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(57) ABSTRACT 

A system and process is disclosed for rapidly heating 
semiconductor Wafers coated With a highly re?ective mate 
rial on either the Whole Wafer or in a patterned area. The 
Wafers are heated in a thermal processing chamber by a 
plurality of lamps. In order for the Wafer coated With the 
highly re?ective material to more rapidly increase in tem 
perature With loWer poWer intensity, a shield member is 
placed in betWeen the Wafer and the plurality of lamps. The 
shield member is made from a high emissivity material, such 
as ceramic, that increases in temperature When exposed to 
light energy. Once heated, the shield member then in turn 
heats the semiconductor Wafer With higher uniformity. In 
one embodiment, the shield member can also be used to 
determine the temperature of the Wafer as it is heated. 
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Figure‘? Time / temperature curves for a constant intensity exposure of a copper plated 
silicon with and without a ceramic shield. A wafer, which is directly exposed to 20% 
intensity, reaches 230°C after the initial ramp up stage. The same wafer under the same light 
exposure reaches 440°C when a ceramic shield is present 3mm away between it and the 
radiating source 
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Figure 5 wafer temperature as a function of location when radiated with and without a ceramic 
shield. The 5 thermocouples embedded in the copper-coated wafer are located at different distances 
from its center. Signi?cant non-uniform wafer temperature is evident without the shield. Lamp 
base temperature (pinch seal) is also signi?cantly lower with the shield as a result of buffering the 
wafer re?ected light from the lamps. It is also clear that wafer temperature is higher with lower 
intensity as a result of the presence of the shield. 
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Comparison of N2 and He for With & Without CS 
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Figure Q, Temperature versus time of a copper-coated wafer with different 
processing ambient with and without ceramic shield above the wafer. This 
experiment shows that temperature differences do exist with two different 
ambient while the presence of a ceramic shield eliminates such differences in 
the steady state portion of the cycle. It is also evident that the ceramic shield 
causes the overall temperature to be higher by creating a more efficient 
coupling of the light source to the wafer, 
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SYSTEM FOR CONTROLLING THE 
TEMPERATURE OF A REFLECTIVE SUBSTRATE 

DURING RAPID HEATING 

FIELD OF THE INVENTION 

[0001] The present invention generally relates to a method 
and system for heating semiconductor Wafers coated With 
re?ective surfaces. More particularly, the present invention 
is directed to a method and system for uniformly heating a 
Wafer coated With a re?ective coating by placing a ceramic 
shield adjacent to the Wafer. 

BACKGROUND OF THE INVENTION 

[0002] Athermal 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 light source that emits 
light energy for heating the Wafer. During heat treatment, the 
semiconductor Wafers are heated under controlled condi 
tions according to a preset temperature regime. During 
heating, various processes can be carried out Within the 
thermal processing chamber, such as rapid thermal oXida 
tion, reduction, nitridation, annealing, and silicidation. 

[0003] Many semiconductor heating processes require a 
Wafer to be heated to high temperatures so that the various 
chemical and physical transformations can take place as the 
Wafer is fabricated into a device. During rapid thermal 
processing, for instance, semiconductor Wafers are typically 
heated by an array of lights to temperatures from 400° C. to 
about 1200° C., for times that are typically less than a feW 
minutes. During these processes, the main goal is to heat the 
Wafers as uniformly as possible. 

[0004] In the past, in order to control the temperature of a 
Wafer during heating and in order to heat the Wafer as 
uniformly as possible, the temperature of the Wafer Was 
monitored during heating and this information Was sent to a 
controller for controlling the heating source in the thermal 
processing chamber in a manner that heated the Wafer as 
desired. In order to monitor the temperature of the Wafer 
during heating, one or more pyrometers Were used. A 
pyrometer measures the temperature of the Wafer by sensing 
the amount of thermal radiation being emitted by the Wafer. 
Of particular advantage, pyrometers can measure the tem 
perature of the Wafers Without contacting the Wafers. 

[0005] HoWever, in some applications, conventional 
methods of heating semiconductor Wafers are not effective. 
For eXample, semiconductor Wafers are often coated With a 
re?ective material such as copper. Typically, a re?ective 
surface Will re?ect much of the heat emitted by a thermal 
processing chamber. As a result, the intensity of the heat 
source must be signi?cantly increased so that the semicon 
ductor Wafer can absorb the energy required to increase in 
temperature to a desired level. Furthermore, the re?ective 
surface can make it much more difficult to accurately 
monitor and control the temperature of the Wafer. 

