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FAST HEATING AND COOLING APPARATUS
FOR SEMICONDUCTOR WAFERS
je o e tio

The present invention is generally directed to a
method and apparatus for rapidly heating and rapidly
cooling semiconductor wafers in a thermal processing
chamber. More particularly, the present invention is
directed to a rapid thermal processing apparatus that
includes a cooling device for cooling semiconductor
wafers rapidly after the wafers have been heated.

Background of the Invention

A thermal processing chamber as used herein
refers to a device that rapidly heats objects, such as
semiconductor wafers. Such devices typically include
a substrate holder for holding a semiconductor wafer
and a thermal energy source, such as a light source
that emits light energy for heating the wafer. During
heat treatment, the semiconductor wafers are heated
under controlled conditions according to a preset
temperature regime. For monitoring the temperature of .
the semiconductor wafer during heat treatment, thermal
processing chambers also typically include temperature
sensing devices, such as pyrometers, that sense the
radiation being emitted by the semiconductor wafer at
a selected band of wavelengths. By sensing the
thermal radiation being emitted by the wafer, the
temperature of the wafer can be calculated with
reasonable accuracy.

In alternative embodiments, instead of or in
addition to using radiation sensing devices, thermal
processing chambers can also contain thermocouples for
mohitoring the temperature of the wafers.
Thermocouples measure the temperature of objects by
direct contact.
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Many semiconductor heating processes require a
wafer to be heated to high temperatures so that
various chemical and physical reactions can take place
as the wafer is fabricated into a device. During
rapid thermal processing, which is one type of
processing, semiconductor wafers are typically heated
by arrays of lights to temperatures, for instance,
from about 400°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.

More particularly, in the past, semiconductor
wafers were heated according to a predetermined
héating cycle. For instance, the wafers were
typically heated from an initial temperature to a
desired temperature at a very fast heating rate. The
wafers were then maintained at the desired temperature
for a time sufficient for desired processes to take
place. For instance, during these heating cycles the
wafers can be annealed or various coatings and films
can be deposited onto the wafers, such as oxide films.

In order to complete the heating cycle, the light
sources are switched off and the wafers were allowed
to cool after being maintained at a desired

temperature for a predetermined amount of time. 1In
general, the wafers were allowed to cool naturally by
simply removing or turning off the heating source. 1In
particular, the wafers would cool by the loss of
energy through radiation from a hot body. The amount
of energy that is lost from the wafer is proportional
to the difference between the temperature of the wafer
and the temperature of the surrounding atmosphere.
Consequently, during these processes, the cooling rate
of the wafers is relatively fast at high temperatures
and then slows down exponentially as the temperature
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Another object of the present invention is to
provide an improved apparatus for heat treating
semiconductor wafers that is capable of cooling the
wafers rapidly.

Still another object of the present invention is
to provide an improved apparatus for heat treating
semiconductor wafers that includes a cooling device
that actively cools the wafers after the wafers have
been heated.

These and other objects of the present invention
are achieved by providing an apparatus for heat
treating semiconductor wafers during the process of
producing integrated circuits. The apparatus can be
used for various operations such as for annealing
wafers after an ion implantation step, or for
constructing or annealing coatings and films on
semiconductor wafers, such as those made from
conductive materials, insulators, and semiconductive
materiéls. The apparatus includes a thermal
processing chamber adapted to contain semiconductor
wafers. A substrate holder can be contained within
the thermal processing chamber for holding and
rotating the wafers. For heating the wafers, a heat
source can be placed in communic¢ation with the thermal
pProcessing chamber. The heat source can be, for
instance, a plurality of lamps which emit thermal
light energy.

In accordance with the present invention, the
apparatus further includes a cooling device located
proximate to the substrate holder for selectively
cobling semiconductor wafers contained in the thermal
processing chamber. The cooling device includes a
cooling member which defines at least one cooling
channel for circulating a cooling fluid, such as a
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of the wafer decreases.

