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'8YSTEM AND PROCESS FOR CALIBRATING PYROMETERS IN .-
THERMAL PROCESSING CHAMBERS
Field 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
method and system for calibrating pyrometers in rapid
thermal processing chambers for more accurately
processing semiconductor wafers.
_ - Background of the Invention
A thermal processing chamber as used herein
refers to a device that rapidly heats objects, such as
semiconductor wafers. Such devices typically include
2 substrate holder for holding one or more
semiconductor wafers and a light source that emits
light energy for heating the wafers. During heat
treatment, the semiconductor wafers are heated under .
controlled conditions according to a preset
temperature regime. During heating, various processes
can be carried out within the thermal processing
chamber, such as rapid thermal oxidation, nitridation,
annealing, silicidation sintering, and metallization.
Many semiconductor heating broqesses require a - .
wafer to be heated to high temperatures so that the _ !
various chemical and physical transformations can take |
Place as the wafer is fabricated into a device.
During rapid thermal processing, for instance,
semiconductor wafers are typically heated by an array
of lights to temperatures from about 300°C to about
1,200°C, for times which are typically less than a few
minutes. During these processes, one main goal is to
heat the wafers as uniformly as possible.'
During the rapid thermal processing of a
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semiconductor wafer, it is-desirabié to monitor and
control the wafer temperature. Inlparticu;ar, for all
of the high'tempe:atﬁre_wafer procégses-of current and
foreseeable interest, it is impdrtant_that the true
temperature of the wafer be determined with high
accuracy, repeatability'ahd speed. The ability to
accurately measure’ the temperature of a wafer has a
direct payoff in the quality and size of the
manufactured integrated circuit. For instance, the
smallest feature size required for a given
semiconductor device limits the computing speed of the
finished mlcrochlp. The feature size ln turn is
linked to the ablllty to measure and control the
temperature of the device during processing. ,

One of the ﬁost_significant ¢ha11enges in wafer

‘heating systems is.the'ability_td_accurately measure
'the temperature of substrates during the heating

process. In the past, various.means.and devices for
measuring the temperature of-suhstrates in thermal
processing chambers have been develbped. 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.chambérs. Pyrometers are capable
of measuring the temperature of a substrate,-such as a
semlconductor wafer, without contacting the substrate. -
For example, one advantage of uSLng a non—cont’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
and the substrate. Besides being able to rotate the
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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
quickly saving precious time during semiconductor
fabrication.

In order to use pyrometers in a thermal
processing chamber, the pyrometers generally need to
be calibrated. Consequently, various calibration
procedures currently exist in order to align the
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 processing chambers is to place
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
calibrated out. _

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

The amount or extent of oxidation that occurs when the
substrate is heated indicates the temperature to which
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the substrate was exposed. Besides silicon oxidation,
other calibration @ethods-indlude ion implant |
activation, such as As+ implant or BF,+ implant, and
silicidation of refractory metals, such as. titanium:
and cobalt. '

| Although the above methods are well suited to
calibrating temperature measuring devices, such as
pyrometers, the above methods require a subsﬁantial
amount of time in order to calibrate the instruments.
As such, a need currently exists_fo:~a.method_of
calibrating pyrometers in thermal processing chambers
very rapidly without creating a substantial amount. of
down time. In particular, a need exists for a method |
of calibrating pyrometers in thermal processing
chambers without having to open the chamber, in order
to maintain chamber integrity and purity. A need also
exists for a simple method for calibrating pyrometers
in thermal-proeess;ng chambers that can be used
routinely as e-regular check to verify that the
optlcal pyrometry system is properly functioning.

summary of the Inventlon ]

The present invention recognizes and addresses
the foregoing disadvantages and others of prior art-
constructions and methods. |

Accordlngly, it is an ob]ect of the present
invention to provide an improved system and process
for measuring the temperature of semiconductor wafers -
in thermal processmng chambers.

Another object of the present 1nvent10n is to
provide a process for calibrating temperature.senslng _
devices contained within thermal processing chambers.

