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(57) ABSTRACT 

A semiconductor substrate processing system and method 
using a stable heating source With a large thermal mass 
relative to conventional lamp heated systems. The system 
dimensions and processing parameters are selected to pro 
vide a substantial heat ?ux to the Wafer While minimizing 
heat loss to the surrounding environment (particularly from 
the edges of the heat source and Wafer). The heat source 
provides a Wafer temperature uniformity pro?le that has a 
loW variance across temperature ranges at loW pressures. A 
resistively heated block is substantially enclosed Within an 
insulated vacuum cavity used to heat the Wafer. Insulating 
Walls comprising a re?ective material, such as polished 
tungsten, encapsulated Within an inert insulating material, 
such as quartz, may be used to provide insulation. The 
isothermal nature of the processing region may be enhanced 
by using multiple layers of insulating Walls, actively heated 
insulating Walls or a conductive gas to enhance heat transfer 
to the semiconductor substrate. A semiconductor substrate 
may be heated and cooled in stages in the processing system 
to avoid slip. Proximity, conductive gases and cooling gases 
may be used to increase or decrease the level of heating in 
stages. 
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SYSTEM AND METHOD FOR THERMAL 
PROCESSING OF A SEMICONDUCTOR 

SUBSTRATE 

1. REFERENCE TO RELATED APPLICATIONS 

[0001] The present application claims priority from US. 
patent application Ser. No. 08/876,788 ?led Jun. 16, 1997, 
Which claims priority from US. provisional application No. 
60/019,804 ?led Jun. 17, 1996. application Ser. No. 08/876, 
788 and provisional application No. 60/019,804 are hereby 
incorporated herein by reference in their entirety. 

2. FIELD OF THE INVENTION 

[0002] The ?eld of the present invention relates in general 
to semiconductor processing. More particularly, the ?eld of 
the invention relates to a system and method for thermally 
processing a semiconductor substrate using a stable tem 
perature heat source. 

3. BACKGROUND 

[0003] Diffusion furnaces have been Widely used for ther 
mal processing of semiconductor device materials (such as 
semiconductor Wafers or other semiconductor substrates). 
The furnaces typically have a large thermal mass that 
provides a relatively uniform and stable temperature for 
processing. HoWever, in order to achieve uniform results, it 
is necessary for the conditions in the furnace to reach 
thermal equilibrium after a batch of Wafers is inserted into 
the furnace. Therefore, the heating time for Wafers in a 
diffusion furnace is relatively long, typically exceeding ten 
minutes. 

[0004] As integrated circuit dimensions have decreased, 
shorter thermal processing steps for some processes, such as 
rapid thermal anneal, are desirable to reduce the lateral 
diffusion of dopants and the associated broadening of feature 
dimensions. Thermal process duration may also be limited to 
reduce forWard diffusion so the semiconductor junction in 
the Wafer does not shift. As a result, the longer processing 
times inherent in conventional diffusion furnaces have 
become undesirable for many processes. In addition, 
increasingly stringent requirements for process control and 
repeatability have made batch processing undesirable for 
many applications. 

[0005] As an alternative to diffusion furnaces, single Wafer 
rapid thermal processing (RTP) systems have been devel 
oped for rapidly heating and cooling Wafers. Most RTP 
systems use high intensity lamps (usually tungsten-halogen 
lamps or arc lamps) to selectively heat a Wafer Within a cold 
Wall clear quartZ furnace. Since the lamps have very loW 
thermal mass, the Wafer can be heated rapidly. Rapid Wafer 
cooling is also easily achieved since the heat source may be 
turned off instantly Without requiring a sloW temperature 
ramp doWn. Lamp heating of the Wafer minimizes the 
thermal mass effects of the process chamber and alloWs 
rapid real time control over the Wafer temperature. While 
single Wafer RTP reactors provide enhanced process control, 
their throughput is substantially less than batch furnace 
systems. 

[0006] While RTP systems alloW rapid heating and cool 
ing, it is dif?cult to achieve repeatable, uniform Wafer 
processing temperatures using RTP, particularly for larger 

Apr. 25, 2002 

Wafers (200 mm and greater). The temperature uniformity is 
sensitive to the uniformity of the optical energy absorption 
as Well as the radiative and convective heat losses of the 
Wafer. Wafer temperature nonuniformities usually appear 
near Wafer edges because radiative heat losses are greatest at 
the edges. During RTP the Wafer edges may, at times, be 
several degrees (or even tens of degrees) cooler than the 
center of the Wafer. At high temperatures, generally greater 
than eight hundred degrees Celsius (800° C.), this nonuni 
formity may produce crystal slip lines on the Wafer (par 
ticularly near the edge). To minimiZe the formation of slip 
lines, insulating rings are often placed around the perimeter 
of the Wafer to shield the Wafer from the cold chamber Walls. 
Nonuniformity is also undesirable since it may lead to 
nonuniform material properties such as alloy content, grain 
siZe, and dopant concentration. These nonuniform material 
properties may degrade the circuitry and decrease yield even 
at loW temperatures (generally less than 800° C.). For 
instance, temperature uniformity is critical to the formation 
of titanium silicide by post deposition annealing. In fact, the 
uniformity of the sheet resistance of the resulting titanium 
silicide is regarded as a standard measure for evaluating 
temperature uniformity in RTP systems. 