Recently, emphasis has been placed upon forming
integrated circuits having thinner and more uniform
layers'that are more efficient and require less power
to operate. In this regard, recent focus has turned
to not only more precisely forming coatings and films
in thermal processing chambers but also on reducing
the length of time it takes to complete a heating
cycle in the chamber. Unfortunately, however,
conventional methods for cooling wafers in thermal
processing chamber have frustrated these objectives.

For instancé, as described above, conventional
methods for coecling wafers in thermal processing
chambers have a tendency to greatly increase the time
it takes to complete a heating cycle within the
chamber in that the wafers are cooled relatively
slowly. Further, during this slow cooling phase of
the cycle, unwanted chemical and physical reactions
can occur which can adversely affect the electrical
properties of coatings and films formed on the
semiconductor wafer.

As such, a need currently exists for an improved
apparatus and process for cooling wafers in rapid
thermal processing chambers. In particular, a need
currently exists for a rapid thermal processing
chamber that is capable of actively cooling
semiconductor wafers very rapidly after the wafers
have been heated.

Summary of the Invention

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

Accordingly, it is an object of the present
invention to provide an improved method and apparatus
for heat treating objects, such as semiconductor
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liquid. 1In particular, by circulating a cooling fluid
through the cooling member, the cooling device
maintains a relatively low temperature that is then
used to cool semiconductor wafers through convection
and conduction.

Preferably, the cooling device of the present
invention is only used to cool the semiconductor
wafers at selected times, such as after the wafers
have been heated to a predetermined maximum
temperature. For instance, in one embodiment, the
cooling device can include a movement mechanism for
moving the cooling device between an engagement
position and a non-engagement position. In the
engagement position, the cooling device is placed
adjacent to and possibly in direct contact with the
semiconductor wafer held on the substrate holder for
cooling the wafer. In the non-engagement position, on
the other hand, the cooling device is spaced a
determined distance from the semiconductor wafer and
does not substantially cool the wafer or interfere
with the wafer while the wafer is being heated.
Alternatively, instead of the cooling device being
movable towards and away from the substrate holder for
selectively cooling the wafer, the substrate holder
can be movable towards and away from the cooling
device.

In a further embodiment of the present invention,
the cooling device can be stationary and can include
one or more gas passages for circulating a gas
therethrough. In-‘particular, the gas passages can be
designed such that a gas flowing through the passages
is cooled by the cooling fluid being circulated
through the cooling device. Once cooled, the gas can
then be directed towards and can contact a
semiconductor wafer held on the substrate holder for
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cooling the wafer. The cooling gas can be, for
instance, molecular nitrogen'or helium. In order to
only cool the wafer at selected times, the flow of
cooling gases through the cooling device can be
stopped and started when desired.

In one preferred embodiment of the present
invention, the apparatus further includes a
temperature sensing device for monitoring the
temperature of a semiconductor wafer contained within
the thermal processing chamber. A controller can be
pléced in communication with the temperature sensing
device and can also be configured to control the heat
source and the cooling device. Specifically, the
controller can receive temperature information from
the temperature sensing device and, based on such
information, can automatically control the heat source
and the cooling device for heating and cooling wafers
according to a predetermined temperature cycle.

In controlling the heat source, for instance, the
controller can be used to increase or decrease the
amount of thermal energy being emitted onto the
semiconductor wafer. In controlling the cooling
device, on the other hand, the controller can be
configured to control the movement of the cooling
device and/or the flow of the cooling fluids in and
out of the cooling device.

Other objects, features and aspects of the
present invention are discussed in greater detail
below.

A full and enabling disclosure of the present
invention, including the best mode thereof, directed
to one of ordinary skill in the art, is set forth more
particularly in the remainder of the specification,
which makes reference to the appended figures in

-
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which:

Figure 1 is a cross-sectional view of one
embodiment of an apparatus for heat treating
semiconductor wafers in accordance with the present
invention;

Figure 2 is a cross-sectional view of one
embodiment of a cooling device that may be used in a
thermal processing chamber in accordance with the
present invention:

Figure 3 is a cross-sectional view of the cooling
device illustrated in Figure 2;

Figure 4 is an alternative embodiment of a
cooling device that may be used in a thermal
processing chamber in accordance with the present
invention; and

Figure 5 is a time and temperature graph
illustrating the difference between conventional
heating cycles and heating cycles that may be used in
a thermal processing chamber made in accordance with
the present invention.