It is another object of the present invention to
provide a system and process for calibrating radiation
sensing devices, such as pYrometers-contained within
thermal processing chambers.
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Still another object of the present invention is
to provide a method and system for calibrating
pyrometérs in thermal processing éhambers without
having to significantly interfere with the operatlon
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
thermal processing chamber containing at least one
radiation sensing device for monitoring the
temperature of a semiconductor wafer placed in the
chamber. The radiation sensing device can be, for
instance, a pyrometer or a plurality of pyrometers
that are configured to sense thermal radiation at a
predetermined wavelength.

The thermal processing chamber is in
communication with a heating source, such as a
plurality of light energy sources for heating
semiconductor wafers contained in the chamber. In
accordance with the present invention, the chamber

further includes a calibrating light source. The

calibrating light source emits light energy at the
wavelength at which the radiatioé sensing device
operates. '

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

Accordlng to the method of the present 1n6entlon,
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 cah be a qualitative or relative
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 seﬁsing;device
is then calibrated by comparing the amount of light

energy sensed in relation to the preset value..

Various different types of reflectlve dev1ces can
be used in the process of the present 1nventlon. In
general, the reflective device should be capable of
reflecting the light being emitted by the calibrating
light source in a manner so that each pyrometer
contained within'thegther@al'prqeessing chamber is
exposed to the same intensity of light. Also,
although not necessary, preferably the reflective
device is highly reflective at the wavelength at which
the radiation sensing devicee,bperete,xsuch as having
a reflectivity of at least 0.9. - '

The reflective device can include, for instance,
a substrate having a highly reflective surface. The
substrate, for instance, can be made from qﬁartz,
silicon carbide, or stainless steel. The highly
reflective surface, on the other hand, can be a
dielectric coating designed to have a high '
reflectivity or can be a highly,reflectiﬁe metal. In
order to scatter and distribute the light beihg
emitted by the callbratlng llght source over the
surface of the reflective dev1ce, the surface of the
reflective device can be rough or can be otherwlee
shaped in order to drstribute the llght energy.

In one embodiment, the callbratlng llght source
can be configured to emit light energy_dlrectly 1nro
the reflective device. The reflective,device,éan be
configured to disperse the light energyithroughout its
interior prior to the_lighr energy exiting at a
surface of the reflective device. For instance, in
this embodiment, the reflective device can be a quartz
plate having a rough or prismatic surface. The quartz
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plate can include a receiving surface which can

comprise an opening or a smooth spot where light being
emitted by the calibrating light source is dlrected

into the dev1ce.

In one embodiment of the present invention, 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 be in the shape of a semiconductor wafer
which can be held on a substrate holder contained
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
calibrating temperature sensing devices in thermal
processing chambers.  This system includes a chamber
adapted to receive and process semiconductor wafers.

A heat source is in communication with the chamber for
heating the wafers. The chamber includes at least one
radiation sensing device for monitoring the
temperature of semiconductor wafers contained within
the chamber.

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

- Chanmber opposite the radiation éensing devices. A

calibrating llght source is included for emlttlng
light energy towards the reflective device. As
described above, the reflective device is configured
to reflect the light energy. The reflective light
energy has a preset value and is configured to”be
sensed by the radiation sensing devices.  The system
further includes a controller in communication with
the radiation sensing devices. The controller is
configured to receive information from the radiation
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 light- energy
sensed by the radiation sensing devices in relation to
the preset value. 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
below. o . _ :

‘A full and enabllng disclosure of the present
1nvention, 1nc1ud1ng the best mode thereof, directed
to one of ordinary skill in the art, is set forth more
particularly in the remainder of the specification,
which makes reference to the appended flgures in
which:~

Flgure 1 is a side view of one embodiment of a
system for callbratlng 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 llght source and
reflective device that may be used in the process of
the present invention; and _

