
WO 01/69656 PCT/IBO1/00392  1 LOCALIZED HEATING AND COOLING OF SUBSTRATES
Field of the Invention The present invention is generally directed to a
method and  apparatus heat for treating a substrate, such as a
semiconductor wafer.  Background of the Invention A thermal processing
chamber as used herein refers to a device  5 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 energy  for heating the wafer. During heat
treatment, the semiconductor wafers  are heated under controlled conditions
according to a preset 10 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 15
radiation being emitted by the wafer, the temperature of the wafer can be
calculated with reasonable accuracy. 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 20 rapid thermal processing, which is one type of
processing,  semiconductor wafers are typically heated by arrays of light
sources to  temperatures, for instance, from about 400 C to about 1,200 C,
for  times which are typically less than a few minutes. For instance, in
the past, semiconductor wafers were heated  25 according to a predetermined
heating cycle. For example, the wafers  were typically heated from an
initial temperature to a desired SUBSTITUTE SHEET (RULE 26) WO 01/69656
PCT/IBO1/00392  



2 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 5 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. In
general, the wafers were allowed to cool by simply  removing or turning off
the heating source. Moreover, in some cases, a 10 cooling device was also
used to cool the wafer. 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 15 processing chambers, but also on reducing the length of time it
takes to  complete a heating cycle in the chamber, e.g., temperature
ramp-up , a  steady state temperature, and cooling. In general, to
accomplish the  desired results, the wafers must generally be heated and
cooled as  uniformly as possible. 20 However, one problem with heating and
cooling semiconductor  wafers is that the temperature profile of a wafer
can vary at different  wafer locations, thereby decreasing overall heating
and cooling  uniformity. For example, when forming an oxide layer on a
silicon wafer  using conventional processing systems, the temperature
profile of the 25 wafer typically has deviations from the desired uniform
temperature that  are due to a variety of factors, such as the type of
heaters utilized,  geometry of the chamber, etc.. These deviations are
typically localized  in only certain regions of the wafer. For instance,
localized temperature  deviations can be prevalent during the ramp-down and
ramp-up stages SUBSTITUTE SHEET (RULE 26) WO 01/69656 PCT/IBO1/00392  



3 of the heat cycle. During such stages, the localized outer regions of the
wafer tend to heat or cool faster than the localized center region. This
leads to non-uniformities in temperature profile across the wafer. Such
localized temperature deviations typically have a magnitude  5 on the order
of a few degrees and are localized in regions of centimeters  on the wafer.
In particular, in rapid thermal processes, the deviations  are usually in
the range from about 0.1 % to about 10% from the target  uniform
temperature. For example, a typical localized deviation in a  conventional
rapid thermal processing system is about 5 C for a target 10 process
temperature of about 1000 C. As such, a need currently exists for an
improved apparatus and  process for cooling and heating wafers in rapid
thermal processing  chambers. In particular, a need currently exists for a
rapid thermal  processing chamber that is capable of locally cooling and/or
heating a 15 semiconductor to minimize deviations in the temperature
profile of the  wafer. Summary of the Invention The present invention
recognizes and addresses the foregoing  disadvantages and others of prior
art constructions and methods. 20 Accordingly, it is an object of the
present invention to provide a  method and apparatus for heat treating
objects, such as semiconductor  wafers. Another object of the present
invention is to provide an apparatus  and method for heat treating a
semiconductor wafer that is capable of  25 heating and cooling localized
regions of the wafer during a  predetermined heat cycle. Still another
object of the present invention is to provide an  apparatus and method for
controlling the temperature of localized  regions of a semiconductor wafer
during a predetermined heat cycle. SUBSTITUTE SHEET (RULE 26) WO 01/69656
PCT/IBO1/00392  



4 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
5 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 10 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
radiation. In accordance with the present invention, the apparatus further
15 includes a device for heating and/or cooling localized regions of a
semiconductor wafer. By locally heating and/or cooling certain regions  of
a wafer, deviations in temperature can be corrected or substantially
inhibited. In particular, it is normally desired to heat a wafer to a
predetermined temperature during a certain stage of a heat cycle. To 20
achieve adequate process results (e.g., uniform oxide thickness), the
entire wafer must generally be maintained at this predetermined
temperature. As such, according to the present invention, these  deviations
in the predetermined temperature can be adequately  corrected so that a
substantially uniform temperature profile results for 25 the wafer. For
example, in one embodiment of the present invention, the  device for
localized heating and/or cooling can be positioned below the  wafer. In
this embodiment, the device can be equipped with one or more  gas outlets
that can supply one or more gases to the wafer. During SUBSTITUTE SHEET
(RULE 26) WO 01/69656 PCT/IBO1/00392  



5 processing, these gases can be supplied to heat or cool the wafer. For
instance, when heating the wafer during the ramp-up stage, various
localized regions (e.g., outer regions) of the wafer can be cooled by
these gases to compensate for "over-heating", which would otherwise  5
inhibit uniform heating. Moreover, a variety of control mechanisms can also
be utilized to  control the application of a gas to the wafer. For
instance, examples of  such control mechanisms include, but are not limited
to, controlling the  flow rates of the gases, controlling the temperature
of the gases, varying 10 the types of gases, using two or more different
gases, adjusting the  spread profile of the gas, varying the angles at
which the gases are  ejected, manipulating the positioning of the outlets,
varying the diameter  of the gas outlets, changing the distance between gas
outlets, rotating  the wafer in a certain direction, mounting the gas
outlets through a 15 reflective device, etc. Moreover, these and other
control mechanisms  can be automatically adjusted utilizing a system
controller which  communicates with one or more temperature sensing
devices. In addition, another embodiment of the present invention utilizes
a  gas pipe for localized heating and/or cooling. Although not required,
the  20 gas pipe is typically positioned above the wafer. To ensure that
heating  is not inhibited by the lamp, the gas pipe is generally made from
a transparent material, such as sapphire or quartz. Further, similar to the
embodiment discussed above, the device of this embodiment can also  be
equipped with one or more gas outlets that can supply one or more  25 gases
to heat or cool localized regions of the wafer. Further, any of the control
mechanisms mentioned above can be  used in conjunction with the gas pipe.
However, other mechanisms can  also be utilized in accordance with this
embodiment. For instance, examples of such control mechanisms include, but
are not limited to,  SUBSTITUTE SHEET (RULE 26) WO 01/69656 PCT/IBO1/00392



