular desired wavelength, netal surfaces
are typi caPFpti@rssthecliebE| kB zandpa diiglest s i+ @88cri bed above.

The substrap®oddmdrite, 0dhefubandsCcannbgmadanifi aRack i @psamateri al s
i ncluding quartz, silicon_.5 carbide, or, stainless steel. Further, in an _
al t er nat i vETERSRATRNE  TREFREELVRe T@berde 11 AU It Ylle? enFLRESy from the

above descoirbedphiel €61 rvRetehil atAS cde%Cidedianee ahel B8eShRwet
particularly in 30 Figure 2, the systemof the present_jnvention ..should

be €onfi guleF REFhaXOLTRRNSHei ngledit PEFFTGHS i9RRATHEC N Fght source 42

is reflect ed ey s53CahhebedasQalylkat oFaala tadial s ensbnds@guice 28 is
exposed to_the sane iptensi ht. Thi.s 35 . obj.ective can_bhe

ty of i b
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met hods. . By thstwaeelengthnatembddhmthie neiilsrion esemeimge 14 can be

desi gned t%é%%%égroﬁggakgghtngIgiall discrete particles can be
10 made, for instance, from quartz, glass, saphire, or
noncrysfalline aluminum oxide.

In a further alternative embodiment, diffuser 52
can be a sheet of transparent material containing many
small microscopic bubbles which serve to scatter the

15 light. Again, in this embodiment, the diffuser can be
made from quartz, glass. or saphire.

In sfill another embodiment of the present
invention, diffuser 52 can be one or more mirrors or
other similar devices that divide light being emitted

20 by calibrating light source 42 and focus the divided
light at each location opposite each of the radiation
sensing devices 28. _

Ccalibrating light source 42 emits a predetermined
amount of light energy when calibrating radiation

.5 sensing devices 28 according to the present invention.
As shown in Figure 1, calibrating light source 42 can
be in communication with a light channel 44 that
directs the light energy onto a particular location of
reflecting device 14. Alternatively, however, _

30 calibrating light source 42 can be positioned -€loser
to reflective device 14 without the use of light
channel 44.

Light source 42 used in the system of Fhe present

invention can generally be any device that is capable
35 of emitting a determinable amount of light enexgy.



enmitted by calibrating |ight source 42 across its surface opposite the
radi ati on sensing devices. In 5 this enbodinment, in order to scatfg0CT 2083
light, reflective device 14 can have a particul ar shape or can have a
particul aWOMH6¥e construction. For exanple, the surface BETABYO084G; | e
device 14 can be rough so that the surface is substantially diffuse 10
with respect to light being enmittedl®y calibrating |ight source 42. In an
alternative enbodinent, instead of or in addition to designing reflective
devi ce 1Roroibetandsst antdhit | youreeusd, ceRebsyanednsandessietide a 15

di T T usery panes pEAN a} D;b&ﬁa@t L L0 EbGYEE 2uch bEusenasdZ is placed in
communi cattfon with calibrating light source 42 and is configured to

scatter fhedei gt lghiy emhttind B§odRe Ri GAF 488F€e AndFOorma uniformy

-and di fEysglynid Il aled-££0508n08st BR aHES 26650 neQikel ective device 14,
especially in the Tegions  opposite radiation sensing devices 28. Diffuser
5% i deaVeyipwsnetdhemideYwFeSotropic illunmination. An ideal theoretica

-diffuser prodyseor@ierNtdoraliseHEcerafiidiibusednisiiglt deldicdss traversing
intotally _?5 randomdirections with high efficiency and. perfect

t ranspar 8Rcyn AFINEPRER 1 YehP EﬁﬁoHFﬁﬁﬁBtanVﬁgtlﬁPesent i nventi on

however, cdnfili1earimy DEgEE 08bMrceappr i Bt @ igheésenedeyl wedrdi ti ons. Thus