[0006] As such, a need currently eXists for a system and 
method of uniformly heating a semiconductor Wafer having 
a re?ective surface. A need also eXists for a system that 
monitors and controls the temperature of a semiconductor 
Wafer coated With a re?ective surface. 
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SUMMARY OF THE INVENTION 

[0007] The present invention recogniZes and addresses the 
foregoing disadvantages, and others of prior art construc 
tions and methods. 

[0008] Accordingly, it is an object of the present invention 
to provide an improved method and system for heating 
semiconductor Wafers coated With re?ective materials. 

[0009] Another object of the present invention is to pro 
vide a method and system for uniformly heating a semicon 
ductor Wafer coated With a re?ective material. 

[0010] Still another object of the present invention is to 
provide a system and method for monitoring and controlling 
the temperature of a semiconductor Wafer coated With a 
re?ective material during thermal processing. 

[0011] It is another object of the present invention is to 
provide a method and system for effectively heating semi 
conductors Wafers having a re?ective surface using a 
ceramic shield member positioned adjacent to the Wafer. 

[0012] These and other objects of the present invention are 
achieved by providing an apparatus for heating semicon 
ductor Wafers that are coated With a re?ective surface, such 
as copper. The apparatus includes a thermal processing 
chamber adapted to contain and heat semiconductor Wafers. 
In particular, for heating the Wafers, a heating device is 
placed in communication With the thermal processing cham 
ber. The heating device can include, for instance, a plurality 
of light energy sources that emit thermal light energy onto 
the Wafers. 

[0013] In accordance With the present invention, a shield 
member is contained Within the thermal processing chamber 
and is positioned adjacent to the semiconductor Wafer coated 
With a re?ective surface being heated. The shield member is 
placed in direct association With the heating device. The 
shield member is made from a material that increases in 
temperature When contacted With light energy. For instance, 
the shield member can be made from a ceramic material. 

[0014] In one embodiment, the shield member is generally 
placed Within about 10 millimeters above the semiconductor 
Wafer, and particularly betWeen about 3 millimeters to about 
8 millimeters above the Wafer. Due to its close proximity to 
the Wafer, the shield member can absorb much of the light 
energy being emitted by the heating device and re?ected by 
the re?ective surface of the semiconductor Wafer. By absorb 
ing light energy, the shield member increases in temperature 
and then transfers heat to the Wafer until the Wafer is heated 
to an appropriate temperature. As a result, the semiconductor 
Wafer can be heated at a faster rate than otherWise Would be 
possible. 

[0015] The present invention is particularly Well suited for 
heating copper-coated semiconductor Wafers in the presence 
of ambient gases during thermal processing. For eXample, a 
copper-coated semiconductor Wafer can be heated in the 
presence of oXidiZing and reducing gases for circuit fabri 
cation. 

[0016] In one embodiment of the present invention, a 
copper-coated semiconductor Wafer can ?rst be heated in 
accordance With the present invention in the presence of 
oXidiZing gases, such as oXygen, Water vapor, or other 
oXidiZing gases in order to form an oXide coating on the 
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Wafer. In general, the Wafer can be heated to a temperature 
betWeen about 100° C. to about 600° C., and particularly 
betWeen about 200° C. to about 450° C. Thereafter, the 
copper oxide-coated semiconductor Wafer is then heated in 
the presence of a reducing ambient gas, such as hydrogen 
according to the present invention. The reducing atmosphere 
converts the copper oxide coating back into copper. During 
this transformation, copper re?oW occurs creating a smooth 
and uniform copper surface. 

[0017] A temperature sensing device can be placed in 
association With the shield member for monitoring the 
temperature of the shield member during thermal process 
ing. According to the present invention, by monitoring the 
temperature of the shield member during thermal process 
ing, the temperature of the semiconductor Wafer coated With 
the re?ective material can be derived. In particular, a cali 
bration can be constructed for determining a relationship 
betWeen the temperature of the shield member and the 
temperature of the semiconductor Wafer. 

[0018] For instance, in one embodiment, the temperature 
of the shield member can be monitored using one or more 
thermocouples. In this manner, thermocouples can be used 
to monitor the temperature of the semiconductor Wafer 
coated With the re?ective material Without having to actually 
contact the Wafer. It should be understood hoWever, that 
besides thermocouples, other temperature sensing devices 
can be used to monitor the shield member temperature. For 
example, pyrometers can also be used to monitor the tem 
perature. 

