
;e3eT4 6TT]e 2 0 MAY 2082  FAST HEATING AND COOLING APPARYUS FOR
SEMICONDUCTOR WAFFERS  Field of the Invention The present invention is
generally directed to methods and apparatus as given in the preambles of
claims 1, 2, 9 and 10. 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 monitoring the temperature of the wafers.
Thermocouples measure the temperature of objects by direct contact.   . , 2
0 MAY 2002 WO 00/31777 2 PCT/1B99/01832 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 , 5 rapid thermal processing, which is one type of 



processing, semiconductor wafers are typically heated , by arrays of lights
to temperatures, for instance, from about 400C to about 1,200C, for times
which are typically less than a few minutes. During these 10 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 heating cycle. For instance, the wafers were 15 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 20 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 25
temperature for a predetermined amount of time. In general, the wafers were
allowed to cool naturally by simply removing or turning off the heating
source. In particular, the wafers would cool by the loss of energy through
radiation from a hot body. The amount 30 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 35 and then slows down exponentially as the
temperature .   2 0 MAY 2002 3 of the wafer decrease. 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 instance, as
described above, conventional methods for cooling 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. In EP=A-0 454 054 a lamp annealing apparatus and
method for annealing a semiconductor wafer is disclosed. A cooling gas is
blown towards a periphery of the wafer in a heating step and towards a
center of -the wafer in a steady state step. 



A temperature control system that quickly responds to the change in
temperature of a substrate being processed is shown in EP-A-0 695 922.
Alternative cooling means for cooling a semiconductor wafer are described
in PATENT ABSTRACTS OF JAPAN vol. 016, no. 482 (E-1275)) 7 October 1992
(1992-10-07)-& JP 04 176121 A and PATENT ABSTRACTS OF JAPAN vol. 010, no.
359 (E-460), 3 December 1986 (1986-12-03)-& JP 61 156814 A. 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 far a rapid thermal processing chamber that is capable of actively
cooling semiconductor waters very rapidly after the wafers have been
heated.   2 o MaY 2002 4 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 wafers. 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 .methods
and apparatus according to claims 9, 10, 1 and 2. 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 materials. 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 communication with the thermal processing 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 cooling 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   



2 0 MAY 2002 WO 00/31777 5 PCT/IB99/01832 liquid. In particular, by
circulating a cooling fluid through the cooling member, the cooling
devicemaintains a relatively low temperature that is thenused to cool
semiconductor wafers through convection5and conduction.'Preferably, the
cooling device of the presentinvention is only used to cool the
semiconductorwafers at selected times, such as after the wafershave been
heated to a predetermined maximum10temperature. For instance, in one
embodiment, thecooling device can include a movement mechanism fvrmoving
the cooling device between an engagementposition and a non-engagement
position. In theengagement position, the cooling device is placed15adjacent
to and possibly in direct contact with thesemiconductor wafer held on the
substrate holder forcooling the wafer. In the non-engagement position,
onthe other hand, the cooling device is spaced adetermined distance from
the semiconductor wafer and20does not substantially cool the wafer or
interferewith the wafer while the wafer is being heated.Alternatively,
instead of the cooling device beingmovable towards and away from the
sutbstrate holder forselectively cooling the wafer, the substrate
holder25can be movable towards and away~from the coolingdevice.In a further
embodiment of the present invention,the cooling device can be stationary
and can includeone or more gas passages for circulating a
gas30therethrough. In~particular, the gas passages can bedesigned such that
a gas flowing through the passagesis cooled by the cooling fluid being
circulatedthrough the cooling device. Once cooled, the gas canthen be
directed towards and can contact a35semiconductor wafer held on the
substrate holder for   2 0 MAY 2002 WO 00/31777 6 PCT/IB99/01832 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 5 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 IO the thermal
processing chamber. A controller can be placed 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 15 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 20
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 



