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THERMAL PROCESSI NG SYSTEM 5 Background of the Invention The present
invention relates to a systemand nethod for determning a paraneter of a
solid object or workpiece, such as a sem conductor wafer, or of a thernal
processing system and nore particularly relates to a system and nethod for
10 determning, in real time, the stray Iight conponent in a thernal
processi ng system Thermal processing furnaces have been w dely known and
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application of an oxi | ayer to the fer eposition
vapor layer to the wafer. The heating requirements of the wafer during

processing are known andhevelal proneteingtfoadcesande bdunswiabs 1GhAsehy w1 or ed.
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furnaces typically employ either a horizontal-type furnace or a vertical-type furnace.

For some applications, vertical-type furnaces are preferred because they create less

particles during use, thus decreasing the incidence of contamination and wafer

20 waste, they can be easily automated, and they require less floor space because of
their relatively small footprint.

_ Both conventional types of furnaces are designed to heat
semiconductor wafers to desired temperatures to promote either diffusion of
25 implanted dopants to a desired depth while maintaining line width smaller than 1
micron, as known, or to perform other conventional processing techniques, such as
the application of an oxide layer to the wafer or deposition of a chemical vapor layer
to the wafer. The heating requirements of the wafer during processing are known

and well understood, and thus are closely monitored,
30



. and parallel to the wafer-boat assenbly to transfer the sem ¢con&uai07004
wafers from wafer cassettes to the wafer-boat assenbly. The wafers are
then raised into a quartz or silicon heating tube. The tube is then slowy
raised to the desired tenperature and naintained at that tenperature for
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Pyrometry has been one method of choice for non-contact
temperature measurements of a silicon wafer during processing in a thermal
processing furnace, but it suffers from known drawbacks. One drawback is that the

25  emissivity of the wafer backside must be known in order to attain accurate
temperature measurements. Typically, silicon wafers have backside layers that can
drastically alter the spectral emissivity of the wafer through interference effects,
which can lead to temperature measurement errors during processing. Furthermore,
the emissivity of the wafer is dependent on the backside surface roughness and wafer

30 temperature. All of these drawbacks make the determination or prediction of wafer
emissivity a difficult task.

Prior art techniques have attempted to measure the wafer emissivity
in situ, that is, within the furnace or heating chamber, in order to measure the
35  temperature of the wafer during processing. One prior art method for determining
wafer emissivity is to employ an AC ripple technique, as set forth, for instance, in
U.S. Patent No. 5,310,260. A light source is employed to illuminate the wafer
backside within a heating chamber of the thermal processing apparatus. The



magni tude of the AC conponents of the source are extracted. Theecaadeetood
em ssivity is then calculated using a ripple equation. A drawback of this
approach is that it occurs conpletely within the heating or process
chanber of the thermal processing 5 furnace, and hence it is difficult, if
not inpossible, to hem spherically and uniBormy illum nate the wafer
therein. Consequently, it is difficult to accurately determne wafer
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measuring the radiation flux within the chamber. This measured radiation value is
aggregated with the radiation emitted by the wafer, and employed to determine the
wafer temperature. Since the wafer emittance is all that is desired, the pyrometer

25  signal does not accurately measure radiation emitted just from the wafer.
Conventional systems cannot accurately and completely compensate for this stray
light component, and hence have difficulty achieving the temperature accuracy
required by modern manufacturing techniques.

30 Due to the foregoing and other shortcomings of prior art thermal
processing furnaces, an object of the present invention is to provide a system for
accurately determining, in real time, the wafer emissivity.

Another object of the invention is to provide a system for measuring
35  and correcting for stray light within the process chamber.

Other general and more specific objects of the invention will in part be
obvious and will in part appear from the drawings and description which follow.



13 Novenber 2004 Sunmary of the Invention In accordance with a first aspect
of the present invention, there is provided a systemfor determ ning the
amount of stray radiation present in a heating chanber of & Nevprahenlo4
processing furnace, said system conptising a furnace housing defining a
heating chanber, a detector optically coupled to the heating chanber for
det ect i ng Simmnmazgicfithedimvemi@sent i n t he heati ng chanber, and a control
stage for correlating the radiation detected by the detector with the
amount of st rad¥ acaerdanseowithp fine aspent iofghe waespilr inventione dlanre 4 peovidadha a
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anot her enbodi nent, the detector generates an output signal proportional
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stray , X . .
a function of the vertical position of the wafer within the heating chamber, The control stage

then correlates the detected total radiation with the vertical position of the wafer to correlate
the total radiation reflected therefrom with the stray radiation. The control stage may
determine the emitted radiation to be nominal when the wafer is disposed at a generally low
temperature, for example, is disposed at a temperature below the ultimate wafer processing
temperature, and then equates the total radiation with the stray radiation. Once the amount of
stray radiation within the chamber is determined, the system can correct or compensate for
this radiation during thermal processing of the wafer.

According to yet another embodiment, the detector generates an output signal
proportional to the radiation emitted by the wafer and proportional to the amount of stray
radiation within the



radiation wthin the 13 Novenber 2004 5 heating chanber, such that the
stray radiation constitutes the total anount of radiation within the
heating chanber when the wafer is disposed at a generally 0¥ e peP4t ure.
According to another enbodi nent, theswafer is disposed or maintained at a
generally low tenperature, such that the wafer is not substantially heated
In the heating chanber when noved through the vertical positions.
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The example embodiments also provide systems and methods for determining the
emissivity of a wafer during processing in a heating chamber of a thermal processing
apparatus. The system and method in an example embodiment provide apparatus for
determining the reflectivity of the wafer outside of the heating chamber of the thermal
processing apparatus, and then determining the intensity of radiation reflected from the wafer
when disposed within the heating chamber. The wafer reflectivity determined outside of the
thermal processing apparatus (ex sifu) is correlated with the intensity of the reflected radiation
of the wafer determined within the heating chamber to determine the reflectivity of the wafer
within the chamber (i sifu). The system then determines the emissivity of the wafer in real
time, during processing, from the ir situ wafer reflectivity.

In an example embodiment, the system determines the ex situ wafer reflectivity
by measuring the hemispherical directional reflectivity of the wafer prior to thermal processing
the wafer



I n an exanpl e enbodi ment, the system determ nes the ex situ wafer
reflectivity by nmeasuring the hem spherical directional reflectivity of
the wafer prior to thermal processing the wafer 13 NovenbBrNa2@ihr 304 t hi n
t he heating chanber of the thermal processing apparatus. Specifically, the
systemmay generally uniformy and for exanple hem spherically illum nate
a portion of the wafer with radiation froma radiation source, and then
nmeasure the intensity of the radiatitbn reflected fromthat portion of the
wafer. Optionally, the systemnmay then neasure the intensity of the
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choppeefleclioitp httasigethentyet anot her enbodi nent, the system and net hod
determne the intensity of reflected radi ation of the wafer within the
heati ng chanber by illumnating the wafer within the heating chanber with
a radi ation ségcwdingdndmoties embadindng thespstentgenedlly upifomalgi idtnbmtasef | ect ed
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The Sytgl gt eflecte e wafer measures the 1nten31ty of the radiation reﬂected by the
wafer and emitted by the radiation source, determines a selected mathematical relationship
between the measured intensity of the reflected radiation and the radiation from the radiation
source, and generates a calibration curve correlating the reflectivity of the wafer with the
mathematical relationship. The system may then determine the reflectivity of the wafer from
the calibration curve. The radiation emitted by the radiation source may be modulated by

suitable structure, such as a chopper.

(

According to yet another embodiment, the system and method determine the
intensity of reflected radiation of the wafer within the heating chamber by illuminating the
water within the heating chamber with a radiation source, and measuring the intensity of the
radiation reflected from the wafer within the chamber with a detector. The detector generates
an output signal proportional to the intensity of the reflected radiation. The system then
correlates the reflectivity of the wafer within the chamber with the intensity of the measured
reflected radiation of the wafer within the chamber, and determines the reflectivity of the
wafer within the chamber by R = K AVy,, where R is the reflectivity of the wafer within the
heating chamber, X is



correlates the reflectivity of the wafer within the chanber with the
intensity of the nmeasured reflected radiation of the wafer within the
chanmber, and deternmines the reflectivity of the wafer w tBiNvvédtber ¥phnber
by R= K AW, where Ris the reflectjvity of the wafer within the heating
chanber, K is 13 Novenber 2004 7 a constant of proportionality, and AVWis
the intensity of the radiation reflected fromthe wafer wthin the
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real tjee, yaf.e c}ga%}%e?ctivity fromthe neasured reflected radiation and the
constant o péopor lonality. The systemthen determines the em ssivity of
the wafer fromthe wafer reflectivity during processing. According to
anot her enbodi/Msarding t9eyves gaethen enbpdiaenss thesestemand anetbed then colculsfestthe waf er
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the radiation intensity and associ ated wafer position during nmeasurenent.
The syst em camabsimgressmotter ehbodinsait, hé eystdm tcen deteymint thd eefleativigt | on
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Accordi ng to anot her enbodi ment, the system and nethod provide a radiation
source to ill Wucomiirg tohgetvaiotier Wathodihapomhe Gyweinnindved 6r bRadpsntie Gaaber

chambarourh e hEIEUhanbalC abd LBy AGE sl pETIAR el e can
opt i ol Wpfes sween, attslerapacoraiianilyaneasating theddtensityonf the cadiation reflected from
the wafer within the chamber at one or more wafer positions. The system stores the radiation
intensity and associated wafer position during measurement. The system can also measure the
radiation intensity of the radiation reflected from the wafer within the chamber at one or more
water positions, and calculate the constant of proportionality K to facilitate the determination
of the reflectivity of the wafer during processing.