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

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

Detailed Description of the Preferred Embodiments

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
in the exemplary constructlon. _
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
during heat treatment. More particularly, the present
invention is directed to a method and system for
calibrating temperature measuring devices contained
within thermal processing chambers so that the thermal
processing chamber will operate more precisely. For
instance, it is important that temperature sensing
devices contained within thermal processing chambers
accurately measure the temperature of semiconductor
wafers as they are being heated. In this regard, the
temperature sensing devices should be calibrated to
ensure that they are accuretely monitoring the
temperature of the wafer. The temperature sensing

" devices should be monitored not only routinely but

should also be .calibrated for each different type of
process that is carried out in the chamber. For

example, such processes include ennealing[ oxidation,
and other processes which modify or add films to. the

' surface of wafers.

In general, the method of the present invention
for callbratlng temperature sensing devices,
particularly radiaﬁion sensing devices such as”
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
chamber. The calibrating light source is configured
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to emit light energy onto the réflective device. The
reflective device,'on the pther-hahd;”is designed to
reflect the light energy in a manne:'sd-that'each
radiation sensing device is exposed to the same
intensity of light. The amount of-light reflected.off
the reflecting dev1ce is known either qualltatlvy or
quantltatlvely. The radlatlon sensing devices are

then calibrated by comparlng the reading obtained from
the radiation sensxng dev1ces to the known .value for

. the reflected 1lght.-

In one"embodiment a controller, such as a
mlcroprocessor, can be used to automate the system and
automatically calibrate the radiation sensing devices.
If necessery, a correction factor may be built in to
compensate for any variability due to the.thSical ‘

placement of the reflecting surface, its physical

characterlstlcs, or the phy51cal placement of the
radiation senSLng devices.. :
The method and system of the present 1nvention
offer varlous advantages and beneflts. ‘'For instance,
the present invention offers a relatively simple
method for quickly calibrating the radiation sensing
devices. The callbratlons can be performed
automatlcally between wafers or wafer lots by plac1ng
the reflectlve device into the thermal processing
chamber when deSLred; For example, the_reflectng
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.

Further, in this embodiment, the reflective de¥ice can

be loaded and removed from the thermal processing .
chamber using the same mechanism that moves and
transports the wafers. .

The present 1nvent1on allows for the callbratlon
of radlatlon senSLng 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
systemsl 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. _

.ﬁeferfing to Figure 1, a system generally 10 made
in accordance with the present invention for ° .
calibrating radiation sénsing devices in thermal
processing chambers in order to more accurately
monitor the temperature of semiconductor wafers is
illustrated. System 10 includes a processing chamber
12 adapted to receive substrates such as semiconductor
wafers for conducting various proéesses. Chamber 12
is designed to heat the wafers at very rapid rates and
under carefully controlled conditions. Chamber 12 can
be made from various materials, including certain
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
12 includes a cooling conduit 16 wrapped around the
pPerimeter 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.

Chamber 12 can also include a gas inlet 18 and a
gas outlet 20 for introducing a gas into the chamber
and/or for maintaining the chamber within a preset
pPressure range. For instance, a gas can be introduced
into chamber 12 through gas inlet 18 for reaction with
the wafers. Once processed, the gas can then be
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evacuated from the chamber using gas outlet 20.
Alternatively, an inert gas can be fed to chamber -
12 through gas inlet 18 for preventing any unwanted or
_ undesirable side reactions from occurring within the
5 chamber. In a further embodiment, gaslinlet'ls-and-
| gas outlet 20 cen be used to pressﬁrize”chamber 12. A
vacuum can also be created in chamber 12 when desired,
j using gas outlet 20 or an additional larger outlet
pos;tloned beneath the level of the wafer.
10 During processing, chamber 12, in one embodiment,
; can include a substrate holder 15 designed to rotate
wafers using a wafer rotation mechanism 21. Rotating"
the wafer promotes greater temperature uniformity over -

E '; the surface of the wafer and promotes enhanced contact
| 15 between the wafer and any gases introduced into the

! E chamber. It should'be'understdod; however, that
besides wafers, chamber 12 is also adapted to process
optical parts, films, fibers, ribbons, and other
substrates having any particular shape.