6 varying the diameter and/or length of the gas pipe, separating the gas
pipe into different segments, using multiple gas pipes (e.g., inner pipe),
using multiple lines or chains of gas outlets with a single gas pipe, etc.
Further, similar to the embodiment discussed above, these and other 5
control mechanisms can be automatically adjusted utilizing a system
controller which communicates with one or more temperature sensing  devices
Other objects, features and aspects of the present invention are  discussed
in greater detail below. 10 Brief Description of the Drawings 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 which: 15 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 device  used for localized cooling or heating in
accordance with the present 20 invention; Figure 3 is a cross-sectional
view of the device illustrated in  Figure 2; Figure 4 is a graphical
illustration of the Example; Figure 5 is a cross-sectional view of another
embodiment of an  25 apparatus for heat treating semiconductor wafers in
accordance with the  present invention; Figure 6 is a cross-sectional view
of an another embodiment of a  device used for localized cooling or heating
in accordance with the  present invention; SUBSTITUTE SHEET (RULE 26) WO
01/69656 PCT/IBO1/00392  



7 Figure 7 is a cross-sectional view of the device illustrated in  Figure
6; Figure 8 is a cross-sectional view of an alternative embodiment of  a
device used for localized cooling or heating in accordance with the 5
present invention; Figures 9(a) and 9(b) are illustrations of another
embodiment of a  device used for localized cooling or heating in accordance
with the  present invention; and Figure 10 is a cross-sectional view of an
another embodiment of a  10 device used for localized cooling or heating 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. 15 Detailed Description
of the Representative Embodiments It is to be understood by one 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. 20 In general, the present invention is directed to an
apparatus and  method for locally cooling and/or heating wafers in a
thermal processing  chamber. For heating semiconductor wafers, the thermal
processing  chamber can contain conventional heating sources, such as a
plurality of  lamps that emit radiant energy. Moreover, the thermal
processing 25 chamber can also contain a cooling device for actively
cooling the entire  semiconductor wafer after it has been heated. In
accordance with the present invention, the heating sources  and/or cooling
devices can also be used in conjunction with a device for  correcting
temperature deviations along one or more "localized regions"  SUBSTITUTE
SHEET (RULE 26) WO 01/69656 PCT/IBO1/00392  



8 of the wafer. For example, the device can typically provide hot and/or
cold gases to selected localized regions of a semiconductor wafer to
correct "temperature deviations". As used herein, a "localized region(s)"
generally refers to a  5 discrete area defined along one or more axes of a
substrate. For  example, a disc-shaped wafer has localized regions defined
along its  radial axes. Typically, this discrete area is less than about
50% of the  total area of a cross-section of the substrate, particularly
less than 35%  of the total area, more particularly less than 25% of the
total area, and 10 most particularly less than about 15% of the total area.
As used herein, "temperature deviation(s)" generally refers to the
absolute difference between a predetermined temperature, as defined by  the
heat cycle, and the actual temperature of a certain localized region
during a stage of the heat cycle. In general, temperature deviations of 15
the present invention are less than about 100 C, particularly less than
about 50 C, more particularly less than 25 C, and most particularly,  less
than about 5 C. However, localized heating and/or cooling is not  usually
required for temperature deviations less than about 3 C, and  more
particularly, less than about 1' C. 20 In general, a device of the present
invention used for localized  heating and/or cooling can take on various
forms and can function in  different manners. For instance, in one
embodiment, the device can  include gas jets for providing hot and/or cold
gases to localized regions  of the wafer. Moreover, in another embodiment,
the device can include 25 a gas pipe containing nozzles that distribute hot
and/or cold gases to  localized regions of the wafer. Various advantages
and benefits are achieved through the  apparatus and process of the present
invention. For instance, through  the use of a device of the present
invention, the temperature profile of  SUBSTITUTE SHEET (RULE 26) WO
01/69656 PCT/IBO1/00392  



9 the semiconductor wafer can be maintained at a substantially uniform
temperature throughout the entire heating cycle, which includes ramp- up,
steady-state, and ramp-down stages. By maintaining the  temperature profile
of the wafer at substantially uniform temperatures, 5 the resulting thermal
processing chambers 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 10 processing chamber of the
present invention is also capable of forming  highly uniform coatings and
films with improved electrical properties.  Referring 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 15 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
insulating  material such as quartz. Chamber 12 is designed to heat wafer
14 at  very rapid rates and under carefully controlled conditions. Chamber
12 20 can be made from various materials, including, for example, metals
and/or transparent materials. For instance, in one embodiment, all or a
portion of chamber 12 can be made from stainless steel, brass or  aluminum.
Moreover, in another embodiment, all or a portion (e.g.,  walls) of chamber
12 can be made from a transparent material, such as 25 quartz or sapphire.
Such a transparent material can be particularly  useful when heating wafer
14 from more than one side with thermal  radiation generated by heating
lamps (e.g., halogen lamps). In some embodiments, the chamber 12 can also
include a cooling  system. For instance, as shown in Figure 1, chamber'12
includes a  SUBSTITUTE SHEET (RULE 26) WO 01/69656 PCT/IBO1/00392  