According to another embodiment, the system and method provide a radiation
source to illuminate the wafer when disposed within the heating chamber, and detect or
measure the total radiation from the wafer in the heating chamber with a detector as the wafer
moves therethrough. The system can optionally correlate the measured total radiation from
the wafer with radiation originating from sources other than the wafer, and determine the
amount of radiation emitted from the wafer by subtracting the radiation originating from
sources other than said wafer from the total measured radiation. The system can then
determine the temperature of the wafer during processing from the wafer emissivity and from
the radiation emitted from the wafer.

According to yet another embodiment, the system and method determine the
reflectivity of a workpiece during processing in a heating chamber of a thermal processing



the wafer with radiation originating from sources other thaniibeematens and
determ ne the anount of radiation emtted fromthe wafer by subtracting
the radiation originating from sources other than said wafer fromthe
total neasured radiation. The system can then determ ne the tenperature of
the wafer during processing fromthe wafer &m ssivity and from the
radiation emtted fromthe wafer. According to yet another enbodi nent, the
system and negpsdatus ty detenmirtime direcdlyl tbe teflettivityodf the worlipidce eatsiierdfmig:
processing in 2004. 8
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ref erence chaBerf Pescriptiosfoftthe Digwsiige parts throughout the different
Vi ews. Thg0 drawings illustrate principles of the invention and, although
not to scale, show relative dinensions. Figure 1 is a schematic bl ock
di agram of the eni ssivi The freeguing agl ethet dhjects deaturel gl ddvatthgestof dedinvgsioa
the present i e ex situ
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radi ati on measurenent portion o ure 1 accor

t eachi ngs of %ﬂfﬁﬂSe@e‘M‘%mh Hyerrfsrepce qiruafg?mf@ rpfqrgo Hlepsem@;pe@s thr@ughpewh@f t he
in situ radi adifferenteiasy) QW dtawipgy ﬂllhﬁl?at@brlhé”lgléMﬁ’lh@nilﬁiltlgﬁ%H althohGef & N9
to the teachipgs a{otpe?atge sent .1 nvention Figure 4 is a schematic

fl ow chart™ diagram's Showd IH% m3uremnt of the hem spheri cal

di recti onal reflect|V|ty of the wafer in the illumnation stage of the
system of Figure 2. 30 Fig@h Pis deBerBaRCHI6HBEhErald ShE BAlskivil, AN RNULAT

t he measurenment o
according to the teachings of the present invention.

20 Figure 2 is a perspective view of the ex sifu radiation measurement
portion of the system of Figure 1 according to the teachings of the present invention.

Figure 3 is a perspective view of the in situ radiation measurement
portion of the system of Figure 1 according to the teachings of the present invention.
25
Figure 4 is a schematic flow-chart diagram showing the measurement of
the hemispherical directional reflectivity of the wafer in the illumination stage of the
system of Figure 2.

30 Figure 5 is a schematic flow-chart diagram showing the measurement of
the intensity of the radiation reflected from the wafer in the heating chamber of the
system of Figure 3, as well as the correlation of the ex situ wafer reflectivity with the ir
situ wafer reflectivity.

35 Figure 6 is a schematic flow-chart diagram showing the determination of
the stray light component of the total radiation within the heating chamber of the system
of Figure 1.



the intensity of the radiation reflected fromthe wafer in tmepdheaiing
chanber of the systemof Figure 3, as well as the correlation of the ex
situ wafer reflectivity with the in situ wafer reflectivity. 35 Figure 6
is a schematic flow chart diagram showi ng the determ nation of the stray
| i ght component of the total radiation witii n the heating chanber of the
system of Figure 1. 13 Decenber 2004 9 Figures 7A and 7B illustrate a
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i nvention provides for first determning the reflectivity of the wafer
outside of a heating chanber of a thernmal processing apparatus, and then 15
determning the reflectivity of the workpiece during processing within the
heati ng chanBescriitidnnes Masi-iRd Mihbédinstdndg apparatus. The present invention
achi eves curate, real tinme emssivity neasurenents in a high throughput

t hermal processing furnace. This invention is thus broadly adapted for
determ ning a part Tbapresen arantoris difecwd sobards a spjten andlnethog fheddtermining
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clarity, t

and temperature Those of ordinary skill in the relevant art will be readily able to adapt
the illustrated system for determining parameters other than those set forth above in light
of the teachings herein.

25 Figure 1 illustrates a temperature measurement system 10 in accord with
the teachings of the present invention. The illustrated system 10 includes a wafer
handler 12 that is adapted to load a wafer into, and conversely remove a wafer from, the
illumination stage 18, in accord with known techniques. The illumination stage 18
provides a convenient and easily operable stage for uniformly illuminating a wafer with

30 radiation from a radiation or light source 30. For purposes of clarity, the term light
source will be used herein to define a source for generating radiation in any convenient
and suitable wavelength, such as in the wavelength ranges described below. The light
source 30 generates a light beam 24 that is introduced to the illumination stage 18. This
light beam 24 is used to illuminate a portion, such as a backside portion, of the wafer.

35  The illumination stage 18 is constructed so as to achieve a substantially uniform and
hemispherical illumination of the wafer. The light source 30 as described herein
generates radiation within any particular wavelength range, and preferably in the visible,

infrared, and the microwave ranges. Hence, the light source 30 employed in the



source will be used herein to define a source for generati ngi¥Rdenstier 004 i N
any convenient and suitable wavel ength, such as in the wavel ength ranges
descri bed below. The light source 30 generates a |light beam 24 that is
introduced to the illum nation stage 18. This light beam 24 is used to
illumnate a portion, such as a backside pddtion, of the wafer. 35 The
i1lumnation stage 18 is constructed so as to achieve a substantially
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42. 15 Wth fthetdeeetored®smive to Figure 1, the wafer in the illumnation
stage 18 ;is then transferred, via any suitable nmethod such as by the wafer

handl er 12, to the processing stage 22. The processing stage 22 is any
sui tabl e thermal proces®itigfufthenTafeegnce énBigure hahe wefst arthe 8haninapirdstadeci8ral
processi ng f usnRGEralEdRA) |G ! f PLYand
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i nventi on. ThEFORFSRESEER ¢2s (IagBrosossg Stegend? s apupiable thermab prasessingciumace,
fabrication midiegasRsla hodraplithwaiad rocessify Atn8 BEiaibld@r achiéfiks high, wafer

vt er 1 o 701 bF AR AT e PERRTG 1R SRBloTE B  1 gehheR of B e ong
radi ati on or wwertiml ThetrneweysiaRstaghd? pértthimsmafarietytad demicond RSort fhlericatiba r
during procesgioBgstsugonRhd e, MiciRasSiint AR L difhiRfh, S8R B hYcaPRibot S
deposition techniques. During processing, the wafer is illuminated with light from light
source 31, which travels along radiation or optical pathway 32. The light reflected from
25  the wafer during processing is captured by a suitable fiber optic assembly and is
conveyed along pathway 34B to a detection stage 36, and along pathway 34A directly to
the control stage 50. The illustrated detection stage 36 converts the optical signal into a
suitable electrical signal for further processing by the control stage 50.

30 The illumination of the wafer in situ or within the heating chamber is
designed to determine, in conjunction with the remainder of the system, the
hemispherical directional reflectivity R at any time during processing. This measured
reflectivity is then employed to determine the emissivity during processing according to
a known formula, which will be described in further detail below. For purposes of

35  clarity, the term reflectivity is used herein, although reflectivity and reflectance are

intended to be used interchangeably.



conveyed al ong pathway 34B to a detection stage 36, and al ong paédbaeyoo84A

directly to the control stage 50. The illustrated detection stage 36
converts the optical signal into a suitable electrical signal for further
processing by the control stage 50. 30 The illum nation of the wafer in

situ or within the heating chanber is desygned to determne, in
conjunction with the remai nder of the system the henispherical
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further is”inl ﬁ%&ﬁgékﬂ%mﬁpﬁﬁ@ﬂ%n with the vvafer handl er 12 via

f eedback connecti on 52 and vmth the processing stage 22 via feedback
connecti on 54. Hence, tro{?gFgﬁge 50, can control the operation of the

processi ng stage 22 and gl 5 referphly dpgiy estSBlt%'ﬁﬁf”Fmo%FlOQHlF%st as
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detectors 10 4fd aafér fopepBureel | as to process the received signals to
determne reflectivity, emssivity and wafer tenperature. Wth reference
again to Figure 1, the detection stage 36 is adapted to neasure the
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Figures 2 and 3 illustrate the components of the illustrated system 10
employed to determine the in situ emissivity of the wafer. Specifically, the figures
25 illustrate the subsystems employed by the system 10 to first determine the wafer
reflectivity ex situ of the heating chamber, and then relating or correlating the in situ
reflectivity with the ex situ reflectivity. Those of ordinary skill will readily recognize
that in order to accurately infer temperature from emitted flux, the wafer emissivity must
be known. For semiconductor processing, the emissivity of the wafer backside is a
30 complex function of surface finish, backside films, and wafer temperature. It is
desirable in modern systems to be able to measure the real time emissivity of the wafer
backside during processing, especially in a rapid thermal processing system. A goal of
the illustrated system 10 is to measure the emissivity € of the wafer backside during
wafer processing. This is achieved by determining the spectral hemispherical directional
35 reflectivity of the wafer backside, and applying the following equation:

£(T,)=1-R(T,) M



reflectivity ex situ of the heating chanber, and then relati mp&émber 2004
correlating the in situ reflectivity with the ex situ reflectivity. Those
of ordinary skill will readily recognize that in order to accurately infer
tenperature fromemtted flux, the wafer em ssivity nust be known. For
sem conductor processing, the em ssivity ofjaot he wafer backside is a 30
conpl ex function of surface finish, backside filnms, and wafer tenperature.
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radiation that passes through the chopper 58 passes along any suitable optical pathway,
such as the fiber optic cable 24, to an integrating sphere 62. The integrating sphere 62