20 - A heat source generally 22 is included in
communication with chamber 12 for heating the wafers
during processing. In this embodimefit, heat source 22

- includes a plurality of lamps 24, such as tungsten-

_ halogen lamps. Heat source 22 can include a reflector

: .F or set of reflectors, for'carefdily'difecting thermal

’ energy being emitted by the heat source onto the
wafers so as to produce a very unlform wafer
temperature. As shown in Flgure 1, lamps 24 are

. placed above the chamber. It should be understood,

30 however, that lamps 24 mayibe placed at any particular
location. Fﬁrther, additional lamps could be included
within system 10 if desired.

The use of lamps 24 as heat source 22 is

generally preferred. Fot instapce, lamps have much
f 35 higher heating and cooling 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 enerqgy,
typically requiring a very short and well controlled
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 power
controller 25 that can be used to increase or decrease
the thermal energy being emitted by the lamps.

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 corresponding light detectors 3o0.

Optical fibers 28 are-configufed to receive thermal
energy being emitted by a wafer present in the chamber
at a particular wavelength. The amount of sensed
radiation is then communicated to light detectors 30
which generate.a usable voltage signal for determining
the temperature of the wafer. In one embodiment, each
optical fiber 28 in combination with a light detector
30 comprises a pyrometéf. )

During the process of the present invention,
system 10 should be designed such that optical fibers
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
at the wavelength at which light detectors 30 -fperate
from entering chamber 12. ' Filter 32 as shown in
Figure 1 can be a window positioned between chamber 12
and heat source 22. In an alternative embodiment,
each lamp 24 can be covered by a separate filter. 1In
the embodiment illustrated, window 32 also serves to
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isolate lamps 24 from the wafers and prevent.
contamination. of the chamber. . . : S
As shown in. Flgure 1, in the. embodlment
_ illustrated,_thermal proce551ng-chamber 12 includes a .
5 reflective plate 26 which is connected to the
plurality of optical fibers orulight'pipes'zs. In
general, when present in‘the system, reflective plate
26 is desigﬁed to reflect thermal radiation being
o - emitted by-a-semicbnductor'wafer while the wafer is
| 1p being heated.: Specifically, reflective plate 26
I should be designed to reflect thermal radiation at the
5 wavelength at which light detectors 38 operate. _
Reflective plate 26 causes the radiation being emitted
_ by the wafer to reflect multlple tlmes between a
15 surface of the wafer and a surface of reflective plate
? 26. As a result, optical fibers 28 sense more thermal

radiation than that which is actually being emitted by
the wafer.

- By reflectlng the radiation being emitted by the

%0 wafer multiple times, the reflective plate causes the
g radiation between the two surfaces to add up and .
5 approximate the radiation of a perfect black body at

the temperature of the wafer. This has the effect of
i_ i enpaﬁcing the emissivity of the waﬁer, which is 3
| .5 typically unknown and hard to approximate, to a value -
| ‘ close to unity, allowing for more accurate temperature
g : measurements. .fhe'use of a reflective plate is'morec
particularly described in U.S. Patent No. 5,874,711

-

which is 1ncorporated herein by reference. _
30 Referring to Figures 1 and 2,.in accordance with

the present invention,  system 10 further includes a

reflective device 14 and a calibrating light source 42

in order to calibrate radiation sensing devices 27.

As shown in this embodiment, refelctive device 14 is
35 positioned on substrate holder 15 and can be removed
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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 affixed within
thermal processing chamber 12. It should be
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 callbrate radiation
sensing devices 27, calibrating light source 42 emits
a predetermined amount of light energy onto reflecting
device 14. Reflecting device 14 is configured to
scatter and reflect the light energy in a manner such
that each of the radiation sensing devices is exposed
to the same intensity of light. The amount of light
energy being reflected off reflecting device 14 in
accordance with the present invention is previously
calculated and has a preset value. _