the diffuser can be Iiniteg in Lateral.extﬁqt [ éyead of .30 being infinite

and can B& TRINeFIESRIPY BRFEESELVRNERYAR o “per FEG APt ®Fe. D ffuser 52

ae shownlijght EHerdy CBRadsikn®eflacieds byomsiflecttiors deRrisferiabl v,
diffuser  5%d® vRb&8hyth®a2 RRLAN! kRl ¥ahi139RY Plhnsihd Ne |1 ght
devices operate has a preset value. Radiation sensing
devices 28 are then used to measure the amount of
light energy being reflected off reflectihg device 14.
15 The measured value is compared to the preset value
and, if necessary, the radiation sensing devices are
adjusted or calibrated accordingly.
The preset value for the light energy being
reflected off reflecting device 14 can be determined
20 quanitatively meaning directly determined, or
qualitatively meaning determined according to some
relative standard. The preset value can be directly
determined by knowing the amount of light energy being
emitted by calibrating light source 42 and by knowing
.75 the percentage of the light enerdgy that is reflected
off reflecting device 14, such as by knowing the
reflectivity of the reflective device. With knowledge
of these variables, the amount of light energy that
should be recorded by radiation sensing devices 28 can
30 be easily calculated and compared to the measured
value.

In an alternative embodiment, however, the actual
amount of light energy that is being reflected off
reflective device 14 remains unknown but is used to

35 determine a relative standard by which the radiation




35 being emtted by calibrating Iight source 42, and 980CT2003 WO 00/ 66987-
18 PCT/] B00/ 00506 scatters the light in randomdirections. In ond80CT 2003
enbodinengNOQR%&ﬁger 52 can be a thin sheet of a transparent refractive
material such as quartz, glass or sapphire, wherein at |eastPeREBYMHsce of
the sheet 5 has been roughened. In an alternative enbodinent, diffuser 52
can be a layer of material nmade fromspgall transparent and discrete
particles which scatter light at the vel ength at which the radiation

sensi ng desegeingPaeatiees RS | . di e .particles _can be 10 made, for
i nstance, from quartz, gl ass. sap i?%#ﬁg%g£ﬁgncr SF a8 urtum oxi de.

In a further a¥ t SRRgALPEdh R dErtioni énséng5deviarshesa ehedhe of

transparentimbt sl dly ety s JBRY, I 1.GLOSGORI:C, bubbl es whi ch serve
to scatter ;the 15 I? Again, int igﬂgnéggpﬁén?% ﬁﬁgh'1QQEﬁ§Ycan be

I_ght .
nmade fron1dﬂ%}?9,rﬁﬁg§§tﬁﬂ Sffhireflectivetdevigaother @nmiadi nent of the
present | mveatiped dalhuSehes? Kakbhes 0ge LLGQES or ot her
sinilar devi ce3 tgat di vi de |1 ght peﬁsg @mrg?gggégegé%lﬁﬁ §PF ng | i ght
source 42 and t¥chINPhBrACESREE | HHint thecahanbari onAtppesiilizach of t he

radi ation inﬂstmgldevt@ﬁ&e&%i¢%ﬂdéﬁf&énﬂ4'éSthéoﬁiﬁéeézi%mﬂﬁ%Ei
predeterniqgﬁi %ﬁu % of _Li.ght. ener when_cal i1 bratTng radiati sensi ng
devi ces 28 accor 5 foTRfd feshRAt fBRices A28 sGamnben usieglr e 1,

cal i brati ngF9 imgRseDer thed Ameamt hef | TEGOEMeb ey | 981 Myt Ped1li @iy channel
441%hat Off the reflective device based on light being emitted
by calibrating light source 42. This measured value
can then be compared to the reference value that was
measured previously. If necessary, adjustments can be
made to the radiation sensing devices so that the .

15 sensing devices once again sense the referenced value,
which eliminates inconsistencies when further
Processes are conducted in the chamber.

In accordance with the present invention, when
calibrating the radiation'sensing devices found within
the chamber, preferably the calibration is carried out
as close as possible to actual process conditions. 1In

20

‘this manner, radiation sensing devices 28 produce
accurate and reliable measurements which allow process
conditions to be precisely controlled in the chamber.

-3 Referring to Figqure 1, system 10 further includeé'
a system controller 50 which can be, for instance, a
microprocessor. Controller 50 receives voltage .
signals from light detectors 30 that represent the
radiation amounts being sampled at the various

3¢ locations. Based on the signals received, controller
50 is configured to calculate the temperature of-
wafers contained in the chamber.