[0019] The system of the present invention can also 
include a controller, such as a microprocessor, Which can be 
placed in communication With the temperature sensing 
devices and the heating device. Based upon the temperature 
received from the temperature sensing devices, the control 
ler can be programmed to control the amount of thermal 
energy being emitted by the heating device for heating the 
Wafer according to a preset temperature regime. 

[0020] Other objects, features and aspects of the present 
invention are discussed in greater detail beloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] A full and enabling disclosure of the present inven 
tion, including the best mode thereof, to one of ordinary skill 
in the art, is set forth more particularly in the remainder of 
the speci?cation, including reference to the accompanying 
?gures, in Which: 

[0022] FIG. 1 is a cross-sectional vieW of one embodi 
ment of a thermal processing chamber containing a shield 
member in accordance With the present invention; 

[0023] FIG. 2 is a cross-sectional vieW of one embodi 
ment of a thermal processing chamber containing a shield 
member and a thermocouple in accordance With the present 
invention; 

[0024] FIG. 3 is a cross-sectional vieW of another embodi 
ment of a thermal processing chamber containing a shield 
member, cold plate, and elevators in accordance With the 
present invention; 

[0025] FIG. 4 is a graphical representation of the results 
obtained in the Example; 
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[0026] FIG. 5 is a graphical representation of the results 
obtained in the Example; and 

[0027] FIG. 6 is a graphical representation of the results 
obtained in the Example. 

[0028] Repeat use of reference characters in the present 
speci?cation and draWings is intended to represent same or 
analogous features or elements of the invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0029] 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. 

[0030] In general, the present invention is directed to a 
method and system for rapidly heating an object coated With 
a re?ective material. More particularly, the present invention 
is directed to a rapid thermal processing system that can 
ef?ciently heat a semiconductor Wafer having a re?ective 
surface in a thermal processing chamber. During thermal 
processing, the system of the present invention is also 
capable of uniformly heating a semiconductor Wafer coated 
With a re?ective material and effectively controlling its 
temperature. 

[0031] In order to provide ef?cient and controlled heating 
of a semiconductor Wafer having a re?ective surface accord 
ing to the present invention, a shield member, such as made 
from a ceramic material or other suitable material, is posi 
tioned closely adjacent to the Wafer. The shield member 
improves the transfer of heat to the semiconductor Wafer 
during heating. 
[0032] Speci?cally, the shield member absorbs energy 
being emitted by a plurality of lamps associated With the 
thermal processing chamber and then transfers this energy to 
the semiconductor Wafer coated With the re?ective material. 
Without such a shield member, heat re?ected by the re?ec 
tive surface Would be transferred to surrounding gases and 
Walls of the chamber, thus requiring a longer amount of time 
before eventually being absorbed by the Wafer. HoWever, by 
quick absorption and transfer of such heat, the shield mem 
ber of the present invention can substantially increase the 
heating rate of the semiconductor Wafer coated With the 
re?ective material. Due to the increased heating rate, one 
advantage of the present invention is that the heating source 
becomes more ef?cient because the necessary Wafer tem 
perature can be reached With loWer lamp intensity. Further 
more, because loWer lamp intensity is needed, the average 
lifetime of a pin-seal of the lamp can be extended. 

[0033] Another advantage of the present invention is that 
the Wafer can be uniformly heated. In the past, a semicon 
ductor Wafer coated With a re?ective surface demonstrated 
markedly non-uniform heating. In particular, the Wafer 
edges became signi?cantly hotter than the Wafer center due 
to heat re?ected by the surface. HoWever, in contrast to prior 
art constructions, the system of the present invention pro 
vides uniform heating through the use of a shield member 
that can uniformly absorb and redirect heat re?ected from 
the semiconductor Wafer. 

[0034] Yet another advantage of the present invention is 
that the temperature of a semiconductor Wafer coated With a 
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re?ective material can be adequately monitored and con 
trolled. In the past, the temperature of the semiconductor 
Wafer Was generally dependent on the re?ectivity of the 
Wafer surface and the conductivity of the gases used during 
processing. In contrast to prior art constructions, the system 
of the present invention alloWs consistent control of the 
Wafer temperature, independent of the coated surface or gas 
used. 

[0035] Referring to FIG. 1, one embodiment of a system 
generally 10 constructed in accordance With the present 
invention for heat treating a semiconductor Wafer having a 
re?ective surface, such as a copper ?lm, is illustrated. As 
shoWn, system 10 includes a copper-coated Wafer 14. Cop 
per-coated Wafer 14 is generally comprised of tWo layers, 
speci?cally, a re?ective copper ?lm coated onto a silicon 
substrate. 