10 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 5
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 order  to
form, for example, oxide coatings, conductive layers, etc. Once  processed,
the gas can then be evacuated from the chamber using gas  10 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 chamber. In a further embodiment, gas inlet 18 and  gas outlet
20 can be used to pressurize chamber 12. A vacuum can 15 also be created in
chamber 12 when desired, 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 promotes greater
temperature uniformity over the 20 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  optical parts, films, fibers, ribbons, and
other substrates having any  particular shape. 25 A heat source or heating
device 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 be understood, however, that lamps
24 may be placed at SUBSTITUTE SHEET (RULE 26) WO 01/69656 PCT/IBO1/00392  



11 any particular location. For example, lamps 24 can be placed below
wafer 14, on the sides of wafer 14, and combinations thereof.  Accordingly,
additional lamps could be included within system 10 if  desired. 5 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.  Lamps 24 create a
rapid isothermal processing system that provide  instantaneous energy,
typically requiring a very short and well controlled 10 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 radiant energy
being emitted by any of the lamps. In order to monitor the temperature of
wafer 14 during the heating  15 cycle, 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 20 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
combination with a light detector 30 comprises a  25 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 SUBSTITUTE SHEET (RULE 26) WO
01/69656 PCT/IBO1/00392  



12 different locations. Knowing the temperature of the wafer at different
locations can then be used to control the necessary amount of heating
and/or cooling applied to the wafer. During the process of the present
invention, system 10 should be  5 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 serves to 10 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, fused silica or quartz. In an alternative embodiment,
each  lamp 24 can be covered by a separate filter. 15 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 20 contact with the
wafer or can be placed adjacent the wafer from which  the temperature can
be extrapolated. In addition, a reflective device 26 is also contained
within  chamber 12, adjacent to wafer 14. Reflective device 26 is connected
to  light pipes 28 which are, as described above, in communication with a
25 plurality of corresponding light detectors 30. Moreover, light pipes 28,
pyrometers, and/or thermocouples can also be fed through the reflective
device 26 to detect radiation in the spaces between wafer 14 and
reflective device 26, or to detect the temperature of wafer 14.. In
general, reflective device 26 is designed to reflect the thermal
SUBSTITUTE SHEET (RULE 26) WO 01/69656 PCT/IBO1/00392  



13 radiation being emitted by wafer 14 at the wavelength at which light
detectors 30 operate. Reflective device 26 causes the radiation being
emitted by wafer 14 to reflect multiple times between a surface of wafer
14 and a surface of reflective device 26. 5 Reflective device 26 should
generally be placed as close as  possible to wafer 14 in order to increase
the amount that the thermal  radiation being emitted by the wafer is
reflected. Since reflective device  26 is typically at a lower temperature
than wafer 14, however, placing  the reflective device too close to the
wafer may interfere with the heating 10 process or may prevent the wafer
from being heated at a uniform rate.  The choice of the distance or spacing
between wafer 14 and reflective  device 26 depends upon the size of wafer
14. For wafers measuring  200 mm in diameter, in general reflective device
26 can be spaced from  about 3 mm to about 15 mm from wafer 14. More
particularly, for this 15 wafer size, reflective device 26 is typically
spaced from wafer 14 a  distance of from about 6 mm to about 8 mm. A larger
degree of spacing  may be preferable for larger wafers. Reflective device
26 should have a very high reflectivity,  preferably greater than 0.9 at
the wavelength at which radiation is 20 sampled by optical fibers 28 and
light detectors 30. Reflective device 26  can be made from various
materials. In one preferred embodiment, a  reflective surface is formed by
coating a metallic substrate, such as  stainless steel, with a dielectric
film. The dielectric film can be a multi- layer optical film specially
designed to have the appropriate reflectivity at 25 the desired wavelength.
Such films are known in the art and can be  obtained from Deposition
Sciences, Inc. of Santa Rosa, California.  Besides dielectric films, the
reflective surface can also be made from highly polished metals coated with
a clear protective coating, such  as a clear dielectric coating. Such
metals include gold, silver, and nickel.  SUBSTITUTE SHEET (RULE 26) WO
01/69656 PCT/IBO1/00392  



14 However, for a particular desired wavelength, metal surfaces are
typically not as reflective as the dielectric films described above. Also,
the metals may cause contamination within processing chamber 12  when
heated to high temperatures. The use of a reflective plate is more 5
particularly described in U.S. Patent No. 5,874,711, which is  incorporated
herein by reference. A slip-free ring (or guard ring) 17 can also be
utilized in the  present invention. Slip-free ring 17, which is usually
made from silicon,  silicon carbide, or other similar materials, is
generally designed to 10 surround the wafer 14 so that the wafer 14 is
positioned within the inside  diameter of the ring 17. During operation of
the thermal processing  chamber, the ring 17 absorbs energy being emitted
by the heater lamps  24 and then radiates the energy back to the edges of
the wafer 14. The  ring 17 can also reflect thermal radiation being emitted
by the edge of 15 the wafer 14 back onto the wafer. In this manner, the
passively heated  ring can compensate for some heat loss at the edge of the
wafer 14 and  also reduce convective cooling of the wafer when process
gases are  flowing through the chamber System 10 further includes a system
controller 50 which can be,  20 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. 25 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
emitted by  lamps 24. In this manner, instantaneous adjustments can be made
SUBSTITUTE SHEET (RULE 26) WO 01/69656 PCT/IBO1/00392  



