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Both conventional types of furnaces are designed to heat
semiconductor wafers to desired temperatures to promote either diffusion of
- 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.

Conventional vertical-type thermal processing furnaces, such as tube
furnaces, are designed to support the processing tube within the furnace in the
vertical position. The thermal furnace also typically employs a wafer boat assembly
which is mounted to appropriate translation mechanisms for moving the wafer boat
into and out of the processing tube. A wafer-handling assembly is deployed adjacent
and parallel to the wafer-boat assembly to transfer the semiconductor wafers from
wafer cassettes to the wafer-boat assembly. The wafers are then raised into a quartz
or silicon heating tube. The tube is then slowly raised to the desired temperature and
maintained at that temperature for some pre-determined period of time. Afterwards,
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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
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
radiation reflected from the wafer and the source intensity are measured, and the
magnitude of the AC components of the source are extracted. The wafer emissivity
is then calculated using a ripple equation. A drawback of this approach is that it
occurs completely within the heating or process chamber of the thermal processing
furnace, and hence it is difficult, if not impossible, to hemispherically and uniformly
illuminate the wafer therein. Consequently, it is difficult to accurately determine

wafer emissivity, especially in real-time, during processing.
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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
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.

Summary of the Invention

The present invention provides 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 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
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reflectivity determned outside of the thermal processing apparatus (ex
situ) is correlated with the intensity 01{ the reflected radiation of the
wafer determ ned wrthln t he heating chanber to determne the reflectivity
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According to another aspect, the system and method maintains the temperature
of the wafer inside the heating chamber during the in situ reflectivity measurement at
generally the same temperature of the wafer during the ex situ wafer reflectivity
measurement. A

According to another aspect, the system generaily uniformly illuminates a
portion of the wafer with an integrating sphere with radiation from a radiation source,
collects the radiation reflected from the wéfer, measures the intensity 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 then determines
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.
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proportiona
om the wafer reflectivity during processing.

According to another aspect, the system can determine the reflectivity of the
wafer as a function of the intensity of the reflected radiation measured within the

chamber independent of the position of the wafer within the heating chamber.

According to still another aspect, the system moves or sweeps the wafer through
the heating chamber, and optionally without substantially heating the wafer during the
wafer sweep, while concomitantly measuring the intensity of the radiation 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 wafer positions, and calculate the constant of proportionality K

to facilitate the determination of the reflectivity of the wafer during processing.
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specific objects of the invention will in part be obvious and will in part
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Brief Description of the Drawings

The foregoing and other objects, features and advantages of the invention
will be apparent from the following description and apparent from the accompanying
drawings, in which like reference characters refer to the same parts throughout the
different views. The drawings illustrate principles of the invention and, although not to

scale, show relative dimensions.

Figure 1 is a schematic block diagram of the emissivity measuring system
according to the teachings of the present invention.

Figure 2 is a perspective view of the ex situ 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.
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achl eves agfHipafe]. real tine emssivity measurenments in a high throughput
thermal processing furnace. This invention is thus broadly adapted for
determ ning a particular parameter of a solid object during heat
processi ng. For pur pdsgsesofA aldarB ilyustrtatleet it jnl@le olifbid fdt\/idirlectb@ réléisddd bed
bel ow as a - \Waf . an d |r anet.ers
reflectivi tg%,%ﬁét%&)ggﬂ\%%@é}m\@%ﬁg{c? é‘ﬁ%g" %ng oseegf)l eS?%“Haf? lgélﬁff in the
relevant art will be readily able to adapt the illustrated system for

determ ning paramet erFff ey g‘ﬁ[ustr@t%@ahgﬁﬁtﬁﬁerﬁﬁfﬁﬁfégﬂg%P%é}aljuh Gifabiedbr t NE

t eachi ngs herelg ept enb 20 i.gure, a tenperature
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i nventi on. aa'&a;edaﬂcbu&mrta&&ac}ﬁyg&t(ﬂmhel&egdmimeﬁ&ma wafer handler 12 that is
adapted to load a wafer into, and conversely renove a wafer from the

Description of Illustrated Embodiments

The present invention is directed towards a system and method for determining
emissivity and temperature of a work piece, such as a'semiconductor or silicon wafer,
during processing. The invention provides for first determining the reflectivity of the
wafer outside of a heating chamber of a thermal processing apparatus, and then
determining the reflectivity of the workpiece during processing within the heating
.chamber of the thermal processing apparatus. The present invention achieves accurate,
real time emissivity measurements in a high throughput thermal processing furnace.
This invention is thus broadly adapted for determining a particular parameter of a solid
object during heat processing. For purposes of clarity, the solid object will be described
below as a semiconductor wafer, and the desired parameters are reflectivity, emissivity
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.
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* The detector 40 in turn generates an electrical output signal which is transferred to the
control stage 50. The control stage 50 performs suitable operations and processes on the
teceived signals and on any stored data to determine the hemispherical directional

reflectivity of the wafer within the illumination stage 18 from the signals received from
the detectors 40 and 42.

With further reference to Figure 1, the wafer in the illumination stage 18
is then transferred, via any suitable method such as by the wafer handler 12, to the
processing stage 22. The processing stage 22 is any suitable thermal processing furnace,
and in particular is a rapid thermal processing furnace suitable for achieving high wafer
throughput and rapid heating of the wafers consistent with the teachings of the present
invention. The processing stage 22 performs a variety of semiconductor fabrication
processes upon the wafer, such as annealing, diffusion, oxidation and chemical vapor
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
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10 to first determ ne
40 and 42, as well as to process the received signals to determine reflectivity, emissivity

and wafer temperature.

With reference again to Figure 1, the detection stage 36 is adapted to
measure the radiation or radiative flux within the processing stage 22. The detection
stage 36 receives optical signals from the processing stage 22, and outputs a signal
proportional to the received optical information. The control stage 50 employs the
signals received along pathway 34A and the signals received from the detection stage
36, as well as from the detectors 40 and 42, to determine the radiative flux emitted from
the wafer. Hence, this portion of the illustrated system 10 can be employed to determine
the amount of stray light or radiation (e.g., radiation from sources other than the wafer)
that 1s received by the detection stage 36 and/or the detectors 40 and 42.

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

illustrate the subsystems employed by the system 10 to first determine the wafer



27 Septenber 2003 10 reflectivity ex situ of the heating chanber, and then
relating or correlating the in situ reflectivity w th 27/Hfeptemiserta003
reflectivity. Those of ordinary skill will readily recognize that in order
to accurately infer tenperature fromemtted flux, the wafer em ssivity
must be known. For sem conduct or proces’@i ng, the emssivity of the wafer
backside is a onpl ex function of surface finish, backside filns, and
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the pyromet SHEHRVEC ﬂ&t"h e‘%?fﬁ piflgypnd a e Wdlng?quf‘ " target is opaque

at the pyroneter wavel ength. The system 10 of Figures 1 and 2 first
perforns an ex situ rreasur‘eqyeﬁle (Rth he hem spherical directional (1)
reflectivity. Specifically, Figure |IIustrates the illumnation system
18 for determining the reflectivity of the wafer outside of the heatlng

chamber of Ttlibehetrmmﬁbal RErRERSal f&leé‘tﬂ)ﬁ@rc@h% mdaire® ¥ MRS drRdnh by,

w | | descr gk% (—;Lx slltu hefle asurenent as_o r| n outg3|de of
the heatind gprtorgply apd FIHéSP BY’O‘&'@ "l‘?@orﬁﬁﬂg}yﬁoﬂ?tm&@% fie€ hose of
ordinary s keﬂei'gwmlt]he distioh yn whmhmlgmmﬁsmlﬂjats debiged tb@eﬁﬁéasﬂéd)cﬁ&@ﬂnﬂﬁvely,

appar at us y..Sel.ect ed. d|t| onal
chanber s, gtzlfg g}l% %Pﬁ% {ﬁﬁh & 81 Q?ﬁgﬁgg} dlrec a‘élﬁgﬁr%’é‘?‘? 8‘}5]{‘?

reflectivi tQﬂIWe%\?éUﬁﬂmﬁ enemerﬁmlwmdﬁb@mlaphﬁrs The Emgmug apstieneqoifes
course, i ncihdge ta?%é?‘% gbﬂﬁleadtf otOf wRRI Ml 181)1(1 gﬁe Datf e 12 Zea

whi ch woul d i nhj bi | acenment of such a sy t min roomns of
seni conduct 88%t &W?‘é‘%ﬁ’ﬁt&?ﬂyﬁ@PP‘ie{V“%@%}hom in Figure 2, the | i ght source
30 generates radiation which passes through a nodulator, such as an

optical chopper 58, fﬂ'xe syst%rlfll ﬁ} ofﬁgﬁrgg 1 angtl] first pe?forms an ex situ measurement
of the hemispherical directional reflectivity. Spemﬁcally, Figure 2 illustrates the
illumination system 18 for determining the reflectivity of the wafer outside of the
heating chamber of the thermal processing apparatus. For purposes-of clarity, we will
describe the ex situ reflectivity measurement as occurring outside of the heating chamber
of the thermal processing apparatus, although those of ordinary skill will readily
recognize that the thermal processing apparatus can be constructed to have any selected
~number of additional chambers, outside of the heating chamber, in which to perform the
reflectivity measurement. Practical constraints on such a system, of course, include
providing a furnace of overly complex design and size, which would inhibit the

placement of such a system in clean rooms of a semiconductor fabrication facility.