[0036] In general, re?ective surfaces are often used on 
Wafers for the purpose of circuitry interconnect during 
integrated circuit fabrication. For example, copper can be 
integrated into advance metalliZation schemes as a loW 
resistant and highly reliable interconnect material. 

[0037] When fabricating integrated circuits, it is generally 
desired that the metal coating be as uniform as possible With 
a planar topography so that a particular material can be 
stacked onto the coating With a minimal loss of reliability in 
the ?nished devices. To enhance surface uniformity, the 
particular metal surface is often oxidiZed and reduced. 

[0038] In general, a re?ective metal surface of a semicon 
ductor Wafer can be partially oxidiZed With the aid of an 
oxidiZing ambient, such as oxygen or Water vapor. The 
oxidiZing temperatures can generally range from about 100° 
C. to about 600° C. In particular, one embodiment of the 
present invention includes a copper ?lm that is oxidiZed by 
a Water vapor ambient at a temperature from about 200° C. 
to about 450° C. After oxidation, a reducing ambient, such 
as hydrogen or forming gas, can then be employed to reduce 
the oxidiZed metal surface back to its original thickness and 
constituency. The reduction of the metal oxide layer pro 
vides a localiZed elevation of temperature, Which alloWs the 
metal to migrate into vacant trenches of the Wafer Without 
adversely affecting the properties of the Wafer substrate 
itself. 

[0039] In one embodiment, a hydrogen gas ambient is 
used to reduce an oxidiZed layer of copper ?lm. The result 
of such oxidation and reduction is normally a more uniform 
and planar layer of metal coating, free of void and seam, for 
integrated circuit fabrication. 

[0040] In accordance With the present invention, a system 
10 is provided that can effectively heat a copper-coated 
Wafer 14 during rapid thermal processes such as oxidation 
and reduction. Although the embodiments described herein 
generally relate to heating during oxidation and/or reduc 
tion, it should be understood that the present invention is 
also intended to anticipate and cover heating during all other 
rapid thermal processes. 

[0041] As shoWn, system 10 includes a processing cham 
ber 12 adapted to receive substrates, such as a copper-coated 
Wafer 14, for conducting various thermal processes. 
Although the embodiment shoWn in FIG. 1 includes a Wafer 
coated With a copper surface, it should be understood that a 
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Wafer of the present invention could be coated With various 
other re?ective materials, such as other metal ?lms. 

[0042] As depicted in FIG. 1, copper-coated Wafer 14 is 
positioned on a substrate holder 15 made from a thermal 
insulating material such as quartZ. Chamber 12 is designed 
to heat copper-coated Wafer 14 at very rapid rates and under 
carefully controlled conditions. Chamber 12 can be made 
from various materials, including metals and ceramics. For 
instance, chamber 12 can be made from stainless steel or 
quartZ. 

[0043] When chamber 12 is made from a heat conductive 
material, the chamber preferably includes a cooling system. 
For instance, as shoWn in FIG. 1, chamber 12 includes a 
cooling conduit 16 Wrapped around the perimeter of the 
chamber. Conduit 16 is adapted to circulate a cooling ?uid, 
such as Water, Which is used to maintain the Walls of 
chamber 12 at a constant temperature. 

[0044] Chamber 12 can also include a gas inlet 18 and a 
gas outlet 20 for introducing gases 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 copper-coated Wafer 
14. Once processed, the gas can then be evacuated from the 
chamber using gas outlet 20. In one embodiment of the 
present invention, ambient gases can be fed to chamber 12 
through gas inlet 18 to react With a metal ?lm coated onto 
copper-coated Wafer 14. Examples of ambient gases can 
include oxidiZing gases, such as oxygen or Water vapor, and 
reducing gases, such as hydrogen or forming gas. 

[0045] In addition to ambient gases, an inert gas can also 
be fed to chamber 12 through gas inlet 18 for preventing any 
unWanted or undesirable side reactions from occurring 
Within chamber 12. 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 
using gas outlet 20 or an additional larger outlet positioned 
beneath the level of copper-coated Wafer 14. 

[0046] During processing, substrate holder 15, in one 
embodiment, can be adapted to rotate copper-coated Wafer 
14 using a Wafer rotation mechanism 21. Rotating the Wafer 
promotes greater temperature uniformity over the surface of 
the Wafer and promotes enhanced contact betWeen copper 
coated 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, ?lms, 
?bers, ribbons, and other substrates having any particular 
shape. 