[0007] Temperature levels and uniformity must therefore 
be carefully monitored and controlled in RTP systems. 
Optical pyrometry is typically used due to its noninvasive 
nature and relatively fast measurement speed Which are 
critical in controlling the rapid heating and cooling in RTP. 
Increasingly complex systems have been developed for 
measuring emissivity and for compensating for re?ected 
radiation. 

[0008] While these systems have enhanced Wafer tem 
perature uniformity, their complexity has increased cost and 
maintenance requirements. In addition, other problems must 
be addressed in lamp heated RTP systems. For instance, 
many lamps use linear ?laments Which provide heat in linear 
segments and as a result are ineffective or inef?cient at 
providing uniform heat to a round Wafer even When multi 
Zone lamps are used. Furthermore, lamp systems tend to 
degrade With use Which inhibits process repeatability and 
individual lamps may degrade at different rates Which 
reduces uniformity. In addition, replacing degraded lamps 
increases cost and maintenance requirements. 

[0009] In order to overcome the disadvantages of lamp 
heated RTP systems, a feW systems have been proposed 
Which use a resistively heated plate. Such heated plates 
provide a relatively large thermal mass With a stable tem 
perature. 

[0010] While heated plate rapid thermal processors pro 
vide a stable temperature on the heated plate that may be 
measured using a thermocouple, problems may be encoun 
tered With Wafer temperature nonuniformities. Wafers may 
be heated by placing them near the heated plate rather than 
on the plate. In such systems, the edges of the Wafer may 
have large heat losses Which lead to nonuniformities as in 
lamp heated RTP systems. Even When a Wafer is placed in 
contact With a heated plate, there may be nonuniformities. 
The heated plate itself may have large edge losses, because: 
1) the corners and edges of the plate may radiate across a 
Wider range of angles into the chamber; 2) vertical chimney 
effects may cause larger convective heat losses at the edges 
of the heated plate; and 3) the edges of the heated plate may 
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be close to cold chamber Walls. These edge losses on the 
plate may, in turn, impose temperature nonuniformities upon 
a Wafer placed on the plate. In addition, heat loss and 
temperature uniformity across the Wafer surface varies With 
temperature and pressure. 

[0011] As a result of the problems associated With con 
ventional heated plate rapid thermal processors, they have 
not been adopted in the industry as a viable alternative to 
lamp heated RTP systems. A 1993 survey of RTP equipment 
covering tWenty tWo different vendors’ products indicates 
that, at the time of the survey, only one non-lamp system Was 
available. See RooZeboom, “Manufacturing Equipment 
Issues in Rapid Thermal Processing,” Rapid Thermal Pro 
cessing at 349-423 (Academic Press 1993). The only non 
lamp system listed uses a resistively heated bell jar With tWo 
temperature Zones and is not a heated plate reactor. See US. 
Pat. No. 4,857,689 to Lee. Currently, the RTP market is 
dominated by lamp based systems and despite the many 
problems associated With such systems, they have been 
Widely accepted over proposed heated plate approaches. 
Despite the potential that heated plate approaches offer for 
a stable and repeatable heat source, it is believed that 
problems With energy e?iciency, uniformity, temperature 
and heating rate control, and the deployment of fragile, 
noncontaminating resistive heaters have made such systems 
unacceptable in the marketplace. 

[0012] A system Which overcomes many of the disadvan 
tages of the prior art is described in US. patent application 
Ser. No. 08/499,986 ?led Jul. 10, 1995, Which is hereby 
incorporated herein by reference in its entirety. The system 
described in application Ser. No. 08/499,986 provides good 
temperature uniformity and high throughput using a large 
thermal mass resistive heater and an insulated processing 
region at loW pressure to control heat transfer. 

[0013] What is desired are an improved method and 
apparatus for providing insulation and controlling heat trans 
fer in a rapid thermal processing system. Preferably, such 
improvements may be used in a system such as that 
described in application Ser. No. 08/499,986 While provid 
ing better insulation, higher thermal uniformity in the pro 
cessing region, and reduced potential for slip as substrates 
are placed into the processing region for heating and 
removed for cooling. 

SUMMARY OF THE INVENTION 

[0014] One aspect of the present invention provides a 
semiconductor substrate processing system With an insu 
lated thermal processing region. Insulating Walls With a high 
re?ectivity are used to insulate the thermal processing 
region. In an exemplary embodiment the insulating Walls 
may comprise a re?ective material placed betWeen pieces of 
a substantially inert insulating material. In particular, a 
polished metal plate may be enclosed betWeen pieces of 
clear or opaque quartZ. In some embodiments, the metal 
plate may have a re?ective side facing the thermal process 
ing region and a rough or dark side facing aWay. 

[0015] It is an advantage of these and other aspects of the 
present invention that improved insulation from heat transfer 
by radiation may be provided in a semiconductor substrate 
processing system. It is a further advantage that highly 
re?ective materials may be used Without introducing con 
taminants due to encapsulating in an inert insulating mate 
rial. 
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[0016] Another aspect of the present invention provides a 
loW emissivity heating surface. In an exemplary embodi 
ment, the heating surface comprises a highly re?ective 
material covered by a substantially inert insulating material 
such as clear or opaque quartZ. 

