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SYSTEM AND PROCESS FOR CALIBRATING PYROMETERS IN 
TBElUO.L PROCESSDJG CHAMBERS 

Pield of the Invention 
The present invention is generally directed to a 

system and method for calibrating temperature sensing 
devices in a thermal processing chamber. · More 
particularly, the present invention is directed to a 

10 method and system for calibrating pyrometers in rapid 
thermal processing chambers for more accurately 
processing semiconducto~ wafers. 

Background of the 7nvention 
A thermal processing chamber as used herein 

lS refers to a device that rapi~ly heats objects, such as 
semiconductor wafers. Such devices typica1ly include 
a subs:trate holder for holding one or more 
semiconductor wafers and a light source that emits 
light energy for heating the wafers. During heat 

20 treatment, the semiconductor wafers are heated under·. 
controlled conditions according to a preset 

25 

temperature regime. During heating, various processes 
can be carried out wi~hin the thermal processing 
chamber, such as rapid thermal oxidation, nit~idation, 
annealing, silicidation sinterin~, and metallization. 

Many semiconductor heating processe~ require a 
wafer to be heated to high temperatures so that ~e 
various chemica~ and physical transformations can take 
place as the wafer is fabricated into a device. 

30 During rapid thermal processing, for instance, 
semiconductor wafers are typically heated by ~n array 
of lights to temperatures from about 300°C to about 
1,200°c, for times which are typically less than a few 
minutes. During these processes, one main goal is to 

35 heat the wafers as uniformly as possible. 
During the rapid thermal processing of a 
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semiconductor wafer, it is desirable to monitor and 

contr.ol. the wafer . temperature. In particular, for all 

of the high temperature wafer processes of current and 

foreseeable interes~, .it is important that the true 

5 temperature of the wafer be determined with_hiqh 

accuracy, repeatability and speed. .The ability to 

accurately measure· the temperature of a wafer has a 

direct payoff in the quality and size of the 

manufactured. inteqrated ·circuit. For instance, the 

smallest feature size req\J.ired for a given 

semiconductor device limits the computing speed of the 

! 
.; 

finished microchip. The feature size in turn is 

linked to the abiJ.ity to measure and control the 

temperature ··of the devic~ during processing. 

1S One of the most siqnif icant challenges in wafer 

i 
2P 

! 

heating systems is the ability to accurately measure 

the temperature of substrates during.the heating 

process. In the past, various means and devices for 

measuring the temperature of substrates in thermal 

processing chambers have been developed. Such devices 

include, for instance, pyrometers, thermocouples that 

directly contact the substrate or that are placed 

adjacent to the substrate, and the use of laser 

·interference. 
currently, of the above temperature· sensing 

devices, pyrometers are generally preferred for.use in 

thermal processing chambers. Pyrometers are capable 

of measurinq the temperature of a substrat~, such as a 

semiconductor wafer, without contacting the substr~te. 

JO For example,.one advantage of using a non-con~ct 

pyrometer is that the substrate ·can be spun slowly 

during the heating process which promotes uniform 

temperature distribution and promotes more uniform 

contact between any gases flowing through the chamber 

35 and the substrate. Besides being able to rotate the 
i 
; 

; 
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wafers, another advantage to using pyrometers is that, 
since no temperature gauges need to be attached to the 
substrate, the substrate can be processed much more 
quick1y saving precious time during semiconductor 

5 fabrication. 
In order to use pyrometers in a thermal 

processinq chamber, the pyrometers generally need to 
be calibrated. consequently, various calibration 
procedures currently exist in order to align the 

lO temperature readings of the pyrometers with some 
absolute and accurate temperature reference. The 
current state of the art and the most widely used 
method to calibrate temperature devices, such as 
pyrometers, in thermal proce~~ing chambers is to place 

l.5 in the chambers a semiconductor wafer having a 
thermocouple embedded in the wafer. The temperature 
measurements taken from the thermocouple is compared 
with the temperature readings received from the 
temperature measuring devices and any discrepancy is 

20 calibrated out. 
Another method that has been used in the past to 

calibrate temperature sensing devices, such as 
pyrometers, contained within thermal processing 
chambers is to heat a substrate within the chamber 

25 that undergoes a chemical or physical transformation 
when heated to a particular temperature. By obs~rving 
or measuring the chemical or physical transformation . 
that occurs, the temperature to which the substrate 
was heated can be accurately determined which can :theD: 

30 be used to calibrate other temperature sensing"devices 
contained within the chamber. For example, in one 
embodiment, silicon·oxidat.j.on can be carried out 
within the chamber by heating a silicon substrate. 
The amount or extent of oxidation that occurs when the 

35 substrate is heated indicates the temperature to which 
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the substrate was exposed. Beside$ sil~con o~idation, 
other calibration methods include ion implant. 
activation, such as As+ implant or BF2+ implant, and 
silicidation of refractory metals, such as.titanium· 

5 and cobalt. 

Although the above methods are w~ll .suited to 
calibrating temperature measuring devices, such as 
pyrometers, the above methods require a substantial 
amount of time in order to calibrate the instruments. 