[0047] A heat source or heating device generally 22 is 
included in communication With chamber 12 for heating 
copper-coated Wafer 14 during processing. Heating 12 
device 22 includes a plurality of lamps 24, such as tungsten 
halogen lamps. As shoWn in FIG. 1, lamps 24 are placed 
above copper-coated Wafer 14. It should be understood, 
hoWever, that lamps 24 may be placed at any location. 
Further, additional lamps can be included Within system 10 
if desired. 

[0048] 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 
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energy, typically requiring a very short and Well controlled 
start up period. The How of energy from lamps 24 can also 
be abruptly stopped at any time. As shoWn in FIG. 1, lamps 
24 are equipped With a gradual poWer controller 25 that can 
be used to increase or decrease the thermal energy being 
emitted by the lamps. 

[0049] In the embodiment depicted in FIG. 1, system 10 
also includes a WindoW 32 that is positioned betWeen lamps 
24 and thermal processing chamber 12. WindoW 32 serves 
to isolate lamps 24 from Wafer 14 and prevent contamination 
of the chamber. 

[0050] In accordance With the present invention, toin 
crease the heating rate of copper-coated Wafer 14, thermal 
processing chamber 12 includes a shield member 26 placed 
above copper-coated Wafer 14 in this embodiment. In gen 
eral, shield member 26 is placed betWeen lamps 24 and 
Wafer 14 and can generally be placed at any distance aWay 
from copper-coated Wafer 14. HoWever, to further increase 
the heating rate of copper-coated Wafer 14, shield member 
26 is preferably placed less than about 10 mm from copper 
coated Wafer 14. More particularly, it is preferred that shield 
member 26 be place betWeen about 3 mm to about 8 mm 
from copper-coated Wafer 14. 

[0051] According to the present invention, shield member 
26 is made from a material that Will increase in temperature 
as the Wafer is heated. In particular, shield member 26 is 
made from a material that Will have heating characteristics 
someWhat similar to the substrate of copper-coated Wafer 14. 
For example, shield member 26 can be made from a ceramic 
material. Some ceramic materials that can be used in the 
present invention include, but are not limited to, silicon 
carbide, such as hot pressed silicon carbide or silicon carbide 
formed by chemical vapor deposition, polycrystalline sili 
con, or substrates coated With silicon carbide. 

[0052] Shield member 26 enables system 10 to heat cop 
per-coated Wafer 14 at a faster rate than otherWise Would be 
possible. For example, Without shield member 26, approxi 
mately 99% of the energy from lamps 24 Would be re?ected 
by the copper surface and transferred to surrounding gases. 

[0053] HoWever, because shield member 26 can absorb 
approximately 100% of the heat With Which it thermally 
communicates, it absorbs thermal energy being emitted by 
the lamps and essentially all of the heat re?ected by the 
copper surface, thereby preventing the heat from escaping to 
surrounding gases. Thereafter, the transfer of energy 
absorbed by shield member 26 to copper-coated Wafer 14 
can occur relatively quickly due to the close proximity in 
Which shield member 26 is placed With respect to copper 
coated Wafer 14. It has been demonstrated that the system of 
the present invention can provide high temperature ramp 
rates to achieve higher Wafer temperature With a loWer lamp 
intensity and a loWer lamp pinch seal temperature, thereby 
increasing the lamp lifetime. 

[0054] The transfer of energy from shield member 26 to 
copper-coated Wafer 14 can generally occur by radiation 
and/or convection. The mechanisms of such heat transfer are 
mathematically described as folloWs: 
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Heat Transfer by Radiation 

[0055] 

[0056] where, 61 and 62 are the shield member and Cu 
surface emissivity, T1 and T2 are the absolute temperature of 
the shield and Cu surface, and o is the Stefan-Boltzmann 
constant; and 

Heat Transfer by Convection 

[0057] Where, h is the convection heat transfer coefficient 
that is dependent on gas conductivity and other properties, 
and T1 and T2 are the absolute temperature of the shield 
member and Cu surface. 

[0058] When temperatures are high, QR is generally higher 
than Qc and radiation is the primary mode of heat transfer. 
HoWever, When temperatures are loW (such as less than 
about 500° C.), Qc is generally higher then QR and convec 
tion is the primary mode of heat transfer. 

[0059] Besides providing increased heating rates, shield 
member 26 also serves to promote temperature uniformity 
throughout copper-coated Wafer 14. For instance, during 
thermal processing, shield member 26 increases in tempera 
ture. Once heated, shield member 26 emits thermal radiation 
that is absorbed by Wafer 14 in a manner that promotes a 
uniform temperature distribution throughout the Wafer. 