[0017] Another aspect of the present invention provides 
for improved thermal uniformity in an insulated thermal 
processing region. In an exemplary embodiment, multiple 
layers of insulation may be used. Actively heated Walls may 
also be used. In addition, a conductive gas may be added to 
the processing region to enhance heat transfer from a heat 
source to a semiconductor substrate being processed. It is an 
advantage of these and other aspects of the present invention 
that thermal uniformity of the processing region may be 
enhanced. 

[0018] Another aspect of the present invention provides 
for heating a semiconductor substrate in stages to reduce the 
potential for slip. In an exemplary embodiment, a substrate 
may be initially heated on pins separated a distance from a 
heating surface. After initial heating, the substrate may be 
placed on or nearer to the heating surface for further heating. 
Heating may be further enhanced by providing conductive 
gas into the processing region. The gas may be removed 
after processing for initial cooling. The substrate may be 
moved aWay from the heating surface Within the processing 
region for further cooling before being removed. A cool gas 
may also be provided to the processing region for further 
cooling before removal. 

[0019] It is an advantage of these and other aspects of the 
present invention that a substrate may be heated and cooled 
in controlled stages to avoid slip due to rapid non-uniform 
temperature changes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] These and other advantages of the present inven 
tion Will become more apparent to those skilled in the art 
from the folloWing detailed description in conjunction With 
the appended draWings in Which: 

[0021] FIG. 1 is a side cross sectional vieW of an exem 
plary thermal processing chamber; 

[0022] FIG. 2A is a top cross sectional vieW of an 
exemplary thermal processing chamber; 

[0023] FIG. 2B is a top cross sectional vieW of an exem 
plary thermal processing chamber With insulating hoods in 
place; 

[0024] FIG. 3 is an insulating Wall according to an exem 
plary embodiment of the present invention; 

[0025] FIG. 4 is a side cross section of a portion of an 
exemplary thermal processing chamber With inner and outer 
insulating Walls according to an exemplary embodiment of 
the present invention; 

[0026] FIG. 5 is a table shoWing estimated Wafer tem 
perature in an exemplary thermal processing chamber With 
out a conductive gas; 

[0027] FIG. 6 is a table shoWing estimated Wafer tem 
perature in an exemplary thermal processing chamber With 
helium at 30 torr in accordance With an exemplary embodi 
ment of the present invention; and 
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[0028] FIG. 7 is a side cross section of a portion of an 
exemplary thermal processing chamber con?guration used 
for the tables shoWn in FIGS. 5 and 6. 

DETAILED DESCRIPTION 

[0029] The present invention relates generally to an appa 
ratus and method for thermally processing a substrate. 
Techniques according to the present invention may be used 
in a Wide variety of thermal processing reactors. In an 
exemplary embodiment, such techniques are incorporated 
into a thermal reactor such as that described in copending 
application Ser. No. 08/499,986 ?led Jul. 10, 1995, Which is 
hereby incorporated herein by reference in its entirety. 

[0030] FIG. 1 is a side cross sectional vieW of a thermal 
processing chamber, generally indicated at 500, according to 
the ?rst embodiment of the present invention. FIG. 2A is a 
top cross sectional vieW of the thermal processing chamber 
according to the ?rst embodiment With insulating hoods 
removed, and FIG. 2B is a top cross sectional vieW of the 
thermal processing chamber according to the ?rst embodi 
ment With insulating hoods in place. The ?rst embodiment of 
the present invention is preferably designed for use in 
conjunction With the AspenTM Wafer handling system avail 
able from Mattson Technology Inc., assignee of record of the 
present invention. The AspenTM system alloWs tWo Wafers to 
be handled at a time and, as indicated in FIG. 2A, the 
chamber according to the ?rst embodiment has tWo Wafer 
processing stations. The dashed line A in FIG. 2A indicates 
the location of the side cross section of FIG. 1 Which shoWs 
one of these processing stations. Aspects of the present 
invention alloW a single stable heat source to be used for 
uniformly processing tWo Wafers at a time. As a result, 
titanium silicide anneal may be carried out in the chamber of 
the ?rst embodiment With a high throughput and a process 
uniformity better than typical multi-Zone lamp systems. Of 
course, a Wide variety of processes may be carried out and 
alternative embodiments may be optimiZed for processing a 
single Wafer at a time. Techniques described beloW may also 
be applied to alloW uniform processing of more than tWo 
Wafers at a time. 

[0031] Referring to FIG. 1, the chamber Walls 502 in the 
?rst embodiment form an outer port 504 through Which a 
semiconductor substrate, such as Wafer 506, may be intro 
duced into the chamber 500. A conventional load lock 
mechanism (such as provided by the AspenTM system) may 
be used for inserting and removing Wafer 506 through outer 
port 504. After the Wafer has been loaded into chamber 500, 
a plate 507 is used to cover outer port 504. In addition, a 
vieWing WindoW 505 may be provided for, among other 
things, end point detection, in situ process monitoring and 
Wafer top surface temperature measurement. If a WindoW is 
used for these purposes, a small hole or clear section must 
be provided through any internal chamber surfaces, such as 
insulating Walls, to alloW the Wafer to be vieWed. When a 
WindoW is not used, a nontransmissive plate may be used to 
cover the vieWing port for improved insulation. 