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

i scription of the e ed Embodiment

It is to be understood by ane of ordinary skill
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 construction.

In general, fhe present invention is directed to
an apparatus and method for heating and cooling wafers
in a thermal processing chamber. For heating

semiconductor wafers, the thermal processing chamber
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can contain conventional heating sources, such as a
plurality of lamps that emit radiant energy. 1In
accordance with the present invention, the apparatus
furtheér contaihs a cooling device that actively cools
the semiconductor wafers after'the wafers have been
heated. The cooling device can take on various forms
and can functibn in different manners. For instance,
in one embodiment, the cooling device can include a
cooling member which receives a cooling fluid for
maintaining the cooling device at a lower temperature.
The cooling device can:further include a mechanism
that is configured to cool the wafers only at selected
tinmes. e

Various advantages and benefits are achieved
through the apparatus and process of the present
invention. For instance, through the use of the
cooling device, the time it takes to complete a
heating cycle in an appafatus of the present invention
is substantially reduced. By reducing the length of
time it takes to complefe a heating cycle, thermal
processing chambers made in accordance with the
present invention are particularly well adapted to
cause effective annealing of damage and activation of
ion implanted impurities in the silicon, to form
ultrathin coatings and films on-semiconductor wafers,
and to anneal thin films, conductive or insulating,
which were previously deposited on semiconductor
wafers. The thermal processing chamber of the present
invention is also capable of forming very uniform
coatings and films with improved electrical
properties. In particular, according to the present
invention, semiconductor wafers can be cooled very
rapidly which “freezes" the chemical and physical
reactions at a high temperature that are occurring in
the chamber. 1In other words, cooling the wafers very
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rapidly prevents and inhibits unwanted and undesired
chemical and physical reactions to occur during the
relatively slow cool down phase of the heat cycle.
keferring to Figure 1, a system generally 10 made
in accordance with the present invention for heat
treating a wafer made from a semiconductive material,
such as silicon, is illustrated. System 10 includes a
processing chamber 12 adapted to receive substrates
such as a wafer 14 for conducting various processes.
As shown, wafer 14 is positioned on a substrate holder
15 made from a thermal insulatiﬁq material such as
quartz. Chamber 12 is designed to heat wafer 14 at
very rapid rates and under carefully controlled
conditions. Chamber 12 can be made from various
materials, including metals. For instance, chamber 12
can be made from stainless steel, brass or aluminum.

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
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
relatively low 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
pressure range. For instance, a gas can be introduced
into chamber 12 through gas inlet 18 for reaction with
wafer 14 in orderrto form, for example, oxide
coatings, conductive layers, etc. Once processed, the
gés can then be 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

PCT/IB99/01832
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undesirable side reactions from occurring within the
chamber. .In a further embodiment, gas inlet 18 and
gas ountlet 20 can be used to pressurize chamber 12. A
vacuum can also be created in chamber 12 when desired,
using gas outlet 20 or an additional larger outlet
positioned beneath the level of the wafer.

buring processing, substrate holder 15, in one
embodiment, can be adapted to rotate wafer 14 using a
wafer rotation mechanism 21. Rotating the wafer
promotes greater temperature uniformity over the
surface of the wafer énd promotes enhanced contact
between wafer 14 and any gases introduced into the
chamber. It should be understood, however, that
besides wafers, chamber 12 is also adapted to process
optical parts, films, fibers, ribbons, and other
substrates having any particular shape.