[0060] In order to monitor the temperature of copper 
coated Wafer 14 during the heating process, the system of the 
present invention includes various mechanisms for sensing 
temperature. Because shield member 26 is generally made 
from a material that Will increase in temperature as copper 
coated Wafer 14 is heated, a calibration curve can be 
constructed through testing and calibration for correlating 
temperatures betWeen shield member 26 and copper-coated 
Wafer 14. Speci?cally, a calibration curve constructed in 
accordance With the present invention Will indicate the 
temperature of copper-coated Wafer 14 by knoWing the 
temperature of shield member 26 during thermal processing. 

[0061] Shield member 26 can be calibrated to give accu 
rate temperature readings in a number of Ways. For instance, 
shield member 26 can be heated in combination With a 
semiconductor Wafer. In particular, the Wafer being heated 
can be directly connected to a thermocouple. During heat 
ing, the temperature of the Wafer can be monitored While 
simultaneously monitoring the temperature of the shield 
member. The temperature of the shield member can be 
generally monitored by a thermocouple or radiation-sensing 
device, such as a pyrometer. From this data, a calibration 
curve can be constructed. 

[0062] Referring to FIG. 2, one embodiment for calibrat 
ing a system 10 is illustrated. As shoWn, thermocouple 46 is 
affixed, such as through the use of an adhesive, to the copper 
coated surface of Wafer 14. Furthermore, thermocouple 36 is 
similarly affixed to shield member 26. In general, any 
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suitable thermocouple may be used in the process of the 
present invention. For instance, thermocouples 36 and 46 
can be R-type thermocouples, S-type thermocouples, or thin 
?lm thermocouples. Further, more than one thermocouple 
can be placed in association With shield member 26 and 
copper-coated Wafer 14 for monitoring temperatures at a 
variety of locations during calibration. 

[0063] Once calibrated, the temperature of copper-coated 
Wafer 14 can be determined by monitoring the temperature 
of shield member 26 and calculating the Wafer temperature 
through the use of the calibration curve. The temperature of 
shield member 26 can be monitored during processing 
through the use of a thermocouple, as shoWn in FIG. 2, or 
through the use of one or more radiation sensing devices, 
such as a pyrometer. 

[0064] As shoWn in FIG. 1, system 10 can further include 
a system controller 50 that can be, for instance, a micro 
processor. In the embodiment illustrated, controller 50 is 
placed in communication With thermocouple 36. In particu 
lar, controller 50 is con?gured to receive voltage signals 
from thermocouple 36 indicating the temperature of shield 
member 26. Based on the signals received, controller 50 is 
then con?gured to calculate the temperature of copper 
coated Wafer 14. 

[0065] System controller 50, as shoWn in FIG. 1, can also 
be in communication With lamp poWer controller 25. In this 
arrangement, controller 50 can determine the temperature of 
copper-coated 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 regarding the conditions Within reactor 12 for pro 
cessing copper-coated Wafer 14 Within carefully controlled 
limits. 

[0066] In one embodiment, controller 50 can also be used 
to automatically control other elements Within the system. 
For instance, controller 50 can be used to control the How 
rate of gases entering chamber 12 through gas inlet 18. As 
shoWn, controller 50 can further be used to control the rate 
at Which copper-coated Wafer 14 is rotated Within the 
chamber. 

[0067] Referring to FIG. 3, one embodiment of system 10 
constructed in accordance With the present invention is 
illustrated. The embodiment depicted in FIG. 3 is essentially 
identical to the system illustrated in FIG. 1. HoWever, the 
embodiment shoWn in FIG. 3 further includes elevators 80 
that are capable of maneuvering copper-coated Wafer 14 in 
an upWard or doWnWard direction. In particular, elevators 80 
can move copper-coated Wafer 14 in an upWard direction, 
toWards lamps 24, during processing. Likewise, When it is 
desired to rapidly cool the Wafer after processing, elevators 
80 can move copper-coated Wafer 14 in a doWnWard direc 
tion, Where the Wafer can contact cold plate 90 for cooling. 

[0068] The present invention may be better understood 
With reference to the folloWing example. 

EXAMPLE 

[0069] The folloWing three experiments Were performed 
to demonstrate the effectiveness of the system of the present 
invention in heating a semiconductor Wafer coated With a 
re?ective surface in a thermal processing chamber. 
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[0070] In the ?rst experiment, a silicon Wafer coated With 
a copper ?lm Was placed in a thermal processing chamber 
and attached to a thermocouple. The Wafer Was then heated. 
After heating and subsequent cooling, a shield member 
made in accordance With the present invention Was placed 3 
mm above the Wafer. Again, the Wafer Was heated and 
subsequently cooled. Thereafter, the shield member Was 
moved to a position 8 mm above the Wafer, and Was once 
again heated. The temperature of the Wafer Was determined 
for each test as a function of time. 