25 . uniformly, hemispherically and generally completely illuminates a portion of the
backside of the wafer W. In the illustrated system, the integrating sphere 62 has an -
aperture along a selected sutface disposed in registration with the cable 24 for receiving
the modulated light from the light source 30 and the chopper 58. The integrating sphere
62 is highly reflective and diffuse along its innér surface and therefore reflects the '

30  radiation within the integrating sphere to uniformly and hemispherically illuminate a
portion of the wafer. The illustrated wafer W seats on a selected aperture, for receiving
the uniform illumination generated by the integrating sphere 62. The light reflected by
the wafer is collected by a fiber optic 26 which communicates with the inner chamber of
the integrating sphere 62 via a suitable aperture. During this ex sifu measurement stage,

35  the wafer W is maintained or placed at a suitable low temperature. As used herein, the
phrase “low temperature” is intended to include those temperatures lower than and
preferably substantially lower than the temperature at which the wafer is ultimately
processed within the heating chamber of the thermal processing apparatus, and includes



such as the fiber optic cable 24, to an integrating sphere 62 Del&ifber 2004

I ntegrating sphere 62 25 . uniformly, hem spherically and generally
conpletely illumnates a portion of the backside of the wafer W In the
illustrated system the integrating sphere 62 has an aperture along a

sel ected surface disposed in registration wth the cable 24 for receiving
the nodul ated |ight fromthe |ight source .30 and the chopper 58. The
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10. signals V,, and V_ are introduced to an analog to digital (A/D) converter 68, which
25  converts the analog voltage signals 64 and 66 to suitable digital signals. The illustrated
analog to digital converter 68 can form part of the control stage 50, or can be a
component separate from the control stage 50. Those of ordinary skill will readily
recognize multiple arrangements of components that can be employed to effectuate the
analog to digital conversion, while concomitantly employing the output information for
30  the purposes described herein.

~ Those of ordinary skill will recognize that the radiation supplied to the
integrating sphere 62 is modulated by the chopper 58 and then transferred to the
“detectors 40 and 42. The detectors typically generate an output signal corresponding to
35  the restdual background radiation in the absence of light transmitted thereto from the
integrating sphere 62. This portion of the detector output signal defines a voltage
minimum of the detector output. When radiation is introduced to the integrating sphere

from the radiation source 30, the detectors generate a maximum output signal



Those of ordinary skill will readily recognize that any suit sibeember 2004
phot odet ectors 40 and 42 20 can be used, such as standard photodetectors,
and are preferably silicon photodi odes manufactured by New Focus,
California, USA. According to a preferred enbodi ment, the photodetectors
40 and 42 have optical colums wth predetbBrmned filters that only pass
radiation in the sanme spectral band as the pyroneter, Figure 3. The out put
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according to ‘f
known reflectivity, and fitting a best fit curve to the calibration points to develop a

-()

D

mathematical function of the voltages. The calibration curve is a collection of one or
more sample measurements that are stored, or pre-stored, in memory in the control stage
25 50. The calibration curve is then employed to determine the hemispherical directional
reflectivity of the wafer at the selected low temperature. Specifically, the hemispherical
directional reflectivity of the wafer is determined by employing the following equation:

Ry =1 v0) ©
30
A significant feature of the emissivity measurement system of the present
invention is that it provides an illumination stage 18 that uniformly illuminates the wafer
outside of the heat chamber of the thermal processing furnace. This stage affords for the
easy determination of the wafer reflectivity outside of the chamber housing, prior to heat
35  processing of the wafer. The system records this information and then correlates this
information with the intensity of the radiation reflected from the wafer when disposed
within the heat chamber. This is described in further detail below.



15 V. Vw0 = vrel (2) Those of ordinary skill will readily reoegtzmos hat
the foregoing ratio can be determned either in hardware or in software.
Prior to neasuring the wafer reflectivity ex situ, a 20 calibration curve
correlating hem spherical directional reflectivity to the foregoing
voltage ratio is established by neasuring tf€is ratio for a nunber of
reference standards of known reflectivity, and fitting a best fit curve to
the calibration points to develop a mathematical function of the voltages
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process chamber. The system temperature ramp up/down rate is controlled by the
velocity with which the wafer is vertically moved through the temperature gradient

20  within the heating chamber. Those of ordinary skill will also recognize that one or more
heating or cooling stages can be provided, in addition to the furnace 22, to condition the

wafer afier the ex situ reflectivity measurement.

In the illustrated processing furnace 22 of Figure 3, a silicon carbide or

25  quartz bell jar 70 forms the process or heating chamber 74, which can be used as a
constant or continuous heat source. As used herein, the word “continuous” is intended
to include continuous both in temperature and heating surface area. The top of the bell
jar is closed within the resistance heater module (not shown), and the bottom of the bell
jar is cooled by contact with a water cooled transfer chamber (not shown). A smooth

30  temperature gradient from top to bottom of the process chamber 74 is formed, with the
top of the bell jar substantially approaching a black body radiator. The rapid
temperature ramping action is achieved by moving a wafer vertically within the chamber
via any suitable wafer elevator and by rapidly elevating the wafer from the transfer
chamber to a position corresponding to the desired processing temperature within the

35  process chamber 74. The wafer is cooled as it is vertically lowered within the process
chamber back to the water cooled transfer chamber. The selected rates for elevating and
lowering the wafer within the process chamber determine the heating and cooling rates

of the wafer.
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9 nfix re?l%ctea From the backside of the wafer is collected using an optical
assembly that communicates with the process chamber 74 of the bell jar 70. The optical
assembly includes a lens 82, such as a sapphire lens, disposed within the process

25  chamber 74, such as at the top of the elevator tube 84, and a quartz lens 86 disposed at a
bottom of the elevator tube 84. The tube and lens assembly collects and focuses the
radiation reflected off of the wafer W and received by the fiber optic cable 34B. The
elevator tube 84 and associated structures serve to move or sweep the wafer vertically
through the process chamber 74. The light pipe 78 illuminates the wafer when resident

30 within the process chamber 74 by directing radiation onto the backside of the wafer.
However, in the process chamber environment, with the associated elevator tube
assembly and other apparatus, the light pipe 78 is unable to uniformly, completely and
hemispherically illuminate the wafer backside.

35 Figures 7A and 7B illustrate the construction of the light pipe 78 of Figure 3 in
accordance with the teachings of the present invention. The light pipe 78 is a solid
quartz pipe which is coupled to one end of the fiber optic cable 32. The distal end of the |
light pipe has a chamfered end 78A that is cut at a selected angle 0. According to a



having a source tenperature higher than the intended wafer tepesstiaoes | n
the present 5 design, the heated bell jar is maintained at a tenperature of
approximately 200 C above the ultimte desired processing tenperature of
the wafer. The relatively large area of the heat source enables it to heat
rapidly the silicon wafer during processingy In the preferred enbodi ment,
the steady state condition of the heat source and the smaller tenperature
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focuses the #Addiation reflected off of the wafer Wand recei ved by the
fiber optic cable 34B. The elevator tube 84 and associ ated structures
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Figure 3 in accordance th achi'ngs of the, present_ invention.
light pipe 7874 o4t lpﬂ%,@aaﬁfezreéﬁﬁ%dmwﬁ  thrqugh thedieht gitSne end of the

fiber optic cable 32. The distal end of the 1|ight pipe has a chanfered end
78A that s cut at a Sel‘[ﬁg Eo‘%g r%l&g{ign leleéféﬁ%gz%g 9pt§0911 %S&H%bl)@%%l%%ggs rg 19&011
' 25  emitted from the wafer, radiation emitted from the bell jar which has reflected from the
wafer, and radiation introduced into the process chamber 74 through the light pipe 78
from the light source 31. The illustrated cable 34B is a bifurcated fiber optic cable that
transfers a portion of the optical information travelling along cable 34B to a
photodetector 90, and the remainder of the optical information to a pyrometer 96. The
30  photodetector 90 and the pyrometer 96 preferably include the same optical column, and
include the same optical filter as the photodetectors 40 and 42 of Figure 2. The use of
the pyrometer 96 as a detector in the illustrated system achieves the advantages of
performing a non-contact measurement, with relatively fast response and large
temperature range. However, pyrometers are known to be dependent upon the
35  emissivity and transmission of the wafer W, as well as exhibiting a lack of sensitivity at
low temperatures. The illustrated pyrometer 96 preferably operates in a spectral band
centered at about 0.95 um, since the silicon wafer is non-transmissive or opaque at this

wavelength. An advantage of operating the pyrometer in this wavelength range is that



17 preferred practice, 0 is equal to about 45. The |ight pipe FBedtsr 2004
attached to the fiber optic cable 32 by a suitable fastener 171. The |i ght
pipe 78 has a flat surface portion 160 formed along a bottom surface 162
to forman optically rough surface adapted to scatter radiation rays 170
travel ling through the |ight pipe and whichginpinge thereon in an 5
upwardly direction. A bottomview of the flat surface portion 160 is
illustrated i pokbgy ad B L qid rl
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through th& light pipe 78 fromthe light source 3 1. The illustrated cable
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the remai nder BYelng@lmgmathyyay; t9 the pysogiptar &6, yhichip g transforms
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spectral bandzg pence, the pyrometer outputs a different signal for each vertical position.

25 Moreovér, since the wafer is supported within the furnace, it is generally difficult to
mount an optical assembly that can uniformly illuminate the wafer within the chamber.
Hence, the radiation measurement performed within the chamber 74 does not satisfy the
generally hemispherical and uniform illumination characteristics necessary in order to
properly determine the wafer reflectivity and hence emissivity.