10 As such, a need currently exists for a method of 
calibrating pyrometers in thermal process~~g chambers 
very rapidly without creating a substantial amount of 
down time. In particular, a need exists f~r a method 
of calibrating pyrometers in thermal processing 

15 -
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chambers without having to open the chamber, in order 
to maintain chamber integrity ~nd purity. A need al.so 
exists for a simpl.e method for calibrating pyrometers 
in thermal processing chambers that can be used 
routinely as a reqular check to verify that the 
optical pyrometry system is properly functioning. 

summary of the Invention 
The present invention recognizes and addresses 

the foregoing disadvantages and others of pribr art­
constructions and methods. 

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

An6ther object of the present invention is to 
30 provide a process for calibrating tempe1='ature . .Sensing 

devices contained within thermal processing chambers. 
It is another object ~f the present invention to 

provide a system and process for calibrating radiation 
sensing devices, such as pyrometers contained within 

35 thermal. processing chambers. 

•I 
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Still another object of the present invention is 

to provide a method and system for calibrating 

pyrometers in thermal processing chambers without 

having to significantly interfere with the operation 

5 of the thermal processing chamber. 

These and other objects of the present invention 

are achieved by providing a method for calibrating a 

temperature sensing device in a thermal processing 

chamber. The method includes the steps of providing a 

10 thermal processing chamber containing at least one 

radiation sensing device for monitori~g the 

temperature of a semiconductor wafer placed in the 
chamber. The radiation sensing device can be, for 

instance, a pyrometer or a p~urality of pyrometers 

.J.2 that are configured to sense thermal radiation at a 
predetermined wavelength. 

The thennal processing chamber is in 

communication with a heating source, such as a 
plurality of light energy sources for heating 

20 semiconductor wafers contained in the chamber. In 

accordance with the present invention, ~he chamber 
further includes a calibrating light source. The 

calibrating light source emits light energy at the . . 
wavelength at which the radiatio~ sensing device 

~5 operates. 
A reflective device is placed within the thermal 

processing chamber. The reflective device is 

positioned opposite the radiation se~sing devices and 

in view of the calibrating light source. 
30· According to the method o.f the present inVention, 

the calibrating light source emits light energy onto 

the reflective device. The reflective device reflects 
an amount of the light energy that has a preset value. 

The preset value can be a qualitative or relative 

35 value, or a quantitative value. The radiation sensing 
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device senses-the.light energy being reflected.from 

the reflective device. The radiation sens;inq.device 

is then calibrated by comparing the amount· Of liqht 

energy sensed in relation to the preset value. 

Various different types of reflective devices can 

be used in the process. of the present invention. In 

general, the reflective device shoqld be capable of 

reflecting the liqht being emitted by the calibrating 
light source in a manner so that each pyrometer 

contained wit.bin the thermal.processing chamber is 

exposed to the same il;ltensity of light. Al.so, 

although not necessary, preferably the reflective 

device is highly refl.ective at the wavelength at which 

i the radiation sensing devices .. operate,. such as having 

1.!?J a reflectivity ~f at least 0.9. 

. 

The reflective device can include, for instance, 
a substrate having a highly reflective surface. The 

substrate, for.instance, can.be made from quartz, 
silicon carbide, or stainless steel. The highly 
ref1ective surface, on the other hand, can be a 
qielectric coating designed to have a high 
reflectivity or can be a highly reflective metal. In 

order to scatter and distribute the light beihg 

emitted by the calibrating light source over the 
.. .. 

surface of the reflective.device, the surface of the 

reflective device can be rough or can be otherw~se 
shaped in order to distribute the light energy. 

In one embodiment, the calibrating light source 
can be confic;JUred to emit light energy directly into 

30 the reflective device. The reflective .device .. can be 
configured to disperse the light energy.throughout its 

interior prior to the ligh~ energy exiting at a 
surface of the :reflective device. For instance, in 

this embodiment, the reflective device can be a quartz 

35 plate having a rough or prismatic surface. The quartz 
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plate can ~nclude a receiving surface which can 
comprise an opening or a smooth spot where liqht being 
emitted by the calibrating liqht source is directed 
into the device. 

In one embodiment of the present .;nvention, _the 
reflective device can be designed to be loaded and 
unloaded into the thermal processing chamber when 
calibration is required. For instance, the reflective 
device can b~ in the shape of a semiconductor wafer 

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

These and other objects of the present invention 
are also achieved by providing a system for 

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

20 radiation sensing device for monitoring the 
temperature of semiconductor waf~rs contained within 
the chamber. 

In accordance with the present invention·, a 
reflective device is also positioned within the 

.=2s chamber opposite the radiation sensing devices. A 
calibrating light source is included for emitting . . 
light energy towards the·- reflective device. As 
described above, the reflective device is configured 
to reflect the light energy. The reflective light 

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

JS sensing devices when sensing the light energy being 
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reflected. from the ·reflective device. .The controller 

is configured to· calibrate the radiation sensing. 

devices based on the: amount of. reflected liqht·energy 

sensed by the radiation sensing devices in relation to 

5 the preset vaiue. The controller can be, .for 
instance, a programmable device, such as a 

microprocessor. 
Other objects, features and aspects of the 

present invention are discussed in greater detail 
10; below. 