25 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.  30 Brief Description of the Drawings A
full and enabling disclosure of the present invention, including the best
mode thereof, directed p to one of ordinary skill in the art, is set forth
more particularly in the remainder of the specification, 35 which makes
reference to the appended figures in   2 o Mnv 2002 WO 00/31777 .
PCT/IB99/01832 7 which: Figure 1 is a cross-sectional view of oneembodiment
of an apparatus for heat treatingsemiconductor wafers in accordance with
the present5invention;Figure 2 is a cross-sectional view of oneembodiment
of a cooling device that may be used in athermal processing chamber in
accordance with thepresent invention:l0Figure 3 is a cross-sectional view
of the coolingdevice illustrated in Figure 2;Figure 4 is an alternative
embodiment of acooling device that may be used in a thermalprocessing
chamber in accordance with the present15invention; andFigure 5 is a time
and temperature graphillustrating the difference between
conventionalheating cycles and heating cycles that may be used ina thermal
processing chamber made in accordance with2othe present invention.Repeat
use of references characters in thepresent specification and drawings is
intended torepresent same or analogous features or elements ofthe
invention.25detailed Description of. the Preferred EmbodimentsIt is to be
understood by one of ordinary skillin the art that the present discussion
is adescription of exemplary embodiments only, and is notintended as
limiting the broader aspects of the30present invention', which broader
aspects are embodiedin the exemplary construction.In general, the present
invention is directed toan apparatus and method for heating and cooling
wafersin a thermal processing chamber. For heating35semiconductor wafers,
the thermal processing chamber   2 0 MAY 20d2 WO 00I31777 8 



PCTlIB99/01832 can contain conventional heating sources, such as a
plurality of lamps that emit radiant energy. In accordance with the present
invention, the apparatus further contains a cooling device that actively
cools 5 the semiconductor wafers after the wafers have been heated. The
cooling device can take on various forms and can function in different
manners. For instance, in one embodiment, the cooling device can include a
cooling member which receives a cooling fluid for 10 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
times. Various advantages and benefits are achieved 15 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 apparatus of the present invention is substantially reduced. By reducing
the length of 20 time it takes to complete 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 25 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 30 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
35 the chamber. In other words, cooling she wafers very   2 0 MAY 2002 WO
00/31777 9 PCT/1 B99/Ol 832 rapidly prevents and inhibits unwanted and
undesiredchemical and physical reactions to occur during therelatively slow
cool down phase of the heat cycle.Referring to Figure 1, a system generally
10 made5in accordance with the present invention for heattreating a wafer
made from a semiconductive material,such as silicon, is illustrated. System
10 includes aprocessing chamber 12 adapted to receive substratessuch as a
wafer 14 for conducting various processes.10As shown, wafer 14 is
positioned on a substrate holder15 made from a thermal insulating material
such asquartz. Chamber 12 is designed to heat wafer 14 atvery rapid rates
and under carefully controlledconditions. Chamber 12 can be made from
various15materials, including metals. For instance, chamber 12can be made
from stainless steel, brass or aluminum.When chamber 12 is made from a heat
conductivematerial, preferably the chamber includes a coolingsystem. Far
instance, as shown in Figure 1, chamber2012 includes a cooling conduit 16
wrapped around theperimeter of the chamber. Conduit 16 is adapted
tocirculate a cooling fluid, such as water, which isused to maintain the
walls of chamber 12 at arelatively low temperature.~25Chamber 12 can also
include a gas inlet 18 and agas outlet 20 for introducing a gas into the
chamberand/or for maintaining the chamber within a presetpressure range.
For instance, a gas can be introducedinto chamber 12 through gas inlet 18
for reaction with30wafer 14 in order to form, for example, oxidecoatings,
conductive layers, etc. once processed, thegas can then be evacuated from
the chamber using gasoutlet 20. Alternatively, an inert gas can be fed to
chamber 35 12 through gas inlet 18 for preventing any unwanted or  