30

The illustrated system 10, which includes the in sitx illumination
technique described above, is unable to meet the uniform and hemispherical illumination
requirements in order to accurately determine reflectance and thus emissivity of the
wafer. Hence, the system does not determine directly the reflectivity of the wafer within

35  the chamber 74 from the in sifu radiation measurement. Rather, the illustrated system 10
determines the hemispherical directional reflectivity of the wafer at any time during the
process by assuming that the in situ reflectivity R is proportional to AV, according to the
following equation:
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centered at about 0.95 pm since the silicon wafer is non-tr eaTsdimssi 2004 Or
opaque at this wavel ength. An advantage of operating the pyroneter in this
wavel ength range is that 13 Decenber 2004 18 no spurious radiation fromthe
bell jar passes through the wafer and hence inpinges on the pyroneter.

Anot her advantage is that Equation | is re{é abl e when the wafer is opaque
at the operating wavelengths. 5 The illustrated photodetector 90 receives a
portion of the optical information traveling along cable 34B, and

generates an output tine varﬁj;l%a\épl tage signal proportional to the
intensity of the radiative fFuXx®€eeived by the optical assenbly and4)
reflected by the wafer. The photodetector 90 outputs a vol tage signal
proporti onal the.total radi.ative flux fromt wafer including emtted
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t hat does not include the chopper frequency. The lock-in anplifier 98 in
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that can uni Horandyjhe vertieal Rasiion Keisekiimeiduring therseveshafhe systerdf den créates

radi ation neasubREENLIARVaRieTBAd VerkibhlhokiionC PREREIMAE oHOBMmcAQL, d8dhd BEY the
oeneral 1Y, herleBlSht Al 95 WIS BUA LR Rk, choc sl L Lob CcTRceseary
eni ssi vi t30. 3EnTialy disposdreathedasysteperiye whérctesidaet| wites tHehifuninatioh stage
i 11 umi nation 18 According to one practice, the wafer is only nominally heated during the sweep, and
1s preferably heated in a range between 30 °C and 150 °C. Those of ordinary skill will
recognize, however, that the wafer temperature can be raised or lowered after the ex situ
hemispherical directional reflectivity of the wafer is determined, and prior to introducing
25  the wafer into the process chamber 74. Further, the system can be operated so as to heat
the wafer when disposed in the chamber 74. Since the wafer temperature does not
deviate significantly from room temperature during the sweep, we know that the ex situ
wafer reflectivity can be equated with the in situ wafer reflectivity R, such that R=R,,
where R, is the hemispherical directional reﬂecﬁvity measured using the integrating
30  sphere 62. The constant of proportionality K is determined using the following
equation:

R,
K(Z)= 7. @ ()

35  Once the constant of proportionality K is determined, the illustrated system 10 is then
able to determine the wafer reflectivity throughout the rest of the process. Hence, the

illustrated system correlates the hemispherical directional reflectivity measured in the



t echni que descri bed above, is unable to neet the uniform andi3imsespioeod cal
illumnation requirenents in order to accurately determ ne refl ectance and
thus em ssivity of the wafer. Hence, the system does not determn ne
directly the reflectivity of the wafer within 35.the chanber 74 fromthe in
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resi dent w t hmeasumeneénts.um nati on stage 18- According to one practice, the
wafer is paly nomnally heated during the sweep, and is preferably heated
in a range between 30 C_and 150 C. Those of ordinary skill will recognize,
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reflectivity can be equated ™w the In situ wa such
that R.= RO, Pyrometeroutput signals and emissivity is known in the art.

Figures 4 and 5 are schematic flow chart diagrams illustrating the operation of

the emissivity measuring system 10 of the present invention. In operation, the control

25  stage 50 instructs the wafer handler 12 to place a wafer in the illumination stage 18, as
set forth in step 102. The light source 30 generates, and modulates if desired, the output
radiation which impinges on the back side of the wafer 18. Specifically, the light source
30 introduces modulated radiation into the integrating sphere 62 to uniformly and
hemispherically illuminate a portion of the wafer, as set forth in step 104. The radiation

30 reflected from the wafer is collected by suitable optical structure, such as by the fiber
optic cable 26, as set forth in step 106. The radiation generated and emitted by the light
source 30 is also measured by the detector 40, as set forth in step 108. The detector 42
generates output signal V, along transmission line 64, and the detector 40 outputs a
voltage signal V_,, along transmission line 66, both lines of which communicate the

35  voltage output signals to the control stage 50. The control stage 50 then determines the
ratio V,, / V ; as set forth in step 110. As illustrated in step 112, the system 10

determines the hemispherical directional reflectivity of the wafer using a pre-determined



where Ro is the hem spherical directional reflectivity measurEbkcesdenzyos he
I ntegrating 30 sphere 62_ The constant of proportionality Kis determ ned
using the following equation: Ro K(Z) _ AV,,,0 (2) (5) 35 Once the

constant of proportionality Kis determned, the illustrated system 10 is
then able to deternmne the wafer reflectiyjty throughout the rest of the
process. Hence, the illustrated systemcorrelates the hem spherical
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waf er can be %@ﬁ{&& gcg?%m%n%&rtl me during processing by the foll ow ng

equation 5 R ‘The underlying assunption is that the
hem spherial directional reflectivity is linearl y proportional to AV,.
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reflectivity. B&IupggRien 358 %m@ﬁp%éssmg 488 39 @‘@rﬂfﬂfﬁ’—rﬂﬁ itdeden psuitable t he
system 10 al | Om(:zil@np;id‘ﬁassdﬁbl@[ ﬁndmaﬂispﬂsddfmﬂﬁmlﬂmﬂédﬁaﬁanﬂiei g4l Tﬁé‘ﬁéht
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15 The il 1Ust patetbriyigistam 136. dan radigiondetradiativeelwheithimftes pmeespehahbmaﬂs,
by processi nﬂleh%eraaﬁe@gmﬁec&ete%haﬂetag% %a@gec&ﬁa e pule Bm%g Bé%ﬁébyﬂ%

et ai | bel o, PARSRRSHIN: HEeriS ) eimeraiel b b oot e dirovghya logk-in
determi ne or ampkfiersfie geieapelicsupe. sighaDsY, OThirieid %I’Ih &Q;tei:& ih8 aMa h%o om
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5 are schkhat the process diamber @,agsetrforth in step 128, i Fgtheheorepide diustated fsystem 10
determines the radiative flux within the process chamber 74 with the pyrometer 96 as set
forth in step 124. The system 10 then sweeps the wafer W vertically through the process
chamber 74, step 126, while measuring the radiative flux and vertical position of the
wafer. The system then determines if the wafer sweep is complete, step 128, and if it is
20 not, the system 10 reverts to step 116 and starts the process anew. If the wafer sweep is
complete, then the control stage 50 generates the function K(z) to determine the constant
of proportionality K, and measures the wafer vertical position z and the detector output
AV, in real time throughout the heating process, in accord with steps 130 and 132. The
system then correlates the intensity of radiation reflected from the wafer AV, (e.g., the
25 insitu wafer reflectivity) with the ex situ wafer reflectivity measured in the illumination
stage 18 in accordance with Equation 4, step 134. As set forth in steps 136 through 140,
the system 10 then determines the stray light component, and corrects or compensates
for this component when utilizing the output signal of the pyrometer 96, as described in
further detail below. The system 10 determines the wafer emissivity according to
30 Equation 1, and from this information, determines the real-time wafer temperature
during the heating process.

A common problem in pyrometry is the introduction of stray radiation or light
into the pyrometer. The term stray light as used herein is intended to include radiation
35  thatisreflected from the wafer and which is produced from sources other than a
workpiece, such as the target wafer. Although prior art systems have attempted to
measure this light radiation component, it has generally not been done with sufficient

accuracy to meet the emissivity requirements of modern thermal processing systems. A
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the em ssivity neasuring system 10 of the present invention. 131Decafer®mb4 on,
the control 25 stage 50 instructs the wafer handler 12 to place a wafer in
the illum nation stage 18, as set forth in step 102. The |ight source 30
generates, and nodul ates if desired, the output radiation which inpinges
on the back side of the wafer 18. Specifically, the light source 30
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gener at es out put signal, V,w al o&g transm ssion lLine 64, and the detector 40

outputs a> vol t ageASPEHiguslydeseriied i conngriion wih Sigurssnletogh theswefsr Isiphassd of

V\hhl ch ComT}.l ni withie thé1thedfal \ped desedey mmmn:trr] 78 bfelterial pmess;mgtﬁxﬁiac@t %@n ﬁfb ,
The contro S e term Lt he I N
e 10 s WRAE sIhubllE B ELThRBe bitescBhnBon %y iy fistptnt Ba Sl SoW
hem spher i cal teohpeadire.chelt a&aifrb@'ottfrmpftrwutﬁf andhtheattrsityuditheradiation ehéttedrfiomed
13 Decenber 28Q4vafc} 1§§éehﬁﬁ% LHe M@ Tﬁ@x‘e?d?e 'the %ﬂl?ﬁﬂhﬁlﬁ%t}fé&fe&e? %&tﬂ@f er

i's placedvmth|nthe ‘g etevvaerlsat
t enper at Byfemeter 1§ FI&F b b éﬁ?}ibgl%twegmoa%%ef Herdetel radiatien, apdithis is
hem spheri cal mdasnmdtmdmaiordeﬁfﬂyetﬁé Byﬁtény 10f spétﬁeﬁml&eme%tal RSP AL itha the

first selecte With re nce to Figure troI st age
50 then ¢ r anat 8 e® PRt Pty BY S abRart 3 Bpds ol Beigtipne
processi ng. steagigted ﬁonﬂﬂhe Wﬁ&fr@ﬂm the ragiatiod flom emited frapl ceher\seunces:whlchuqopor t
assenbl y, andpkidest éﬁﬁﬁ%ﬁ(ﬂréﬂeéﬂaﬂ @roﬁrh&e%ﬂ&e%ﬁn&hm uﬁ7 s‘ignaTBtePl}lcitQ&]Bde source

31, through the 1] nd.the fiber optic. c um nates the
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- specifically é{%ﬁ gﬁt@{ﬁds @Bﬁfnrgg ugp& by the photodetector 90. The signal

gener ated by passed through a lock-in anplifier 98 to
generate the output signal AWw. ThIS is set forth in steps 118 and 120.
Conconmitantly, the illustrated gysteépulQ determi nes (fhe position of the

waf er rr%ﬂthl n 15 the process chanber 74, as set forth in step 122.