15 regarding the conditions within reactor 12 for processing wafer 14
within  carefully controlled limits. In accordance with the present
invention, a system of the present  invention also generally includes a
device for locally heating and/or 5 cooling the substrate when the wafer is
being heated or cooled. Thus, in  addition to controlling the output of the
heating lamps, the device for  locally heating and/or cooling the substrate
can also be used to enhance  temperature uniformity. For instance, in one
embodiment, as illustrated  in Figure 1, thermal processing chamber 12 can
include a device 10 generally 60 for locally cooling and/or heating certain
regions of wafer  14. In particular, as shown in Figs. 1-2, at least one
gas outlet (e.g., jet  or nozzle) 62 is positioned below wafer 14 and
extends through  reflective device 26 such that gas is applied to discrete
sections, or  localized regions, of semiconductor wafer 14. However, it
should also 15 be understood that a gas outlet 62 need not extend through
reflective  device 26. In fact, the outlet 62 can be configured in any
desired  manner to supply a gas to a localized region of the bottom surface
of  wafer 14. Moreover, the gas outlet 62 can also be configured to supply
gas to the sides or top surface of wafer 14. 20 By providing gas in the
manner indicated above, the temperature  of one or more localized regions
of wafer 14 can be controlled. For  example, in one embodiment, a cold gas
can be supplied by gas outlets  62 to reduce the temperature of a localized
region of the semiconductor  wafer 14. In another embodiment, a hot gas can
be supplied by outlets 25 62. Moreover, in some embodiments, both hot and
cold gases can be  simultaneously applied by different outlets. In general,
any type of gas  normally used to cool or heat a substrate can be used in
the present  invention. Examples of some gases that can be used in the
present  invention include inert gases, e.g, nitrogen, argon, and the like;
gases SUBSTITUTE SHEET (RULE 26) WO 01/69656 PCT/IBO1/00392  



16 with high thermal conductivity, e.g, helium, hydrogen, oxygen, mixtures
thereof, and the like; etc. To provide control over the temperature of
localized regions of a  wafer during a heating cycle, a variety of
parameters can generally be  5 controlled. For example, in one embodiment,
the number of gas outlets 62 can be increased to provide localized heating
and/or cooling to more  than one discrete region of wafer 14. As a result,
the gas outlets 62  provide better control over the temperature of a
variety of localized  regions of a semiconductor wafer, thereby allowing
for better overall 10 temperature uniformity. Moreover, in some
embodiments, the positioning of outlets 62 can  also be controlled to allow
for controlled localized heating and/or cooling.  For instance, in one
embodiment, it may be required to provide more  cooling or heating to the
localized edge regions of the wafer. 15 Accordingly, the gas outlets can be
positioned radially to correspond to  the outer edges of the wafer. For
example, in one embodiment, as  shown in Figure 3, the outlets 62 can be
positioned through reflective  device 26 so that the number of outlets
increases outwardly from the  wafer center. Moreover, in another
embodiment, a gas outlet (not 20 pictured) can also be positioned
substantially below the wafer center.  In addition, wafer rotation can also
be utilized to control the  localized heating and/or cooling of the wafer.
For example, when a  wafer is rotated, the gases flowing through the
outlets and into the  chamber have a tendency to flow in an outwardly
radial direction. Thus, 25 because the gas flow impinges on the bottom
surface of the wafer and  spreads radially, the convective cooling or
heating effect on the wafer  will be maximum at the radial locations of the
wafer. On the other hand,  when the wafer remains stationary, the
convective cooling or heating  effect on the wafer will be maximum at the
radial annulus of the wafer SUBSTITUTE SHEET (RULE 26) WO 01/69656
PCT/IBO1/00392  



17 located above or below the gas outlet. In some instances, the gas flow
rate of individual gas outlets can  also be controlled in accordance with
the present invention. By  controlling gas flow rates, a system of the
present invention can provide 5 enhanced control over each localized region
of a wafer. For instance, as  shown in Figure 2, valves 65 can be utilized
to independently control gas  flowing from outlets 62. It should be
understood, however, that any gas  flow control device known in the art can
be utilized in accordance with  the present invention. In addition to
controlling gas flow rate, the 10 temperature of each gas flowing through
the outlets can also be  controlled. For instance, as shown in Fig. 2.,
heating devices 67 can be  used to heat the gases to a predetermined
temperature. It should also  be understood that a cooling device can
similarly be utilized to cool the  gases to a predetermined temperature.
Furthermore, different gases 15 can also be supplied to some or all of the
gas outlets 62 to provide  enhance control over the temperature of the
localized regions of the  wafer. In addition, the mere presence of gas
outlets on the reflective  device can also enhance the control over the
temperature of localized  20 regions of a wafer. For example, the presence
of the gas outlets 62 on reflective device 26 generally reduces the
reflectivity of device 26 at  those locations where the outlets extend
through the device. By  reducing reflectivity, the gas outlets 62 can
thereby reduce the  temperature of localized regions of wafer 14 that
correspond to the 25 regions of reflective device occupied by the outlets
62. Thus, in addition  to supplying gases to the localized regions, the gas
outlets 62 can also  enhance control over the temperature of the localized
regions by  reducing the energy reflected to those regions. This reduction
in  reflectivity can be particularly useful when cooling the wafer during
the SUBSTITUTE SHEET (RULE 26) WO 01/69656 PCT/IBO1/00392  