A heat source or heating dgviée generally 22 is
included in communication with chamber 12 for heating
wafer 14 during processing. Heating device 22
includes a plurality of lamps 24, such as tungsten-
halogen lamps. ' As shown in Figure 1, lamps 24 are
placed above wafer 14. It should'bé'understood,

however, that lamps 24 may be placed'at ahy particular.

location. Further, additional lamps could be included
within system 10 if desired. )

The use of lamps 24 as a heat source is generally
preferred. For instance, lamps have much higher
heating and cooling rates than other heating devices,
such as electfical elements or conventional furnaces.
Lamps 24 create a rapid isothermal processing system
that provide instantaneous energy, 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 powver controller 25 that

TR
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can be used to increase or decrease the radiant energy
being emitted by any of the lamps.

In order to monitor the temperature of wafer 14
during the heating process, in this embodiment,
thermal processing chamber 12 includes plurality of
radiation sensing devices generally 27. Radiation.
sensing devices 27 include a plurality of optical
fibers or light pipes 28 which are, in turn, in
communication with a plurality of corresponding light
detectors 30. Optical fibers 28 are configured to
receive thermal energy being emitted by wafer 14 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 which can be calculated
based, in part, on Planck's Law. In one embodiment,
each optical fiber 28 in combinatien with a light
detector 30 comprises a pyrometer.

In general, thermal processing chamber 12 can
contain one or a plurality of radiation sensing
devices. In a preferred embodiment, as shown in
Figure 1, thermal processing chamber 12 contains a
plurality of radiation sensing devices that measure
the temperature of the wafer at different locations.
Knowing the temperature of the wafer at different
locations can then be used to control the amount of
heat being applied to the wafer.

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 includes a filter
32 which prevents thermal radiation being emitted by
lamps 24 at the wavelength at which light detectors 30
operate from entering chamber 12. Filter 32 also

PCT/1B99/01832
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serves to isolate lamps 24 from wafer 14 and prevent
contamination of the chamber. Filter 32 as shown in
Figure 1 can be a window positioned between chamber 12
and heat sourcé_zz and can be made from, for instance,
fused silica'qr quartz. 1In an alternative embodiment,
each lamp 24 can be covered by a separate filter.

Besides using radiation sensing devices, other
temperature sensing devices may be used in the system
of the present invention. For instance, one or more
thermocouples may be incorporated into the system for
monitoring the temperature of the wafer at a single
location or at a plurality of locations. The
thermocouples can be placed in direct contact with the
wafer or can be placed adjacent the wafer from which
the temperature can be extrapolated.

System 10 further includes a system controller 50
which can be,'for instance, a microprocessor.
Controller 50 receives voltage signals from light
detectors 30 that represent the radiation amounts
being sampled at the various locations. Based on the
signals received, controller 50 is configured to
calculate the temperature of wafer 14 at different
locations. ' .

System controller 50 as shown in Figure 1 can
also be in communication with lamp power controller
25. In this arrangement, controller 50 can determine
the temperature of wafer 14, and, based on this
information, control the amount of thermal energy
being emittéd,by lamps 24. In this manner,
instantaneous adjustments can be made regarding the
conditions within reactor 12 for processing wafer 14
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

Ean.
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control the flow rate of gases enterihng 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 accordance with the present invention, as
shown in Figure 1, system 10 further includes a
cooling device 60 positioned in thermal processing
chamber 12. As shown, in this embodiment, cooling
device 60 is located below semiconductor wafer 14 and
is mounted on a base 62. Cooling device 60 is for
actively and rapidly cooling wafer 14 at selected
times with the thermal processing chamber,
particularly after the wafer has been heated to a
predetermined processing temperature.

In accordance with the present invention, cooling
device 60 can be constructed in various ways and can
include different mechanisms for cooling wafers.
Referring to Figures 2 and 3, one embodiment of a
cooling device made in accordance with the present
invention is illustrated. In this embodiment, cooling
device 60 includes cooling member 64 having a plate-
like shape. Cooling member 64 includes cooling
channels 66 which are designed to receive the flow of
a cooling fluid therethrough. For instance, cooling
member 64 can be placed in communication with a
cooling fluid source, such as a water source, which
supplies a cooling fluid to cooling channel 66. The
cooling fluid maintains the temperature of cooling
member 64 at a relatively low temperature thus
allowing cooling device 60 to actively cool
semiconductor wafer 14 through the direct exchange of
thermal energy between the wafer and the cooling
member.