As shown 1n Figure 2, the light source 30 generates radiation which
passes through a modulator, such as an optical chopper 58, for modulating the light at a
selected frequency. The light source can be a stable tungsten halogen source. The
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
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t [ t 150, C out ) ation
col | ected Dy PREFI DY BB A S 283 2hpidnO% dn FAHEBODHER e  any sui t abl e
optical el emmpemiires Es@estabbat K0 actabogt Idlﬂ)g’Cl;aid ?Git@ﬁb_mlbl%ﬁnéladﬁs?t i on, : S
I ntroduced 4; . 4 Le n electrical . output signa
I64, desi gna‘%lgpcfg glg tﬁe%%gg‘tﬂ%%%mﬁtﬁ%{ye}ﬁgl fempgra eé'”%%é’&%?ﬁf‘ﬁ“ﬁ%s’ s
t hr ough t heanghabppel0 %8 The wfenis prederstly eoagsied gt enfpehisnesphging batween 28 and

i's introducagut pseeecariWduPlRfgodet ector 40, to produce a suitable
el ectrical output signal 66, designated as Vie,. The electrical signals Vw

and V, ,r are voltage signals which correspond to different voltages in the
system  Speci fical | yThd fagiation ta@etel byitse fibdroptic adtlyes, Mfhithean\dldliad8de
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introduced to the photodetector 42, to yield an electrical output signal 64, designated as
V.- The light intensity of the source as it passes through the chopper 58 is also
measured using a fiber optic cable 28 and is introduced to a sécond photodetector 40, to
produce a suitable electrical output signal 66, designated as V.. The electrical signals
V, and V_care voltage signals which correspond to different voltages in the system.

Specifically, the voltage V., is illustrative of the voltage waveform that corresponds to
the radiation reflected from the wafer backside. The voltage signal V_, corresponds to
the light generated and emitted by the light source 30. The chopper 58 is employed at
this stage to produce modulated or chopped light that assists in correcting for any dc
offsets or noise inherent in the photodetectors 40 and 42 or present in the system 10.
Those of ordinary skill will readily recognize that any suitable photodetectors 40 and 42
can be used, such as standard photodetectors, and are preferably silicon plotodiodes
manufactured by New Focus, Californai, USA. According to a preferred embodiment,
the photodetectors 40 and 42 have optical columns with predetermined filters that only
pass radiation in the same spectral band as the pyrometer, Figure 3. The output voltage
signals V, and V_; are introduced to an analog to digital (A/D) converter 68, which
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present invention I's ‘er agl Ng ® maxi mum
and detector output signal. The wafer voltage vV, in accordance with the teachings of the

present invention is determined by averaging the difference of the maximum and
minimum components of the detector output signal over a s¢lected period.

The illustrated control stage 50 then determines a voltage output signal
ratio of the voltage signals 64 and 66 according to the following equation:

v,
Vno:'::— 2
7 @

Those of ordinary skill will readily recognize that the foregoing ratio can be determined
either in hardware or in software. Prior to measuring the wafer reflectivity ex situ, a
calibration curve correlating hemispherical directional reflectivity to the foregoing
voltage ratio is established by measuring this ratio for a number of reference standards of
known reflectivity, and fitting a best fit curve to the calibration points to develop a

mathematical function of the voltages. The calibration curve is a collection of one or
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advant ageouSTPERiEes. tAgegr n%?%?gmféf%aaéracfla?, ﬁléf’c’@uf%?dbﬁe?ﬁ%v&étaﬁﬁ gh
incorporates a rapid thermal processing furnace sold under the trade names of Summit or
Reliance by Eaton Thermal Processing Systems Division, USA. The Summit design
system is particularly advantageous since it is a single wafer furnace that achieves high
repeatability and uniform result with relatively low maintenance requirements. The
thermal processing furnace develops a temperature gradient by using a ‘hot wall’ vertical
processing chamber for single wafer processing instead of multiple lamp banks. This
hot wall system is developed by employing a three zone resistance heater module at the
top of the furnace (not shown), and a cooling system in the bottom of the chamber (not
shown), thereby creating a temperature gradient from the top of the process chamber to
the bottom. With the temperature profile of the heating chamber or furnace fixed, the
desired temperature is achieved by simply adjusting the position of the wafer within the
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
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 after the ex situ reflectivity measurement.
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preferred embodiment, the steady state condition of the heat source and the smaller

temperature difference between the source and the work piece contribute to achieving

uniform process results while concomitantly avoiding slip line generation.

With reference to Figure 3, the wafer W is disposed within the heat
chamber 74 of the thermal processing apparatus 22. A light pipe 78 is employed to
illuminate the backside of the wafer W with radiation generated by the radiation or light
source 31 and carried by the optical cable 32. More specifically, the light source 31 and
the modulator 58 are used to 1lluminate a fiber optic bundle 32 with radiation chopped at
a selected frequency f, which is preferably different than that of the light source 30.
Those of ordinary skill will recognize that a single light source can be used in place of
the two light sources 30 and 31 provided the radiation outputted therefrom is chopped at
different frequencies depending upon its use. The light pipe 78 directs the radiation into
the process chamber and upwardly towards the wafer backside. The total radiation or
radiative flux reflected 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
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light pipe 78 is attached to the fiber optic

The 1llustrated light pipe is preferably bent at a selected portion 173, and has a
selected radius of curvature R. Those of ordinary skill will readily recognize that the
radius of curvature can be selected in relation to the diameter D of the light pipe so as to
minimize the amount of light loss at the bent portion of the light pipe. A typical
geoemtric relationship can include forming the radius to be approximately four times

greater than the diameter of the lught pipe, and can be mathematically represented as R =
4D.

In operation, the radiation rays 170 generated by the light source 31 travel
through the light pipe 78, past the bent portion 173, and to the distal end. A selected
portion 162 of the light rays 170 which impinge upon the flat or optically rough surface
163 are scattered upwardly through the light pipe. Another portion of the light rays 170
which are not scattered by the optically rough surface impinge upon the chamfered end
78A of the pipe 78, and are reflected upwardly through the light pipe.



cable 32 by a suitable fastener 171. The light pipe 78 has a flat surface
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preferably iIn he sanme opt| I nc e sane opti cal
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and reﬂected by the wafer The photodetector 90 outputs a voltage signal proportional to
the total radiative flux from the wafer including emitted radiation, stray radiation, and
modulated radiation. The output signal is received by a lock-in-amplifier 98; which
filters any voltage signal that does not include the chopper frequency. The lock-in
amplifier 98 in turn outputs the signal AV, which is proportional to the intensity of the
modulated radiation reflected from the wafer. This voltage output signal is received by

the converter 68 of the control stage 50.

With further reference to Figure 3, a portion of the optical information
traveling along pathway 34B is transferred to the pyrometer 96, which in turn transforms
the information into a digital output photodiode current signal I,_,, which is then
communicated to the control stage 50 via any suitable communication pathway, such as
by an RS232 serial link. The system information corresponding to the elevator position
z 1s transferred along cable 34A directly to the converter 68. It is important to note that
the intensity and angular distribution of the radiation which impinges upon the wafer

backside changes or varies with the vertical wafer position within the process chamber



centered at about 0.95 m since the silicon wafer is nan-transm ssive or

opaque at this wavel ength. An advantage of operating PRSSHETORRSZEP3i n this

wavel ength range is that no spurious radiation fromthe bell jar passes

t hrough the wafer and hence inpinges on _the pyronmeter. Another advantage

is that Equation 1 is relaible when thelhafer is opaque at the operating

wavel engths. The il lustrated phot ode}ect or 90 receives aportion of the
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backsi de changes or varies with the vertical wafer position wthin the
process ch&ibEr127 Sept enber 2003 17 74. Hence, the pyronmeter outputs a
different signal for each vertical position. Mreover, since the wafer is
supported within the furngge,gAf is generally difficult to nount an
optical assenbly that can uniformy illumnate the wafer within tlge
chanber. Hence, the radiati-on nmeasurenent perforned within the chanber 74

does not satHeshirdiRBige 30 Mot/ cIrRIGERRES 63 re ARG VHP R 1B WhfHManatk on

characterisfics,necessary in order to roperly determ ne the wafer
reflectivit xéﬁé\f' éﬁ&@nﬁgﬁté’gpmwwmﬁ{ﬁé @I | ustrated system 10, which

i ncludes the insituill um nation technique described above, is unable to
et L un O an g GRAE lALOR Be PERL lRopgST L 0
t he proportionality K, and hence the reflectivity of the wafer, by placing the wafer within the

process chamber 74. The wafer W is at generally the same low temperature as when

resident within the illumination system 18 when determining-the ex situ hemispherical

directional reflectivity. According to a preferred practice, the wafer is at room

temperature during the ex sifu measurement process, and is also at room temperature

when placed within the process chamber 74. Due to the finite thermal mass of the wafer,

it takes a finite amount of time for the thermal processing apparatus to heat the wafer.