[0071] The results are illustrated in FIGS. 4 and 5. As 
shoWn in FIGS. 4 and 5, by using a shield member, the 
heating rate of the Wafer Was signi?cantly increased such 
that less lamp poWer Was required. Moreover, as illustrated 
by FIG. 5, When heated With a shield member of the present 
invention, a copper-coated Wafer can achieve uniform tem 
perature distribution from its edges to the center. Further, 
loWer lamp pinch seal temperatures can be achieved With a 
system of the present invention. As such, the overall lifetime 
of the lamp can be increased. 

[0072] Once the above results Were obtained, a second, 
similar experiment Was conducted to demonstrate the broad 
process applications of the system of the present invention. 
In particular, the experiment demonstrates that the system 
operates independent of the process gas ambient. First, the 
Wafer Was heated in the presence of nitrogen. After heating 
and subsequent cooling, the Wafer Was again heated in the 
presence of helium. Subsequently, the above steps Were 
repeated, except that a shield member made in accordance 
With the present invention Was placed 8 mm above the 
copper-coated Wafer. The temperature of the Wafer Was 
determined for each test as a function of time. 

[0073] The results are illustrated in FIG. 6. As shoWn, by 
using a shield member of the present invention, the heating 
rate of the Wafer Was signi?cantly increased. Moreover, the 
results further demonstrate that a system of the present 
invention can provide better control of Wafer temperature 
because the Wafer temperature is not directly dependent on 
the particular gas used during processing. 

[0074] A third experiment Was also conducted to demon 
strate the overall effectiveness of a system of the present 
invention. 

[0075] The copper-coated Wafer Was ?rst heated at 5 
different lamp intensities. A shield member (CS) Was then 
placed 8 mm above the copper-coated Wafer. Both the shield 
member and Wafer Were subsequently heated again at the 
same 5 lamp intensities previously tested. In each case, the 
temperature of the copper-coated Wafer, the shield member 
temperature, and the lamp pinch seal temperature Were 
determined. The folloWing results Were obtained. 

Cu-coated Cu-coated 
Wafer Wafer Lamp 

Temperature Temperature CS pinch 
Lamp Without CS With CS Temperature seal 

Intensity (O C.) (O C.) (O C.) Temperature 

15% 470 749 173 
25% >480 >900 250 
30% 360 351 
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-continued 

Cu-coated Cu-coated 
Wafer Wafer Lamp 

Temperature Temperature CS pinch 
Lamp Without CS With CS Temperature seal 

Intensity (O C.) (O C.) (O C.) Temperature 

35% 466 384 
40% 54:; >400 

[0076] As shown above, the system of the present inven 
tion achieves higher Wafer temperatures With a lower lamp 
intensity, and a loWer lamp pinch seal temperature thereby 
increasing the lamp lifetime. 

[0077] These and other modi?cations 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 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 described in such appended claims. 

What is claimed is: 
1. A system for heating a semiconductor Wafer that is 

coated With a re?ective material, comprising: 

a thermal processing chamber adapted to contain a semi 
conductor Wafer; 

a semiconductor Wafer contained in said thermal process 
ing chamber, said Wafer being coated With a highly 
re?ective material; 

a heating device in communication With said thermal 
processing chamber for heating said semiconductor 
Wafer contained in said thermal processing chamber, 
said heating device emitting light energy; 

a shield member positioned betWeen said heating device 
and said semiconductor Wafer, said shield member 
being made from a material that increases in tempera 
ture as said semiconductor Wafer is heated, said shield 
member being capable of absorbing heat being emitted 
by the heating device and being re?ected by said 
semiconductor Wafer, said shield member being con 
?gured to heat said semiconductor Wafer during pro 
cessing. 

2. A system as de?ned in claim 1, Wherein said highly 
re?ective material comprises copper. 

3. A system as de?ned in claim 1, further comprising a 
temperature sensing device placed in association With said 
shield member for monitoring the temperature of said shield 
member during thermal processing, Wherein the temperature 
of said semiconductor Wafer is capable of being derived 
during thermal processing based upon the temperature of 
said shield member. 