Furt her the illustrated system 10 determ nes the radiative flux

* within the prebes§, chasfexds fltheipottidohe tiy pyoorees oﬁ@uasgﬁzﬂtwmé}o;relalﬂcsim tiwt ep
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chanber 74, st measurin ative
posi tion of tq\@ut signal that corresponds to radiation ermtted from sources other than the wafer

and which is reflected from the wafer.  This portion of the signal can include radiation

25  from the light source 30, other sources, as well as radiation present within the chamber
74 and not emitted by the wafer. Hence, once the total reflected radiation portion of the
signal is determined (non-wafer emitted radiation), it is subtracted from the total
radiative flux to yield an accurate measurement of the emitted radiative flux. With
reference to Figure 3, the fiber optic cable 34D transfers radiation to the photodetector

30 90 and the pyrometer 96. The illustrated pyrometer 96 measures a selected portion of
the radiative flux, and outputs a signal I, that is linearly proportional to the received
radiative flux. The pyrometer measures the radiative flux in real time and communicates
the output signal over a selected link to the construct control stage 50. When the wafer
is placed within the process chamber 74, the system 10 sweeps the wafer through the

35  chamber, as previously described, while the system measures the chamber radiation
(e.g., the output current signal of the pyrometer) and the vertical position of the wafer.
If the wafer is at the selected low temperature, such as room temperature, the emitted

light is insignificant relative to the total chamber radiation, and hence the radiation
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waf er. The systemthen deternmnes if the wafer sweep i s conplEbRemtsi®ps 128,
and if it is 20 not, the system 10 reverts to step 116 and starts the
process anew. If the wafer sweep is conplete, then the control stage 50
generates the function K(z) to determ ne the constant of proportionality
K, and nmeasures the wafer vertical positiogyz and the detector output AV,,
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deened to be the stray |ight conponent of the total radiation, and this is
measur ed and wheroldggds thy inthesityyostienstb§ radpdai hegsatddydurinp ehd o). Madi ati ve
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consists of the radiative ) I on : e radiative
flux emtted ¥4HPaY hand $olbhe méensiy ehthedadipdorjemitted by theavvaler e nayy bel from
the wafer. ' Sigxpeeskdiebyout put signal or photodi ode
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25  where SL stands for stray light or radiation. From Equations 8 and 9, the system 10
determines the emitted radiation intensity of the wafer and thus the reflectivity of the
wafer. Once the radiation received by the detection stage 36 is compensated for in terms
of its stray light component, the measured hemispherical directional reflectivity is
correlated by the control stage to wafer emissivity according to Equation 1, which in

30 tumn can be correlated according to known techniques to wafer temperature.

With reference to Figure 6, the system 10 operates to determine the stray light
component of the radiative flux within the process chamber 74 by illuminating the wafer
when resident within the thermal processing apparatus, as set forth in step 140. The

35  system 10 then transfers the radiative flux within the chamber to the pyrometer 96,

which in tum generates an output signal (e.g., a photodiode current signal) indicative of



15 current of the pyroneter 96 is linearly proportional to tiseDdashadpaye
flux received thereby, the radiative flux can be correlated to the output
current signal of the pyronmeter according to the follow ng equation: Iron =
l,, + Isa 20 (7) where |,, corresponds to the portion of the pyroneter
output signal which relates to the radiatypn emtted by the wafer, and I SL
corresponds to that portion of the pyronmeter output signal that
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phot odet ector 30 90 and the pyronmeter 96. The illustrated pyroneter 96
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I ncident radiation nera
present i#ent?®i® 1§§sumes that

A significant advantage of the present invention is that it accurately determines
and then compensates for the stray light component within the system 10 by assuming
that the relative emittance of the wafer at the selected low temperature is negligible.

25  Hence, the pyrometer output signal is equated with the stray light component of the
system. The present system does not employ a quartz window, and thus does not
provide components that are subject to unwanted chemical deposition. Furthermore, the
illustrated system does not require the use of specially designed quartz or silicon tubes in
order to accurately measure wafer emissivity,

30

Another significant advantage of the present invention is that it employs a
correlation scheme that correlates ex situ wafer reflectivity with in situ wafer reflectivity
in order to avoid having to achieve uniform hemispherical illumination of the wafer
within the chamber 74. This provides for a highly accurate, real time emissivity

35  measuring system that satisfies the emissivity measurement needs of modern thermal
processing systems, and in particular, is capable of satisfying emissivity accuracy
requirements of about +/- 0.005.



the intensity of the incident radiation at a particul ar waf et3 peshiet Z04 does
not vary 10 significantly throughout the process. Since the thermal
processi ng furnace enployed by the present invention functions nmuch |ike a
constant heating source, which is generally required to determ ne the
stray light conponent in accord with the present invention, the thermnal

gr adi ent created within the process chanber” 74 satisfies thIS requirenment.
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| sL,o (z)SR(T) (9) Ro 25 where SL stands for stray |ight or radiation.
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known t echhi qlié3 thabmeanisia waden®Tat uisaectedihounting epparams.t If the chanebed wallhigre
system 10 ope t I r iative
fl>/ux wthin t g&%&;agcagcsog %ﬁttﬁ%g&af}ﬁg (i f}?’uﬂr%h %g)&e%??@ﬁﬁﬂs%%‘%d %/\E’& I[gr esi dent
Wi thin the thBicARICHeBibBINGS e %@Iﬂ@?{e 48 Cg@iecﬂ@fﬂ withithis gmdpditpot. Ithe 35
system 10 thep éramiﬁfr@ﬁamwmamadigat $otecef 11U cwe&t@urfbﬂala%h&haém%a Jrehe th&rmal

met n out, ut Si, hot odi ode
(F:)ﬁ; ?ent egl gnapﬁocFﬁH}gc%{T] {htg? a@@%ﬁ%cﬁat%d tr?‘ifmf @’gféﬁ\%édnlo ive
flux. Thi &5 i nfromsmit radmtios t¢obheayil df thet Wwafec Wt Tiel radibbgerefectad drobrsthe wafer
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within the cha correaes IS posit e flux

measured at tRAAP §9gds dirgsied thltb‘FFéh?)PFQiﬂ%@(t%qu 9%%‘@3 BB YA ySiBeg the wi | |
readi |y recogttczfaltptadessing apyaeaind isefisposed in a horizontal configuration, the reflectivity

and témperature measurements performed on the wafer are independent of the vertical
20 position within the chamber 74'. Hence, in accord with the previous teachings, the wafer
is introduced into the chamber 74, the radiative flux is measured within the chamber
according to the foregoing techniques. If the chamber is not maintained at a constant
temperature, for example, cycle on and off heat lamps, then only the foregoing
emissivity measurement techniques can be employed in connection with this
25  embodiment.

A significant advantage of this position independent design is that it does not
require the monitoring and recording of a selected position, such as the vertical position
of the wafer as illustrated on Figure 3, during the measurement and wafer heating

30  process. Moreover,

According to yet another embodiment, the system of Figure 8 can be
modified such that top and bottom hot plates can be provided to define the chamber and
to heat the wafer to the suitable thermal processing temperatures. In this embodiment,

35  the hot plates operate as a constant temperature heating source, and hence all of the
foregoing emissivity and stray light measurement techniques can be employed. The
foregoing embodiments are deemed to comprise part of the scope of the present
invention.



5 radiation reflected fromthe wafer varies in accordance W tiDddbervmpd i ca
position of the wafer in the chanber. This is set forth in steps 142 to
146. The system 10 then determ nes whether the wafer sweep is conplete, and
if it is not, reverts to step 140 and again neasures the radiative flux
and the wafer position 10 wthin the chanbgg. If the wafer sweep is
conplete, the systemcorrelates the total radiative flux received by the
pyronmeter with the wafer reflected light, since the silicon wafer is
assuned to have little r.ﬂp ra@{ative mttance .the selected .| ow
temperature. The syst eth"iHehUgs SFmihat ellg‘ée%‘o(’f%[‘%ﬂﬁ}yr?é@g’ﬁrt%og?ﬂs $eécor ds
t he waf er ver farthedbopesintdangrhaseanatietapparpyt foora tiss precidmg desti@ition. ISiste, cefginS et
forth in step -adiative fl.ux asure t
and the f or oo ae ARy beitde T 8iabdit &bt WAk it IRIGPTR:

i ntensity of {yentiouitds indendgsl theit all mpstep eeydeised sHherpeavezigscription of shown in
general | y per {iRragBsinpanylfdedregyiigs B tibipRde 2B uRFR5E 284 A& A% HotenyadgL. The
systemthen enpl oys tKIS information, along with the reflectivity and

em ssivity nmeasurenments, to determine the wafer tenperature in real tine
during processing. Thi sltiisalseto boundderstoodsthethe fAbwibd claiinslér8 to dvet gini f i cant