As described above, preferably cooling device 60
bnly cools the wafer at selected times during the
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course of a heating cycle being performed in the
chamber. ConSequently,.as shown in Figures 2 and 3,
cooling device 60 can be movable towards and away from
wafer 14. For example, base 62 as shown in Figure 1
can include a mechan1sm which raises and lowers the
cooling device at selected times. :

For 1nstance, coollng device 60 can be movable
between a wafer nonengagement position as shown in
Figure 2 and a wafer engagement position as shown in
Figure 3. In the nonengagement position, cooling
device 60 should be spaced from wafer 14 a distance
sufficient so as to not interfere with the wafer as it
is being heated. Once the wafer has been heated and
needs to be cooled, however, cooling device 60 can be
placed adjacent to the wafer as shown in Figure 3.
Specifically, cooling device 60 can be placed directly
in contact with the wafer or can be moved very close
to the wafer without touching the wafer depending upon
the particular application. When placed in the
engagement position as shown in Figure 3, wafer 14 is
rapidly cooled.

It should be understood, however, that besides
cooling device 60 being movable towards and away from
the wafer, alternatively, substrate holder 15 can be
configured to move the wafer itself towards and away
from the cooling device. '

Further, besides adjusting the position of the
cooling device in relation to the wafer, other
controls can be used to selectively cool wafers
according to the present invention. For instance, the
flow of a cooling fluid through cooling channels 66 of
cdoling device 60 can be adjusted depending upon the
amount of cooling that is desired at any particular
time. For instance, when cooling is not desired, the
flow of a cooling fluid to cooling device 60 can be

FHT
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slowed or stopped. Conversely, wher it is desired to
cool the wafer, the flow of a cooling fluid can be
increased through the cooling device. In one
embodiment, system controller 50 as shown in Figure 1
can be placea in communication with cooling device 60
for automatically adjusting the position of the
cooling device and/or controlling the flow of a
cooling fluid to a device.

. Cooling member 64 of cooling device 60 can be
made from various materials. In particular, cooling
member 64 should be made from a conductive material
that acts as a heat exchanger between the cooling
fluid and semiconductor wafer 14. Various materials
that may be used to construct cooling member 64
include, for instance, a metal, such as aluminun,
stainless steel or brass. This metal may be coated to
prevent contamination between it and the semiconductor
wafer.

Referring to Figure 4, an alternative embodiment
of a heating device 60 that may be used in the
apparatus and process of the present invention is
illustrated. Similar to the embodiment illustrated in
Figures 2 and 3, in this embodiment, heating device 60
includes a cooling member 64 that defines one or more
cooling channels 66 for circulating a cooling fluid,
such as a liquid. 1In this embodiment, however,
cooling member 64 further defines at least one gas
passage 68.

Gas passage 68 is designed to be connected to a
gas source that circulates a gas through cooling
device 60. As shown, gas passage 68 flows through
cooling member 64 and then includes a plurality of
exits that release a gas adjacent to semiconductor
wafer 14. In this manner, a gas being fed through gas
bassage 68 is cooled by a cooling fluid being
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circulated through channel 66 and is then directed -
towards semiconﬁuctor wafer 14 for cooling the wafer.
The gas being fed through gas passage 68 should be an
inert gas so that no undesired chemical reactions
occur. For instance, molecular nitrogen, argon or
helium can be géed as the cooling gas.

In the embodiment illustrated in Figure 4,
cooling device 60 can be stationary or can be movable
similar to the embodiment illustrated in Figures 2 and
3. Preferably, in order to selectively cool wafers
within a thermal processing chamber, the flow of the
cooling gas into gas passage 68 should be controllable
so that the gas flow can be stopped and started at
desired times. In this regard, system controller 50

.as shown in Figure 1 can be placed in communication

with the cooling gas source and can be designed to
control the flow of the cooling gas from the gas
source to cooling device 60.