4. A system as de?ned in claim 3, Wherein said tempera 
ture sensing device comprises a thermocouple. 

5. A system as de?ned in claim 3, Wherein said tempera 
ture sensing device comprises a plurality of thermocouples. 

6. A system as de?ned in claim 3, further comprising a 
controller in communication With said temperature sensing 

Nov. 15, 2001 

device and said heating device, said controller being con 
?gured to control the amount of thermal energy emitted by 
said heating device in response to temperature information 
received from said temperature sensing device. 

7. A system as de?ned in claim 3, further comprising a 
pyrometer in addition to said temperature sensing device for 
determining the temperature of said semiconductor Wafer. 

8. A system as de?ned in claim 1, Wherein said shield 
member is made from a ceramic material. 

9. A system as de?ned in claim 1, further comprising an 
elevator capable of maneuvering said semiconductor Wafer 
toWards and aWay from said shield member for heating and 
cooling said Wafer respectively. 

10. A system as de?ned in claim 1, Wherein said shield 
member is placed Within about 10 millimeters from said 
semiconductor Wafer. 

11. A system as de?ned in claim 1, Wherein said shield 
member is placed betWeen about 3 millimeters to about 8 
millimeters from said semiconductor Wafer. 

12. A system as de?ned in claim 1, Wherein said heating 
device comprises a plurality of lamps. 

13. A system as de?ned in claim 1, Wherein said semi 
conductor Wafer includes a top surface, said top surface 
being completely coated by said highly re?ective material. 

14. A system as de?ned in claim 1, Wherein said highly 
re?ective material is coated on said Wafer in a pattern. 

15. A system as de?ned in claim 1, Wherein said shield 
member is made from a material having a high emissivity. 

16. A method of heating a semiconductor Wafer that is 
coated With a highly re?ective material, said method com 
prising the steps of: 

providing said coated Wafer in a thermal processing 
chamber; 

placing a shield member betWeen a heating device and 
said semiconductor Wafer Within said thermal process 
ing chamber, said shield member being made from a 
material that increases in temperature as said semicon 
ductor Wafer is heated, said shield member being 
capable of absorbing heat emitted by said heating 
device and re?ected by said re?ective material of said 
semiconductor Wafer When heated, said shield member 
being con?gured to heat said semiconductor Wafer 
during processing; and 

exposing said semiconductor Wafer and said shield mem 
ber to light energy emitted by said heating device for 
heating said Wafer and said shield member in said 
thermal processing chamber. 

17. A method as de?ned in claim 16, further comprising 
the steps of: 

monitoring the temperature of said shield member While 
said semiconductor Wafer is heated; 

determining the temperature of said semiconductor Wafer 
based on the temperature of said shield member; and 

controlling the amount of light energy being delivered to 
said thermal processing chamber during thermal pro 
cessing based upon the determined temperature of said 
semiconductor Wafer. 

18. A method as de?ned in claim 16, Wherein said 
semiconductor Wafer is heated in the presence of an oXidiZ 
ing gas. 
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19. A method as de?ned in claim 16, Wherein said shield 
member is placed less than about 10 millimeters aWay from 
said semiconductor Wafer. 

20. A method as de?ned in claim 16, Wherein said 
semiconductor Wafer is heated in the presence of a reducing 
gas. 

21. A method as de?ned in claim 16, Wherein said 
re?ective material comprises copper. 

22. A method as de?ned in claim 16, Wherein said 
semiconductor Wafer is eXposed to said light energy in the 
presence of Water vapor. 

23. A method as de?ned in claim 16, Wherein said 
semiconductor Wafer is eXposed to said light energy in the 
presence of oxygen. 

24. A method as de?ned in claim 16, Wherein said 
semiconductor Wafer is heated to a temperature less than 
about 600° C. 

25. A method as de?ned in claim 16, Wherein said 
semiconductor Wafer is eXposed to said light energy in the 
presence of hydrogen. 

Nov. 15, 2001 

26. A method as de?ned in claim 17, Wherein the tem 
perature of said shield member is monitored using a ther 
mocouple. 

27. A method as de?ned in claim 17, Wherein the tem 
perature of said shield member is monitored using at least 
one pyrometer. 

28. A method as de?ned in claim 16, Wherein said 
semiconductor Wafer includes a top surface, said top surface 
being completely covered by said highly re?ective material. 

29. A method as de?ned in claim 16, Wherein said highly 
re?ective material is coated onto said semiconductor Wafer 
in a pattern. 

30. A method as de?ned in claim 16, Wherein said shield 
member comprises a material having a high emissivity. 

31. A method as de?ned in claim 16, Wherein said shield 
member is made from a material comprising silicon. 

32. A method as de?ned in claim 16, Wherein said shield 
member is made from a material comprising silicon carbide. 

* * * * * 