The 1ilustrated system 10 then vertically moves or “sweeps” the wafer through the

process chamber in a rapid manner, while concomitantly measuring and recording AV,

I, and the vertical position Z, in real time, during the sweep. The system 10 then creates

a table of voltage values and vertical position. According to one practice, during the

sweep, the system 10 does not significantly heat the wafer, and hence the wafer is

generally disposed at the same temperature when resident within the illumination stage

18. According to one practice, the wafer is only nominally heated during the sweep, and

is 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



system does not determne directly the reflectivity of the wafer within the
chanber 74 fromthe in situ radiati on neasurenent. Ratd{e?epPternerda0gst rat ed
system 10 determ nes the hem spherical directional reflectivity of the
wafer at any tine during the process by assuming that the in situ
reflectivity Ri s proporti onal to AV,,, &cording.-to -the follow ng
equation: R = 4) The control stage 50 therefore correlates the in
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finite thermal nmass of the wa es a nite anount of&ine for the
t her mal pro%%@%?%g apparatus to heat the wafer. The illustrated system 10
then vertically noves or "sweeps" the wafer through the process chanber in
a rapid manner, while conconltantlk measuring and recording AVY,, |IMand

t he vertical p05|t|on Z, iK(Zpal—t+he- during the sweep. The systemn10 then
creates a table of voltage val Uds..8# vertical position. According to one
practice, during the sweep, the system 10 does not significantly heat the
waf er, and hence the wafer is ‘generally disposed at the sane tenperature
when resi deRicaihe ppnstankaf Pllopwmon@hw&ﬂs @geme@stheﬂbsmtdﬂ syteno 1@ isathpr act i ce,

the waf er lasbl@m Setrind Bk bufeat @y fﬂr&gghfohﬁthé\eé%fth@ FheedsS I—%Bﬁ ?ﬁeab' y
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recogni ze, WB %drsys’feﬁh‘forf eﬁ/@f’g‘fszsgﬁii@raé Cé‘oﬁﬁﬁeﬂf‘étli’%)f @é%ﬁu(ﬁd lrldb@r ed
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reflectivit ned, a rio roduci ng. the
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t enper at ur ejfeasr devi thé B4 Wﬁg%ﬂ romroomtenperature during-the
sweep, we know t?\ rtohe g)%bgltu 0f1 Igectlwty can be equated with the

insitu wafer reflectivity R such that R= Ra, where Ro is the

heni spherical directio g refleRfivity neasured using the integrating
sphere 62. The consta’ﬁ(?[il Fl prop or&i ality Kis determ ned using tfe
fol |l ow ng we :

The underlying assumption is that the hemispherical directional reflectivity is linearly
proportional to AV, Since the constant of proportionality K'is determined during the
wafer sweep, it can be used throughout the process to determine wafer reflectivity. A
significant advantage of the present invention is that the system 10 allows for the
determination of hemispherical directional reflectivity within the chamber 74 without
satisfying the conditions of uniform hemispherical illumination for in situ reflectivity
measurements.

The illustrated system 50 can then determine the wafer temperature T,, by
processing in the control stage 50 taking the pyrometer output signal I, correcting for
stray or reflected light as described in further detail below, and combining it with the
measured wafer emissivity to determine or infer wafer temperature.- Those of ordinary
skill will readily recognize that the method for determining wafer temperature from
pyrometer output signals and emissivity is known in the art.



equation: Ro K(Z) = AV'. (2) (5) Once the constant of proportionality Kis
deternmined, the illustrated system 10 is then able to?-%é‘te@mbﬂézpﬁ% waf er
reflectivity throughout the rest of the process. Hence, the illustrated
system correl ates the hem spherical directional reflectivity measured in
the illumination stage 18 with the reflléctivity neasured in situ or within
t he process chanper 74 in accordance with Equations 4 and 5. _
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determines the ex sifu hemispherical directional reflectivity of the wafer while disposed
at a first selected temperature.

With reference to Figure 5, the control stage 50 then transfers the wafer W from
the 1llumination stage 15 to the processing stage 22. The wafer is loaded ori a suitable
vertical support assembly, and is disposed within the pfocess chamber 74. The light
source 31, through the light pipe 78 and the fiber optic cable 32, illuminates the wafer W
as set forth in step 116. The radiation or radiative flux within the process chamber 74 is
then measured by the detection stage 36, and specifically by the pyrometer 96 and by the
photodetector 90. The signal generated by the photodetector is passed through a lock-in
amplifier 98 to generate the output signal AV,,. This is set forth in steps 118 and 120.
Concomitantly, the illustrated system 10 determines the position of the wafer W within
the process chamber 74, as set forth in step 122. Furthermore, the illustrated system 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
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



30 introduces nodul ated radiation into the integrating_sphere 62t
uniformy and hem spherically illumnate a portion of Qts’r%‘ﬂ%%?%?fﬁoﬁé set
forth in step 104. The radiation reflected fromthe wafer is collected by
sui tabl e optical structure, such as by tzge fiber optic cable 26, as set
forth in step 106. The radi ati on generat€éd and emtted by the |light source
30 is also neasured by .the detector .40,. as set forth .in step 108. The
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within the gs{rsocess chan‘?er 74 with the pyronetefr 96 as set ™ for In step
124. The sySFEmM Porcrwelrl s RedyE VHer #BSeY Yy vertical |y through the process
chanmber 74, step 126, while measuring the radiative flux and verti cal
position of the ,wafer. The systemthen.det 1 nes .if .the er sweep is
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W th steps d3Qvaads 888ncdlidDeaéglaaPlee Mherefd90Be &l radiation (I, )collected by the

pyrometer is deemed to be the stray light component of the total radiation, and this is
measured and recorded by the system 10. Specifically, the total radiative flux within the
process chamber 74, and as measured by the pyrometer 96, consists of the radiative flux
emitted from the wafer plus the radiative flux emitted from other sources which is
incident upon and reflected from the wafer. Since the output signal or photodiode
current of the pyrometer 96 is linearly proportional to the radiative flux received
thereby, the radiative flux can be correlated to the output current signal of the pyrometer

according to the following equation:

Jirmr $1\|'+ISL (7)
where I, corresponds to the portion of the pyrometer output signal which relates to the
radiation emitted by the wafer, and Iy, corresponds to that portion of the pyrometer

output signal that corresponds to radiation emitted from sources other than the wafer,



system then correlates the intensity of radiation reflected fromthe wafer
AV, (e.g., the in situ wafer reflectivity) wth the exX?siaptenpera003
reflectivity measured in the illumnation stage 18 in accordance with
Equation 4, step 134. As set forth in steps 136 through 140, the system 10
then determnes the stray |ight corrponeﬁﬂ, and corrects or conpensates for
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and the general reflectivity of the wafer backside. The present invention assumes that
the intensity of the incident radiation at a particular wafer position does not vary
significantly throughout the process. Since the thermal processing furnace employed by
the present invention functions much like a constant heating source, which is generally
required to determine the stray light component in accord with the present invention, the
thermal gradient created within the process chamber 74 satisfies this requirement.
During heat processing of the wafer within the processing stage 22, the magnitude of the
reflected radiation can be set forth as:

Iy = ]SL.a E(_T_) - (8)
R

o

where I, , is the intensity of the-stray radiation measured during the sweep. The
intensity okf the radiation emitted by the eafer can be determined in accordance with
Equations 7 and 8. The intensity of the radiation emitted by the wafer can now be
expressed by:



out put signal that corresponds to radiation emtted from sources other than
the wafer, 27 Septenber 2003 21 and which is reflected2f Sertamier?@fer. This
portion of the signal can include radiation fromthe |ight source 30,

ot her sources, as well as radiation present within the chanber 74 and not
emtted by the wafer. Hence, once the t8tal reflected radiation portion of
the signal is determned (non-wafer emtted radiation), it is subtracted
fromthe total radiative flux to yield an accurate neasurenent of the
emtted radiative flux. A\N<h, —&fdepnceR(Td Figure 3, tfe fiber optic cable

34D transfers radiation to the phot odet}ggtor 90 and the pyronmeter 96. The
Il lustrated pyroneter 96 neasures a sel‘ected portion of the radiative
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such as roomtenperature, the emtted Ilight is insignificant relative to
the total chanber radiation, and hence the radiation incident upon the
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reflected radiation can be set tforth as: L,o R(T)

The system 10 then determines whether the wafer.sweep is complete, and if it is
not, reverts to step 140 and again measures the radiative flux and the wafer position
within the chamber. If the wafer sweep is complete, the system corzélates the total
radiative flux received by the pyrometer with the wafer reflected light, since the silicon
wafer is assumed to have little or no radiative emittance at the selected low temperature.
The system then determines Iy, (z) and measures and records the wafer vertical
position z and the pyrometer output signal 1,,, as set forth in steps 152 and 154. From
the total radiative flux measurement and the forefoing values, the system 10 determines
the total emitted intensity of the radiation within the process chamber 74. This is
generally performed by the system during heat processing of the wafer. The system then
employs this information, along with the reflectivity and emissivity measurements, to
determine the wafer temperature in real time during processing. This is set forth in steps
156 to 158.