18  heating cycle, as described above. Moreover, to further enhance the
control over the temperature of  the localized regions of the wafer, the
ejection angle of each outlet  relative to the object wafer can also be
adjusted. For example, by 5 positioning a nozzle at a 90 angle with respect
to the wafer, gas will be  supplied to a localized region defined directly
above the nozzle.  However, by positioning a nozzle at a 45 angle, for
example, gas can  be directed away from the nozzle, closer to the edges of
the wafer. Besides the embodiments described above, localized cooling 10
and/or heating can also be accomplished in a variety of other ways. For
example, in another embodiment of the present invention, as illustrated  in
Figures 5-9, a thermal processing chamber 12, as described in detail
above, can also include at least one gas pipe 70 positioned between  lamps
24 and wafer 14. A gas flowing through such a pipe and exiting 15 through
the gas outlets can stream over localized regions of the wafer  and,
thereby uniformly heat or cool the wafer. However, it should also  be
understood that the gas pipe 70 can also be positioned below the  wafer as
an alternative, or in addition to, positioning the pipe above the  wafer.
20 In general, a gas pipe of the present invention can be constructed  from
a variety of materials. For example, in most embodiments, the pipe  70 is
made from a transparent. material, such as quartz or sapphire, to  minimize
the influence of the gas pipe on wafer heating. In most  embodiments, the
gas pipe is also utilized in conjunction with a rotation 25 mechanism 21
(described above) that can be adapted to rotate wafer 14.  Rotating the
wafer can allow the gas pipe to not only heat and/or cool  localized
regions of wafer 14, but also to aid in cooling the entire wafer  during
ramp-down, such as in the embodiment illustrated in Figures 1-4  discussed
above. SUBSTITUTE SHEET (RULE 26) WO 01/69656 PCT/IBO1/00392  



19 Moreover, the gas pipe can also be constructed to have any of a  variety
of sizes and/or shapes. For instance, any diameter (cross  section) of the
gas pipe 70 can generally be used. However, in most  embodiments, the
diameter of gas pipe 70 does not exceed the diameter 5 of the lamps,
particular when linear lamps are utilized. Specifically, the  gas pipe 70
typically has a diameter less than, or equal to, the distance  between two
adjacent lamps 24 so that the pipe 70 can be positioned in  the gap
parallel to the lamps 24. In addition, the pipe 70 can also generally have
any desired  10 length. In most embodiments, the pipe 70 at least has a
length large  enough so that one end of the pipe substantially aligns with
the center of  wafer 14. However, in some embodiments, the pipe 70 need not
be  continuous in length. For example, in one embodiment, a dividing wall
can be provided in the center of pipe 70 so that the pipe contains two 15
segments. Therefore, one gas can be introduced through one end of the  pipe
and a different gas can be introduced through the other end of the  pipe.
In addition, the pipe could also be segmented into any other  number of
sections, such as three sections. A pipe containing three  sections (e.g. a
middle and two ends) can provide one gas to the center 20 of the wafer and
a different gas to the edges of the wafer. This method  of gas application
can aid in minimizing the "photon box effect", which is  described in more
detail below. In general, the pipe 70 can also be positioned in a variety
of ways  to provide the desired temperature control. For instance, in one
25 embodiment, the pipe 70 is arranged parallel to the wafer surface.
Moreover, in some embodiments, the gas pipe 70 can also be arranged
perpendicular to the direction of the linear heating lamps and/or to the
wafer. Typically, the distance of the pipe 70 to the wafer surface is such
that the presence of the pipe does not influence the process results. In
SUBSTITUTE SHEET (RULE 26) WO 01/69656 PCT/IBO1/00392  



20 particular, depending on the size of the process chamber, the distance
of  the pipe to the wafer surface is generally between about 0.5 cm and
about 10 cm. Further, the pipe 70 is preferably arranged such that at least
a  5 portion of the pipe 70 is located directly above the center of
rotation of  the wafer, e.g., the center of the wafer. However, depending
on the  rotation velocity (angular velocity) or whether additional pipes
are  present, the pipe 70 can also be shifted in a direction by a certain
distance, such as less than about 5 cm from the center of a wafer having 10
a diameter of about 300 mm. If two pipes are used, the pipes are
advantageously arranged symmetrically about the wafer center.  Referring to
Figure 6, a pipe 70 also generally includes one or more gas outlets 72
(e.g, holes or nozzles) for ejecting gas onto  localized regions of a wafer
surface. The supply of gas to such localized  15 regions can provide better
control over temperature uniformity of the wafer during the heating cycle.
In particular, any of a variety of gases,  such as described above, can be
applied via gas outlets 72. Further, the  gas pipe may eject two or more
different gases through different gas  outlets. These two gases may be the
same or different hot gases, 20 coolant gases, or other process gases. In
general, the diameter of the gas outlets can be the same or can  have
different diameters. For instance, in one embodiment, the diameter  of the
outlets corresponding to the edges of wafer 14 is greater than the
diameter of the outlets corresponding to the center of wafer 14. By 25
varying the diameter in this manner, the diameter of the outlets can
correspond to a disc-shaped object, such as a wafer, in which the total
heat capacity of the wafer increases linearly with the radial distance.
Moreover, the outlets can also generally be positioned in a variety  of
ways to eject gas onto a localized region of wafer 14. For instance, in
SUBSTITUTE SHEET (RULE 26) WO 01/69656 PCT/IBO1/00392  



21 one embodiment, the outlets 72 can be positioned equidistant to each
other so that each outlet corresponds to a certain localized region of
wafer 14. In other embodiments, the number of outlets corresponding to  the
edges of wafer 14 can be greater than the number of outlets 5 corresponding
to the center of wafer 14. In addition, the distance  between adjacent gas
outlets corresponding to the edges of the wafer  can also be decreased in
comparison to the distance between adjacent  gas outlets corresponding to
the center of the wafer. Moreover, when  surrounded by a slip-free ring (or
guard ring) 17, as shown in Figure 5 & 10 7, it may be beneficial to ensure
that no gas outlet is positioned directly  above the gap between wafer and
guard ring when cooling. However,  during ramp-up, a gas outlet positioned
directly above the gap may be  preferred. Further, a pipe of the present
invention can also be used to  cool or heat the guard ring separately from
the wafer. 15 By appropriately positioning or sizing the gas outlets as
described  above, the heating and/or cooling of the localized regions of
wafer can  be effectively controlled. For example, during ramp-up or
ramp-down  stages of a heat cycle, the edges of the wafer tend to heat or
cool faster  than the center of the wafer. This tendency is known as the
"photon box 20 effect". To compensate for this photon box effect, gas
outlets can be  positioned or sized to distribute more gas to the edges of
the wafer.  Thus, for example, during ramp-up, more coolant gas can be
utilized to  control the temperature of the wafer edges and thereby enhance
temperature uniformity. 25 In general, the gas outlets described above can
also be  positioned to eject gases at a certain "spread profile" to help
control  temperature uniformity. As used herein, the term "spread profile"
refers  generally to the area of a substrate that is contacted by the gas
from a  particular gas outlet. The spread profile of a gas ejected by a gas
outlet SUBSTITUTE SHEET (RULE 26) WO 01/69656 PCT/IBO1/00392  