Radiation sensing devices 27 are used to sense
the amount of reflected light energy. The amount of
light energy registered by the radiation senslng _
devices is then compared to the preset value. Should
any differences be present between the measured value
and the preset value, then the radiation sensing
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 having a
substantially constant reflectivity at the wavelength
at which the radiation sensing devices operate. The
reflectivity of reflective device 14 can be any value
as long as that value can be easily determined.
Preferably, however, the reflective device is highly
reflective at the wavelength of interest. For
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instancé;'in one embddiment,'fhe reflectivity of the
reflective device is at least 0.9 at the wavelength at
which the radiation sensing ‘devices operate. -

In order to construct a reflective device having. -
desired reflectivity characteristics, reflective
device 14 can be made from various ﬁateriais. 'For
instance, in one embodiment, reflective device 14 can
include a substrate having a higle'reflective
coating. The highly reflective coating can be made
from, for example, a'dieleétric'film. The dielectric
film can be a multi¥1ayer'opticalVfilm specially
designed to have the appropriate reflectivity at the

_ desi:ed-wavelength. Such films are known in the art

and can be obtained from Deposition Sciences, Inc. of
Santa Rosa, California. o '

Besides dielectric films, the.reflective'dévice
can also be made from5high1y poliShed'metals coated
with a clear'protective-coat;ng, such as a clear
dielectric coating. Such metaIS'inélude-gold, silver,
and nickel. However, for a particular'desired'
wavelength, metal surfaces are typically not as
reflective as the dielectric films described above.

The substrate, on the other hand, can be’ made
from various materials including quartz, silicon
carbide, or stainless steel. ‘Further, in an
alternative embodiment, reflective device 14 can be
made entirely from the above described dielectric-
film. o

As described above and as shown particularly in
Figure 2, the system of the present invention,éhould
be confiqured so that light being emitted from
calibrating light source 42 is reflected and/or
scattered so that each radiation'sensing device 28 is
exposed to the same intensity of light. This
objective can be accomplished according to various
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methods. For instance, in one embodiment, reflective
device 14 can be designed to scatter the light being
emitted by calibrating light source 42 across its
surface opposite the radiation sensing devices. 1In
this embodiment, in order to scatter the light,
reflective device 14 can have a particular shape or
can have a particular surface construction. For
ekample, the surface of reflective device 14 can be
rough so that the surface is substantially diffuse
with respect to light being.emitted by callbratlng
light source 42. _

In an alternative embodiment, instead of or in
addition to designing reflective device 14 to be
substantially diffuse, the system can include a.
diffuser 52 as shown in phantom in Figure 2. Diffuser
52 is placed in communication with calibrating light
source 42 and is configured -to scatter the light being

‘emitted by the light source and form a uniformly .and

diffusely irradiated region on the surface of
refiective device 14, especially in the regions
opposite radiation sensing devices 28. Diffuser 52
ideally forms a uniform isotropic illumination.

An ideal theoretical diffuser produces a' uniform
source of diffused light that is traversing in totally
random directions with high efficiency and perfect
transparency. In the practical embodiment of the
present invention, however, diffuser 52 need_nnlf'
approximate these ideal conditions. Thus, the
diffuser can be limited in lateral extent instead of
being infinite and can be substantially diffuse
instead of perfectly diffuse.

Diffuser 52 as shown in Figure 2 can assume
various constructions. Préferably, diffuser .52 is
planar, is substantially transparent to the light
being emitted by calibrating light source 42, and
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scatters the light in random directions. In one
embodiment;'diffuser 52 ean'be a thin sheet of a
transparent{refractive material such as.quartz, glass
or sapphire, wherein at least one surface of:the sheet
has been'rdughehed. In an alternative embodlment
diffuser 52 can be a layer of materlal made from small -
transparent and dlscrete particles which scatter light
at the wavelength at which the radiation sensing
devices operate}"The'emall'discrete particles can be
made, for instance, from quartz, glass, saphlre, or
noncrystalllne aluminum oxide.