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



Ro (8) where IsL, ois the intensity of the-stray radi %%I on rreasur during
the sweep. The intensity okf the radiation emtted by be
determ ned in accordance with Equations 7 and 8. The |nten5|ty of the

radi ation emtted by the wafer can now gg expressed by: 27 Septenber 2003
22 1 =lron -1SL.o(z) R(T) (9) R where L stands for stray light or
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recogni ze atlon ect romthe wafer varie
acco?dance eﬁélﬁgeﬁ %]}“&allnpﬁgé "}rb‘ﬁcﬂ?af 1B MBS 2CHEMYer . This i s
set forth |rﬁqtgt@mtslcxfzbom+14(5005rhe system 10 then deternines whether the
wafer.s weep is conplete, and if it is "not, reverts to step 140 and again

nmeasures the radiative flux and the wafer p05|t| on within the chanber. If
t he waf er svveepdﬁ he eespl iBY@tion glso pyeiden ferr simipla anl ci¢pant dsigh forr adi at i ve

flux recei \bﬁﬂ'ehﬁng ke rﬂ%@ﬁt@@%ﬂiatWetﬁhxtvb‘lﬁuﬂ‘ﬁfeQ:hmhgérl BB Hel k051 NCE the
silicon A assune 1t1 E v@%t 1 rvadl atlége r<lanmtttaarglce 2t t he
sel ected | (%Nn?ré'{?a@’&?fﬁpﬁs otheFaaLies ﬁ %I%‘i i5vefl hydneasprng the yadigiiy
measur es arftixreition de prhesswetfantber 84 wiithahe ilOPited §Rten aditipddegtsPyr onet er
out put signal 1,0t, as set forth in steps 152 and 154. From
Figure 8 illustrates an alternate embodiment of the emissivity measurement
system 10 of the present invention which is independent of the position of the wafer
within the process chamber of a thermal processing appératus. Like numbers represents
like parts plus a superscript prime. The processing stage 160 forms a process chamber
162 that mounts a wafer W on a selected mounting apparatus.” Ifthe chamber walls are
heated at a constant temperature, then all of the foregoing emissivity and stray light
measurement techniques can be employed in connection with this embodiment. In
operation, radiation from a light source 31' is directed to the chamber 162 of the thermal
processing furnace through a suitable radiation introducing aperture 163 in order to
transmit radiation to a backside of the wafer W. The radiation reflected from the wafer
and/or radiation resident within the chamber 162 is captured by the fiber optic cable
34B' and is directed to either the photodetector 90' or the pyrometer 96". Since the
thermal processing apparatus is disposed in a horizontal configuration, the reflectivity
and temperature measurements performed on the wafer are independent of the vertical
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

temeprature, for example, cycle on and off heat lamps, then only the foregoing



the total radiative flux nmeasurenent and the forefoing values, the system
10 deternines the total enitted intensity of the radi &¢iSsRtamheri2A03 he
process chamber 74. This is generally perforned by the system during heat
processing of the wafer. The systemthen enploys this information, along
with the reflectivity and enissivity surenents, to determ ne the wafer
tenperature in real time during processin This is set forth in steps 156
to 158. _ SAISTIYHY MICARMRMend(eEARAYRS G helfaIPHYeE dneonnsetant VB S t hat |t

accur at el yeflei®@mmitnes and then conpensates for the stray |ight conponent
Wi thin the system 10 by assum ng 27 Septenber 2003 23 that the relative
emttance of the wafer at the selected |low tenperature is negligible.

Hence, the pyr oAsigiificaut pivintaggoihisipositiguaidegendehhddsipm is ttraa;t dbegindt
conmponent of th T m e artz
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chenmi cal deftbs mafemras lllaamthcéomrﬁrg@re 3 h:blnng Itlltqmcasateeumswi ‘ernﬁedb@@ng ot
require-the. use Morémpl all'y designed quartz or silicon tubes in order to
accurately measure wafér em ssivity. Another significant advantage of the
present invention is that it enploys a correlation scheme that correlates

ex situ wafer reflechtaording W ¥t ahﬁth&térﬂbd@fha{t mefsjfﬁé‘ahlo‘fﬂgﬁreliﬁar%éjer to
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radi ati on 1_.%enerat ed by sources other than the wafer. This is achieved by
measuri ng YNEWMAY| ative flux within the process chanber 74 with the
illustrated system conponents. Figure 9 illustrates an alternate enbodi nent
of the emssivity negasu t I whlchls
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It is also to be understood that the followfng claims are to cover all
generic and specific features of the invention described herein, and all statements of the

scope of the invention which, as a matter of language, might be-said-to fall therebetween.

Having described the invention, what is claimed as new and desired to be

secured by Letters Patent is:



operation, radiation froma light source 31' is directed to the chanber 162
of the thermal processing furnace through a suitable radiation introducing
aperture 163 in order to transmt radiation to a backside of the wafer W
The radiation reflected fromthe wafer and/or radiation resjdent within
the chanber 162 is captured by the fiber optic cable 34137 mber d0P3ct ed
to either the photodetector 90" or the pyroneter 96'. Since the thermal
processi ng paratus is disposed in a ho#izontal configuration, the
reflectivity2B%d tenperature neasurenents perfornmed on the wafer are

i ndependent of the vertical position within the chanber 74'. Hence, in
accord with the i i I: St ,hto t

chanber 74'hl,' thegélge |O§'tjf? 1{/21%? ‘g‘%—)}ﬂ]?ezde&%%gﬂaﬁgo%%’vﬁeF%?shdlﬁh%f%%ﬁ%%gflum%rc%%tgﬁi ng
to the for elywing@rdcesdimg mudseatihg chdnebes bfatdetmalsprocdssiiR appaita s Gaidmé@hednst ant
temeprature, for, ex | e, cycle on and off heat |anps, then only the

f or egoi ng f?ng’élﬁ’c“@ﬁﬁ‘g?te 3 24 enissivity measurement techni ques can be
enpl oyed in con } 1 IS i : b0k e of

T s posi 11 on | nesnaaditiedeARuvicy SPRRIT butridy 51 APt R ha AT R

moni t or i ng therthat prooessinggpppératissel ect ed position, such as the vertical

position of the fer. as illustrated on Fiqure. 3, .duri he .neasyr enment
and waf er heati ﬁ%rﬁ%%%l.nt%ﬁ%f}g }atlﬂ%#}e%?eﬁgr‘f% ﬂi?e‘f’a#é’gﬁ’%‘%ﬁm@% di ment ,
the syst emithifrkigitiettiSe EdiMHRE of R dhdrindPpPUéBinbhgparh@p, and bottom hot pl ates
can be provided to define the chanber and to heat the wafer to the

sui t abl e t her mal copielatiag shavgfleetiprodthe wafer deiemtined eytside pfitiatthermahe hot

| . i d.h al f
Phe. % or ogdibssd BurOM olth STRECA! o e RARLAABNE Fund AT B85 Fues
enpl oyed. Thichin trtegingichaabzeth detdthiinahe refiviy bOthe GmBEr wighih @it chaibkh e

scope of the present invention. It will thus be seen that the invention
ef fici ently'mgttai ns the objects set forth above, anong those nmade apparent

fromthe precedi g geags fHatd §‘sivi‘?t | nge ?/@fetr%ﬁ:al ﬁﬁ@,%g%?%cg?ﬁ?%% J;thnt he

above constructions w thout depa romthe scope o , It
i s i nt endecotrhlatedavdfemmfleaivityaleteamined within the thévmak prbesssingpippantuer shown in
t he acconpanying drawi ngs be interpreted as illustrative and not in a

limting sense. It is also to be understood that the following clains are

to cover alj, gel}%rrh&h@cﬂgfélﬂﬁpi,f\irh‘eréiﬁ@ﬁéls&%opdetérﬁﬂnjhg‘ﬂfe%ﬂé’d%i_vﬂﬁ%?Eﬂebe‘j
herein, and all statenments of the scope of the invention which, as a
matter of [vedefgEde of thebeatingchambend thetherma eredsstingepparatus comprises the

step of measuring the hemispherical directional reflectivity of the wafer prior to thermal

processing within the heating chamber of the thermal processing apparatus.

3. The method of claim 1, wherein the step of determining the reflectivity of the
wafer outside of the thermal processing apparatus comprises the steps of

generally uniformly illuminating a portion of the wafer with radiation from a
radiation source, and

measuring the intensity of the radiation reflected from the portion of the wafer.