Brief Description of the Drawings 

A full and enabling 4isclosure of the present 
invention, including the best mode thereof, directed 

to one of ordinary skill in the art, is set forth more 
15 particularly in the remainder of the specification, 

which makes reference to the appended figures in 
which:·· 

2~ 
! 

30 

Figure 1 is a side view of one embodiment of a 
system for calibrating temperature sensing devices in 
accordance with the present invention; 

Figure 2 is a side view of one embodiment of a 

calibrating light source and reflective device for use 
in the process of the present invention; 

Figure 3 ·is a side view of an alternative 

embodiment of a calibrating light source and 
refl.ective device that may.be used in the process of 
the present invention; and 

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

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

invention. 
Detailed Description of the Pref erred Embodiments 

It is to be understood by one of. ordinary skill 
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in the art that the present discussion is a 
description of exemplary embodiments only, and is not 

intended as limiting the broader aspects of the 
present invention, which broader aspects are embodied 

5 in the exemplary construction. 

The present invention is directed to a method and 
to a system for more accurately determining and 
controlling the temperature of an object, particularly 
a semiconductor wafer in a thermal processing chamber 

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

15 instance, it is important that temperature sensing 
devices contained within thermal processing chambers . 
accurately measure the temperature of semiconductor 
wafers as they are being heated.· J:n this regard, the. 
temperature sensing devices should be calibr~ted to 

20 ensure that they are accurately monitoring the 
temperature of the wafer. The temperature se~sing 

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

..• 5 example, such processes include annealing,· oxidation, 
and other processes which modify or add films to.the 
surface of wafers. 

:tn general, the method of the present invention 
for calibrating. temperature senslng devices, 

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

35 chamber. The calibrating light source is configured 
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to emit light energy onto the reflective device. The 
reflective device, on the other hand:,· is designed to 
reflect the liqht energy in a manner so that each 

radiation sensing device· is exposed· to the same 
intensity of liqht. The amount of· light reflected:off 
the reflecting device is known either"qualitativy or 
quantitatively. The radiation sensing devices are 
then ·calibrated by cQmparinq.the reading obtained from 
the radiation sensing devices to the known.value for 
the reflected light. 

In one embodiment, a controller, such as a 
microprocessor, can be used to automata the system and 
automatically calii;>r~te the radiation sensing devices. 
If necessary, a correction f~ctor may be built in to 

1p compensate for any variabiiity due to the. physical 
; 

f 
i 
~o 

placement of the reflecting surface, its physical 
characteristics, or the physical placement of the , 
radiation sensing devices. 

The ·method and system of the present invention 
offer various advantages and benefits. For instance, 
the present inv~ntion offers a rela~ively simple 
method for .. quickly calibrating the radiation sensing 
devices. The calibrations can be performed 

j automatically between w.afers or ~afer lots by placing .. 
4s the reflective device into the thermal processing 

chamber when desired·. For example, the reflecti~g 
device can be in the shape of a semiconductor wafer 
and can be placed within the chamber in the same 
location where semiconductor wafers are processed • . 

30 Further, in this embodiment, the reflective d9'tice can 
be loaded and removed from the thermal processing ·' 
chamber using the same mechanism that moves and 
transports the wafers. 

The present invention allows for the calibration 
_35 Of radiation sensing devices. in thermal processing 
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chambers according to a relatively simple method that 
does not require substantial interference with the 
operation of the chamber. The present invention can 

be used to calibrate single or multi-point pyrometric 
5 systems. Further, the method and system of the 

present invention permit calibration without having to 
incorporate a thermocouple instrumented wafer as was 
done in the past. . . . . 

Referring to Figure 1 1 • a system generally 10 made 
10 in accordance with the present invention for 

calibrating radiation sensing devices in thermal 
processing chambers in order to· more accurately 
monitor the temperature of se~ico~ductor wafers is 
illustrated. system 10 includes a processing chamber 

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

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

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

.s 12 includes a cooling conduit 1.6-wrapped around the 
perimeter of the chamber. Conduit 16 is adapted_to 
circulate a cooling fluid; such as.water, which is 
used to maintain the walls of chamber 12 at a constant 

·.· temperature. . . 
30 Chamber 12 can also include a gas inlet l:-8 and a 

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

35 the wafers. once processed, the gas can then be 
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evacuated from the chamber usiilq gas outlet 20. 

A1ternatively, ·an ~nert qas can be fed to chamber 

l.2 through gas inlet" 18 for.preventing any·unwanted or 

undesirable side reactions f~om occurring within the 

s: chamber. In a further embodiment, gas inlet· 18 and 

qas outlet 20 can be used to pressl1rize chamber 12. A 

vacuum can also be created in chamber 12 when desired, 

using gas outlet 20 or an additional larger outlet 
I 

i$ 

30 

positioned beneath the level of the wafer. 
During processing, chamber 12, ~n one embodiment, 

can include a substrate holder 15 designed to rotate 

wafers using a wafer rotation mechanism 21. Rotating· 

the wafer promotes greater temp~rature unifo::pnity over 

the surf ace of the wafer and promotes enhanced contact 

between the wafer and any gases, introduced into the 
chamber. It shoul.d be understood, however, that 
besides wafers, chamber 12 is also adapted to process 
optical parts, films, fibers, ribbons; and other 
substrates having any particular shape. 