[0032] Chamber Walls 502 are relatively cold, preferably 
being maintained at an average temperature less than one 
hundred degrees Celsius (100° C.). In the ?rst embodiment, 
chamber Walls 502 are aluminum and are cooled by cooling 
channels 508. Water or another cooling media may be 
pumped through cooling channels 508 to cool the aluminum 
chamber Walls 502. 
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[0033] After the Wafer is introduced into the chamber, it is 
placed upon narroW pins 510 Which comprise silicon carbide 
or ceramic in the ?rst embodiment. The pins are mounted on 
a pin support plate 512 that may be raised and loWered by 
an elevational mechanism 514, such as a pneumatic or 
electromechanical lift With a vacuum sealed belloWs. After 
the Wafer is loaded into the chamber and placed on pins 510, 
the elevational mechanism 514 is loWered to place Wafer 
506 close to or onto a heated block 516 for thermal pro 
cessing. 

[0034] The heated block preferably has a large thermal 
mass that provides a stable and repeatable heat source for 
heating Wafer 506. Preferably, heated block 516 provides a 
heating surface 518 Within the chamber that is substantially 
parallel to the Wafer to alloW heat transfer across the entire 
backside surface area of the Wafer. Heated block 516 com 
prises a material that Will not contaminate Wafer 506 even 
When the Wafer is placed in contact With the heated block at 
high temperatures (greater than 500° C.) and loW pressures 
(less than 100 Torr). In the ?rst embodiment, heated block 
516 comprises silicon carbide coated graphite, although 
other materials that Will not react With the Wafer at process 
ing temperatures such as silicon carbide or quartZ may be 
used as Well. A material With high thermal conductivity is 
preferred to alloW heat to uniformly dissipate through the 
block. Insulating techniques described beloW are used to 
prevent sharp temperature gradients from forming in the 
heated block due to heat losses at the edges of the block. 

[0035] The heated block is approximately one (1) inch 
thick in the ?rst embodiment and provides a thermal mass 
substantially larger than the Wafer Which is only about thirty 
?ve thousandths (0.035) of an inch thick. It is preferred that 
heated block 516 be at least ten times thicker than the Wafer 
that is being processed. This provides a stable temperature 
heat source for thermally processing Wafer 506. 

[0036] In the ?rst embodiment, a single heated block 516 
extends across most of the chamber and provides a generally 
rectangular heating surface large enough to process tWo 
Wafers at a time as shoWn in FIG. 2A. The exposed regions 
516a and 516b in FIG. 2A are portions of the same heated 
block. Using a single heated block provides a simpli?ed and 
cost effective design. HoWever, the heated block cannot be 
easily rotated to rotate the Wafers during processing. Wafer 
rotation is often desired to enhance uniformity in semicon 
ductor processing. The thermal processing chamber of the 
?rst embodiment provides exceptional processing unifor 
mity even With a simpli?ed non-rotating design. In alterna 
tive embodiments, a separate rotating heating plate may be 
provided for each Wafer to further enhance uniformity. The 
Wafers could also be held slightly above the heated plate and 
rotated on pins. HoWever, the chamber according to the ?rst 
embodiment provides excellent uniformity Without rotation, 
so a simpli?ed and cost effective design is preferred. 

[0037] The heated block is heated by a resistive heater 520 
positioned beloW the heated block. The resistive heater 
preferably comprises silicon carbide coated graphite 
although other materials may also be used. The design of the 
resistive heater is described in detail in application Ser. No. 
08/499,986 incorporated herein by reference. Heater support 
pins 522 space the resistive heater from heated block 516 by 
a short distance (approximately 0.125 of an inch). A poWer 
source (not shoWn) is connected to the heater. Current is 
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driven through resistive heater 520 to heat the heated block 
516 Which in turn acts as a stable heat source for Wafer 506. 
The power applied to the resistive heater may be adjusted to 
control the temperature of the heated block. Athermocouple 
526 or other temperature sensor may be used to measure the 
temperature of the heated block. An optical pyrometer or 
thermocouple (not shoWn) may also be used to measure the 
Wafer temperature directly. The temperature sensors send 
signals indicative of the temperature of the heated block 
and/or Wafer to a conventional temperature control system 
(not shoWn). The temperature control system then causes a 
transformer or other poWer source to apply an appropriate 
amount of poWer to the resistive heater to achieve the 
desired processing temperature. Typically temperatures 
betWeen ?ve hundred degrees Celsius (500° C.) and one 
thousand degrees Celsius (1000° C.) are used for thermal 
processing in the chamber according to the ?rst embodi 
ment. 

[0038] Of course other mechanisms may be used to pro 
vide a stable heat source. For instance, an RF coil could be 
used to induce a current in a conductive plate Within the 
chamber or lamps could be used to heat the backside of a 
conductive block. HoWever, the resistive heater and heated 
block of the ?rst embodiment provide an exceptionally 
stable and durable heat source and are preferred. 