4, The method of claim 3, wherein the step of determining the reflectivity of the
wafer outside of the heating chamber of the thermal processing apparatus further
comprises the steps of

measuring the intensity of the radiation of the radiation source, and



Havi ng described the invention, what is clained as new and desired to be
secured by Letters Patent is: 27 Septenber 2003 Cains 25 1. A nethod for
the real-tinme determination of em ssivity of a sem conductor wafer during
processing in a heating chanber of a thermal processing appgr be3 2003
met hod conprising the steps of determning the reflectivity of the wafer
out side of the heating chanber of the t?ﬁrmal processi ng appar at us,

re

determining an iptensity of radiati ected fromth fer when

di sposed Wi ¢ hi rCtRRIHES e el T oF toVATHITO SRiAeASE LR appar at us,
correl ati nqnfh&ity &ftheohlet bhy tHefradilGon'\@uile, det erm ned outside of the thernal
processi ng apparatus with the intensity of the reflected radiation of the

waf er determned wthin the heating chanber to determne the reflectivity
of the wafér w tHienntthed chdaibet, wianein det seprofdangniikiep @ refieativity of thet vasfer

wafer in real .ti urin rocessing, fromthe correlated wafer
reflectivi tfg}ltsa*i% Srihg ﬂ%aamﬁﬁ%bﬁpﬁer@éhettﬂMPrwmmm@%wa%&e stepy A

met hod of cl ai mg%neﬁahﬁhﬁif&mp%ﬁﬁﬁm@ag&%ﬁBtme%f&mtﬁ Rldigohingn y of the

waf er outside of the heating chanber of the thernmal processing apparatus

conpri ses tradiatign syyrest ambasuri ng the hemi spherical directional reflectivity
of the wafer pri to.thernal rocessin it.hinth at i,ng chanb of the
t her mal processi%&%% 3{%’2).0%& LF&%“&%?&@@%W&%%@%W&’@N%(I’ﬁkgtep of
det er m ni ngvifBeandahé Rtdrsity by thefradififon Maited bo esiaditioh shilres, t her mal

processing apparatus conprises the steps of generally uniformy
illumnating a portion of the wafer with radiation froma radiation

porti on of e vilaRendd 6t IanE S dkid md 16 SkAARE R AGAKRy LF B walEr
det er m ni ngutdide ¢faht bedtingichymbdr futiker conipeisesahié éﬂeplsaoﬁ)f t he heating chanber
of the thermal processin pparatus further _ conprises the sfeps. of,
measuring the i rﬁeéﬁé‘fl?%/agﬁﬂﬁ}f Gy AT RSN G e WetiF Bath S8idy 27
Sept enber 2003 .48 determining the reflectivity of the wafer fromsaid

nmeasured radi ati on
determining the reflectivity of the wafer from said calibration curve.

7. The method of claim 1, wherein the step of determining the reflectivity of the wafer
outside of the heating chamber of the thermal processing apparatus comprises the steps of

generally uniformly and hemispherically illuminating a portion of the wafer with
radiation from a radiation source, and

measuring the radiation reflected from the portion of the wafer.

8. The method of claim 1, further cémprising the step of maintaining the
temperature of the wafer during the step of determining the reflectivity of the wafer inside
the heating chamber generally the same as the temperature of the wafer during the step of
determining the reflectivity of the wafer outside of the heating chamber of the thermal

processing apparatus.

9. The method of claim 1, wherein the step of determining the reflectivity of the
watfer outside of the heating chamber of the thermal processing apparatus comprises the

steps of



intensity of the wafer and the radiation source. 5. The nethod of claim1,
wherein the step of determning the reflectivity of the wafer outside of

t he heating chanber of the thermal processing apparatus conprises the steps
of generally uniformy illumnating a portion of the wafery Ihahh ON
froma radiation source, and determning a ratio of the intzer)rl:%%p?%/rﬁ%gz%g
radi ation reflected fromthe portion of ét}e wafer and the intensity of the
radi ation emtted by the radiation sourcé’ 6. The nethod of claimb5,

wherei n the st epeaerally vaiermHy fifpraimatings pertion ¢f the wifer wish qa frdegrating si de of

t he heati ngpg%}?mhag%ggp%é@%’ FHI-CIR g Seps of generating a calibration

curve corre Ity of e wafer with said ratio, and

det er mi ni ng t he golitdtR@tthy tddyatioh réfietatofhk@n tha wafefai d cal i bration curve. 7.
The met hod of claim 1, wherein the step of determining the reflectivity of
the wafer outside of the heating chanber of the thermal processing

appar at us cdéwpr iBeantthed sf dpisn Bffuggberaroaliprigingrihé stepd of and hemi spherical |y

illum nati ti f .t he.waf it h i ati f i ati .
sour ce. _and meadti et e ARG ahe PeionralroRr it uafs ol ofidifating
wafer. 8. Tdnempet hod of claim11, further conprising the step of maintaining

the tenperature of the wafer during the step of determ ning the
reflectivity of mepsuniag the intariigeo! thewadiation emgtashizor dhe rgdigtiormbouyce, he sane as

the tenperature Elﬂﬁ f.ar i t ) of. determning the. .
reflectivity of C%Lee wa %lfg S%ﬁ‘ft%lyé’gﬁ%fnapﬁ% r%%gg Illshlcf’l?: ke egFg?%%(?%%’P%l
processi ng ofpiarefiectsd rddiatibhendeidvadiatibn Goai the Taditvarseurkef he step of
determining the reflectivity of the wafer outside of the heating chanber

of the thermal Hcaetag agaliispignguyee easraitingdle reflectivtyfdhewatey wilsahber

2003 27 g%ﬁﬁﬁhﬁﬂca}‘@%ﬁ%ﬂé ddd um nating a portion of the wafer with an
integrating sphere wth radfation froma radi ation source, and collecting

t he radi ati on r efeleemirdog fheanil¢dtivityaf dre. wdifer frdiheakenhdtiof cavei m 9, furt her
conprising the steps of neasuring the intensity of the radiation reflected
by the wafer outside of the heating chanber, neasuring the intensity of

the radi atian enftetBethbd 8N IAIREY, WhlraihisRid sk TCRiermining the reflectivity outside of
the heating chamber of the thermal processing apparatus further comprises the step of

modulating the radiation emitted by the radiation source.

12.  The method of claim 1, wherein the step of determining the intensity of reflected
radiation of the wafer within the heating chamber further comprises the steps of
illuminating the wafer when disposed within the heating chamber with a radiation
source, and 7
measuring the intensity of the radiation reflected from the wafer within the chamber
with a detector, said detector generating an output signal proportional to the intensity of the

reflected radiation.
13.  The method of claim 12, further comprising the step of generating a first output
signal proportional to the intensity of the radiation reflected from the wafer in response to

an output detection signal generated by a detector.

14.  The method of claim 13, further comprising the steps of



determ ning a selected mat hematical relationship between the neasured
intensity of the reflected radiation and the radiation fromthe radiation
source, generating a calibration curve correlating the reflectivity of the
wafer with said mathematical relationship, and determ ni n@7#&(tember 2003
reflectivity of the wafer fromsaid calibration curve. 11. The net hod of
claim9, wherein said step of determ ninggthe reflectivity outside of the
heati ng chanber of e thermal, processing a ratus further conprises the
step of nodul atW?fBﬁQH’@tF%ﬁggﬁt‘Pgﬁméﬁ?‘f}?ye%eﬁgﬁﬁ%‘W&E?Fa%qdon source. 12. The
met hod of cl ai Mflierinh it SlutSiSRI f refBE HERNRR s bilRr iHah ARSiddheMy of
reflected radiation of the wafer within the heating chanber furthér

conpri ses tthemstelgtedgadiptionini nat i ng t he wafer when di sposed within the
heati ng chanber with a radiation source, and neasuring the intensity of
the radiation reflected fromthe wafer within the chanber wth a detector,
sai d detectigr gemnriaéthdofdlailll ] Whrtisdr ¢ORbrifing Y stéPerdorreRitin end refledtsitdyy of
the reflected radiation. 13. The nmethod of claim 12, further conprising
the step ofofgemwaler witinthe chapabesyrihthe indengityiof fegpenstied Feflectes radigtiometnsi t y

of the radiqti : mthe wafer in response to an out put
i hvgfbr %ﬁﬁﬁ&g@ggmgﬁ&.

detection sig gener y a detector. 14. The nethod of claim 13,
further conprising the steps of 27 Septenber 2003 28 nodul ating the

radiation emtt by th di ajiaon source, and filterjng the first output
signal to riémov r‘%ﬁfl‘é‘ﬁ%ﬁ[‘g%mb{i\ HEAMPHENE { etrmining thegefleckiv iy

radi ation. k. Jhe f[;%ﬂlqg Qif arehed e lerol b Wi nprising the step of
correlating ?ﬁee re¥ ectlv?ty oe? Enktle v{\)/ag)er g\k/\)lﬁ?ﬁ?% the chanber with the
intensity of theRL_rq?ﬁ@red reflected radiation of the wafer within the
chanber. 16. The netholl of claim 12, further conprising the step of

determ ni n%&@ﬁ@fﬂg@%ﬁ of fle vh4T8: WRAiRthd'hdafihP chddfher iR @@@&orgiang be

foll owi ng formul a: ere Ris the reflectivity of the water within
t he heat i ngprofpratitamlity, Knd 4 Vay s dinsingembitp6f thp rragation cefletied Yronathd wilsy wishih he
intensity of the radiation reflected fromthe wafer wthin the chanber.