A heat source generally 22 is included in 

communication with chamber 12 for heating the wafers· 
during processing. In this embodiment, heat source 22 
includes a plurality of lamps 24, such a~ tunqsten­
halogen lamps. Heat source 22 can include a reflector 
or set of reflectors, for carefully directing thermal · · 

energy beinq emitted by the heat source onto the. 

wafers so as to produce a very uniform wafer 
temperature. As shown in Figure 1, lamps 24 are 
placed above the chamber. It should be understood, 

however, that lamps 24 may be placed· at any particular 

location. FUrther, additional lamps could be included 

within system 10 if desired. 
The use of lamps 24 as heat ·source 22 is 

generally preferred~ For instance, lamps have much 

35 higher heatinq and coolinq rates than other heating 
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devices, such as electrical elements or conventional 
furnaces. Lamps 24 create a rapid isothermal 
processing system that provide instantaneous energy, 

typically requiring a very short apd well controlled 

5 start up period. The flow of energy from lamps 24 can 
also be abruptly stopped at any time. . As shown in the 
figure, lamps 24 are equipped with a gradual P?Wer 
controller 25 that can be used to increase or decrease 
the thermal energy being emitted by the lamps. 

10 Also contained within chamber 12 is a plurality 
of radiation sensing devices generally 27. Radiation 
sensing devices 27 include optical fibers or light 
pipes 28 which are, in turn, in communication with a 
plurality of correspond~ng l~ght detectors 30. 

1_5 Optical fibers 28 are configured to receive thermal 
energy being emitted by a wafer present in the chamber 
at a particular wavelength. The amount of sensed 
radiation is then Qommunicated to light detectors 30 
which qene~ate.a usabl~ voltage signal for determining 

20 the temperature of the wafer. In on~ embodiment, each 
optical fiber 28 in combination with a light detector 
30 comprises a ~yrometer. 

During the process of the present invent1on, 
system 10 should be designed such that optical fibers 

.is 28 only detect thermal radiation being emitted by 

wafer 14 and not detect radiation being emitted by 
lamps 24. In this regard, system 10, in one 
embodiment, includes a filter or window 32 which 
prevents thermal radiation being emitted by lamps 24 

30 at the wavelength at which light detectors 30 .-6perate 
from entering chamber 12. Filter 32 as shown in 
Figure l can be a window pqsitioned between chamber 12 
and heat source 22. In an alternative embodiment, 
each lamp 24 can be covered by a separate filter. In 

35 the embodiment illustrated, window 32 also serves to 
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contamination. of· the chamber. . .. 
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As shown in Fiqure 1, in the.eJllbodiment 

illustrated, thermal processing chamber 12 includes a 

reflective piate 26 which is connected to the 

plurality of optical fibers or light pipes28. In 

general, whenpr~sent in_the system, reflective plate 

26 is desiqned to reflect thermal radiation being 

emitted by a semiconductor wafer while the wafer ~s 
being heated. · Specifically, reflective plate · 2 6 

should be designed to reflect thermal· ·radiation at·· the 

wavelength· at which light detectors 38 operate. 

Reflective plate 26 causes the radiation being emitted 

by the wafer to reflect mult-ipl~ times between a 

~5 surface of the wafer and a surface of reflective plate 
26. As a result, optical fibers 28 sense more thermal 
radiation than that which is actually being emitted by 

~o 
i 
! 

I 
1-s 
i 
; 

30 

the wafer. 
· By reflecting the radiation being emitted by the 

wafer multiple times, the reflective plate causes the 
radiation between the two surfaces to add up and 

approximate the radiation of a perfect black body at 

the temperature of the wafer. This has the effec~ of 
enhancing the emissivity of the wafer, which is 
typically unknown and hard to approximate, to a value·· 
close to unity, allowing for more accurate temperature . . . 

measurements. The use of a reflective plate is ·more.· 

particularly described in U.S. Patent No. S,874,711 , 

which is incorporated herein by reference. ~ 

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

As shown in this embodiment, refelctive device 14 is 

35 positioned on substrate holder 15 and can be removed 

: I 
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and inserted into chamber 12 when it is desired to 

calibrate the radiation sensing devices. Calibrating 

light source 42, on the other hand, is af:fixed within 

thermal processing chamber 12. It should be 

5 understood, however, that calibrating light source 22 

can also be placed outside of the chamber as long as 

the light source can be positioned in order to emit 

light into the chamber. 

When it is desirable to calibrate radiation 

10 sensing devices 27, calibrating light source 42 emits 

a predetermined amount of light energy onto reflecting 

device 14. Reflecting device 14 is configured to 

scatter and reflect the light energy in a manner such 

that each of the radiation sensing devices is exposed 

15 to the same intensity of light. The amount of light 

energy being reflected. off reflecting device l.4 in 

accordance with the present invention is previously 

calculated and has a preset value. 