advant age of . - o i IS i h rmne nd
Then conpensatacnr and sciWatlesd dinbilion dp BREHELS KB 3 SHEMIED e
assuni ng 1@ hascoppef the|imyantien sthich, ane mager effangyagermight bewaidiol fald thedebeoveen.
tenperature is negligible. 25 Hence, the pyroneter output signal is equated
with the stray |ight copponent o e . system _The present system does not
enpl oy a quartz w ndow, ﬁgWBgBﬁ‘ff?Ibﬂ‘ig? IFgEntion, whatde clepmsiAtrrsindpissired ta be
subj ect to unsenteddydleters®atentiégposi tion. Furthernore, the illustrated
system does not require the use of specially designed quartz or silicon
tubes in order to accurately neasure wafer em ssivity. 30 Another
significant advantage of the present invention is that it enploys a
correlation schene that correlates ex situ wafer reflectivity with in situ
wafer reflectivity in order to avoid having to achieve uniform

hem spherical illum nation of the wafer wthin the chanber 74. This
provides for a highly accurate, real tinme em ssivity 35 neasuring system
that satisfies the em ssivity neasurenent needs of nodern thernma
processing systens, and in particular, is capable of satisfying emssivity
accuracy requirenents of about +/- 0.005. 13 Decenber 2004 25 The present
invention also provides for a sinple and el egant design for



correlating the nmeasured radiative flux within the chanber 74 with the
radi ati on generated by sources other than the wafer. This is achieved by
measuring the radiative flux within the process chanber 74 with the
illustrated system conponents. 5 Figure 8 illustrates an alt

enbodi nrent of the em ssivity nmeasurenent system 10 of the pﬁéB%mﬁbm20m1

i nvention which is independent of the position of the wafer wthin the
process chanber of a thernmal processing 3 paratus. Like nunbers represents
| i ke parts plus a superscript prine. The grocessing stage 160 fornms a
process cha@dms:10 162 that nounts a wafer Won a sel ected nounting

apparatus. Jf th heat € nstant tenperature, then
all of the iforeg‘gklsﬁgélljie{tr%l&gds“:l 1r§{1n§ﬂ1§ agqorugé quitramam gé’ﬁ?sgﬂtelﬁtaq%@t%l gues can
be enpl oyedChambcoaﬁfe&lﬁm prdaebsinghfugnasaisadi system cdmmprisogger at i on, radi ati on
froma |ight Souéﬁﬁn%hohﬁ %Héﬁﬁhggpgﬁmggﬁaﬁgéjmer 162 of the thermal

processi ng furnace t Sul t at 1 on introducing aperture 163 in
order to 15 t ran%ﬁ‘i’t@Ct?raQﬂ igaliospupleddo tediesiingchsmbenfor deteetingithe Taskatioadi at i on

reflected f r@ggntﬁﬁhgvﬁé@fn cBAEb&! ag@di ation resident within the chanber 162
is captured by the fi tic dis.direcfed to her the
phot odet ect or 90*© Qﬂmf %@’Fﬁ%‘%@mﬁbﬁ’mﬁ@nﬁﬁ ciepfed by ther Ct%t”ﬁﬁb"i‘%l ng
appar at us i amotirs pdstery radiadohnrthe hedtial chanbérgur ati on, the reflectivity and
tenperature neasurenents performed on the wafer are independent of the
vertical 20 position wthin the chanber 74'. Hence, in accord with the
previ ous te&chi nljlgesyswglwaﬂ@mluf@rthemcompuaag into the chanber 74', the
radi ative flux i B thtﬂEf‘P%ﬁ 259 r i.ng
techni ques. If tiﬁ ﬁ(ﬂrﬁ) e1?Pﬁ E‘CH (?n a?n %etr a C(E)ltﬁ[ll ﬁ%ﬁamge%r?bgeﬂraa urg,
for exanple, cyd Etré?ﬁ RBg arvaferda the haaing chamaheronl y t he foregoing

em ssivity neasurenent techni ques can be enployed in connection with this
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Figure 3, dd&écma&aﬁmﬂ};@%%ng ﬁ?ﬂ% th8Rehruat séchfmalug)?ugﬂgwf%gﬁa Mor eover,

According to yet anot I ment, the system can be

nodi fi ed sRIFUOREL top and bottom hot pl ates can be provided to define the
chanber and to heat the wafer to the suitable thermal processing

t enperat ure thi s, enbodient, 35 the. hot ate er,ate as, .a constant
t enper at ure4sheat B YS IS 2EoTdinEfoRaR ope gﬁhegf’ecgﬂlgg Cfaypgdﬂ?%gnéﬁlﬁgﬁeﬂ%y and
stray | i ght genssaes anmrputtsphlhpropesioca ho e aamuinbyBddiafitue incidene goi ng
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chamber and reflected from the wafer, said total radiation corresponding to radiation
emitted from the wafer and the stray radiation within the heating chamber.

[

5. The system according to any one of the preceding claims, wherein said radiation
reflected from the wafer varies as a function of the vertical position of the wafer within
the heating chamber, and wherein said control stage correlates said detected

total radiation with the vertical position of the wafer to correlate said total radiation
reflected therefrom with said stray radiation.

6. The system according to any one of the preceding claims, wherein said detector
generates an output signal proportional to the radiation emitted by the wafer and
proportional to the amount of stray radiation within the heating chamber, said stray
radiation constituting the total amount of radiation within the heating chamber when the
wafer is disposed at a generally low temperature.



i nvention. 13 Decenber 2004 26 It will thus be seen that the invention
efficiently attains the objects set forth above, anong those nmade apparent
fromthe preceding description. Since certain changes may be made in the
above constructions w thout departing fromthe scope of the §3bgc\éneﬂ§1t g&g, it
Is intended that all matter contained in the above description or shown in
t he acconpanyi ng drawi ngs be interpreted as illustrative and not in a
liniting sense. It is also to be understé8d that the following clainms are
to cover all generic and specific features of the invention described

her ei n, andéal | . Statements of the 10 Sf&Pe of the inventjon which, as a
matter of |4anguaye S eah?ccslﬁrégaﬁo&ny &f SF HemeredeClaims, TURAGH CUPRISEE; | bed

t he i nvent i megnsbramainginihgthesvhfasat o genasity Westemperatue,lsach SiacideayisLet t er s
Patent is: . [ Y5, et er m ni. he
amount of str S aany hededudfe kAl hapber Bt EbRE bbodieEl Phaey !
processi ng Yati¢phpesitiensi d system conprising a furnace housing defining a
heati ng chanber, a detector optically coupled to the heating chanber for
detecting the radiation present in the _heating chanber, and a control
stage for correl 2§ H§tePhcrulingo sy one ot begseasingrlaims, wherein spidiaentrale

amount of sdtaga\conmpeibestdeteimiratibh enchfdfor dgethiatipahe sty rafigtiGy&droneht ¢l ai m 1,
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charber . 3.byrhwalsy dispesedfwithimthmheating chanfber toiernamuinplektingtotbarsalf or movi ng

a waf er t%@fdﬁ@nﬁv@r&iﬁ%ﬁiﬁ%‘(ﬁn&&l sY%’etdoﬁ@iatég(?ﬁ fokd) @%ii?tﬁbrf\;}ﬁ%iﬂ?ﬁé dginghaner,
efl ect e@% e waf er

wherei n sai ¢ detector etects, radiatiron r romt t each
of said pl LF%Q‘M%FIS/WB theestiay zagiationsompogert of she totabradiatioam accor ding to any
one of the preceding clains, wherein said detector generates an out put
signal propertiopal to the anmpunt of radiation,incident . thereupon, said
radi ati on %r r eggtben_sé( PG %680%%% @%Pn%ﬁﬁhﬁpr%?d@%ﬁliaﬁﬁ’ Shetgi pat C‘?’Wéﬁheat i ng
chanber andstagsicompriees meapafartielating de radiatican dotroteld yettié deteator with trespondi ng to
radi ation  stray radiation present within the heating chamber.

10.  The system according to any one of the preceding claims, further comprising
means for compensating for the stray radiation in the heating chamber in real time during
processing.

11. The system according to any one of the preceding claims, further comprising

a detector which generates an output signal proportional to the intensity of the total
radiation within the heating chamber and reflected from a wafer disposed within the
chamber, said total radiation including radiation emitted by the wafer and a stray radiation
component, said system further comprising means for storing the output signals generated
by said detector at one or more vertical wafer positions, such that said control stage
correlates said total radiation with said stray radiation component.

12. The system according to any one of the preceding claims, further comprising

a radiation source for introducing light to the heating chamber, wherein said detector
generates an output signal proportional to the intensity of the total radiation in the
heating chamber, said total radiation including radiation emitted by the wafer, and stray
radiation including radiation generated by the radiation source and introduced to the
chamber and radiation from sources other than the radiation emitted by the wafer and
generated by the radiation source,



emtted fromthe wafer and the stray radiation wthin the heating chanber.
5. The system according to any one of the preceding clains, wherein said
radiation reflected fromthe wafer varies as a function of the vertical
position of the wafer within the heating chanber, and wher eilg e@ém%e&%irm
stage correlates said detected total radiation wth the vertical position
of the wafer to correlate said total radiation reflected therefromwth
said stray radiation. 6. The system accorzgi ng to any one of the preceding
clainms, wherein said detector generates an output signal proportional to
the radiation emtted by the wafer and proportional to the anount of stray
radi ation wnkhtsTot iﬁ@viﬂ%_@lﬁé Wafef Dafibgly in 9 ibafifd @AmbeABbdebPR pRefIay b Uti ng
t he total anegyn of..ra |a%| on_ wthin thefheatl ngﬁghagbg&mhenqé.he wafer is
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accor di ng tportipy obthe tal radietiqnr dwoay wafecpracessingf urt her conprising neans for
mai ntai ning the wafer at a generally |low tenperature, such that said wafer
is not substantially heated in the heating chamber when noved through said
plurality o3 veFks walenpessprdingio ang ong pbthe praceding clabnsl ivdgraio ssd detoster of t he
preceding CéthpRses #B9ioRidlertltheGHRiduehcy inBYEnERARE kijke 0984 pH M nati on neans
for determning the stray radi ati on corponent of the total radiation within
sai d heating chanber by characterizing radiation emtted by a wafer
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the heatin e stray i on conponent of the total
radi ation. 9. The system according to any one of the preceding clains,
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heating chaheas foridstermpping insieal fime theyemirivitoofihe wafee dering precessisgedi ng
claims, further conprising neans for conpensating for the stray radiation

in the heatj nber i | tinme durj ing.. 11. Th t
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correlation means for correlating the reflectivity of the wafer determined outside of

the heating chamber with the intensity of the reflected radiation of the wafer determined
within the heating chamber to determine the reflectivity of the wafer within the chamber,

correction means for correcting for the stray radiation present within the heating
chamber, and

emissivity determination means for determining the emissivity of the wafer in real
time, during processing, from the correlated wafer reflectivity corrected for the stray
radiation within the thermal processing apparatus.