22 may be selected to additionally control the temperature uniformity of a
wafer. In particular, the position of the gas outlets is typically chosen
such that the spread profile of adjacent gas outlets is slightly
overlapping  at the surface of the wafer. As such, the whole wafer is
cooled and/or 5 heated with sufficient uniformity along the gas outlet
chain of the pipe  such that no slip lines will occur. This overlap can be
controlled in a  variety of ways, such as described above, e.g. by
controlling the gas  flux, varying the position of the outlets along the
gas pipe, etc.. For  instance, in one embodiment, the maximum temperature
gradient in the 10 temperature profile across the wafer should be less than
about 1' C/cm  at temperatures higher than about 700 C. The angle at which
the gas outlets eject gas can also be adjusted  to control the spread
profile of the gas. For example, as shown in Figure  9, the gas outlets 72
can be angled against the direction of wafer 15 rotation, as indicated by
the directional arrows in Fig. 9(a), or can be  angled with the direction
of wafer rotation, as indicated by the directional  arrows of Fig. 9(b). In
most embodiments, the gas outlets are positioned  at an angle between about
60 to about 120 with respect to the wafer.  For instance, as shown in Fig.
6, the gas outlets are positioned at a 900 20 angle with respect to the
wafer. Moreover, in some embodiments, the  gas outlets 72 can also be
movably mounted on gas pipe 70 so that the  angle of gas ejection can be
varied during processing. In accordance with the present invention, more
than one gas pipe  can be utilized to supply gases to the wafer. For
instance, in one 25 embodiment, as shown in Figure 8, an outer gas pipe 80
can also  include an inner gas pipe 86 arranged such that the inner pipe 86
is  connected with the gas outlets 82 of the outer gas pipe. Although not
required, the inner pipe 86, in this embodiment, is positioned to
distribute  gases to the edges of a wafer to aid in minimizing the photon
box effect. SUBSTITUTE SHEET (RULE 26) WO 01/69656 PCT/IBO1/00392  



23 Specifically, a first gas flows through the outer gas pipe 80 to the
center  regions of a wafer, while a second gas flows through inner gas pipe
86  to the edge regions of the wafer. The first and second gases can be the
same or different gases, and can be controlled to provide different rates 5
of cooling and/or heating. For instance, the flux and/or temperature of
each gas can be independently controlled to provide better temperature
uniformity for each localized region of the wafer. Further, in some
embodiments, the gas pipe can also include  more than one line of gas
outlets. For instance, as shown in Figure 10,  10 gas pipe 90 can include
three lines of gas outlets. In particular, a first line 91 of gas outlets
92 is positioned at the bottom of pipe 90 and a  second line 101 is
positioned above the bottom of pipe 90 such that the  second line 101
extends from a first end 105 of the gas pipe to the  center. In addition, a
third line 111 extends from the middle of the pipe 15 90 to a second end
115. In some embodiments, the third line 111 is also  positioned at
approximately the same height as the second line 101. As  shown, second
line 101 and third line 111 can be positioned such that  the outlets of
such lines correspond to the outlets 92 of line 91. However, although not
depicted, it should be understood that the lines  20 can also be arranged
so that the outlets of lines 101 and/or 111 are  positioned between or
adjacent to outlets 92 of line 91. The use of multiple lines can generally
provide a suitable  mechanism for utilizing two or more streams of gas. In
particular, a first  stream of gas can be ejected onto the wafer by the
first line and a 25 second stream can be ejected onto the wafer at an angle
by the second  and third lines. In some embodiments, the lines can also
eject the gas at  differing angles as well. In general, such a use of two
or more streams  can provide a number of advantages. For example, depending
on the  rotational direction of the wafer, one stream could act as a
pre-cooling SUBSTITUTE SHEET (RULE 26) WO 01/69656 PCT/IBO1/00392  



24 flux, while the other stream could be used as a post-cooling flux. It
should be understood that the lines of gas outlets can generally be
arranged in any manner. For example, in one embodiment, the second  and
third lines can be positioned directly above the first line. Moreover, 5 it
should also be understood that any number of lines can be used as  well.
Further, any of the lines could also be provided with an inner gas  pipe,
such as illustrated in Figure 8. In accordance with the present invention,
any process condition  or parameter, such as mentioned above, can be
automatically controlled  10 by system controller 50. For example, as
described in more detail above, light pipes 28 and detectors 30 can be
configured to determine  the temperature at different localized regions of
wafer 14 and  communicate such information to controller 50. Thereafter,
controller 50  can appropriately adjust any of a variety of process
conditions to correct 15 deviations from a desired temperature. For
instance, in one  embodiment, the temperature of localized regions of the
wafer can be  controlled by automatically adjusting the flow rate, type,
temperature,  etc., of the gases utilized, such as described above. In
particular, valves  65 and/or heating devices 67 can communicate with
controller 50 and be  20 adjusted as necessary. EXAMPLE  The ability of the
apparatus and method of the present invention  to minimize temperature
deviations during a heat cycle was  demonstrated. Referring to Figure 4, a
radial distribution of a 121-point 25 measurement of the oxide thickness of
a silicon wafer after an oxidation  process of 50 seconds at 1100 C is
illustrated. In this experiment, ring- shaped lamps were used and arranged
in about four concentric ring- shaped areas that were individually power
controlled. The abscissa  shows the 121 points of measurement, representing
increasing radial SUBSTITUTE SHEET (RULE 26) WO 01/69656 PCT/IBO1/00392  