Radiation sensing devices 27 are used to sense 

20 the amount of reflected liqht energy. The amount of 

light energy registered by the radiation sensing 

devices is then compared to the preset value. Should 

any differences be present between th~ mea~ured value 

and the preset value, then the radiation s~nsing 

· .5 devices are calibrated accordingly. 

Reflective device 14 used in the process of. the 

present invention can have various shapes and can· ·be 

made from various materials. In general, reflective 

device 14 should have a reflective surface havinq a 

30· substantially constant refl~ctivity at the wav:elength 

at which the radiation sensing devices operate. ·The 

refxectivity of reflective device 14 can be any value 

as long as that value can be easily determined. 

Preferably, however, the reflective device is highly 

35 reflective at the wavalength of interest. For 
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instance,· in one embOdiment, the reflectivity of the 

reflective device is at least o.9 at the wavelength at 

which the radiation sensing 'devices operate". 

In order to construct a ref.lective device having. 

$ desired reflectivity characteristics, reflective 

device 14·can be made from various materials. For 

instance, in one embodiment, reflective device 14 can 

include a substrate having a highly·reflective 

coating. The highly reflective coating can be made 

from, for example, a dielectric film. The diel.ectric 

film can be a mul.ti-layeroptical film specially 

designed to have the appropriate reflectivity at ·the 

desired wavelength. Such films are known in the art 

and can be obtained from Deposition Sciences, Inc. of 

1$ Santa Rosa, California. 

~ .. k -·I 

Besides dielectric films, the reflective device 

can also be made from highly polishedmetal.s coated 

with a clear protective coat~ng, such as a clear 

dielectric coating. Such metals include gold, silver, 

and nickel. However, for a particular desired 

wavelength, metal surfaces are typically.not as 

reflective as the dielec~ric films described above. 

The substrate, on the other hand, can be.made 

from various materials including quartz, silicon 

carbide, or stainless steel. Ftirther, in an 

al.ternative embodiment, reflective device 14 can be 

made entirely from the above described dielectric. 

film. 
As described above and as sho~ particularly ~n 

30 Figure 2, the system of the present invention .. .Should 

be configured so ·that light being emitted from 

calibrating light source 4~ is reflected and/or 

scattered so that each radiation sensing device 28 is 

exposed to the same· intensity of light. This 

35 objective can be accomplished according to various 

'I 
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methods. For instance, in one embodiment, reflective 
device 14 can be desiqned to scatter the light being 
emitted by calibrating light source 42 across its 
surface opposite the radiation sensing devices. In 

5 this embodiment, in order to scatter the light, 
reflective device 14 can have a particular shape or 
can have a particular surface construction. For 
example, the surface of reflective device 14 can be 
rough so that the surf ace is substantially diffuse 

10 with respect to light being.emitted by calibrating 
light sour~e 42. 

In an alternative embodiment, instead of or in 
addition to ~esigning reflective device 14 to be 
substantially diffuse, the system can include a 

15 diffuser 52 as shown in phantom in Figure 2. Diffuser 
52 is placed in communication with calibrating light 
source 42 and is confiqured-~o scatter the light being 
emitted by the light source and form a uniformly.and 
diffUsely irradiated region on the surface.of 

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

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

?5 random directions with high effihiency and.perfect 
transparency •. In the practical embodiment of the 
present invention, however, diffuser 52 need.:only · 
approximate these ideal conditions. Thus, the 
diffuser can be limited in lateral extent instead of 

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

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

35 being emitted by calibrating light source 42, and 
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scatters the light i~ random directions. In one 
embodimen~, diffuser 52 can be a thin sheet of a 
transparent·.·refractive material such as .quartz, glass 
or sapphire, wherein at least one surface of the sheet 

5 has been roughened. In an alternative embodiment, 
diffuser 52 can be a layer of material made from small . 
transparent and discrete particles which scatter light 
at the wavelength at which the radiation sensing 

i 

10 
. ! 

·i 
! 
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devices operate. ·The ·sma11 · discrete pa.rticles can be 
made, for instance, from quartz, glass, saphire, or 
noncrystalline aluminum oxide. 

·J:n a further alternative embodiment, diffuser 52 
can be a sheet of transpare~t material containing many 
small microscop~c bubbles which serve to scatter the 

•' 

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

I:n still another embodiment of the present 
invention, diffuser 52 can be one or more mirrors or 
other similar devices that divide light being emitted 
by calibrating light source 42 and focus the divided 
light at each location opposite each of the radiation 
sensing devices 28. 

Calibrat.trig light source 42 emits a predetermined 
amount of light energy when calibrating radiation 
sensing devices 28 according to the present invention~· 
As shown in Figure 1, calibrating light source.42 can 
be in communication with a light channel 44 that 
directs the light energy onto a particular location of 
reflecting device 14. Alternatively, however, 

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

Light source 42 used in the system of the present 
invention can generally be any device that is capable 

35 of emitting a determinable amount of light energy. 
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For instance, light source 42 can be an incandescent 
light bulb, a solid state device such as a laser 
diode, a light emitting diode, a gas laser, a non­
coherent gas source such as an arc lamp, besides 

5 various other devices. 
In order to calibrate radiation sensing devices 

28 in accordance with the present invention, 
calibrating light source 42 emits light energy which 
is reflected by reflective device 14. The amount of 

10 light energy that is reflected by reflective device 14 
at the wavelength at which the radiation sensing 
devices operate has a preset value. Radiation sensing 
devices 28 are then used to measure the amount of 
light energy being reflected off reflecting device 14. 