System controller 50 as shown in Figure 1 can

also be in communication with lamp power controller

;5 25. In this arrangement, controller 50 can calculate



dirrects the light energy onto a particular |location of reflecting device
14. Alternatively, however, 30 calibrating |ight source 42 can b&8 0CT 2003
positioned:,closer to reflective device 14 without the use of |ight
* channel 4wo doregéar source 42 used in the system of the preserCT/IBOG@AGG ON
can generally be any device that is capable 35 of emtting a determ nable
anmount of |ight energy. 0'6 OCT 2003 WD 00/ 66987 19 PCT/ I BOQ 00506 For

i nstance, |ight source 42 can be aRli ncandescent |ight bulb, a solid state
device such as a laser diode, a light emtting diode, a gas |aser, a non-
coher enthgasemperedwie P fisaanades. | ang, basede$™ §hfious ot her devi ces.

| ordeg.g,akLr AhfrdafhaibAn 2eRELEY UAY c@HurdS dn @eeamdmnce with the
present Tnvention, callbrating |light source 42 emts |I$ht ener gy which
. i's refl eneegdybpeisid arivtedebycdamps e adsut s MPRTGht energy that is

refLeCtEHEQXnE%HéﬂﬁéV@ﬁ?ﬁ%f&%n%ﬁ cah bhee ma@earfitdatgwheh the radiation

sensi ng evices operate” has a preset val ue. Fadiatiqg%sens¥q? devi ces 28
. @re t hegonddd iomsraektr dnt Feaghntl 200N | ST BT ng2tef il ected of f
reflect{;gg_hq_%viccc&elﬁli§ FbetRAaswged ivdltee is conpared to the preset value

and_, I f hecéssary, the Tadiation sensi devj ces ar adijgs‘sgg or
cal i brat ed a@dbm%g??b°¢ﬁé13&tesé%°%qag'efro\rgq H&T |§h§?energy Bei ng
reflect g Qhfeduit B641Ng dovitellbttar kel aeirersiibthigOtheantitatively
neanlngé?égzgjy‘ggéeigg@gﬁcév controller 50 can be used to
10 control the flow rate of gases entering chamber 12
through gas inlet 18. As spown,_controller 50 can
further be used to control the rate at which wafer 14
is rotated within the chamber.
In accordance with the present invention, system
15 controller 50 can also be used to automatically
calibrate radiation sensing devices 27. In
particular, the preset value can be stored within
controller 50. The controller can then be configured
to compare the preset value to the measured value and
20 make adjustments as necessary.
Further, in one embodiment, controller 50 can
also be in communication with calibrating light source
42. TIn this manner, controller 50 can be used to
control when calibrating light source 42 emits light:

S and the amount of light that is emitted. For example,
in one embodiment, a radiation sensing device can be
included in the system for monitoring the amount of
light energy that is emitted by calibrating light
source 42. This information can be provided to system

301 controller 50. 'System controller 50 can then <djust
the amount of power that is fed to calibrating light
source 42 in order to ensure that the amount of light
energy being emitted by the calibrating light source
remains constant.

35 Referring now to Figures 3 and 4, another



qualitatively neaning determ ned according to sone relative standard. The.
preset value can be directly determ ned by know ng the anount oﬂﬂmﬂhmm
energy being emtted by calibrating light source 42 and by knowing "5t

per cent agv®@00/46987 | i ght energy that is reflected off refledomsosiessse 14
such as by knowing the reflectivity of the reflective device. Wth

know edge of these variables, the anobunt of |ight energy that should be
recorded by radiation sensing devices 38 can 30 be easily cal cul ated and
conpared to the neasured value. In an alternative enbodi nent, however, the

actual anouRte@hadthé em:engmtah@t olfS abeiang prefdiert adigft ssefkective

device 14 r i ns, unkno I s.used tqo 35 determ.ne a reJ tive standard
by whi ch thggﬁ %aﬁ an® e§%6§§266§l9\5 ad/ 6‘6’9&?7'2%‘:{1 06%86 sensing

devi ces canplresedt binvedtibar iexanpustriatedt.hi &selaimsijﬁﬁﬂfﬁd apgiation
oSN oV R AL AR A8y R b ALk S A Taq e d e TR Bhal ) ot
thensbecone&m&ﬂﬁ&rmylceammbnathﬂg 1¢gnd:ustomg~.epr4aceis-s%s nvaﬁﬂféfi &he
chanmber. At erl | vals,_ refl ectijve device 14 can be ced in the
chanber and %%nrg‘gﬁg‘ RN e P TR R T Cﬁ’o% tfe anmount
of light en@b@y skmmgameﬁhpcbeﬁd_li@hmf Bttt hber eplegattiingy deawalemgsied on | i ght
CeLno S LS, e SABaLA hudlbsauee e R TSRy vl e o
necessary, adjghdi feeingcenibsed by calibrating light source 42 .15
10 directed into the interior of reflective device 14.
Reflective device 14 is configured to disperse the
light prior to exiting the device. Specifically,
reflective device 14 is configured to disperse and
scatter the light so that light energy exiting
15 reflective device 14 is constant over the surface
expoéed to the radiation sensing devices.
In this embodiment, reflective device 14 can be
constructed out of a thin semitransparent plate, such
as a plate made from quartz or sapphire. The surfaces
20 of the plate can be rough or prismatic in order to
distribute the light enerqgy entering the plate. In
order for the light energy to be directed into the
plate, the plate can include a small portion just
opposite the light source whlch is peolished and allows
25 penetration of the light energy into the plate.
Alternatively, reflective device 14 can include a
small opening aligned with calibrating light source
42.