‘In a further alternative embodiment, dlffuser 52
can be a,sheet of transparent mater;al containing many
small microscopic bubbles which serve to scatter the
light. Again, in this embbdiment, the diffuser can be
made from_quartz; glass. or saphire. :

In 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 opp051te each of the radlatlon
sensing devices 28.

Calibrating llght source 42 emits a predetermined
amount of light energy when callbratlng radiation
sensing devices 28 according to ‘the present 1nventlon.
As shown in Flgure 1, calibrating light source_ez can
be in communication with a light channel 44 that
directs the 1ight energy onto a particular location of
reflecting. dev1ce 14. Alternatively, however,
callbratlng light source 42 can be p051tlonedzéloser
to reflectlve device 14 without" the use of 11ght
channel 44. ' .

Light source 42 used in the system of the present
invention can generally be any device that is capable
of emitting a determinable amount of light energy.

 PCT/IB00/00506
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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'émitting diode, a gas laser, a non-.
coherent gas SOurée such as an arc lamp, besides
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
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'aré then used to measure the amount of
light energy being reflected off reflectihg device 14.
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
quanitatively meaning directly determined, or
qualitatively meaning determined according to some
relative standard. The preset value can be directly
determined by knowing the amount of light energy being
emitted by calibrating light source 42 and by knowing
the percentage of the light energy that is reflected
off reflecting device 14, such as by knowing the
reflectivity of the reflective device. With knowledge
of these variables, the amount of light énergy that
should be recorded by radiation sensing devices 28 can
be easily calculated and compared to the measgred '
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
determine a relative standard by which the radiation




z!o

- .._._l.
O

- 30

35

WO 00/66987 ' -PCT/IB00/00506

20.

sensing devices can be calibrated. For example, in
this embodiment, radiation senslng dev1ces 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 chamber. At periodic
intervals, reflectlve dev1ce 14 can be placed in the
chamber and radiation senslng dev1ces 28 can be used
to measure the amount of. llght energy belng reflected
off the_reflectlve device based.on llght being emitted
by calibrating light source 42. This measured value -
can then be compared to the reference value that was
measured previously; If necessary, adjustments can be
made to the radiation sensing devices so that the
sensing dev1ces once again sense the referenced value,
which eliminates inconsistencies when further
Processes are conducted in the chamber.

In accordance Wlth the present invention, when _
calibratlng the radiation sensing devices found within
the chamber, preferably the calibration is carried out
as close as poss1ble to actual process condltlons.“ In
"this manner, radlatlon sen51ng devices 28 produce
accurate and reliable measurements which allow process
conditions to be preciselyucontrolled in the_chamber.L,

Referring to Figure 1, system 10 further includes’
a system controller 50 which can be, - for 1nstance, a
microprocessor. Controller S0 receives voltage
signals from'light detectors 30 that represent the
radiation amounts belng sampled at the varlous
locations. Based on the sxgnals received, controller
50 is configured to calculate the temperature of:
wafers contained in the chamber. _ |

Systenm controller 50 as shown in Figure 1 can
also be in communication with lamp power controller
25. 1In this arrangement, controller 50 can calculate
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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 regarding the
conditions within reactor 12 for processing 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
control the flow rate of gases entering chamber 12
through gas inlet 18. As spoﬁn, controller 50 can
further be used to .control the rate at which wafer 14
is rotated within the chamber. o

In accordance with the present invention, system
controller 50 can also be used to automatically
calibrate radiation sens;ng devices 27. In
particular, the preset value can be stored w1th1n.
controller 50. The controller can then be configured
to compare the preset value to the measured value and -
make adjustments as necessary.

Further, in one embodiment, controller S50 can
also be in communication with calibrating light source
42. In this manner, controller 50 can be used to
control when calibrating light source 42 emits light
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-bﬁ
light energy that is emitted by calibrating light
source 42. This information can be provided to system
controller 50.-'System controller 50 can then,édjuét
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.