[0039] In order to reduce heat loss and enhance unifor 
mity, heated block 516 and Wafer 506 are enclosed Within an 
insulated heating chamber 528. Heating chamber 528 is 
formed by insulating Walls 530a-a' spaced apart from heater 
520, heated block 516 and Wafer 506. The insulating Walls 
530a-a' preferably comprise a material that has a loW thermal 
conductivity. In addition, insulating Walls 530a-a' are pref 
erably highly re?ective and substantially nontransmissive to 
thermal radiation (particularly in the visible and infrared 
regions). Thus, insulating Walls 530a-a' substantially prevent 
heat transfer by direct radiation from Within heating cham 
ber 528 to cold chamber Walls 502. This thermal insulation 
may be achieved by using opaque quartZ. Opaque quartZ is 
durable and inert in virtually all processes, has a high 
re?ectivity and loW conductivity, and may be used to form 
an insulating Wall using a single intrinsic piece of material. 
Opaque Silica Glass OP-l from Nippon Silica Glass U.S.A., 
Inc. is an exemplary opaque quartZ. In contrast to transpar 
ent quartZ, opaque quartZ is White With a nearly ideal opaque 
appearance. This is due to the special structure of the 
material Which has a Well-controlled distribution of 
micropores in the otherWise dense matrix, scattering light 
and thermal radiation in a very efficient and homogeneous 
Way. Thus, the direct transmission of radiation is nearly 
completely suppressed (less than 1% transmission across 
Wavelengths from 200 to 5000 nm for 3 mm path length). 
The surface of the opaque quartZ is preferably treated to 
inhibit ?aking and the release of particulates. This is accom 
plished in the ?rst embodiment by exposing the surfaces of 
the opaque quartZ to high temperatures Which glaZe the 
surfaces. This forms a shalloW layer (approximately 1 mm 
deep) of clear durable quartZ on the exterior surfaces of the 
insulating Walls Which acts as a protective coating. 

[0040] One problem With opaque quartZ is that it has high 
emissivity [50.5] Which makes it less effective as thermal 
insulation. If, hoWever, We Were to use loWer emissivity 
materials, such as metals, they typically Would either not be 
able to tolerate the heat or risk heavy metal contamination of 
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the Wafer. In an exemplary embodiment of the present 
invention, We put a polished refractory metal plate having 
high re?ectivity betWeen tWo thin plates of quartZ—effec 
tively a sandWich—and sealing the edges of the quartZ plates 
so as to prevent the chamber environment from being 
exposed to the vapors from the region containing the metal. 
The metal may be sealed in an inert gas inside the quartZ 
plates or the region may be evacuated. It is preferred that the 
re?ective surface of this metal not be clouded by oxidation 
or other chemical reaction With the gaseous ambient. 

[0041] In order to use the above “heat mirror” the polished 
“shiny” side of the metal is placed toWard the volume Which 
is to be kept hot (i.e., insulated heating chamber 528). The 
metal should be capable of high temperatures Without melt 
ing or even annealing or recrystalliZing (i.e. having grain 
groWth). One such metal capable of high temperature is 
Tungsten; another is palladium or platinum. One desirable 
con?guration for a heat mirror has both sides of the metal 
polished and shiny, but some applications, such as those 
Where the mirror needs to be kept as cool as possible, Would 
have one shiny side toWard the hot region and a rough and/or 
dark side facing aWay from the hot region. In some appli 
cations one might have the dark side toWard the hot region 
and the shiny side aWay—this causes the metal to present a 
loW emissivity surface to the outside. As described beloW, 
this con?guration can be used to provide a loW emissivity 
heated surface for processing Wafers. The dark side Would 
face a heater and the Wafer Would be placed near or on the 
shiny side. One Way to darken one side Would be to carbon 
coat it or cause it to be oxidiZed or reacted to form a patina. 

[0042] FIG. 3 illustrates an exemplary con?guration for 
the quartZ encapsulated mirror described above. Such a 
mirror may be used to form insulating Walls 530a-a'. Ametal 
plate 700 is encapsulated in clear quartZ betWeen quartZ 
plates 705 (although other inert material such as opaque 
quartZ could be used). Apolished surface 702 of metal plate 
700 may face the insulated heating chamber 528 and a rough 
dark surface 704 may face the cool chamber Walls 502. Any 
enclosed space 706 could be vacuum sealed or ?lled With 
gas (at 30-50 Torr for example) and the ends 708 may be 
fused or sealed. When used for insulation an inert gas such 
as argon or xenon might be used. If it is desirable to conduct 
heat (e.g., for a loW emissivity heated surface), a more 
thermally conductive gas such as helium might be used. 

[0043] Such mirrors can be used as insulating Walls 
530a-a' to provide heat insulation or in addition to quartZ 
insulating Walls. Such mirrors could also be used in place of 
the heated block to provide a loW emissivity heated surface. 

[0044] It is preferred that the material used for the insu 
lating Walls have a thermal conductivity less than ?ve Watts 
per centimeter Kelvin (5 W/cmK) in the ?rst embodiment 
although it Will be readily understood that the thickness, 
thermal conductivity, and transmission of the material may 
be varied to achieve a desired level of insulation. Additional 
insulating Walls may also be positioned betWeen the heating 
chamber and chamber Walls to improve insulation. In par 
ticular, the heating chamber may be enclosed Within mul 
tiple insulating housings With vacuum regions formed 
betWeen the housings. 