15 The measured value is compared to the preset value 
and, if necessary, the radiation sensing devices are 
adjusted or calibrated accordingly. 

. The preset value for the light energy being 
reflected off reflecting device 14 can be determined 

20 qUanitatively mea~ing directly determined, or 
qualitatively meaning determined according to some 
relative standard. The preset value can be directly 
determined by knowing the amount of light energy being 
emitted by calibrating light source 42 and by knowing 

~s the percentage of the light energy that is reflected 
off reflecting device 14, such as by knowing the 
reflectivity of the reflective devi.ce. With knowledge 
of these variables,.· the amount of light energy that 
should be recorded by radiation sensing devices 28 can 

30 be easily calculated and compared to the meas~ed 
value. 

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

35 determine a relative standard by which the radiation 
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se~sing devices can be calibrated. For example, in 

this embodiment, radiation sensing devices .28 can be 

initially used to-measure the amount of light· energy 

being reflected .off reflective device 14. This 

measured value then becomes a reference point for 

conducting processes within the cha.D.Jber. At periodic 

intervals, reflective device 14 can be placed in the 

chamber and radiation sensing devices 28 can be used 

to measure the amount of light energy being reflected 

off the refl~ctive device based on light being emitted 

by calibrating light source 42. This measured value 

can then be compared to the reference value that was 

measured previously. If necessary, adjustments can b~ 

made to the radiation sensing devices so that the 

sensing devices ·on~e again sense the referenced value, 

which eliminates inconsistencies when further 

processes are conducted in ·the chamber. 

In accordance with the present invention, when 

calibrating the radiation sensing devices found within 

the chamber, preferably the calibration is carried out 

as close as possible to actual process conditions. In 
. . . .. • ., 

· this manner, ·radiation sensing devices 28 produce 

accurate and reliable measurements which allow process 

conditions to be precisely controlled in the chamber. 

Referring to Figure l., system 10 further include~· 

a system controller 50 w~ich can be, for instan~e, a 

microprocessor. Controller so receives voltage 

signals from light detectors 30 that represent the 

radiation amounts ~eing sampled at the various 

· 30 locations. Based on the signals received, co~troller 

SO is configured to calculate the temperature of· 

wafers contained in the chamber. 
System controller so as shown in Figure l. can 

also be in communication with lamp power controller 

35 25. In this arrangement, controller so can calculate 

. -.; 

I 
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the temperature of a wafer, and, based on the 

calculated information, control the amount of thermal 

energy being emitted by lamps 24. In this manner,.· 

instantaneous adjustments can be made reqarding the 

S conditions within reactor 12 for processinq the wafer 

within carefully controlled limits. 

In one embodiment, controller 50 can also be used 

to automatically control other elements within the 

system. For instance, controller 50 can be used to 

10 control the flow rate of gases entering chamber 12 

through gas inlet 18. As shown, controller 50 can . . 

fUrther be used to control the rate at which wafer 14 

is rotated within the chamber. 

In ~ccordance with the present invention, system 

15 controller SO can also be used to automatically 

calibrate radiation sensing devices 27. In 

particular, the preset value can be stored within . 

controller so. The controller can then be configured 

to compare.the-preset va~ue to the measured value and· 

20 make adjustments as necessary. 

Further, in one embodiment, controller 50 can 

also be in communication with calibrating liqht source 

42. In this manner, controller 50 ca~ be used to 

control when calibrating light source 42 emits light 

5 and the amount of light that is emitted. For example, 

in one embodiment, a radiation sensing device can be 

included in the system for monitoring the amount o~ 

light energy that is emitted by calibrating liqht 

source 42. This information can be provided to system 

JO· 
. . . 

controller so. system controller 50 can then.Adjust 

the amount of power that is fed·to calibrating light 

source 42 in order to ensure that the amount of light 

energy being emitted by the calibrating light source 

remains constant. 

35 Referring now to Figures 3 and 4, another 
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al.ternative embodiment of a calibrating .light source 

42 and a reflectirtq device 14 in accorda_nc·e with th~ 

present invention is illustrated~ · !\s ·described above, 

refiective device 14.should reflect· light energy being 

emitted by calibrating light source 42 in a manner so 

that the radiation sensing devices :are each exposed t<:> 

the same amount cJf iiqht at the operating wavelength.; 

In the embodiment illustrated in Figures 3 and 4, 

light being emitted by.calibrating llqht source 42.is 

directed irito the interior of reflective device 14. 
Reflective device 14 is configured to disperse the 

light prior to. exiting the device. ·. Specifically, 

refl.ective device 14 is configured to dispers~ and 
scatter the iight so that light energy exiting 

reflective device 14 is constant over the surface 
expo~ed to the radiation sensing devices. 