17.  The system of claim 16, wherein said intensity determination means further
COMprises

a radiation source for illuminating the wafer when disposed within the heating
chamber, and



by said detector at one or nore vertical wafer positions, such that said
control stage correlates said total radiation with said stray radiation
conponent. 12. The system according to any one of the preceding clains
further conprising a radiation source for introducing Iight gﬂ &%tlng
chanber, wherein said detector generates an output signal propor Iona

the intensity of the total radiation in the heating chanber, said total
radiation including radiation emtted by thgywafer, and stray radi ation

i ncluding radi ati on generated by the radiation source and introduced to the
chanber and radiation fromsources other than the radiation emtted by the
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system according to any one of the preceding clains, wherein said detector
conpri ses aiyroneter havi ng a fr uency band centered at about 0.95 pm
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according tg. (ﬁn‘¥ one %Lg% ed| ng clains, further conprising” nmeans for
determ ni ngsalI ogtgu sign <§1'5| vity of the wafer duri ng processing. 16.

The system according to any one of claims 1 to 3, 7, 13 or 14, further
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out si de of ¢aeelativgthowglleettntycst the Wﬂ-éh@fﬂthyl the thambar atithghe indensity obthe
det er i ni Nomdbut N ralfatibAE Blchifar PR Bickhantikpm the wafer when

di sposed within the heating chanber, correlation neans for correlating the
reflectivity of the wafer determ ned outside of the heating chanber with
the intensi2l of Thdwysteaf doeotdinf toadi ahé Oflelahlstlhﬁetovl/aj @herﬁmtsﬁfd%ﬂ@ﬁvz i thi E

t he heatin . it e .waf er in the
chanber, cgcrle?ec |or(1mtnqeag%§t ?ﬂl@gsr‘ﬁhg? ﬂE%évﬁ;)&h\tﬁﬁg%g WQE’ %ﬂ“&ﬁ pr esent
within the #reardingso totfolowing famuuleni ssi vity deternination means for

determ ning the Roggsryity of the wafer in real tinme, during processing,
fromthe correlated warer reflectivity corrected for the stray radiation
within the Vheedals e seftestivity of fisawaflen withiy the Tieating shambasf Kds aioonstent of
wher ei n sai ptoportienaity,\and @1\ay isithaintcnsityrefths rddistione¢flected from the wafer within

the chamber.

21, The system of claim 20, further comprising determination means for determining
the constant of proportionality K, said determination means includes means for sweeping
the wafer through the heating chamber of the thermal processing apparatus, wherein said
constant of proportionality K is determined from the radiation reflected from the wafer
during the sweep and the reflectivity of the wafer determined outside of the heating
chamber from said reflectivity determination means.

22, The system of claim 21, further comprising

means for determining the reflectivity of the wafer during processing from at least
the constant of proportionality K,

intensity measurement means for measuring the intensity of the radiation reflected
from the wafer during processing, and

second reflectivity determination means for determining the real time wafer
reflectivity from the measured reflected radiation and the constant of proportionality.



conprises a radiation source for illumnating the wafer when di sposed
within the heating chanber, and 13 Decenber 2004 ' 30 a detector in
comuni cation with said radiation source for neasuring the intensity of

the radiation reflected fromthe wafer within the chanber, sa{3 eggngbg

generating an output signal proportional to the intensity of the relﬁog%:t ed
radi ation. 18. The systemof claim 17, further conprising neans for
generating a first output signal proport3ilonal to the intensity of the
radiation reflected fromthe wafer in response to said output signal of
said detectgr. 1 The system accqrding.to ¢laim17 or 18, further .

conpri sing g%rreﬁa‘f ?ﬁ%nﬁééﬂ?mf > WHEFRIR §41d, eisgtvity detemmingtien peqnp CQFBHPH@S waf er
wi thin the theambssivityidfithd Wefet fibmrthé tenl-tinetwder reftasisite df s2d bechd®abileasdigt i on

of the wafe L t-hin t .. 20, The system according to any one of
clainms 16 t%et%lﬁﬁgrlggaﬁgggﬁggP?ﬁse%‘vi ty determ nation neans determ nes
the reflectivity of the wafer within the chanber according to the

foll owi ng fef Ml gj. Rk Ym’% [ r RV r Wi thin
t he heati ngQ%ha 2?55%1?2%3 co @téﬁt"ﬁgwﬁ’ﬁﬁ’_g‘gﬁ%@ﬁéS%E‘P%tf@%hetéﬁﬁmﬁﬁ s the
i ntensity ofadiatien assgmbly ¢iapesed peismatiof the heating chamber far wiifoymly med chanber .

21. The syshé&fispierichi®y Mudlnatfgld Wefer, GAAREdI8tidHasS@hIY Mddalihen nmeans for
determ ning the constatnt oL &%roport ionality K, said determ nation neans
pige

i ncl udes means f 8% AR he wafer through the heating chanber of the
t her mal processi agdigiparsatues optidaly ebuplediodthe amepsitiantsphérepwhgeintshidspherey K

Is determn | a2t L@ . . e fer, during the sweep
and the ref ﬁggéﬁn%@?ﬁ%&%&lrﬂu%%%%ﬁ ﬁ%lﬁB%aﬁ%?%a‘%%f arfdr)e heat i ng
chanber from sai &defestpeentioplly goupbadeo thariatagtatingwpliese foz ActeTting myfistiom of claim
21, further r5RBRA iphhe WRAIS shi@HetdQbeEHeing aﬁlaﬁtpﬁ?éi%ﬁ%ﬁ gakaéioh}/mﬁf to}gﬂ@ waf er
during procesm{1tgHI‘_3rom‘:1@;§f | east . the Constant of "proportionality K,
intensity nBsEY the reilectrd irdiatiRasuring the intensity of the radiation
reflected fromthe wafer during processing, and second reflectivity
determ nati me. ) i t real ti wafer  reflectivity from
Che honaar oo of Thepisin SENERTA M Mo B8he FesllBi VY dctarmlifidoRThoat Jor
determining the hemispherical directional reflectivity of the wafer from
said radiation detected by said detector.

26. The system of claim 25, wherein said reflectivity determination means comprises
source measurement means for measuring the intensity of the radiation of the

radiation source, wherein said reflectivity determination means determines the reflectivity
of the wafer from said radiation reflected from the wafer and said measured radiation of
the radiation source.

27.  The system of claim 25, wherein said reflectivity determination means comprises
ratio determination means for determining a ratio of the intensity of radiation
reflected from the portion of the wafer and the intensity of the radiation emitted by the
radiation source, and
means for generating a calibration curve correlating the reflectivity of the wafer
with said ratio determined by said ratio determination means, said reflectivity

determination means determines the reflectivity of the wafer from said calibration curve.

28.  The system of claim 25, further comprising
first intensity measurement means for measuring the intensity of the radiation
reflected by the wafer,



13 Decenber 2004 31 23. The system of claim 22, wherein said emssivity
determ nation neans determnes the emssivity of the wafer fromthe

real -tinme wafer reflectivity of said second reflectivity determnation
nmeans during processing. 24. The system according to any one Bﬁx%éherﬂm4
preceding clains, further conprising a radiation assenbly dispose

external of the heatlng chanber for uniformy and henlspherlcally
illumnating a wafer, said radiation ass ?bly i ncluding an integrating
sphere, a radiation source optically coupled to the integrating sphere,
wherein said sphere wuniformy and hem spherically illum nates a portion of

the wafer, and aséésﬁ@ﬁftafsnpﬂfewaédamméﬁﬁn{e@s&lﬁ@ thdinGsRY bigeSPhere for
det ecting r%HI ation, ; ected fromthe wafer, salrd detector generating an

out put si gn me‘PBﬁB‘l‘tf‘? ﬂ?eorafhﬁgc’n Wehsity of the reflected radiation.
25. The system Ofnem{satbfm&énmﬁimgfafserec&@mm&ﬂaﬁﬁfaklﬁﬁﬁﬁﬁbéwe&ﬁﬂﬁhﬁ@a@@%&On

means for herlca di. tiQ flect|V|ty of the
waf er from l{sggelngﬁ)f atf}ha?e ﬂfﬁeﬁteg& éfg{ y’esfﬁfh& ip ﬁ' tﬁ? rad?'% ONFRE Sy st em of
claim 25, wherei gel'@mtldnmaheﬁtlgvmdmnr@awzbrananlcmwemeistmg)uhpr| ses source
measur ement e Medfiy/@ind BaRY kifdaliitahBhaa foBhatifldnpadi ati on of the

radi ati on source, "wher el n sai tivit ’nat’i on nmeans determ nes
the reflectivitymegps fordetorrning thegailegtivity pgﬂieﬂﬂf@rﬁﬁ@ﬁﬁﬂé@@]@ﬂa@mﬁﬂwme waf er
and said neasured radiation of the radiation source. 27. The system of
cl ai m 25, erein sajd reflectivity determnation nea s conprises ratio
det er m nat %n rre‘gr’?%e%lf‘?ﬂ' foaé?t@ﬁwmg gy x li‘tbolb‘foniﬂ‘i’éeﬁlt % raghationgyitinon
reflected falomtinpehgabdriofa tl&frmﬁmomﬁmg ap;miaﬁ;hdumﬂg meﬁtdlproﬁessiﬁ@ofraadl ation
emtted by Qﬁcondﬁ 9,5‘;3 c%ﬂ-&ar{lﬁ%%e 1StgFS(g;fener ating a calibration
VI t

curve corre atln ere’lec wWith said rati o determ ned
by said ratio dm aping ﬁa%aif%mntﬁéhmheatlgaphlamwm&qthtmgal postssing fgtacen means

determi nes the r@bd@ghy Helt¥taPladiali€n Wahe! tht CRIMR M GRlchbE 8F Wafdr fokitG, 28
The system of, claim 25, further conmprising first intensity measurenent

means for n@éilsurlng the intensity of the radiation reflected by the wafer,
13 Decenber 2004codizlating the measured total radiation to the stray radiation component as a

function of wafer position.