It should be understood that besides the
embodiments illustrated in the figures, cooling device
60 can be cooled in various other ways. For instance,
in an alternative embodiment, an active cooling
structure can be placed adjacent to or can be attached
to cooling device 60 for cooling the device through
conduction. Alternatively, cooling device 60 can
include a cooling member made from a thermoelectric
material which maintains the cooling member at a lower
temperature.

As described above, the purpose of cooling device
60 is to rapidly cool wafers in thermal processing
chambers in order to inecrease the speed at which
heating cycles can be performed on wafers in the
chamber. Referring to Figure 5, for comparative
purposes, a conventional heating cycle (a) is shown in
comparison to a heating cycle (b) that can be produced

PCT/1B99/01832
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using the apparatus of the present invention. As
shown, the cooling rate using the apparatus of the
present invention is dramatically increased. Of
course, the graph illustrated in Figure 5 is for
exemplary purposes only. It should be understood that
with the cooling device of the present invention, the
rate of cooling can be controlled such that any
desired cooling curve can be followed.

For most applications, however, the cooling
device of the present invention will be used to cool
wafers as rapidly as possible. By cooling wafers
rapidly, various advantages will result. For
instance, besides reducing the amount of time it will
take to process wafers, less undesirable chemical and
physical reactions will occur during the cool down
phase of the heating cycle.

These and other modifications and variations 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
mere particularly set forth in the appended claims.
In addition, it should be understood that aspects of
the various embodiments may be interchanged bath in
whole or in part. Furthermore, 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 IS CLAIMED IS:

1. An apparatus for heat treating semiconductor
wafers comprising:

a thermal processing chamber adapted to
contain at least one semiconductor wafer:;

a heat source in communication with said
thermal processing chamber for heating semiconductor
wafers contained in said chambers;

a substrate holder for holding semiconductor
wafers contained in said thermal processing chamber;
and

" a cooling device located proximate to said
substrate holder for selectively cooling semiconductor
wafers contained in said thermal processing chamber,
said cooling device comprising a cooling member
maintained at a lower temperature than the maximum
processing temperature of the semiconductor wafer.

2. An apparatus as defined in claim 1, wherein
said cooling device is movable towards and away from
said substrate holder for selectively cooling said
semiconductor wafers.

3. An apparatus as defined in claim 1, wherein
said cooling member has a plate-like shape.

4. An apparatus as defined in claim 1, wherein
said cooling member is made from a material comprising
a metal.

5. An apparatus as defined in claim 1, wherein
sald substrate holder is movable towards and away from
said cooling device for selectively cooling said
semiconductor wafers.

6. An apparatus as defined in claim 2, wherein
said cooling device is configured to directly contact
semiconductor wafers held on said substrate holder
when said wafers are cooled.

7. An apparatus as defined in claim 2, wherein
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said cooling device is configured to be positioned
adjacent to but not in contact with semiconductor
wafers held on said substrate holder when said wafers
are cooled.

8. An apparatus as defined in claim 1, wherein
said cooling device further contains at least one gas
passage for flowing a gas therethrough, said gas
passage being configured to direct said gas towards
semiconductor wafers held on said substrate holder for
cooling said wafers. '

9. An apparatus as defined in claim 1, wherein
said heat source comprises a plurality of light energy
sources.

10. An apparatus as defined in claim 1, wherein
said cooling device further comprises a cooling fluid
source for supplying a cooling fluid for circulation
through cooling channels defined by said cooling
member, said cooling fluid comprising a liquid.

11. An apparatus as defined in claim 1, further
comprising:

a temperature sensing device for sensing the
temperature of a semiconductor wafer contained in said
processing chamber; and

a controller in communication with said
temperature sensing device, with said heat source and
with said cooling device, said controller receiving
temperature information from said temperature sensing
device and, based on said information, controlling
said heat source and said cooling device for heating
and cooling said semiconductor wafer according to a
predetermined heat cycle.