. In this embodiment, calibrating light source 42
30 can be located in any position that will facilitaﬁe
directing the light energy‘being emitted by the light
source into the reflective device. For exanmple,
besides the configuration illustrated in Figure 3,
calibrating light source 42 can also be placed along

35 the side of reflective device 14 or at the top of



made to the radiation sensing devices so that the 15 sensing deviceﬁ%ﬁgﬁf
agai n sense the referenced value, which elimnates inconsistencies 2003
further processes are conducted in the chanber. In accordance with the
present invention, when calibrating the radiation sensing devices found
within 20 the chanber, preferably the calibration is carried out as close
as possible to actual process conditions. In this manner, radiation
sensi ng devi ces 28 produce accurate a reliabl e neasurenents which all ow
process conditions to be precisely controlled in the chanber. Referring to
Figure 1, system 10 further includes’ a systemcontroller 50 which can be,
for instance, a mcroprocessor. Controller 50 receives voltage signals

fromlig O that represent the radiation anmounts bei ng sanpl ed
at the vggkgﬁéeé%g{oggtlons Based on the signals received, controller 50

i's configuredltt sh&wad Cbd afrRefshRdt BHPe4sPédis ©fOthe WafiSdsS eﬁfbﬂaﬁ‘ﬂla&d hiy Hee
chanber. Systen1contro||er 50 as shown in Figure 1 can also be in

communi CH‘E‘?TW othaimpvhdewer i part. rE}hﬂlGrmmSSt}@&: of orditrary skillriarthe axt rvi]!
controll 0 00/ 669 PCT/ TB00100506 t he
t enper at ?tg %?A f"?‘l‘@t‘%ﬁ &Sg'%%tbonolﬁ ﬁ'éay 51"813?% Oé‘gy’laﬁflé? IRtoptsAded 8y ¢ o

t he annummnahehhenMG¢ energy being emtted by lanps 24. in this manner,

i nst ant aneous adj ustnents can be nade regarding the 5 conditions within
reactor 12 for processing the wafer wthin carefully controlled limts.



_I'n one enbodi nent, controller 50 can also be used to automatically control
other elenments within the system For instance, controller 50 carl b8CTgesg
‘'to 10 control the flow rate of gases entering chanber 12 through gas inlet
-18. As shown, controller 50 can further be used to control the rate at
which wafer 14 is rotated within the chanber. In accordance with the
present invention, system 15 controllgr 50 can al so be used to
automatically calibrate radiation sensing devices 27. In particular, the
preset value can be stored within controller 50. The controller can then
be configured to conpare-the preset value to the neasured val ue and 20
make adjustnents as necessary. Further, in one enbodiment, controller 50
can also be in communication with callbratlng | ight source 42. In this
manner, controller 50 can be used to control when calibrating |ight source
42 em twhéf idjaimeynd: the anmount of light that is emtted. For exanple, in
one enbodi nent, a radi ation sensing device can be included in the system

for nonitoring the amount of |ight energy that is emtted by calibrating
| i ght so rc 6 Thi | nformati on can be provided to system 30- controller
50. Sydt don %%" eling\d temeRralija sensing dedieine tHPMPalRioCcestngi s f ed

to cal icgéﬁfb'e? ’t&;}bp{ﬁﬂgqﬁgs Jd gy order to ensure that the anount of |ight

ener gy bel ng he cal'l brating |ight source remains constant. 35
Referring now to Figures 3 and 4, another 0 8 O CT 2003 WD 00/ 66987
PCT/1 B%?c/w? 38% %rmal processing chamber (12), said thermal processing chamber (12)
containing a plurality of radiation sensing devices (27} for monitoring the temperature of
a semiconductor wafer placed in said chamber (12), said chamber (12) further including

a calibrating light source (42);

placing a reflective device (14} within said thermal processing chamber (12), said
reflective device being positioned opposite said plurahty of radiation sensing devices
(27);

emitting light energy from said calibrating light source (42) onto said reflective device
(14), said reflective device (14) reflecting an amount of light energy having a preset

value characterized in;

sensing said light energy being reflected from said reflective device (14) by said

plurality of radiation sensing devices (27); and

calibrating said plurality of radiation sensing devices (27) based upon the amount of
light energy sensed by said plurality of radiation sensing devices (27) in relation with the

preset value;

wherein said light energy emitted by said calibrating light source (42) is directed into
said reflective device (14);