J:n this embodiment, reflective device l.4 can be 
constructed out of a thin semitransparent pl.ate, su~h 
as a pl.ate made from quartz or sap~hire. The surfaces 

20 of the plate can be rough or pristna:tic in order to 
distribute the iiqht energy entering the plate. In 

order for the light energy to be directed into the 

plate, the plate can include a small portion ·just 

/2s 

jo 

opposite the light source which is polished and allows 
penetration of the light energy. into the plate. 

A1ternatively, reflective device 14 can inc1ud~ a 

small opening aligned with calibrating light source 
42. 

In this embodiment, calibrating light source 42 
can be located in any positio~ that will·faci)1.tate 
directing the ·light energy being emitted by the.light 

source into the reflective device. · For example, 

besides the configuration illustrated in Figure 3, 

calibrating light source 42 can also be placed along 

35 the side of reflective device 14 or at the top of 
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reflective device 1'4_:. 
::·=:.;! 

These and other modifications and variations to 

the present-invention may be practiced by those of 

ordinary skill in the art, without departinq from the 

s spirit and scope of the present invention, which is 

more particularly set forth in the appended claims. 

In addition, it should be understood that aspects of 

the various embodiments may be interchanqed both in 

whole or.in part. Furthermor~, those of ordinary 

10 skill in the art will appreciate that the foreqoinq 

description is by way of example only, and is not 

intended to limit the invention so further described 

in such appended claims. 



W000/66987 

11111111111111 11111 1111111 1111 .. 
* C l M. S * 

Jm\T J:S CLA:IMED•I:S: 

1. A method for calibratinq a temperature 

sensing device in a thermal processinq chamber 

comprisinq the steps of: 

· PCT/IBOO/OOS06 

providing a thermal processing chamber, said 

$ thermal processinq chamber containing at least one 

radiation sensinq device for monitorinq the 

temperature of a semiconductor wafer placed in said 

chamber, said thermal ~recessing chamber being in 

communication with a plurality of liqht enerqy sources 
; 

10 for heating sem,iconductor w~f ers contained in said 

1~ 

chamber, said chamber further including a calibrating 

light source; 
placing a refl~~ti~e device within said 

thermal processing chamber,.s~id.refiective device 

being positioned opposite said at least one radiation 
sensing device; 

emittinq liqht enerqy from said calibrating 
liqht. source onto said reflective device, said 
reflective device reflecting an amount of light energy 

having a pr~set value; 
sensing said light energy being reflected 

from said reflective device by said at least one 
radiation sensing device; and 

calibrating said at least one radiation 
sensing device based upon the amount of light e~ergy 
sensed by said at least one radiation sensing device 

in relation to said preset value. 
2. A method as defined in claim 1, wherein s~id 

at least one radiation sensing device comprise6 a 

pyrometer. 
3. A method as defined in claim l, wherein said 

radiation sensing device senses said light energy at a 

preset wavelength. 
4. A method as defined in claim 3, wherein said 

1Ui1iU1i1i1Ui 
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reflective device comprises· a substrate having a 

reflective surface, said reflective surface having.a 

~eflectivity of at least 0.9 at said preset 
5 wavelength. 

5. A method as defined in claim 1, wherein said 
reflective device comprises a substrate having a 

reflective surface, said reflective surface being made 
from a material comprising a dielectric composition. 

6. A method as defined in claim 1, wherein said 
reflective device comprises a substrate having a 
reflective surface, said ref1ective surface being 
substantially diffuse. 

7. A method as defined in claim 1, wherein said 
reflective device comprises a substrate having a 
refle~tive surface, said ref1ective surface being made 
from a material.comprising a metal. 

8. A method as defined in claim l, wherein said 
light energy emitted by said calibrating light source 
is directed into said reflective device, said 
reflective device dispersing said light energy 

5 throughou~ said device before said light energy exits 
and is sensed by said at least one radiation sensing 
device. 

9. A method as defined in claim a, wherein said 
reflective device comprises a qtiartz plate having a ·. 
rough surface, said rough surface being p~sitioned 
opposite to said at least one radiation sensing 

5 device. 
10. A method for calibrating temperature sensing 

devices in a thermal processing chamber compr~ing the 
steps of: 

providing a thermal processing chamber, said 
5 thermal processing chamber containing a plurality of 

pyrometers for monitoring the temperature of a 
semiconductor wafer placed in said chamber, said 
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chamber further :. inc1uciinq a c:::al.ibratinq liqht source; -

placinq a .• r~fi~cti v~ device within said 
, : ... ' .· . . 

thermal processinq'cliallll)er~ said reflective device 
, I . . 

beinq positioned opposite said plurality of 

pyrometers; 

emittinq 'iig~t energy from said cal.ibratinq 

liqht source onto sa:id·x:eflective device, said 

1$ reflective device being confiqured to scatter said 

l.iqht ene:r:gy ~o that·each of said pyrometers is 
. . . . . 