[0045] As shoWn in FIG. 1, four insulating Walls—a top 
530a, side 530b, base 530C, and bottom 530d—are used to 
form heating chamber 528 in the ?rst embodiment. The 
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insulating Walls may be formed by encapsulating a re?ective 
material in quartz as described above With reference to FIG. 
3. The top and side insulating Walls may be arranged to form 
an insulating hood that may be placed over each Wafer 
processing station as indicated in FIG. 2B. As shoWn in 
FIG. 1, the base 530C and bottom 530d insulating Walls are 
closely spaced to the heated block 516 and resistive heater 
520. In the ?rst embodiment, the base 530C and bottom 530d 
insulating Walls substantially encapsulate the heat source 
except for exposed circular regions of the heating surface 
Which are shaped to receive the Wafers as shoWn at 516a and 
516b in FIG. 2A. This helps channel the heat ?ux from the 
heat source through a circular region normal to the Wafer 
surface and reduces lateral thermal gradients. In addition, 
the heating surface extends radially from the circular region 
underneath the base insulating Wall 530C. This helps isolate 
the Wafer from any temperature drop off at the edge of the 
heated block. As shoWn in FIG. 1, the heated block forms 
shalloW pockets for receiving the Wafers in the circular 
regions that are left exposed by the base insulating Wall 
530C. The pockets are betWeen one sixteenth (0.0625) and 
one eighth (0.125) of an inch deep in the ?rst embodiment 
and may be ?at, slightly concave With the center of the 
pocket being slightly loWer (approximately 0.003 inches) 
than the perimeter of the pocket, or stepped With the center 
recessed relative to a ledge formed about the outer radius of 
the pocket. Recessed pockets help retain heat at the edges of 
the Wafer and the pocket shape may affect temperature 
uniformity across the Wafer surface. Nevertheless, outstand 
ing process uniformities have been achieved at six hundred 
degrees Celsius (600° C.) and eight hundred degrees Celsius 
(800° C.) using both ?at and recessed pocket designs. 

[0046] The top cross section of FIG. 2A shoWs the cham 
ber of the ?rst embodiment Without the top 530a and side 
insulating Wall 530b. FIG. 2B shoWs a top vieW of the 
chamber With insulating hoods (Which provide the top 530a 
and side 530b insulating Walls) placed over each Wafer 
processing station as indicated at 602 and 604. As shoWn in 
FIG. 2B, 21 separate insulating hood is placed over each 
Wafer pocket although a single hood enclosing both pockets 
may be used as Well. Other con?gurations, such as cylin 
drical hoods around each Wafer pocket, may also be used. 

[0047] The insulating Walls 530a-a' substantially enclose 
the heating chamber 528 and form an outer insulating 
chamber 534 betWeen the insulating Walls and the cold 
chamber Walls. The insulating Walls form an inner port 536 
betWeen the heating chamber 528 and insulating chamber 
534 to alloW a Wafer to be inserted into the heating chamber. 
Apiece of insulating material may be used to cover the inner 
port 536 during processing to provide additional insulation. 
Generally, heat is transferred in the ?rst embodiment from 
the heated plate 516, across the heating chamber 528 to the 
insulating Walls 530a-a', through the insulating Walls 530a-a' 
and across the insulating chamber 534 to the cold chamber 
Walls 502. Of course, some heat may be transferred through 
support leg 532 by conduction and through inner port 536 by 
direct radiation (unless an opaque cover is used). HoWever, 
a substantial majority (more than 90%) of the radiation from 
the heated block 516 is intercepted by the insulating Walls 
530a-a' and only a small portion of the bottom insulating 
Wall (less than 10%) is in contact With the support leg. Thus, 
the rate of heat transfer in the ?rst embodiment is substan 
tially dependent upon the thermal resistance across the 
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heating chamber 528, through the insulating Walls 530a-d, 
and across the insulating chamber 534. 

[0048] The thermal resistance across the heating chamber 
and insulating chamber can be adjusted by adjusting the 
processing pressure. Tube 538 provides a gas inlet and gas 
exhaust port 540 provides a gas outlet. The tube 538 is 
connected to a conventional gas source (not shoWn) and gas 
exhaust port 540 is connected to a conventional vacuum 

pump (not shoWn) Which alloWs the pressure in the chamber 
to be controlled. In the ?rst embodiment, pressures from 
seven hundred sixty (760) Torr (atmospheric) doWn to less 
than one tenth (0.1) of a Torr may be achieved. Pressures less 
than one hundred (100) Torr, and in particular pressures 
betWeen tWo (2) Torr and ?fty (50) Torr, are typical in the 
?rst embodiment. 

[0049] One requirement in thermal processing of semi 
conductor Wafers is that the temperature that the substrates 
are exposed to be measurable, controllable and stable for 
each Wafer and from Wafer to Wafer. In the exemplary 
system described above the controllability and stability are 
provided by a massive heater block Whose temperature is 
stable and monitored so it is controlled precisely. The 
temperature of the Wafer on the block may or may not be 
measured by infrared pyrometry. If it is not, or if varying the 
block temperature from lot to lot or Wafer to Wafer to 
maintain constant Wafer temperature is not desired, then 
(because the emissivity of the Wafer’s front and back sides 
may be variable from Wafer to Wafer or lot-to-lot) the 
Wafer’s temperature needs to be substantially independent of 
its emissivity. If, hoWever, the Wafer environment in the 
insulated process chamber has elements With different tem 
peratures (i.e., if the heat insulation above the Wafer is at a 
loWer temperature than the heater block, as it Will be in (if 
the insulation is not independently heated) radiative equi 
librium) then the Wafer temperature Will vary depending on 
both its front and backside emissivities, Which may vary 
from 0.3 to 0.9, When it is in radiative equilibrium. In order 
to reduce this temperature variability it suffices to make the 
insulated process chamber a substantially isothermal cavity 
or improve conduction from heater block to Wafer. In the 
exemplary chamber this can be done by improving the heat 
insulation above the Wafer or improving conduction using 
either: 