.alternative enbodinment of a calibrating light source 42 and a reflecting
device 14 in accordance with the present invention is illustratedfg/s

"descri bed above, reflective device 14 should reflect |ight energy belJ&mg
-emitted by calibrating light source 42 in a manner so that the radiation
sensing devices are each exposed to the sanme anount of |ight at the
operating wavel ength. In the enbodi t illustrated in Figures 3 and 4,
light being emtted by calibrating |ight source 42 is 10 directed into the
interior of reflective device 14. Reflective device 14 is configured to
di sperse the |light prior to exiting the device. Specifically, reflective
device 14 is configured to disperse and scatter the light so that |ight
energy exiting 15 reflective device 14 is constant over the surface
exposed to the radiation sensing devices. In this enbodi nent, reflective.
devi ce t ﬁgmh ,ﬁﬂﬁgﬁ : such as
a pl at géﬁlﬁfggé]g ?ggmdggigﬁt(gﬂgéﬁggﬁﬁq rggdm e'egﬁr acg(g 2 (%? Ej:?le 'gﬁg Q@ can be
rough befqmsadahglat énergy esits aodds sensdxliby selieplurality ofradliatioreseresingng t he
plate. jin for the light energy to be directed into the plate, the
plate 084 Pﬁé e a small portion just opposite the |ight source which is
polished and all ows 25 penetration of the light energy into the plate.
Alternatively, reflective device 14 can include a snall opening aligned
wi t h c@l Theanethgd asﬂefrmijinaﬂam.t whetdin saishtadiatiomndensired dévieei(2g) | i ght
source 42 30 can be | oc d in any position that will facilitate directing

the Ii §R'E"Pé'ﬁ8?®p368m?éef ted by the light source into the reflective
devi ce. For exanpl e, )

3. The method as defined in claim 1, wherein said radiation sensing device (27) senses
said light energy at a preset wavelength.

4. The method as defined in claim 3, wherein said reflective device (14) comprises a
substrate having a reflective surface, said reflective surface having a reflectivity of at

_ least 0.9 at said preset wavelength.

5. The method as defined in claim 1, wherein said reflective device (14) comprises a
substrate having a reflective surface, said reflective surface being made from a material

comprising a dielectric composition or a metal.

6. The method as defined in claim 1, wherein said reflective device (14) comprises a

substrate having a reflective surface, said reflective surface being substantially diffuse.

7. The method as defined in claim 1, wherein said chamber (12) being in
communication with a plurality of light energy sources (24) for heating semiconductor

wafers (14) contained in said chamber (12).

8. The method as defined in claim 8, wherein said reflective device (14) comprises a
quartz plate having a rough surface, said rough surface being 'positioned opposite to
said plurality of radiation sensing devices (27).



.besides the configuration illustrated in Figure 3, calibrating |ight
source 42 can al so be placed along 35 the side of reflective deV|&&UQﬂ

“at the top of 00 OCT 20G3 23 reflective device 14. It should be understo d
“that aspects of the various enbodi nents may be interchanged both in whole
or in part. Furthernore, those of ordinary skill in the art wll

appreci ate that the foregoing descripbgon is by way of exanple only, and is
not intended to |limt the invention. 0 6 OCT 7003 24 What is claimed is:

1. Anethod for calibrating a tenperature sensing device in a therna
processing chanber (12) conprising the steps of: providing a thermnal
processi ng chanber (12), said thermal processing chanber (12) containing a
plurality of radiation sensing devices (27) for nonitoring the tenperature
of a sem conductor wafer placed in said chanber (12), said chamber (12)
further including a calibrating Iight source (42); placing a reflective

device (14 t hin s d .t her mal r cessi anber (1 said reflective
v ce%béh Mpthod J@ Gbiptingn BmebElie sering deycain edabipadiosernng

devi ce gy fromsaid calibrating |ight source
(42) o%t O&.'S%él} %ﬁin%'t%; e?@%f( 14), said reflective device (14)

reflectl ng an am)unt of light energy having a preset val ue char acteri zed
sensin sal t ener ei r sai d reflect Vi ce