.';; 

:5 

5 

exposed to substantially the same.intensity of liqht; 

said intensity of .light having a preset value; 
' ·. 

sensinq said light energy being reflected 

from said reflectj.ve device by said plurality of 

pyrometers at a predetermined wavelength; and 

calibrating said pyro~eters based upon the 

amount of liqht energy sensed by said pyrometers in 

relation to said preset value·. 

11. A method as . defined in claim ~o, wherein 

said preset wavelenqth is from about_0.9 microns to 

about 5 microns. 
12. A method as defined in claim 10, wherein 

said calibrating light source emits infrared liqht. 

13. A method as defined in claim 10, wherein 

said reflective device comprises: a substrate havinq a 

reflective surface, said reflective s~rface being 

rouqh in order to scatter said light energy bei~q 

emitted by said calibrating light source. 

1.4. A method as defined in claim 10; wherein 

said reflective device comprises a substrate havinq a 

refl.ective surface, ~aid reflective surface ha~inq a 

reflectivity of at least about 0.9 at said 

predetermined wavelength. 

15. A method as defined in claim 10, wherein 

said reflective device comprises a substrate havinq a 

reflective surface, said reflective surface beinq made 

. I 
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from a material comp:rising a dielectric C:QIUposition. . . . . . . . 

16. A method as defined in claim 15, wherein 
said reflective device has a wafer-like shape. 

17. A method as defined in claim 15, wherein 

said substrate is made from a material selected from 

the group consisting of quartz and silicon carbide and 
wherein said reflective surface comprises a coating 

s applied to said substrata made from a dielectric 
composition. 

18. A method as defined in claim 10, wherein 
said light energy emitted by said calibrating light 
source is directed into said reflective device, said 
reflective device dispersing said light energy 

5 throughout said device before said liqht energy exits 
and is sensed by at least one radiation sensing 
device. 

19. A method as defined in claim 18, wherein 
said reflective device comprises a quartz plate having 
a rough surface, said rough surface being positioned 
opposite to said at least one radiation sensing 

5 device. 

5 

20. - A system fo·r ·calibrating temperature sensing 
devices in thermal processing chambers comprising: 

a chamber adapted to receive semiconductor 
~ 

wafers; 
a heat source in communication with said 

chamber for heating a semiconductor wafer when 
contained therein; 

at least one radiation sensinq device for . , 
monitoring the temperature of semiconductor wafers 

10 contained in said chamber; 
a reflective device positioned opposite said 

at least one radiation sensing device; 
a calibrating light source for emitting 

light energy towards said reflective device, wherein 
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15 said reflective devic.e · is · conf iqured :to re~lect said 

light energy, said·reflected light ei::iergy having a· 

preset value; and · 
" ' 

a controller in communi.cat~on with said at 

least .one radiation sensing device, .said controller 

· 20 1 being configure~ to receive info:rmat~on from .. said· 

radiation sensing device when sensing said light 

energy being reflected from said reflective device, 

said controller being configured to calibrate said at 

least one radiation sensing device based on the amount 

25 of reflected light energy sensed by said at least one· 

radiation sensing device in relation 'to said preset 

value. 
21. A·system as defined in claim 20, wherein 

said at least one radiation sensing device comprises a 

pyrometer. 
22. A system ·as defined in claim 20, wherein 

said at least one radiation sensing device comprises a 

plurality of pyrometers, said pyrometers being 

configured to sense thermal radiation at a 

5 predetermined wavelength. 

23. A system as defined in claim 22, wherein 

said reflective device comprises a SWJstrate having· a 

reflective surface, said reflective surface having a .· 
reflectivity of at least 0.9 at said predetermined 

~ wavelength. 
24. A system as defined in claim 22, wherein 

said reflective device comprises a substrate having a 

reflective surface, said reflective surface being JI!.ade 

from a material comprising a dielectric compos!'"tion. 

25. A system as defined in claim 22, wherein. 

said reflective device comprises a substrate having a 

reflective surface, said reflective surface being 

configured to scatter light energy being emitted by 

$ said calibrating light source in a manner so that each 

, I 
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of said pyrom~ters is exposed to light_ at 
substantial.iy -th~:· :i:j~e intensity. 
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26. A system as defined in claim 20, wherein 
said heat source comprises a plurality of light energy 
sources. 

27. A system as defined in claim 26, wherein 
said controller comprises a microprocessor. 

28. A system as defined in claim 22, wherein 
said calibrating light source is positioned so as to 
emit light energy into said reflective device, said 
reflective device being configured to disperse said 

5 light energy th;-oughout said device before said light 
energy exits and is sensed by said pyrometers. 

29. A system as defined in claim 28, wherein 
said reflective device is configured to c:Iispers.e said 
light energy in a manner so that each of said 
pyrometers is exposed to light energy at substantially 

5 the same intensity. 
30. ·A system as defined in claim 29, wherein 

said reflective device comprises a quartz plate having 
a rough surface • 

. 31. A system as defined in claim 20, wherein 
said chamber further comprises a substrate hoider for 
holding semiconductor wafers, said reflective device 
having a wafer-like shape and being conf iqured to be 

5 placed on the substrate holder when calibrating said 
at least one radiation sensing· device.· 
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