17. The netthoehastbetl ai m 16, further conprising the step of determning the
const ant

17.  The method of claim 16, further comprising the step of determining the constant
of proportionality K by

sweeping the wafer through the heating chambér of the thermal processing
apparatus, and

determining the constant of proportionality K from the radiation reflected from the
wafer during the sweep and the reflectivity of the wafer determined outside of the heating

chamber.

18.  The method of claim 17, further comprising the step of

calculating the reflectivity of the wafer during processing from at least the constant
of proportionality K,

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

determining the real time wafer reflectivity from the measured reflected radiation

and the constant of proportionality.



of proportionality K by sweeping the wafer through the heating chanber of
the thermal processing apparatus, and determ ning the constant of
proportionality K fromthe radiation reflected fromthe wafer during the
sweep and the reflectivity of the wafer determ ned outside ofgdagntie2bbng
chanber. 18. The nethod of claim 17, further conprising the step of
calculating the reflectivity of the vvafeﬁ during processing fromat | east

the constant. of_proportionali K, nmeasurin he [ntensity of the

adi ati on 18t 1 ecRBanRReRoFHEmALY. aibepn @teppcrgf&te@g@i% IR 9R S ng t he
real time walerinhefl )4 (=183 d the
constant of pr o%ég%it%?aqﬁng&ré%gﬁ%?@nﬁ% 3 %e%%@de%ﬁﬁ#_ﬁ%ﬂ%eﬁ%%ﬂ%@fgl aim
18, wher ei rih¢ wefes from bf reidtioowafengfletteviordsing\preogsofig.t he wafer in real

time during processing conprises the step of determning the em ssivity of
the wafer fromthe real-tinme wafer reflectivity during processing. 20. The

net hod of clpai M mdiHed bRdtaigP I Fihd Goibasiag el @dp sfRleRiMifhg thetBBectivity
reflectivity of the wafer as a function of The intensity of the reflected
radi ati on redakiveler od a Rinatiemer the liensity of HgapBenteduadistion meapued within the t he
waf er w t hi heatin .. 21-.The Jre ficlaim 12, further
conpri si ng ctrﬁ ﬁlé@%lg%%peg‘fl&t ﬁg@%%??g’s‘i“ﬁ% o%l}eéfaf'?rh‘%rﬂg@gfﬁ? ]ﬁeeahﬁ%%% FMchamber ,
measuring the intensity of the radiation reflected fromthe water within
the chanber at gne or nore wafer positions, and storing the radiation
intensity ald asdpethediobrdaim 1% dugher cpmpliging thefienswg said  measur ement .

22. The net hod 1] al -llflé-nﬂﬂ the step of neasuring the
intensity of tﬁéo‘ﬁiéﬁlfgﬁgtr aél%'gﬁeongﬁé% & Wafer without substantiall y
heati ng t he waf eneasudmy thh éntewsity exf dielrdiatdn teflected it thieavataavithindtid ectivity

is determ n%d utsi de of the t%lher mal rocessi ng apparatus. 23. The net hod

of cl ai m 1EMIPIPL L Spe PHRPFS W {;P‘?Sl%on&é’ﬁs of noving the wafer through the

heati ng chanber, i 3 gﬁlﬁ Al i j Fldld

reflected from tsrt1e yéelfda%tl{oﬁﬁrﬁt% H%E’so'cﬁ?&rb'ﬂsft%n%ffﬂﬁé\ﬁaféﬁ g <Al
measurement.

22, The method of claim 21, further comprising the step of measuring the intensity
of the reflected radiation of the wafer without substantially heating the wafer from
the temperature of the wafer when said reflectivity is determined outside of the thermal

processing apparatus.

23.  The method of claim 16, further comprising the steps of

moving the wafer through the heating chamber,

measuring the radiation intensity of the radiation reflected from the wafer within
the chamber at one or more wafer positions, and

calculating K to facilitate the determination of the reflectivity of the wafer during

processing in the heating chamber,

24.  The method of claim 1, further comprising the steps of
illuminating the wafer when disposed within the heating chamber with a radiation

source, and



t he chanber at one or nore wafer positions, and calculating Kto facilitate
the determnation of the reflectivity of the wafer during processing in

t he heating chanber. 24. The nmethod of claim 1, further conprising the
steps of illumnating the wafer when disposed within the hegtgdgnchanies
with a radiation source, and 27 Septenber 2003 30 neasuring the total

radi ation fromthe wafer when within the eatlng chanber vmth a detector

as the wafer noves therethrou 25, Th ho .ai.m 24, rther .
Conpr L sing the. SEeasgRe B8 g Fag tﬁ%&@%ﬁf@ﬂwnw tEsting iembebRitne
waf er W|thar&tgéc@grlaglﬂl@@higf%%me&ﬁﬁ)mg?,ources other than the wafer. 26. The
nmet hod of claim1, further conprising the steps of illumnating the wafer

when di sposed within the heating chanber with a radi ation source, neasuring
the total radiation en vvlthl chanber ith a
detector addt he VarerbbAdSnlat SoubaSambtith e et A Retserely ne
waf er fromtbiabratiRfiBe fidiiihe viifertvwieh Mafa8ion WHghati fr@fi‘w@)@fte& BthePthah el Wiker.
chanber, and correlating the nmeasured total radiation fromthe wafer with

radi ati on ori ginating from sources other than the wafer. 27. The net hod of

cl ai m 25, rt hefhe%ﬁ%%dg{a%‘g{ gmﬁeﬁp& g,lfg qﬁé’gtég NG radiation emtted

fromthevvaer fac ortginating from sources ot her

than said waf erillfundmisgile Wﬁéﬁ\bvhma@ispdse@lwimﬁi tt hedting2Bambbewi® b ketiatin
claim?25, further conprising the step of determning the tenperature of
the wafer @G¥i°Rg processing fromthe wafer enissivity and fromthe

radi ation em tt g?eeagﬁ%l?éﬂ(}{en&al"@d%mn%ﬁom Thew iRl W?lgn%th?ﬁ ﬁ'Lnﬂelltl %Pﬁ nber

conprising the etermning the tenperature
| east the ewilsai ddt¢cyorods tlteeumﬁ' enove3 therdthredghowvithout $ubstandaly heatmg the

determnati o e ssi VI conduct o fer .durin rocessing in
a heating ¢ ‘VP&%‘I@‘? gllf Tﬁmtpﬁ f%‘ﬁ%’gj AT gﬁ‘iﬁc\gﬁf&the%’ﬁ?t&flg(é’?ﬁ@ and
conprising the sigRRtial nanedsttddtotdabiRkiBh ¥rokd fhe ma@@f;wlﬂgramﬁo%hgﬁaaahg si de

of said thermal procesSing apparatus, 27 Septenber
from sources other than the wafer,

27.  The method of claim 25, further comprising the step of determining radiation
emitted from the wafer by subtracting said radiation originating from sources other than

said wafer from said total measured radiation.

28.  The method of claim 25, further comprising the step of determining the temperature
of the wafer during processing from the wafer emissivity and from the radiation emitted

from the wafer.

29.  The method of claim 1, further comprising the step of determining the temperature

of the wafer from at least the emissivity of the wafer.

30. A method for the real-time determination of emissivity of a semiconductor wafer
during processing in a heating chamber of a thermal processing apparatus, said method
comprising the steps of

generally uniformly illuminating the wafer outside of said thermal processing

apparatus,



31 determning the reflectivity of the generally uniformy illum nated
wafer, generally illumnating the wafer within the heating chanber of the
thermal processing apparatus, determning the intensity of radiation
reflected fromthe wafer within the heating chanber of theyt8&f&hber 2003
processi ng apparatus, correlating the reflectivity of the wafer illum nated
outside of the heating chanber wth thesyntensity of the reflected

radi ati on of the fer. detergined in.the heagting chanber, tqQ determ ne the
waf er reflecti viq%éarﬂlﬂl‘?lflﬁgleﬂfeﬂ]%%’é’ét?’ 9 the-gege13 Y@Pﬁ?‘ﬁ‘;}ﬁgﬁ%’@a@%@%ﬂ ty of the
waf er in real tiggef H?El%ﬂﬁ@f@ﬁé'ﬁﬁerfﬁﬁﬁhkﬁ%ea @fgafn{b%ﬁ betheltd 31. A

system for determning in real-tine the em ssivit a sem conductor wafer
duri ng prodgusesissige eppasathgat i ng chanber of a thermal processing apparatus,

said system corrcprisi.n ef.l ect. vift .dteter 'na&i on ans far .determ.ni ng
the reflectivity <l ernistsity ot rfdiation Tefledi®s 52m 5""@2%*{5‘3}‘“5‘?646%“8