Referring now to Figures 3 and 4, another
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alternative embodiment of a calibrating light source
42 and a reflectlng device 14 in accordance with the
present 1nvent1on is illustrated._ As described above, -
reflectlve dev1ce 14 should reflect light energy being

-emltted by callbratlng llght source 42 in a2 manner so

that the radlatlon sen51ng devices are each exposed to
the same amount of llght at the operatlng wavelength.
In the embodlment Lllustrated in Flgures 3 and 4,
light belng emltted by ‘calibrating 11ght source 42 1s
directed into the interior of reflective device 14.
Reflective device 14 is conflgured.to disperse the_
light prior to exiting the"deviCe.”-Specifically,
reflective dev1ce 14 is conflgured to dlsperse and
scatter the llght so that llght energy exiting
reflectlve dev1ce 14 is constant over the surface
exposed to the radlatlon sensing devices.

In this embodiment, reflective device 14 can be
constructed out of'a thin semitranSparent plate, such
as a plate made from quartz or sapphlre. The surfaces
of the plate can be rough or prlsmatlc in order to
distribute the llght energy entering the plate. 1In
order for the llght energy to be directed into the
plate, the plate can include a small portion just
opp051te the llght source whlch is pollshed and allows
penetratlon of the llght energy 1nto the plate.
Altermatively, reflective dev1ce 14 can 1nc1ude a
small opening allgned w1th callbratlng llght source

- In this embodiment, calibrating light source 42
can be located in any position that will facilitate
directing the 1ight energy being emltted by the light
source into the reflectlve device. For example,
besides the configuration illustrated in Figure 3,
calibrating light source 42 can also be placed along
the side of reflective device 14 or at the top of

PCT/IB06/00506
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reflective dev1ce 14. o

These and other modifications and varlatlons to
the present invention may be practiced by those of
ordinary skill in the art, without departing from the
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 interchanged both in
whole or in part. Furthermo:é, those of ordinary
skill in the art will appreciate that the foregoing
description is by way of example only, and is not

intended to limit the invention so further described
in such appended claims.
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WHAT I8 CLAIMED Is-

1. A method for callbratlng a temperature
sensing device ln a thermal proce531ng chamber
compr1s1ng the steps of:

prov1d1ng a thermal proce551ng chamber, said

- thermal process;ng chamber eontalnlng at least one

radiation sensing device for monitoring the
temperature of a semiconductor wafer placed in said
chamber, said thermal processing chamber being in
communication with a plurallty of light energy sources

for heatlng semlconductor wafers contalned in said

chamber, said chamber further including a calibrating -
light source; -
placing a reflectlve device within said

. thermal processing chamber,.sald ref}ectlve device

being positioned opposite said at least one radiation
sensing device; ' '

. emitting light energy from said calibrating
light-source onto said reflective device, said
reflective device reflecting an amount of light energy
havzng a preset value;

sensing said llght 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 energy-
sensed by said at least one radiation sensing device
in relation to said preset value.

2. A method as defined in claim 1, wherein said

at least one radiation sensing device compriseé a
Pyrometer.

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

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

-This Sheet Has Been Replace
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reflective device comprlses a substrate having a
reflective surface, said reflectlve surface having a
reflectivity of at least 0.9 at said preset
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 reflective surface being .
substantially diffuse.

7. A method as_ defined in claim 1, whereln said
reflective device comprises a substrate having a
reflective surface, said reflective surface being made
from a material .comprising a metal.

8. A method as defined in claim 1, wherein said
light energy emitted by said calibrating light source
is directed into said reflective device, said
reflective device dispersing said light energy _
thrcughoﬁ; said device before said light energy exits
and is sensed by said at least one radiation sensing
device. |

9.' A method as deflned in claim 8, wherein said
reflective device comprises a quartz plate hav1ng a
rough surface, said rough surface belng positioned.
opposite to said at least one radiation sensing
device. N | |

10. A method for calibrating temperature sensing
devices in a thermal processing chamber comprisingithe
steps of: -

providing a thermal processing chamber, said
thermal processing chamber containing a plurality of
pyrometers for monitoring the temperature of a
semiconductor wafer placed in said chamber, said