12. An apparatus for heat treating semiconductor
wafers comprising:

a thermal processing chamber adapted to

contain at least one semiconductor wafer:;
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a heat source in communication with said
thermal processing chamber for heating semiconductor
wafers contained in said chamber, said heat source
comprising a plurality of light energy sources;

a substrate holder for. holding semiconductor
wafers contained in said thermal processing chamber;
and

a cooling device located proximate to said
substrate holder for selectively cooling said
semiconductor wafers contained in said thermal
processing chamber, said cooling device comprising a
cooling member which is maintained at a lower
temperature tﬁan the maximum processing temperature of
the semiconductor wafer, said cooling device further
comprising a movement mechanism for moving said
cooling device between an engagement position wherein
said cooling device is placed adjacent to a
semiconductor wafer held on said substrate holder and
a non—~engagement position wherein said cooling device
is spaced a determined distance from said
semiconductor wafer..

13. An apparatus as defined in claim 12, wherein
said cooling device is made from a material comprising
a metal.

1l4. An apparatus as defined in claim 12, wherein
said cooling device directly contacts a semiconductor
wafer held on said substrate holder when said cooling
device is placed in said engagement position.

15. An apparatus as defined in claim 12, further
comprising a cooling fluid source for supplying a
cooling fluid for circulation through a cooling fluid
channel defined by said cooling member, said cooling
fluid comprising a liguid.

16. An apparatus as defined in claim 12, further

comprising:
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a temperature sensing device for sensing the
temperature of a semiconductor wafer held on said
substrate holder:; and

a controller in communication with said
temperature éensing device, with said heat source, and
with said cooling device, said controller receiving
temperature information from said temperature sensing
device and, based on said information, controlling
said power source and said cooling device for heating
and cooling a semiconductor wafer according to a
predetermined heat cycle.

17. An apparatus as defined in claim 12, wherein
said cooling device is placed adjacent to a
semiconductor wafer held on said substrate holder
without contacting said wafer when said cooling device
is placed in said engagement position.

18. An apparatus for heat treating semiconductor
wafers comprising:

a thermal processing chamber adapted to
contain at least one semiconductor wafer;

a heat source in communication with said
thermal processing chamber for heating semiconductor
wafers contained in said chamber, said heat source
comprising a plurality of light energy sources;

a substrate holder for holding semiconductor
wafers contained in said thermal processing chamber:
and

a cooling device located proximate to said
substrate holder for selectively cooling semiconductor
wafers contained in said thermal processing chamber,
said ccoling device comprising a cooling member
maintained at a lower temperature than the maximum
Processing temperature of the semiconductor wafer,
said cooling device further containing gas passages
for flowing a gas therethrough, said gas passages
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being configured to direct said gas towards
semiconductor wafers held on said substrate holder for
cooling said wafers.

19. An apparatus as defined in claim 18, further
comprising: _

a temperature sensing device for sensing the
temperature of a semiconductor wafer held on said
substrate holder; and

a controller in communication with said
temperature sensing device and with said heat source,
said controller receiving tempefature information from
said temperature sensing device and, based on said
information, qontrolling said heat source for heating
said semiconductor wafer according to a predetermined

heat cycle.

20. An apparatus as defined in claim 19, wherein
said cooling device further comprises a gas source for
supplying a gas to said gas passages, said gas source
being in communication with said controller such that
said controller is configured to start and stop the
flow of gas from said gas source to said gas passages
for selectively cooling semiconductor wafers in said
thermal processing chamber. )

21. A method for rapidly heating semiconductor
wafers in a thermal processing chamber, said method
comprising the steps of:

placing a semiconductor wafer in a thermal
processing chamber:

rapidly heating said semiconductor wafer to
a predetermined maximum temperature using light
energy; and

rapidly cddling said semiconductor wafer
through the use of an active cooling device, said
cooling device comprising a cooling member maintained
at a temperature lower than the wafer.

This Sheet Has Been Replaced

IO

E