t her mal prqﬁleﬁlgbmm@ﬂ@ﬁaﬂqﬁocdsgﬁgg@&mget erm nation neans for determ ning
an intensity of radiation reflecte fromthe wafer when disposed within

the heating charfioselagng thearetlpetivigyof theovalssillvninatedevtaide of thedeatingehamberneans
for correl g4 . . |4l . e ).negd. i o] he
thermal pr %ﬁ%eﬁ%@g%ﬁﬁfﬁ%ﬁseﬁ&&ﬁ Q%dﬁ%t{b?lr?ﬂes‘:&?‘gpg‘%& lgg({rjleotﬁéeg?agﬁg r g%rPé 5 on
of the waf ab degdahienhaedfentdflectivibhéurhgairottgsiapaimbier to determ ne the
reflectivity of fhe wafer within th chanber, and enissivity determ nation
means for det er ASHIRYIPS thesmissiyigy ¢hthe pvafesdn g} medyripg processingdromthe ng
processi ng,wiEouthfigorrel ated wafer reflectivity determned within the

t hermal processing apparatus. 32. The system of claim 31, wherein said
reflectivity determ nati on neans conprises mneasurenent neans for measuring
t he hem sphgrical, directional reflectivity of the wafer rior to thernmal
processi ng Wi t hi é?ﬁk%t@t@%&%ﬂ?alﬂmgﬂﬁ OHEY YR 0%%8@%%1“!1805& at us.
27 Sept enbefurid@ Procdssingdth a HAfing ¥Ed«A8r OF a Bhedind) Fdecs B hfpdtattdisdid §deRCt i Vi ty
determ nati on nmeans conprises a radiation source for generally uniformy
11T um nat i f@T@IEEBti on of the wafer with

reflectivity determination means for determining the reflectivity of the wafer
outside of the heating chamber of the thermal processing apparatus,

intensity determination means for determining an intensity of radiation reflected
from the wafer when disposed within the heating chamber of the thermal processing
apparatus,

correlation means for correlating the reflectivity of the wafer determined outside of
the thermal processing apparatus 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, and

emissivity determination means for determining the emissivity of the wafer in real
time, during processing, from the correlated wafer reflectivity determined within the

thermal processing apparatus.

32.  The system of claim 31, wherein said reflectivity determination means comprises
measurement means for measuring the hemispherical directional reflectivity of the wafer
prior to thermal processing within the heating chamber of the thermal processing

apparatus.



radi ation fromsaid radi ati on source, and neasurenent neans for neasuring
the intensity of the radiation reflected fromthe portion of the wafer.
34. The system of claim 33, wherein said reflectivity determ nati on neans
conprises source nmeasurenent neans for measuring the i”te”ﬁ;jﬁét/pté?ﬁbér%%
radi ation of the radiation source, and second reflectivity determ nation
nmeans for determning the reflectivity of32t he wafer fromsaid neasured
radiation intensjty of the wafer and the radi ation source. 35. The system
of claim3® -m% Systemy % claim He W 9#6&%%{83@%%&4%1%&% IRGERH EPIBPESEs g
radi ation sour ce, LafGR Okl fof sUlIRY Hitorinky) #HbRRk '

waf er, and ratioadgtergnl‘?'{rgaﬁoﬁ mga% or c#et %ﬁé&%nﬁ%@r&%ﬁ)ﬂgﬂﬁ%ﬁﬁ

i ntensity ohdintoh fomenidrrefliation swirés, end t he portion of the wafer and the
intensity of the radiation emtted by the . radiation source._ 36. The system
of claim 35, \Ahé?%qsﬂreg‘?flﬁmfe@'fslftg{:’?@ﬁ gg&g"tl Feﬁflﬁ’a?étgﬁrar%a&% refleRted G théeans
for gener atgopgorfofaBt iafept i on curve correlating the reflectivity of the
wafer with said ratio determ ned by said ratio determ nati on neans, and
second reflectivity determ nation nmeans for determning the reflectivity of

the wafer from-sai al ibratign curve. .37, The system of claim 31, .wherein
said refl ec3I4|‘ Vi t@lecfg'ftéglrﬂfﬁgwgg’ W@Sﬁ?gl %b‘ﬁ%ﬂe%tévétya%?% fog Aneaps, Gmipriges
general |y uni f orsginte andsiiembsheds & h¥asidihgHen@eh§§ oF (ROFia86n oPfhet he
wafer with radiation, and neasurenent neans for neasuring the radiation
reflected fAYAIPMEPOUKSs 88bn of the wafer. 38. The system of claim 31,
wherein said ref LMHL Y ] i i ept.e r 2003
33 a radiation sSt% g‘gltéi rlgir]é:cl)ﬁgg?ﬁg{e?]%%+€@ﬁ%%@gg€[§%%ﬁﬁ%§% {2‘%1 g&‘@@rﬁﬁﬁ? cation
Wi th an i ntafgrfadinsgidapdeenred taliatgpariateailyyofithe ivaferiayd tHel radiafiad sdugeenr porti on
of the wafer wwth radiation generated by said radiation source, and

coll ection neans for collecting the radiation reflected fromthe wafer. 39.
The systemzgf cCl@ieTyd8m JrefihS, GRERMH Sid'@nkidvily de%ﬁﬂﬁtib}{ o

means for measuring the intensity of the radiatron reflected by the wafer,
second i nt ensi t \a radiation soveset fongenesaliyomifoeatuillumgnating ai portdorsoftthe ehferrmd

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.

36.  The system of claim 35, wherein said reflectivity determination means comprises
means for generating a calibration curve correlating the reflectivity of the wafer
with said ratio determined by said ratio determination means, and
second reflectivity determination means for determining the reflectivity of the

wafer from said calibration curve,

37.  The system of claim 31, wherein said reflectivity determination means comprises

a radiation stage for generally uniformly and hemispherically illuminating a portion
of the wafer with radiation, and

measurement means for measuring the radiation reflected from the portion of the

wafer.

38.  The system of claim 31, wherein said reflectivity determination means comprises



radiation emtted fromthe radiati on source, nmeans for determning a

sel ected mat hematical relationship between the neasured intensity of the
reflected radiation and the radiation fromthe radiation source, generation
means for generating a calibration curve correlating the rfﬁéﬁ? ey b0 Pf
the wafer with said mathematical relationship, and neans for term ning
the reflectivity of the wafer fromsaid ggllbratlon curve. 40. The system
of claim3 8, wherein said reflectivity déterm nation neans further
conprises neans for nndulating the radiation emtted by the radlatlon

source. 41. The asaaafaﬁ &inaum ﬁB& (?hré@fn 1@&1%,?:15&11% {ion

means conprises a ra on sou um na |ng t
di sposed W|mlegmlnglepl’weafqrIggnerelﬂbaumﬁmnl)aﬂﬁumnaimgemmw of memafmwmﬂtl on with

said radi atian.source for ne ting the intensity of the radiation
reflected frﬁ‘ﬁﬁﬁl?rh%emeéfbwaﬂcﬁf 1398 SOWEGHBE, sai d detector generating an

out put  si gnal prc%ﬂ@étio‘n@ﬁ@ahstf& crohectmgttﬁ@ﬁdtaxmﬁfreﬂéaeedrf?édmafetﬁﬁef adi ation. 42.
The system of claim4l, further conprising neans for generating a first

out put signal proportional to the intensity of the radiation reflected
fromthe feer i n 0 out put . S|gnal of said detector. 27
SeptenberWE; 3131“3{%8 ‘fﬁglaé?ét eﬁ{I@Fr(&q further conprising a

modul at or for rmﬁhsi itenBigy indesuréralém inteans ﬁﬁ“rﬁetagiﬂiﬂgythé Bferdsadiofticqndiage ce, and
a filter for filtering the first output signal to renove frequencies other

than the frelertadcy e Waftte nodul ated radiation. 44. The systemof claim 41,

further conpri S|§g?% %gﬂﬁg%ﬁ@ﬁd% ﬁ)?lil{e%glﬂ' 'igqﬁ%}eﬂ%@gi%%ﬂh ctivity of

the wafer within ensi t ured refl ected
radi ati on ahdittien swaftted front thie padiftéorcdoardegr . 45. The system of claim 41,

wherein said reflectl%rléi% determgﬁgtlg ans, determ nes the reflect|V|ty
of the wafer wi t'RFARSEARACHIIEE 258\t mgﬁ liepdelaipnsbin bryweat the measyred
KzVw wher e lﬁehﬁtf}ict}%ﬁh%@cea kaelétbbn%dttﬁ@ra&ﬁﬁeﬁ £ ik Tadifion B Al ylg chamber, K

is a constant o proportionality, and the Intensity o
radi ati on refl ecgea@raﬁmmmﬂarkset"ov\,gémratuugtarnahbratlhmcmtvam«elatmﬂleThe syst em of

I 45, th det, t f t 1 Ni th
Constant | of 0ty 6 BRartes i S R B AsPR RERPBRaahe [ ncl udos moans for

sweepi ng means for deterrmmng the reflectivity of the wafer from said calibration curve.