25 distance with increasing number. Without local cooling (i.e, "Closed"),
a  clear step profile can be seen when heated with the lamps. This profile
corresponds to the spatial arrangement of the heating lamps. In a second
experiment, localized cooling (i.e., "Open") was also  5 applied in
conjunction with heating by the same lamps used above.  Localized cooling
was applied at the bottom surface of the wafer center  with only one gas
line, ejecting e.g. nitrogen onto the wafer backside.  The additional
cooling at this localized center region was used to slightly  compensate
for high lamp radiation in the center. As shown by the 10 reduced "peaks"
in Fig. 4, localized cooling improved the radial  uniformity of the oxide
thickness. This was due to an improvement of  radial temperature uniformity
across the wafer. Accordingly, as a result of the apparatus and method of
the  present invention, localized regions of a substrate, such as a 15
semiconductor wafer, can be adequately controlled to enhance  temperature
uniformity throughout the heating cycle. For example, the  present
invention can compensate for the "photon box effect" during  temperature
ramp-up and ramp-down stages. Moreover, the use of  higher powered lamps,
which may allow heating to higher temperatures 20 without destruction of
the substrate, can also be attained as a result of  the present invention.
This is possibly due to the ability of the present  invention to cool the
edges of the wafer to a uniform temperature during  heating. Additionally,
other advantages of the present invention include  25 selective cooling or
heating of the wafer, localized temperature  modifications on wafer to
improve controllability, increased throughput by  improved cooling during
wafer cool down. Moreover, the use of different  gases above and below the
wafer can reduce errors arising from use of  inert gas during calibration
and a reactive gas during processing. SUBSTITUTE SHEET (RULE 26) WO
01/69656 PCT/IBO1/00392  



26 Besides the applications described above, other applications of  the
present invention are also possible. For example, in one  embodiment,
process gases can also be supplied to the system through  gas nozzles. For
instance, the gas nozzles could also be used in copper 5 reflow processes
where the calibration of the system is done in an inert  ambient (e.g.,
nitrogen, argon, etc.) and the processing is then done in a  hydrogen
ambient. Such a process can produce temperature deviations  in calibration
due to the usage of different gases, which have different  thermal
conductivities. A system of the present invention can help to 10 maintain
wafer temperature uniformity by directly blowing an inert gas  against the
bottom surface of the wafer, while simultaneously processing  the top
surface of the wafer with hydrogen gas. By locating the nozzles  of the gas
outlets below the plane of the wafer, as shown in Fig. 1, the  tendency of
the gases to mix can be reduced. As a result, the error 15 arising from
heat conduction from the wafer to the reflector plate would  be eliminated.
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 20 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. 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 25 described in such
appended claims. SUBSTITUTE SHEET (RULE 26) WO 01/69656 PCT/IB01/00392  27
WHAT IS CLAIMED IS: 1. A method for heat treating a semiconductor wafer,
said  method comprising the steps of: 



placing a semiconductor in a thermal processing chamber, said
semiconductor wafer defining at least one localized region along a radial
axis; adjusting the temperature of said semiconductor wafer to a
predetermined temperature according to a predetermined heat cycle,  said
predetermined heat cycle including a heating stage; during at least one
stage of said predetermined heat cycle,  controlling the localized
temperature of said at least one localized region  of said semiconductor
wafer to minimize temperature deviation from said  predetermined
temperature. 2. A method as defined in claim 1, further comprising the
steps  of: monitoring the temperature of said at least one localized region
with a temperature sensing device, said temperature sensing device  being
in communication with a controller; and based on information received by
said controller from said  temperature sensing device, controlling the
temperature of said at least  one localized region according to said
predetermined heat cycle. 3. A method as defined in claim 1, further
comprising the step of  providing a gas to at least partially control the
temperature of said at  least one localized region. 4. A method as defined
in claim 3, further comprising the step of  controlling the temperature of
said gas. 5. A method as defined in claim 3, further comprising the step of
controlling the flow rate of said gas. 6. A method as defined in claim 1,
wherein said temperature  SUBSTITUTE SHEET (RULE 26) WO 01/69656
PCT/IBO1/00392  28  deviation is less than about 1000 C. 7. A method as
defined in claim 1, wherein said temperature  deviation is less than about
25 C. 



8. A method as defined in claim 1, wherein said at least one  localized
region comprises less than about 50% of a cross-section of  said
semiconductor wafer. 9. A method as defined in claim 1, wherein said at
least one  localized region comprises less than about 25% of a
cross-section of  said semiconductor wafer. 10. A method as defined in
claim 1, wherein said at least one  localized region comprises less than
about 15% of a cross-section of  said semiconductor wafer. 11. A method as
defined in claim 1, wherein said localized  temperature is decreased during
said heating stage of said  predetermined heat cycle. 12. A method as
defined in claim 1, wherein said predetermined  heat cycle further
comprises a cooling stage. 13. A method as defined in claim 12, wherein
said localized  temperature is increased during said cooling stage of said
predetermined heat cycle. 14. An apparatus for heat treating a
semiconductor wafer  comprising: a thermal processing chamber adapted to
contain at least one  semiconductor wafer, said semiconductor wafer
defining at least one  localized region along a radial axis; a heat source
in communication with said thermal processing  chamber for heating
semiconductor wafers contained in said chamber;  and SUBSTITUTE SHEET (RULE
26) WO 01/69656 PCT/IBO1/00392  29 a device for adjusting the temperature
of said at least one  localized region, said device comprising at least one
gas outlet for  applying a gas to said at least one localized region of
said  semiconductor wafer. 