[0050] 1) Additional layers of heat shielding or more 
re?ective heat shielding such as the mirror described 
above. For instance, We can reduce the dependence of 
the Wafer temperature on the Wafer emissivity by 
having tWo layers of heat shielding. See FIG. 4 Which 
illustrates an exemplary con?guration With an inner 
heat shield 802 and an outer heat shield 804. Because 
the outer layer of shielding causes the temperature of 
the inner shielding to increase and be closer to the 
temperature of the heater block the Wafer temperature 
becomes less dependent on the emissivity of either its 
front or back sides. More shields or shields With loWer 
emissivity make the inner shield temperature even 
closer to the block. If either or both of these shields is 
a mirror such as described above in conjunction With 
FIG. 3 and this mirror has both sides shiny, then the 
heat insulation of the Wafer and heater block Will be 
improved and the temperature of the Wafer Will depend 
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less on What front and backside emissivities are of the 
Wafer. Emissivity from 0.05 to 0.2 is considered loW for 
purposes hereof. 

[0051] 2) An actively heated shield above the Wafer, 
Whose temperature is controlled to be equal to heated 
block beloW the Wafer. Such shield could be a resis 
tively heated plate parallel to and above the Wafer for 
eXample. It could be placed beloW the top of the 
insulating hood described above or used in its place. 
Active heaters could also be used around the sides of 
the Wafer (for example, in place of the sides of the 
insulating hoods) to make the cavity more isothermal. 

[0052] 3) Augmenting the gaseous heat conduction 
from the heater block to the Wafer by positioning the 
Wafer very close to the heater block (<05 mm) and 
putting highly conductive gases such as Helium or 
Hydrogen in the process chamber at high enough 
pressure to signi?cantly augment the radiative heat 
transfer from the heater block to the Wafer. Typically, 
this requires pressures above 2 Torr, up to as much as 
50 Torr, depending on the spacing of Wafer to heater. 
The mean free path for collisions of the gas atoms or 
molecules should be someWhat less than the gap 
betWeen the Wafer and the heater block. 

[0053] If the volume of the chamber is ?lled With con 
ductive gas such as helium or hydrogen such that the area 
betWeen the Wafer and the heater block is occupied by the 
gas at pressures of 1 Torr to 100 Torr the gas Will conduct 
heat from the block to the Wafer. If the gap betWeen block 
and Wafer is less than 0.2 mm the conducted heat can be a 
signi?cant part of total heat transfer. This conduction heat is 
independent of the emissivity of the Wafer, and therefore 
causes the equilibrium temperature of the Wafer to be less 
dependent on the Wafer emissivity. 

[0054] In the thermal processing of semiconductor Wafers 
it is necessary for some processes to raise the Wafer tem 
perature above the level at Which crystal planes can slip 
When the Wafer is under thermal or mechanical stress. 
Processes can be as high as 1150° C. While the temperature 
at Which “slip” occurs is as loW as 900° C. to 950° C. for 
large stresses. This must be avoided and to do so requires 
strictly limiting the temperature variation across the Wafer. 
Because the Wafer temperature is most controlled and uni 
form When the Wafer is in best thermal contact With the 
heater block, and because it can also be physically supported 
in the least stressful manner While there, an embodiment of 
the present invention controls the Wafer temperature such 
that it only rises above the “slip” limit While in closest 
contact With the heater block. This is done by reducing the 
emissivity of the heater block Where it is visible to the Wafer 
and using substantial gas conduction heat transfer from the 
heater to the Wafer. (eHB§0.7) 

[0055] In this approach the Wafer is inserted into the 
insulated eXemplary process chamber described above and 
held up on pins 510 aWay from heating surface 518 until it 
heats to 700° to 850° C. Then it is loWered to the heating 
surface 518 and, possibly With some delay, gas is introduced 
into the process chamber until gas conduction heating is 
substantial relative to radiative heat transfer. This gas causes 
the Wafer temperature to rise to very nearly equal the heater 
block temperature. (Without the gas the Wafer only rises to 
the radiative equilibrium temperature Which may be Well 
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beloW that of the heater block. If the heater block has a loWer 
emissivity—from 0.3 to 0.7—then the temperature of the 
Wafer may be as loW as 100° to 150° beloW that of the 
heater.) Avery small gap may be left betWeen the Wafer and 
heater block in some embodiments (less than about 0.2 mm) 
to alloW gas to How betWeen the Wafer and heater block. 
Once the gas is introduced the Wafer becomes better ther 
mally coupled to the heater and rises to process temperature. 
When the process is done the gas is pumped out and the 
Wafer cools doWn to radiative equilibrium temperature. If 
this is not beloW the “slip” temperature then additional 
cooling of the Wafer is needed and this may be done by 
?oWing cool gas across the Wafer surface. If gas cooling is 
not desired then the radiative equilibrium temperature may 
be made loWer by increasing the emissivity of the cooled 
chamber Wall and decreasing the emissivity of the top side 
of the heater block. Gas cooling of the Wafer requires 
signi?cant How of gas and may be done form a shoWerhead 
or a manifold. Typically it takes 100 slpm of gas to provide 
20° to 50° C. of Wafer cooling. 