2 0 MAY 2002 WO 00/3I777 10 PCfII B99/01832 undesirable side reactions from
occurring within the chamber. .In a further embodiment, gas inlet 18 and
gas outlet 20 can be used to pressurize chamber 12. A vacuum can also be
created in chamber 12 when desired, 5 using gas outlet 20 or an additional
larger outlet positioned beneath the level of the wafer. During processing,
substrate holder 15, in one embodiment, can be adapted to rotate wafer 14
using a wafer rotation mechanism 21. Rotating the wafer to promotes greater
temperature uniformity over the surface of the wafer and 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 15 optical parts, films, fibers, ribbons, and other
substrates having any particular shape. A heat source or heating device
generally 22 is included in communication with chamber 12 for heating wafer
14 during processing. Heating device 22 20 includes a plurality of lamps
24, such as tungstenhalogen lamps. As shown in Figure 1, lamps 24 are
placed above wafer 14. It should be understood, however, that lamps 24 may
be placed at any particular location. Further, additional lamps could be
included 25 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 electrical elements
or conventional furnaces. 30 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 35
are equipped with a gradual power controller z5 that  



2 0 MAY 2002 WO 00l31777 lI PCT/I B99/01832 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 14during the heating process, in this
embodiment,5thermal processing chamber 12 includes plurality ofradiation
sensing devices generally 27. Radiationsensing devices 27 include a
plurality of opticalfibers or light pipes 28 which are, in turn,
incommunication with a plurality of corresponding light10detectors 30.
Optical fibers 28 are configured toreceive thermal energy being emitted by
wafer 14 at aparticular wavelength. The amount of sensed radiationis then
communicated to light detectors 30 whichgenerate a usable voltage signal
for determining the15temperature of the wafer which can be calculatedbased,
in part, on Planck's Law. In one embodiment,each optical fiber 28 in
combination with a lightdetector 30 comprises a pyrometer.In general,
thermal processing chamber 12 can20contain one or a plurality of radiation
sensingdevices. In a preferred embodiment, as shown inFigure 1, thermal
processing chamber 12 contains aplurality of radiation sensing devices that
measurethe temperature of the wafer at different locations.25Knowing the
temperature of the wafer at differentlocations can then be used to control
the amount ofheat being applied to the wafer.During the process of the
present invention,system 10 should be designed such that optical fibers3028
only detect thermal radiation being emitted bywafer 14 and not detect
radiation being emitted bylamps 24. In this regard, system l0 includes a
filter32 which prevents thermal radiation being emitted bylamps 24 at the
wavelength at which light detectors 3035operate from entering chamber 12.
Filter 32 also   2 0 MAY 2002 WO 00/31777 12 PCT/IB99/01832 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 source 22 and can be made from, for instance, 5 fused silica or
quartz. In 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 10 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 thenaocouples can be placed in direct contact
with the wafer or can be placed adjacent the wafer from which 15 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 20 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 5o as shown in Figure 1 can 25 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 emitted by lamps 24. In this
manner, 30 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 35 system. For instance, controller 50
can be used to   2 0 MAY 2002 wo oor~~~ 13 PCT/IB99/01832 control the flow
rate of gases entering chamber 12through gas inlet 18. As shown, controller
50 canfurther be used to control the rate at which wafer 14is rotated
within the chamber.5in accordance with the present invention, as"shown in
Figure 1, system 10 further includes acooling device 60 positioned in
thermal processingchamber 12. As shown, in this embodiment, coolingdevice
60 is located below semiconductor wafer 14 and10is mounted on a base 62.
Cooling device 60 is foractively and rapidly cooling wafer 14 at
selectedtimes with the thermal processing chamber,particularly after the
wafer has been heated to apredetermined processing temperature.15In
accordance with the present invention, coolingdevice 60 can be constructed
in various ways and caninclude different mechanisms for cooling
wafers.Referring to Figures 2 and 3, one embodiment of acooling device made
in accordance with the present20invention is illustrated. In this
embodiment, coolingdevice 60 includes cooling member 64 having a plate-like
shape. Cooling member 64 includes coolingchannels 66 which are designed to
receive the flow ofa cooling fluid therethrough. For instance,
cooling25member 64 can be placed in communication with acooling fluid
source, such as a water source, whichsupplies a cooling fluid to cooling
channel 66. Thecooling fluid maintains the temperature of coolingmember 64
at a relatively low temperature thus30allowing cooling device 60 to
actively coolsemiconductor wafer 14 through the direct exchange ofthermal
energy between the wafer and the coolingmember. As described above,
preferably cooling device 60 35 only cools the wafer at selected times
during the   wo 00131 ~~~ 14 