(1) " praidtnd 3heradl brcess i herthy (ehs aﬁgﬂm BEHE35IS SRS 165 ot | ng

said p k RN 7 RTRe

i ght gﬁ@%&lﬁ% ?ﬁlu@%@iﬁ&%ﬁpl urar[%(\j/jeé*ﬁ tfl))(r)n sengrl gﬂ%gé\}ﬁges %37‘3 in

rel at i arsemicbndutor yetergtlacexd mlesalmlchamberiaaz);l shidpttiameber (2 ) daitheradclodingai d

?ilzll) brgtclaﬂ ltijn%qltgh ggalgcee (%%) is directed into said reflective device

piacing a reflective device (14) within said thermal processing chamber (12), said
reflective device being positioned opposite said plurality of radiation sensing devices
(27); '

emitting light energy from said calibrating light source (42) onto said reflective device
(14), said reflective device (14) reflecting an amount of light energy having a preset

vaiue characterized in;

sensing said light energy being reflected from said reflective device (14) by said

plurality of radiation sensing devices (27); and

calibrating said plurality of radiation sensing devices (27) based upon the amount of
light energy sensed by said plurality of radiation sensing devices (27) in relation with the

preset value;

wherein said reflective device (14) is configured to scatter said light energy so that each
of said radiation sensing devices (27) is exposed to substantially the same intensity of

light having a preset value; and



.0 s OCT 2003 25 said reflecting device (14) dispersing said |light energy

t hr oughout sai d device (14) before said |light energy exits and is (5805&@003
by said plurality of radiation sensing devices (27). 2. The nmethod as
-defined in claim1, wherein said radiation sensing device (27) conprises a
pyrometer (30). 3. The nethod as defined in claim1, wherein said radiation
sensi ng device (27) senses said |lightyzenergy at a preset wavel ength. 4.
The nethod as defined in claim3, wherein said reflective device (14)
conprises a substrate having a reflective surface, said reflective surface
having a reflectivity of at least 0.9 at said preset wavel ength. 5. The
met hod as defined in claiml, wherein said reflective device (14) conprises
a substrate having a reflective surface, said reflective surface being
made froma material conprising a dielectric conposition or a netal. 6.
The netdendingssaie reffaded ligld tay said), plwiaityedfradaition rsehkigt devicatepzg at 614)
conprises a substrate having a reflective surface, said reflective surface
bei ng JiedeteAningd wavglergfle. 7. The nethod as defined in claim1, wherein
sai d chanber (12) being in comunication with a plurality of |ight energy
sources (24) for heating sem conductor wafers (14) contained in said
chanber1 (o TRe.métholinsf a1 odwherdieshitestesat whaelghGh iR iaBoee0 ® mrEdestd ve
devi ce 14% conprises a quartz plate having a rough surface, said rough
sur f ac@beut AENIBEANS: i oned opposite to said plurality of radiation sensing
devices (27). 08 OCT 2003 .26 9. A nethod for calibrating a tenperature
sensing device in a thermal processing chanber (12) conprising the steps
of 1 pr avi, Thegnethodesfrakinpd pwhesdim gaidhadibedtinglight searcé émis iRftargd GgBESi Ng
chanber (12) <containing a plurality of radiation sensing devices (27) for
monitoring the tenperature of a sem conductor wafer placed in said chanber

(12, 72 e 4l o100 BB s

(12), sawvihg a reflective surface, said reflective surface being rough in order to scatter said

light energy being emitted by said calibrating light source (42).

13. The method of claim 9, wherein said reflective device (14) comprises a substrate
having a reflective surface, said reflective surface having a reflectivity of at least about

0.9 at said predetermined wavelength.

14. The method of claim 9, wherein said reflective device (14) comprises a substrate
having a reflective surface, said reflective surface being made from a material

comprising a dielectric composition.

15. The method of claim 14, wherein said reflective device (14) has a wafer-like shape.

16. The method of claim 14, wherein said substrate is made from a material selected
from the group consisting of quartz and silicon carbide and wherein said reflective
surface comprises a coating applied to said substrate made from a dielectric

composition.