[0056] In some embodiments the Wafer may be raised on 
pins prior to the use of cold gas for cooling. This should be 
acceptable since the Wafer Will already have cooled to nearly 
radiative equilibrium temperature Which should be no more 
than 1000° for a 1100° process temperature in such embodi 
ments. The table in FIG. 5 shoWs the radiative equilibrium 
temperature of the Wafer calculated from the resistive heat 
?oW method. This assumes a single heat shield 902 betWeen 
the heater block 904 and the cooled Wall 906 as shoWn in 
FIG. 7 With emissivity 0.5 as shoWn in the table in FIG. 5. 
(Wafer emissivity is assumed to be 0.7 and heater block 
temperature 1127° C.) 

[0057] The table in FIG. 6 shoWs the Wafer temperature 
When the effect of gas conduction With helium is included at 
a pressure of 30 Torr With very small gap betWeen heater and 
Wafer 908 (50.01 The conditions (emissivities) of the 
heater and Walls are the same in both tables. It is notable that 
the Wafer temperature is more than 100° C. higher in the gas 
heating case than the pure radiative case. Note that in this 
eXample, no combination of Wall and heater emissivity 
produces a Wafer temperature less than 950° C. for radiative 
equilibrium (Without gas conduction) but greater than 1100° 
C. for equilibrium With gas conduction. HoWever, in an 
embodiment With a hotter heater block (2 1200° C.) it is true 
that for EWan=0.3 and Esuscepm=0l the required upper and 
loWer temperature limits may be attained. Such an embodi 
ment can be used to perform the desired process sequence. 

[0058] Such an embodiment may use an aluminum Walled 
chamber With non-polished Walls (EWQHE03) using a single 
layer heat shield With Eshielde05 (this could be made, for 
instance, of opaque quartZ). The heater block could be made 
of a thick piece of graphite coated With silicon carbide to 
make it inert chemically, then covered With the quartZ 
enveloped Tungsten mirror shoWn in FIG. 3. The back side 
of the tungsten Would be dark to absorb heat from the heater 
and the shiny side Would face the Wafer to provide a loW 
emissivity heating surface. 

[0059] The mirror can also be made of a plate of metal 
With thin coatings of quartZ on both sides. It can also be 
made of a plate of quartZ Which is coated With a thin layer 
of refractory metal Which may be blackened on the eXposed 
side and then sealed With a thin coating of quartZ or With a 
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second quartz plate Which covers the metal layer and is 
sealed on the edges to the ?rst quartz plate. 

[0060] The resulting embodiment is capable of using 
conductive gas to heat a Wafer through the slip range While 
it is in close proximity to the loW emissivity heated surface. 
The gas can be removed to cool the Wafer beloW the slip 
range before the Wafer is removed. This is all done Without 
changing the heater temperature directly (Which has a large 
thermal mass). As a result a stable temperature can be 
maintained for process repeatability While avoiding prob 
lems With slip. 

[0061] While this invention has been described and illus 
trated With reference to particular embodiments, it Will be 
readily apparent to those skilled in the art that the scope of 
the present invention is not limited to the disclosed embodi 
ments but, on the contrary, is intended to cover numerous 
other modi?cations and equivalent arrangements Which are 
included Within the spirit and scope of the folloWing claims. 

What is claimed is: 
1. A thermal processor for processing a semiconductor 

substrate, the thermal processor comprising: 

a processing chamber; 

a gas inlet for providing gas to the processing chamber; 

a gas outlet for exhausting gas from the processing 
chamber; 

a heat source; and 

at least one insulating Wall disposed Within the processing 
chamber; 

Wherein the semiconductor substrate is disposed in the 
processing chamber for processing and the heat source 
provides heat to the semiconductor substrate; 

Wherein the insulating Wall reduces at least some heat 
transfer in the processing chamber; and 

Wherein the insulating Wall comprises a re?ective material 
enclosed Within a substantially inert insulating mate 
rial, 
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Whereby the energy efficiency and temperature uniformity 
of the semiconductor substrate processing may be 
enhanced. 

2. The thermal processor of claim 1, Wherein the re?ective 
material comprises metal. 

3. The thermal processor of claim 1, Wherein the re?ective 
material has a polished re?ective surface facing the semi 
conductor substrate and a substantially less re?ective surface 
facing aWay from the semiconductor substrate. 

4. The thermal processor of claim 1, Wherein the substan 
tially inert insulating material comprises quartZ. 

5. The thermal processor of claim 2, Wherein the re?ective 
material is selected from the group consisting of tungsten, 
palladium and platinum. 

6. The thermal processor of claim 1, Wherein the re?ective 
material has a polished re?ective surface facing the semi 
conductor surface and a polished re?ective surface facing 
aWay from the semiconductor substrate. 

7. A thermal processor for processing a semiconductor 
substrate, the thermal processor comprising: 

a processing chamber; 

a gas inlet for providing gas to the processing chamber; 

a gas outlet for exhausting gas from the processing 
chamber; 

a heat source; and 

a plurality of insulating Walls disposed about a thermal 
processing region; 

Wherein the semiconductor substrate is disposed in the 
thermal processing region for processing and the heat 
source provides heat to the semiconductor substrate; 

Wherein the insulating Walls substantially insulate the 
thermal processing region to enhance the uniformity of 
thermal processing of the semiconductor substrate; and 

Wherein at least one of the insulating Walls comprises a 
re?ective material enclosed Within a substantially inert 
insulating material. 

* * * * * 