30.  The method of claim 29, further comprising the steps of

moving a wafer through a plurality of vertical positions in the heating chamber,
and

measuring radiation reflected from the wafer at each of said plurality of vertical
positions.

31.  The method of claim 29 or 30, further comprising the step of generally equating
said total amount of radiation within the heating chamber and reflected from the wafer
corresponds to the radiation emitted from the wafer and the stray radiation within the
heating chamber.

32. The methed according to any one of claims 29 to 31, wherein said radiation
reflected from the wafer varies as a function of the vertical position of the wafer within
the heating chamber, further comprising the steps of
correlating said detected total radiation with the vertical position of the wafer, and
determining said total radiation reflected the wafer to be said stray radiation.



second intensity neasurenent means for neasuring the intensityDoémbhmos
radiation emtted fromthe radi ati on source, neans for determning a

sel ected mat hematical relationship between the neasured intensity of the
reflected radiation and the radiation fromthe radi ati on source, generation
means for generating a calibration curve3gorrelating the reflectivity of
the wafer wiwth said nathematical rel ationship, and neans for determ ning
the reflectivity of the wafer fromsaid calibration curve. 29. A nethod for
det er mi ni ngf3a st Theymethed agdorting tnanyramstof sfaim$ @9 tad 2 iwheasin said areamirediatal a
heating chagigriorvithir! HRf eHlnber B ra&la@%e%dfalcﬁwmlﬂgd bPee ’W%fepén%ctgss' ng

of a sem cpnduct or vvafer conprising t acl n

waf er i nto FHEVREH ﬁﬁe%ﬁ’ﬁh"ﬁép "Bﬂmiﬂ"é heﬂ@&@amfbﬁbéé@ﬁfﬁljrﬁdlﬂfmmitltutmg

measuri ng tthetamtaaiouna@ﬁ raflieB6n Within the hBRingARRABE: WenAht wafetrhé)ﬂ&sgése&@tf £7
posi tion, %ﬂer%ﬁg?] gtl ng 1t he neasured total radiation to the stray
radi ati on npon T et i on of wafer position. 30. The nethod of
claim?29, further conprising the steps of noving a wafer through a

luralit fq4 ver ' in.t ' er.. and nmeasurin
rpadl ati o% ?’gf I ecrltﬂe3 th&pédcﬁ}ﬂ\?é%o dhy O%é)gg%%?ggs%% LFPgrgRe \%frstt‘%cal
posi ti ons. °3maintpiningthe yafesmat %gmeﬁﬂﬂb@%frtemeraﬁm,tsndn thebsaid ivafands ndte st ep of
general |y egbakitady heakdid @b ﬁlsatﬁimaﬁab&f whéﬁifn% h@hﬂ r&l@%] {}e(ﬁt\}eﬂ

chanber and reflected fromthe wafer correspon ion emtted
fromthe wa’@°%hd the stray radiation within the heat| ng chamber. 32. The
nmet hod according to any one of clains 29 to 31, wherein said radiation

reflectedfrom es, as_a functi ertical ition of
t he waf er W| Pt hi trrlﬁl% 11\25{1?61 ﬁi ey epe 0? ﬁf"‘l %&iooi{fg%eﬁﬁomﬁgmgg Stepp
correl ati ngfsai d detected total radiation wwth the vertical position of the

wafer, and det Qi'éf&“rﬁirﬁgg fidisla} %@9&0&%9%’%&1% of ﬁ{eltﬁﬁ dl%glattlgg | e% 5§ 0 be said

stray radi |on Detenber according o any one
of clains attftg %@n%ﬁh@f ehapacigizingwadiatipn mittaddry a wakgr dispesedwittin thesai d

chamber Ishpﬁtﬁigcuﬁambeﬁio Hetolntigalraleliiad 4 !OQHe fIth@eidly ahdpe wafer and to the

anount of stray radi hnthe hanber d stray radiation
constituting Y bRl ing e 1Y radlatlon Within 1 erfl%at?ngc amber wfath the stray rad1at10n

component of the total radiation.

36.  The method according to any one of claims 29 to 35, further comprising the step
of sweeping the wafer through the heating chamber prior to thermal processing of the
wafer.

37.  The method according to any one of claims 29 to 36, further comprising the step
of illuminating the wafer in the heating chamber.

+ 38.  The method according to any one of claims 29 to 37, further comprising the step
of detecting the amount of radiation emitted from the wafer within the heat chamber.

39.  The method according to any one of claims 29 to 38, further comprising the step
of determining the measured total radiation to be the stray radiation.

40.  The method according to any one of claims 29 to 39, further comprising the step
of determining the stray radiation component of the total radiation within said heating
chamber by characterizing radiation emitted by the wafer disposed within the heating
chamber to be nominal relative to the total radiation, wherein said total radiation within



the total amount of radiation within the heating chanber whers bdaenbasgfoes i s
di sposed at a generally | ow tenperature. 34. The nethod according to any
one of clainms 29 to 34, further conprising the step of maintaining the
wafer at a generally | ow tenperature, such that said wafer is not
substantially heated in the heating champer when noved through said
plurality of vertical ©positions. 35. The nethod according to any one of
claims 29 to 34, further conprising the steps of determ ning the stray
radi ati on dberpeatisgtchanbertreresgonds daelthyto dre sitaly hadiati@i ebmpomant ofgheioatber by
characteri zhpghadi ation enmtted by a wafer disposed within the heating
chanber to be nomnal relative to the total radiation, and correlating the
total radiation within the heating chanber with the stray radiation

conponent off. t heTHeGh@hod aHodih® By andfone BIelaiTRE ﬁ@lgb 28 el @Srtnhfeim\?ﬂlg}ftgfé? t of

clainms 29 t% 35, futthfr conprising the séep_ 0 smeeplqﬁé A rough
the heati nd'EREREZLRG {5 the YrayHadialien 1ythe bealing shambena realgimerdurivg. The
et hod accagrdéesging.o any one of clains 29 to 36, further conprising the step
of illumnating the wafer in the heating chanber. 38. The nethod according
to any one of clainms 29 to 37, further conprising the step of detecting
the anount 43 r adicanétbed asvordiegitdf anymne loé claahe?9 wi 4 hifuxtich eometising Hargsas.  39.
The met hod gccording to any one of clainms 29 to 38, further conprising the
step of determ ning the nmeasured total radiation to be the stray
radi ation. 40. TeVifwgrdadiadensanreryor ntrpdycing sadidtion! taithesheating ohadhers ur t her
conpri si ng vwieein k&R defdbtod g irAfe D SuthiesiSal &t 4 AR he
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emitted by 'PHEISERARC Braling chepmbsr, $ald, tofa] dagiation ingludinggadiation gmitied by thaal
rel ative t ovaftreatditedy radidiied inotudinghediation gaicgatédbptherradihed sured dndi N 13
Decenber 2 | [ rresponds, di.yectl 0.t he st
radi ati on_ atesied PRR0BHLOY AEMRRlonRn S3RCR Sndiib b i ioboSied B o
any one of k¢ wpies axbgensraderl by thetrdiatioyospprdesi ng the step of conpensating
for the stray ragiadd I : t: Q@g? i J i .
pr ocessi ng. 42'%$h2&%g?ﬁ%gﬁg§?g%g ﬁ%ﬂ?gﬁhn g%%“%?Bgﬁéfﬁéﬂgggygogg?ﬁfﬂrther
conpri si ng PPAEoRY apd
compensating for the stray radiation portion of the total radiation during wafer
processing.




of providing a radiation source for introducing radiation tolibeshealdofg
chanber, wherein said detector generates an output signal proportional to
the intensity of the total radiation in the heating chanber, said total
radi ation including radiation emtted by the wafer, and stray radiation

i ncludi ng radi ati on generated by the radgsation source and introduced to
the chanber and radi ation fromsources other than the radiation emtted by
t he wafer and generated by the radiation source, noving the wafer
vertically in t heSHSTEM AND MBEHOR FMR DETHERYINING STRAM LIGHT

positions, and conpensati mﬁw jon of the total
radi ati on during wafer p?lgé%agg}%g. ﬁ FOR DETERM NI NG
STRAY LIGHT I N A THERVAL PROCESSI NG SYSTEM Abstract A system and net hod
for determning the stray radiation WAl heating chanber (74) of a
t hermal processing apparatus (22). The stray radiation is determ ned by
nmoving a generally unheated wafer vertically through the heating chanber,

and measuring WA bystem eed aethod f68&terktigingniintfayahdingeh aith@dn leafiheeligghekr om
e et R A Rk AR A8 o R AR SR A
a generally unheated wafer vertically through the heating chamber, and measuring with a
detector (36) the amount of radiation reflected from the wafer at each vertical wafer
position. The total measured radiation is then correlated with the stray radiation
component of the total radiation. '

Fig. 1