.reflective device being positioned opposite said plurality of radlatloa
sensing devices (27); emtting |light energy fromsaid calibratlng ﬁZMﬁ
source (42) onto said reflective device (14), said reflective device (14)
‘reflecting an anount of |ight energy having a preset value characterized
in; sensing said light energy being reflected fromsaid reflective device
(14) by said plurality of radiation gsgnsing devices (27); and calibrating
said plurality of radiation sensing devices (27) based upon the anount of

| i ght energy sensed by said plurality of radiation sensing devices (27) in
relation with the preset value; wherein said reflective device (14) is
configured to scatter said light energy so that each of said radiation
sensi ng devices (27) is exposed to substantially the same intensity of

i ght having a preset value; and G8 O C T 2003 27 sensing said reflected
| i ght HY. $hednethodals defiredd inadaiat 8 pwheesirs saigl I'cghtiemesgy( emjttext by said
predet er m ned wavel engt

R 10. .The t hod. of claim Wzge n. sai.d preset
wavel efghiratiog fight,silee 43) '§ directeshibte saidygfigetive ﬂ?\’ﬂF% ), $3id reflecting nod of

I 12.
he’ o RBTFA Baptidhd SO ey SR SR it (1408 Lol

subst r energyeniisrandiisrsdnisedtbysaid wpidrality, of sad mitloafsleeustng\/rzhze\m«avm:zc @99. bei ng r ough

in order to scatter said light energy being emtted by said calibrating
light source (42) 13. The method of claim9, wherein said reflective
device 1g1lhe SAHIRR AP 17 Ve SaidteBeive/devits { AbRoridlidts a
reflectlve sur ace aving a reflectivity of at |east about 9 at said

pr edet quaﬂmplhthhraslrg\zgmugrlsurfﬁt&a sait rughofurfdcsl Ieing paisdiosied appiogite to

reflective deyjce rlse a su rate having a reflective surface,
sai d réP!déE!F'f b’@ﬂ%ﬁ&% \9 ??&?)a material comprising a dielectric

conposition. 15. The net hod of claim 14, wherein said reflective device
(14) has a wafer-like shape. 16. The nethod of claim 14, wherein said
subst r 48eAnappacrius fonealihraling teinp%l'étlUQtS@@SIHQr@?Hlﬁ%(er)dﬂl therpial ipseasgings

quartzc Qr?]b%'rs! l@%oﬁ%r@rgge. and wherein said reflective

a chamber (12) adapted to receive semiconductor wafers,

a heating source (22) in communication with said chamber for heating a semiconductor

wafer when contained therein,

at least one radiation sensing device (27) for monitoring the temperature of

semiconductor wafers contained in said chamber (12),

a reflective device (14) positioned opposite said at least one radiation sensing device
(27),

a calibrating light source (42) for emitting light energy towards said reflective device
(14), wherein said reflective device (14) is configured to reflect said light energy, said

light energy having a preset value, characterized in that



. surface conprises a coating applied to said substrate nade froma
dielectric conposition. 08CCT 200 28 17. The nmet hod as defined in cJ &gl 9003
wherein said |ight energy emtted by said calibrating light source (42) is
-directed into said reflective device (14), said reflecting device (14)

di spersing said |ight energy throughout said device (14) before said |ight
energy exits and is sensed by said plygality of radiation sensing devices
(27). 18. The nethod as defined in claim 17, wherein said reflective device
(14) conprises a quartz plate having a rough surface, said rough surface
bei ng positioned opposite to said plurality of radiation sensing devices
(27). 19. An apparatus for calibrating tenperature sensing devices (27) in
t hermal processing chanbers (12) conprising: a chanber (12) adapted to
recei ve sem conductor wafers, a heating source (22) in conmunication with
sai d clighternitiedrbynitat calipratireeigieodosy (12) igairectedhin henheiipeds sd1gr ei n, at

| east one radi ation sensing device (27) for nonitoring the tenperature of
sem cofRflesting dexicerd4dont ai ned i n said chanber (12), a reflective device
(14) positioned opposite said at | east one radiation sensing device (27),
a calibrating |ight source (42) for emtting |ight energy towards said

r ef | ecROVEhd@appatatus b claimheg, eviierem shid eéflexting\devilay {128 olshbrsé ng ephiteur ed
to reflect said |light energy, said |ight energy having a preset val ue,
char acthg gt @rio te gxiting seidreflectingdevieg (1dhht enitted by the calibrating

i ght source (42) is directed into the interior of said reflecting device
(14). 20. The apparatus of claim 19, wherein said reflecting device (14)