Thls Sheet Has Been Replaced
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chamber further: 1nclud1ng a callbratlng light source,
placing a. reflectlve device within said
thermal proce551ng chamber, said reflectxve device
being po51t1oned opposite said plurallty of
pyrometers, _ _ '
emlttlng llght energy from sald calibrating
llght source onto Sald reflectlve devzce, said
reflective dev1ce belng conflgured to scatter said
light energy so that each of sald pyrometers is
exposed to substantlally the same 1nten51ty of llght
said 1nten51ty of llght haV1ng a preset value;
_ sensxng sa1d llght energy belng reflected
from said reflectlve dev1ce by sa1d plurallty of
pyrometers at’ a predetermlned wavelength and
callbratlng sa1d pyrometers based upon the
amount of llght energy sensed by sald pyrometers in
relatlon to said preset value._

1. A method as deflned rn clalm 10 wherein
sald preset wavelength 1s from about 0.9 mlcrons to
about 5 mlcrons. '

12. A method as deflned in clalm 10, wherein
sa1d callbratlng 11ght source emits 1nfrared light.

13. A method as deflned in claim 10, wherein
said reflectlve dev1ce comprlses a substrate having a
reflectlve surface, sa1d reflectlve surface being
rough in order to scatter said llght energy belng
emitted by said callbratlng llght source.

14. A method as defined in cla1m 10, wherein
sa1d reflectlve device comprlses a substrate hav1ng a
reflective surface, said reflective surface haGlng a .
reflectivity of at least about 0.9 at said
predetermined Wavelengthg

15. A method as defined in claim 10, whereln
said reflective devxce comprises a substrate ‘having a
reflective surface,_sald reflective surface being made

This Sheet Has Been Replaced
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from a material comprising a dielectric composition.

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
applied to said substrate 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
throughout said device before said light energy exits
and is sensed by at least onelradiation 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
device. .

20. - A system for calibrating temperature sensing
devices in thermal processing chambers comprising:

a chamber adapted to receive semiconductor
wafers; . J_

a heat source in communication with said
chamber for heating a semiconductor wafer when -
contained therein;

at least one radiation sensing device for
monitoring the temperature of semiconductor wafers
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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said reflective device is configured to reflect said
light energy, said_reflected'light energy having a:
preset value; and - '_ : .

a controller in communication with said at
least .one radiation'éenSing device, said controller
being configured to receive ihforﬁation'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

of reflectedllight energy sensed-bYISaid at least one’
radiation sensihg device in relation to said preset
value. , ' :

21. A system as defined in Claih 20, wherein
said at least one radiation sénsing device comprises a
pPyYrometer. : _ |

22. A system as defined in claim 20, wherein
said at least one radiation sensing device comprises a
plurality of pyrometeré, said pyrometers being
confiqured to sense thermal radiation at a
predetermined wavelength.

23. A system as deflned in claim 22, whereln
said reflective device comprlses a substrate having a
reflective surface, said reflectlve surface having a
reflect1v1ty of at least 0.9 at saxd predetermined
wavelength.

24. A system as defined in claim. 22, whereln
said reflective device comprises a substrate having a
reflective surface, said reflective surface being made
from a material comprising a dielectric composition.

25. A system as defined in claim 22, wherein .
said reflective device comprises a substrate having a
reflective surface, said reflective surface being
configqured to scatteér light energy being emitted by
said calibrating light source in a manner so that each

—_—
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of said pyrometers is exposed to light. at
substantlally ‘the same intensity. _

26. A system as defined in claim 20 wherein
said heat source comprlses a plurality of light energy
sources. '

_ 27. A sjstem 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
light energy throughout 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 corifigured to disperse said
light energy in a manner so that each of said :
pyrometers is exposed to light energy at substantially
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 holder for
holding semiconductor wafers, said reflective device
having a wafer-like shape and being configured to be
placed on the substrate holder when callbratlng said
at least one radiation sensing device.
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