2 0 MAY 2002 ' PCT11B99101832 . 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 l4. For example, base 62 as
shown in Figure 1 5 can include a mechanism which raises and lowers the
cooling device at selected times. For instance, cooling device 60 can be
movable between a wafer nonengagement position as shown in Figure 2 and a
wafer engagement position as shown in 10 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 15 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 20 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 25
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 30 according to the present invention. For instance, the flow of a
cooling fluid through cooling channels 66 of cooling 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 35 flow of
a cooling fluid to cooling device 60 can be   2 0 MAY 2002 WO 00I31777 15
PCT/1 B99/01832 



slowed or stopped. Conversely, when 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 5 can be placed 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 10 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 15 include, for instance, a metal, such
as aluminum, 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 20 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 25
cooling channels 66 for circulating a cooling fluid, such as a liquid. In
this embodiment, however, cooling member 64 further defines at least one
gas passage 68. Gas passage 68 is designed to be connected to a 30 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 35 passage 68 is cooled by a cooling
fluid being   2 0 MAY 2002 . WO 00/31777 16 PCT/lB99/01832 circulated
through channel 66 and is then directed towards semiconductor 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 5 occur. For instance,
molecular nitrogen, argon or helium can be used 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 10 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 



15 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
20 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 25 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 30 60 is to
rapidly cool wafers in thermal processing chambers in order to increase 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 35 comparison to a heating cycle (b) that can be
produced   2 0 MAY 2002 wo 00/3e 17 PCT/IB99/o1832 using the apparatus of
the present invention. Asshown, the cooling rate using the apparatus of
thepresent invention is dramatically increased. Ofcourse, the graph
illustrated in Figure 5 is for5exemplary purposes only. It should be
understood thatwith the cooling device of the present invention, therate of
cooling can be controlled such that anydesired cooling curve can be
followed.For most applications, however, the cooling10device of the present
invention will be used to coolwafers as rapidly as possible. By cooling
wafersrapidly, various advantages will result. Forinstance, besides
reducing the amount of time it willtake to process wafers, less undesirable
chemical and15physical reactions will occur during the cool downphase of
the heating cycle.These and other modifications and variations tothe
present invention may be practiced by those ofordinary skill in the art,
without departing from the20spirit and scope of the present invention,
which ismore particularly set forth in the appended claims.In addition, it
should be understood that aspects ofthe various embodiments may be
interchanged both inwhole or in part. Furthermore, those of ordinary25skill
in the art will appreciate that the foregoingdescription is by way of
example only, and is notintended to limit the invention so further
describedin such appended claims.   Z 0 MAY 2002 tg What is claimed ~ is: 



1. An apparatus (10)~ for heat treating substrates (14), preferably
semiconductor wafers (14) comprising: s a thermal processing chamber (12)
adapted to contain at least one substrate (14); a heat source.(22) in
communication with said thermal processing charnber (12) for heating said
substrate (14) contained in said chamber (12); a substrate holder (15) for
holding said substrate (14) contained in said thermal processing chamber
(12): a cooling device (60) located proximate to said substrate holder io
(15) for selectively cooling said substrate (14) contained in said thermal
processing chamber (12), said cooling device (60) comprising a cooling
member (64) maintained of a lower temperature than the maximum processing
temperature of the substrate (1~t) cheraaterized in that one of said
cooling device (60) and said , , substrate holder (15) is movable toward
the other of said cooling device (GO) and a5 said substrate holder (15) in
such a manner that the movement of the one toward the ether causes the
substrate (14) to be directly contacted by said cooling device (60) and
separated from said substrate holder (15) so that the substrate (14) may be
cooled whilst separated from said substrate holder (15) and indirect
contact with said cooling device (80). ao 2. An apparatus (10) for heat
treating substrates (14)) preferably semiconductor wafers (14} comprising:
a thermal processing chamber (12) adapted to contain at least one substrate
(14); a heat source (22) ~in communication with said thermal processing
chamber (12) for heating said substrate (14) contained in said chamber
(12); a substrate holder 2s (15) for holding said substrate (14) contained
in said thermal processing chamber (12); a cooling device (60) located
proximate to said substrate holder (t 5) for se lectively cooling said
substrate (14) contained in said thermal processing chamber   2 0 MAY 2002
19 (12), said cooling device (60) comprising a cooling member (&4)
maintained at a lower temperature than the maximum processing temperature
of the substrate (14), said cooling device (60) further containing at least
one gas passage (68) for flowing a gas therethrough and said gas passage
(68) being configured to direct 