di sper 2¢. Thel appatdtas of chaml 2@ Wheareinasaid eefiadtive igviel @ 4) &f ¢@figurad gevi ce
-(14). 21. The a ,ahatus of claim20, wherein said reflective device (14)
is- co ﬁpstﬁeeﬁﬁ'a 39 tieagwyda asmagner s that each ofisgidiradialinn sensingidevieash of

sai d raghat | | ¥ J i .ght energy at

sai d 1 ey Fgﬁ?%ﬁ?alﬁgﬁi%ﬁéggg?% §L§€&snf.aﬁ|y%8%§ﬁ9e endi§t
22. The apparatus of claim 21, wherein said reflective device (14) comprises a quartz
plate having a rough surface.

23. The apparatus of claim 19, wherein said chamber (12) further comprises a
substrate holder (15) for holding semiconductor wafers, said reflective device (14)
having a wafer like shape and being configured to be placed on the substrate holder
{15) when calibrating said at least one radiation sensing device (27).

24. The apparatus of claim 19, wherein said heat source (22) comprises a plurality of
light energy sources (24).

25. The apparatus of claim 19, wherein said at least one radiation sensing device (27)

comprises a pyrometer (30).

26. The apparatus of claim 19, wherein said apparatus comprises a controller (50) in
communication with said at least one radiation sensing device (27), said controller (50)
being configured to receive information from said radiation sensing device (27) when

sensing said light energy being reflected from said reflecting device (14), said controlier



.22. The apparatus of claim 21, wherein said reflective device (14)
conprises a quartz plate having a rough surface. 23. The apparatus @ 0CT 2003
claim19, wherein said chanber (12) further conprises a substrate hol der
-(15) for holding sem conductor wafers, said reflective device (14) having
a wafer |ike shape and being configured to be placed on the substrate

hol der (15) when calibrating said at 3geast one radi ati on sensi ng devi ce
(27). 24. The apparatus of claim 19, wherein said heat source (22)
conprises a plurality of [light energy sources (24). 25. The apparatus of"
claim 19, wherein said at |east one radiation sensing device (27)
conprises a pyroneter (30). 26. The apparatus of claim 19, wherein said
apparatus conprises a controller (50) in comunication with said at | east
one radi ation sensing device (27), said controller (50) being configured
tor ecéﬁﬁbbéin@mﬁghmd fior catibsate daidhal leasbons mﬂiaﬁqm densing dexice (B¢ based

Sai'd camsiarap of TR S0eJeBbepERy BEshy taHY shls poecal PORG B o ar
| east ggﬂrlhq.ga%bhq@”ﬁggﬁﬁgsgpy IG€ (27) based on the anount of reflected
ne

| i ght gy sense east one reflective device (27) in
relation with said preset value 27 The apparatus of claim 19, wherein

sai d at st one radi.ati.on deV| rises lLur.al i

ot omat2d: TS apparate HT A SRRy Sl it e e SR S hs i teige i
radi at gﬁﬁin ()2 27,
V\/nelrel 'ﬁﬂggﬁﬁe g?ﬁglectftgbpg Vi C %@ﬁwg%ﬂgrpggggggﬁssubst?ﬁggoﬁgvﬁgltg

r ef | ectsense sherival eadiatiod aterrpredetemrrmﬁWawehgth ng a reflectivity of at

| east 0.9 at said predeterm ned wavel ength. 29. The apparatus of claim 27,
wherein said reflective device (14) conprises a substrate having a

ref| ethBV%éngg@?ﬁu%f%mﬁﬂp Wher@h Sdilablleaiver devic)( ) Sopisiyiesi

conposition he apparatus of claim 27, wherein said reflective device
(14) haubsigate hasving etrefiectivesuriacs, saig reflecivecssurface having arefectidty it gur ed

to scate said calibration |light source
- (42) i t&%ﬁ&a@@e@ﬁé{eﬁé@% @g\@%ﬁgt pyroneters (30) is exposed to |ight
at substantially the sane intensity.
29. The apparatus of claim 27, wherein said reflective device (14) comprises a

substrate having a reflective surface being made of material comprising a dielectric

composition.

30. The apparatus of ciaim 27, wherein said reflective device {14) having a reflective
surface, said reflective surface being configured to scatter light energy being emitted by
said calibration fight source (42) in a manner so that each of said pyrometers (30} is

exposed to light at substantially the same intensity.