15. An apparatus as defined in claim 14, wherein said device is  located
below said semiconductor wafer. 16. An apparatus as defined in claim 14,
wherein said gas outlet  comprises a nozzle. 17. An apparatus as defined in
claim 14, wherein said device  comprises a plurality of gas outlets. 18. An
apparatus as defined in claim 17, further comprising a  reflective device
located below said semiconductor wafer, wherein said  plurality of gas
outlets extend through said reflective device. 19. An apparatus as defined
in claim 14, wherein said device is  located above said semiconductor
wafer. 20. An apparatus as defined in claim 14, wherein said device
comprises a gas pipe having a plurality of gas outlets. 21. An apparatus as
defined in claim 14, wherein said gas  comprises a coolant for decreasing
the temperature of said localized  region. 22. An apparatus as defined in
claim 14, wherein said at least  one localized region comprises less than
about 50% of a cross-section  of said semiconductor wafer. 23. An apparatus
as defined in claim 14, wherein said at least  one localized region
comprises less than about 25% of a cross-section  of said semiconductor
wafer. 24. An apparatus as defined in claim 14, wherein said at least  one
localized region comprises less than about 15% of a cross-section  of said
semiconductor wafer. SUBSTITUTE SHEET (RULE 26) WO 01/69656 PCT/IBO1/00392
30 25. An apparatus as define in claim 14, further comprising: a
temperature sensing device for determining the temperature of  said at
least one localized region; and a controller in communication with said
temperature sensing  



device, said controller being adapted to adjust the temperature of said at
least one localized region according to a predetermined heat cycle  based
on information received by said controller from said temperature  sensing
device. 26. An apparatus as defined in claim 14, wherein said heat  source
comprises a plurality of light energy sources. 27. An apparatus for heat
treating a semiconductor wafer  comprising: a thermal processing chamber
adapted to contain at least one  semiconductor wafer, said semiconductor
wafer defining at least one  localized region along a radial axis, wherein
said at least one localized  region comprises less than about 50% of a
cross-section of said semiconductor wafer; a plurality of light energy
sources in communication with said  thermal processing chamber for heating
semiconductor wafers contained  in said chamber; and a plurality of gas
nozzles for adjusting the temperature of said at  least one localized
region of said semiconductor wafer, said plurality of  gas nozzles being
located below said semiconductor wafer. 28. An apparatus as defined in
claim 27, further comprising a  reflective device located below said
semiconductor wafer, wherein said  plurality of gas nozzles extend through
said reflective device. 29. An apparatus as define in claim 27, further
comprising: a temperature sensing device for determining the temperature of
said at least one localized region; and SUBSTITUTE SHEET (RULE 26) WO
01/69656 PCT/IBO1/00392  31 a controller in communication with said
temperature sensing  device, said controller being adapted to adjust the
temperature of said at  least one localized region according to a
predetermined heat cycle  based on information received by said controller
from said temperature  



sensing device. 30. An apparatus for heat treating a semiconductor wafer
comprising: a thermal processing chamber adapted to contain at least one
semiconductor wafer, said semiconductor wafer defining at least one
localized region along a radial axis, wherein said at least one localized
region comprises less than about 50% of a cross-section of said
semiconductor wafer; a plurality of light energy sources in communication
with said  thermal processing chamber for heating semiconductor wafers
contained  in said chambers; and a gas pipe comprising a plurality of gas
outlets for adjusting the  temperature of said at least one localized
region of said semiconductor  wafer, said gas pipe being located above said
semiconductor wafer. 31. An apparatus as defined in claim 30, wherein said
gas pipe is  made from a material selected from the group consisting of
sapphire and  quartz. 32. An apparatus as defined in claim 30, further
comprising a  wafer rotation mechanism. 33. An apparatus as defined in
claim 30, wherein said gas outlets  are positioned equidistantly. 34. An
apparatus as defined in claim 30, wherein said gas outlets  are positioned
such that the number of gas outlets corresponding to an  outer localized
region of said wafer is greater than the number of gas  outlets
corresponding to a center localized region of said wafer. SUBSTITUTE SHEET
(RULE 26) WO 01/69656 PCT/IBO1/00392  32 35. An apparatus as defined in
claim 30, further comprising a  guard ring. 36. An apparatus as defined in
claim 30, further comprising an  inner gas pipe at least partially
contained within said gas pipe, said inner  



pipe being positioned to distribute a gas to at least one outer localized
region of said semiconductor wafer. 37. An apparatus as defined in claim
30, wherein said gas pipe  comprises at least two lines of gas outlets. 38.
An apparatus as defined in claim 30, wherein at least one of  said gas
outlets is positioned at an angle between about 60 to about  120 in
relation to said radial axis of said semiconductor wafer. 39. An apparatus
as defined in claim 30, wherein at least one of  said gas outlets is
positioned at an angle of about 90 in relation to said  radial axis of said
semiconductor wafer. 40. An apparatus as defined in claim 30, wherein said
gas pipe is  positioned between a space defined by at least two of said
light energy  sources. 41. An apparatus as define in claim 27, further
comprising: a temperature sensing device for determining the temperature of
said at least one localized region; and a controller in communication with
said temperature sensing  device, said controller being adapted to adjust
the temperature of said at  least one localized region according to a
predetermined heat cycle  based on information received by said controller
from said temperature  sensing device. SUBSTITUTE SHEET (RULE 26) 