s said gas towards said substrate (14) characterized in that one of said
cooling device (60) and said substr8te holder (15) is movable toward the
other of said cooling device (60) and said substrate holder (15) in such a
manner that the movement of the one tainrard the other causes the substrate
(94) to be directly con tatted by said cooling device (60). ~o 3. Apparatus
as defined in claims 1 or 2, wherein said cooling member (64) has a plate
like shape. 4. Apparatus ecrurding to' orie of the previous claims, wherein
said cooling member (fi4) is made from material comprising a metal. 5.
Apparatus according to claim 4, wherein said metal is coated to prevent
contami~s nation between said metal and said semiconductor wafer (14). 6.
Apparatus according to one of the previous claims, wherein said co'oting
device is movable towards and away from said substrate holder (15) for
selectively cooling said substrate (14): 7. Apparatus according to one of
the previous claims) wherein the said heat source zo (22) comprises a
plurality of light energy sources (24). 8. Apparatus according to one of
the previous claims, wherein said cooling device (60) further comprises a
cooling fluid source for supplying a tooting fluid for cir culation through
cooling channels (66) defined by said cooling member (64).   2 0 MAY 2002
20 



9. A method of heat treating substrates (14), preferably semiconductor
wafers (14} comprising: a thermal processing chamber (12) adapted to
contain at least one substrate (14); a heat source (22) in communication
with said thermal processing chamber s (12) for heating said substrate (14)
contained in said chamber (12); a substrate holder {15) for hotdlng said
substrate (14) contained in said thermal processing chamber (12); a cooling
device (60) located proximate to said substrate holder (15) for selectively
cooling said substrate (14) contained in said thermal processing chamber
(12), said cooling device (60) comprising a cooling member (64) io
maintained at a lower temperature than the maximum processing temperature
of the substrate-(14) characterised In that one of said cooling device (60)
and said substrate. holder, (1~) is movable towarc! the other of said
cooling device (fi0) and said substrate holdi3r (15) in such a manner that
the movement of the one toward the other causes the substrate (14) to be
directly contacted by said cooling device 1s (60) and separated from said
substrate holder (15) so that the substrate (14) may be cooled whilst
separated from said substrate holder (15) and in direct contact with said
cooling device (60). 10.A method of heat treating substrates (14),
preferably semiconductor wafers (14) comprising: 2o a thermal processing
chamber (12) adapted to contain at least one substrate (14); a heat source
(22) in communication with said thermal processing chamber (12) for heating
said substrate (14) contained in said chamber (12); a substrate holder (15)
for holding said substrate (14) contained in said thermal processing
chamber (12); a cooling device (60) located proximate to said substrate
holder 25 (15) for selectively cooling said substrate (14) contained in
said thermal process ing chamber (12)) said cooling device (60) comprising
a cooling member (64)  



2 0 MAY 20D? 21 maintained at a lower temperature than the maximum
processing temperature of the substrate (14),said cooling device (60)
further containing at least one gas passage (68) for flowing a gas
therethrough and said gas passage (68) being configured to direct said gas
towards said substrate (14) characterized in that one of said cooling
device (60) and said substrate holder (15) is movable toward the other of
sold cooling device (fi0) and said substrate holder (15) in such a manner
that the movement of the one toward the other causes the substrate (14) to
be directly contacted by said cooling device (60). .AY .AlnY.AS.A,
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