40.  The system of claim 38, wherein said reflectivity determination means further

comprises means for modulating the radiation emitted by the radiation source.

41.  The system of claim 31, wherein said intensity determination means comprises

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

a detector in communication with said radiation source for measuring the intensity
of the radiation reflected from the wafer within the chamber, said detector generating an

output signal proportional to the intensity of the reflected radiation.

42.  The system of claim 41, further comprising means for generating a first output
signal proportional to the intensity of the radiation reflected from the wafer in response to

said output signal of said detector.



the wafer through the heating chanber of the thermal processing apparatus,
wherein said constant of proportionality Kis determned fromthe

radi ation reflected fromthe wafer during the sweep and the reflectivity
of the wafer determ ned outside of the heating chanber fr oI S&téinber 2003
reflectivity determ nation neans. 47. The system of claim 46, further
conprising neans for determning the reflfﬁctivity of the wafer during

processi ng omat |east.the constant of .proportionality K, intensity
measur enenti‘o’rrrean@je?sgﬁteﬂleoafscﬁﬁlﬁ ’Bﬁh‘ef ﬁ?%ﬂ%%??%/ of the radiation reflected
fromthe wafer ditbigater &sssduldingaRraaREen miteld Rothé Yidiatiodabeich] fdtd on
means for determning the real tine wafer reflectivity fromthe neasured

reflected ridéar o fieriagdhe fiest ewnutsignal tof reproyp Sreanengiss other than tieefiegeher 02003
35 48. The tﬁ%ﬁfoﬂ@a@dr&&i@{i&ﬂ 47, wherein said em ssivity determ nati on neans
det erm nes e emssivity of the wafer fromthe real -time wafer
reflectivity of said second reflectivity determ nation neans during
processing. ,49. The system of claim41, further conprisi ngo means for noving

the wafer tHtoughherpalemediclaig 4ln BrEer comprsing ersrrRRtpReARs dorregrrelatisg they t he
radi ation i plaeRslitYorthcwaRs Asthet b ; : r tem
of claim 45, furt1 eor corrpr?5| ng ﬁggns l?et(grva?rlo@lé hl%t&?htg‘@?mgﬁerpea?%eg-ggﬁec?ﬁ
heat i ng charadetipn afithervesferswitlnn tleadhauribat.i ng K to facilitate the
determnation of the reflectivity of the wafer during processing in the

heati ng chanber. 51. The systemof claim 31, further conprising a radiation

source for 44 1 um L : e i | bl i plfl%ﬂ. :
chanber, an4d5I ‘a 32{&252%%1?1 (%fg?angfgl’egv%l %gp?aﬁ%&?‘gfﬁﬁqwae& at |égﬁﬁ romg ?ﬁgrmv\lg Ser
when wi t hi rihe tedlectiett ¢frthe watentrathinmte chembrrfagcordimgds thefoHewgdogimlas2. The
system of claim51, further conprising neans for correl ating the neasured
total radiation RrdnVhe wafer with radiation originating from sources

other than the _wafer. 53. The system of claimJ52, further conprising
t enper at ur &VRfLE BTlﬁfh‘?arf’ﬂ?ﬁtt“’Hﬁgﬁglef%arfer ‘H’é]i“@rﬂi*ﬁa]i’ﬁaﬁ@g Ehambeg b v aEUsENbPL t he

waf er duri ngoRirR&esis, A8d WM de RSty ONRe Rdidtidh reflected from the wafer within

the chamber.

46.  The system of claim 45, 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.

47. The system of claim 46, 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.



wafer emssivity and fromthe radiation emtted fromthe wafer. 54. A
systemfor the real-tinme determ nation of emssivity of a sem conductor
waf er during processing in a heating chanber of a thermal processing
apparatus, said system conprising 27 Septenber 2003 36 a raoiahdkr2b89e
including a radiation source for generally uniformy illumnating the
waf er outside of the heating chanmber of %ge t hermal processing apparat us,
nmeans for determning the reflectivity of"the generally uniformy

illumnated wafer, neans for generally illumnating the wafer within the

heating ch er . k . r i ni ng
the int ens?ﬁ? ofﬁ{reasglag?ll %ﬁ%ﬁ%%g%ﬁf%%%g&%? %@ﬁwgﬁ%&tﬁ% degeea |eng1g
chanmber of théemiskigityal thereafesfomgheyzpbtimt wafermefiedivitg of eaid sedoad reftectitiey
reflectivity of .the wafer illum nated outside of the heating chanber with
t he intensi‘%?rﬁnapﬂ’é“%e@?"r QU PIPCRISALT on of the wafer determined in the
heating chanber to determ ne the wafer reflectivity during processing, and
means for determning the emssivity of the wafer in real time during

pr ocessi ng 4% r onhetsystomf diclaiwf4lebtrther compridng A system for the real -tine
determnation of em ssivity of a sem conduct or. er, during processing in
a heating chanbéPdP ?%f Tﬂ‘@ﬁ%&e %ﬁ%@%gﬁgg%%f&%%b%ﬁ“& system

conpri sing a radi@bmesy mbade fdriedriidi theradidtiad iiﬁ&ﬁéi’tﬁ AR U5o8iatcd podRIdA R kHeY
uniformy illumnating the wafer outside of the heating chanber of the

t her mal prd¥deisi ng apparatus, a progranmed processor for deternining the
reflectivity of the generally uniformy illumnated wafer, a second

radi ati on source for illumnating the wafer within the heating chanber of

t he t her mal50pr oCHeSystgmagiRdimtdss furthetledraprlighng f or determ ning the intensity

of radiation reflected framthe wafer within the heating chanber of the
ther mal pr ocessigna5ydnaving thepalpsthrieh ths hesting chambes flectivity of the

vafer il 1 uni nat ege ANl AR uPhink 1o 18aIH RO CBRIART Y blk endALENSH iy of the
reflected radi ati%n o(?‘%ﬁg V\%%er Oggt elrEﬁlmgnggl int telwﬁe{(:lltthl ng CchgI er to

det er mi ne twafenvhireng predelssgng invihe heating ahgmbencessi ng, and neans for
determning the emssivity of the wafer in real tinme during processing

fromthe wafer reflectivity.
51.  The system of claim 31, further comprising

a radiation source for illuminating the wafer when disposed within the heating
chamber, and
a detector for detecting the total radiation from the wafer when within the

heating chamber as the wafer moves therethrough.

52. The system of claim 51, further comprising means for correlating the measured
total radiation from the wafer with radiation originating from sources other than the

wafer.

53.  The system of claim 52, further comprising temperature determination means for
determining the temperature of the wafer during processing from at least one of the

wafer emissivity and from the radiation emitted from the wafer.

54. A system for the real-time determination of emissivity of a semiconductor wafer
during processing in a heating chamber of a thermal processing apparatus, said system

comprising



SYSTEM AND METHOD FOR THE REAL TI ME DETERM NATION OF THE IN SITU EM SSI VI TY
OF A WORKPI ECE DURI NG PROCESSI NG ABSTRACT OF THE DI SCLOSURE A system (10)
and nmethod for determning the reflectivity of a workpiece (W during
processing in a heating chanber (74) of a thermal processimy BHr 2803
(22). The systemfirst determnes directly the reflectivity of the

wor kpi ece outside of the heating chanberg(74) of the thermal processing
apparatus, and then determines the reflectivity of the workpiece during
processing within the heating chanmber (74) of the thermal processing
apparatus (22) by correlating the ex situ wafer reflectivity with the

intensity of the radiation reflected fromthe wafer within the heating
chamber : ~ Fi gur e @radiation stage including a radiation source for generally uniformly illuminating

the wafer outside of the heating chamber of the thermal processing apparatus,

means for determining the reflectivity of the generally uniformly illuminated wafer,

means for generally illuminating the wafer within the heating chamber of the
thermal processing apparatus,

means for determining the intensity of radiation reflected from the wafer within the
heating chamber of the thermal processing apparatus,

means for correlating the reflectivity of the wafer illuminated outside of the heating
chamber with the intensity of the reflected radiation of the wafer determined in the heating
chamber to determine the wafer reflectivity during processing, and

means for determining the emissivity of the wafer in real time during processing

from the wafer reflectivity.

55. A system for the real-time determination of emissivity of a semiconductor wafer
during processing in a heating chamber of a thermal processing apparatus, said system
comprising

a radiation stage including a radiation source for generally uniformly illuminating
the wafer outside of the heating chamber of the thermal processing apparatus,

a programmed processor for determining the reflectivity of the generally uniformly
illuminated wafer,

a second radiation source for illuminating the wafer within the heating chamber of
the thermal processing apparatus,

a detector for determining the intensity of radiation reflected from the wafer within
the heating chamber of the thermal processing apparatus,

means for correlating the reflectivity of the wafer illuminated outside of the heating
chamber with the intensity of the reflected radiation of the wafer determined in the heating
chamber to determine the wafer reflectivity during processing, and

means for determining the emissivity of the wafer in real time during processing

from the wafer reflectivity.





