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(57) ABSTRACT 
A cover member for a semiconductor processing thermal 
reactor. The cover member has a central quartz Window 
portion and an outer ?ange portion. The central Window 
portion has either an inWard boW de?ning a concave outside 
surface, or an outWard boW de?ning a convex outside 
surface. The centerline of the central Window portion has a 
radius of curvature Which When extended through the ?ange 
portion divides the ?ange portion into an upper ?ange 
section and a loWer ?ange section. The upper and loWer 
?ange portions having substantially equal masses. 
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FIG. 1B 
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FIG. 2B 
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INFRA-RED TRANSPARENT THERMAL 
REACTOR COVER MEMBER 

FIELD OF THE INVENTION 

[0001] The present invention relates to thermal reactors 
for processing semiconductor Wafers, and more particularly 
to a reactor having a domed WindoW With the center of mass 
equally distributed Within the ?ange portion of the WindoW. 

BACKGROUND OF THE INVENTION 

[0002] Recent technological progress is closely identi?ed 
With the increasing miniaturiZation of electronic circuits 
made possible by advances in semiconductor processing. 
Certain advanced processing techniques require eXposing a 
semiconductor structure to a reactant gas under carefully 
controlled conditions. Examples of such processes include 
chemical vapor deposition and etching processes. Of par 
ticular concern is the uniformity of temperature and gas ?oW 
to ensure uniform results, e.g., deposition thickness, across 
a Wafer. 

[0003] The process of depositing layers on a semiconduc 
tor Wafer (or substrates usually involves placing the sub 
strate Within a thermal reactor chamber and holding the 
Wafer Within a stream of a reactant gas ?oWing across the 
surface of a Wafer. The thermal reactor is heated by eXternal 
lamps Which pass infra-red radiation into the reactor cham 
ber through upper and loWer heating ports. The heating ports 
are covered by infra-red transparent cover members. The 
upper cover member is generally characterized by a central 
WindoW portion and a ?ange portion. The ?ange portion 
serves to support the central WindoW portion in the thermal 
reactor. During Wafer processing stresses are created in the 
cover member due to a pressure differential across the cover 
and/or the thermal expansion due to heating of the central 
WindoW portion. These stresses tend to localiZe in the ?ange 
portion of the cover member. 

SUMMARY OF THE INVENTION 

[0004] A cover member for a semiconductor processing 
thermal reactor is disclosed. The cover member has a central 
quartZ WindoW portion and an outer ?ange portion. The 
central WindoW portion has either an inWard boW de?ning a 
concave outside surface, or an outWard boW de?ning a 
conveX outside surface. The centerline of the central WindoW 
portion has a radius of curvature Which When eXtended 
through the ?ange portion divides the ?ange portion into an 
upper ?ange section and a loWer ?ange section. The upper 
and loWer ?ange portions having substantially equal masses. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0005] The present invention is illustrated by Way of 
eXample and is not limited by the ?gures of the accompa 
nying draWings, in Which like references indicate similar 
elements, and in Which: 

[0006] FIG. 1A is a cross-sectional vieW of a thermal 
reactor in one embodiment of the present invention. 

[0007] FIG. 1B is a cross-sectional vieW of the infra-red 
transparent cover member of FIG. 1A. 

[0008] FIG. 1C is an enlarged vieW of the ?ange portion 
of the cover member shoWn in FIG. 1B. 
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[0009] FIG. 2A is a thermal reactor cover member in 
another embodiment of the present invention. 

[0010] FIG. 2B is an enlarged vieW of the ?ange portion 
of the cover member shoWn in FIG. 2A. 

DETAILED DESCRIPTION 

[0011] A quartZ WindoW for a thermal reactor is disclosed. 
In the folloWing description, numerous speci?c details are 
set forth, such as material types, dimensions, etc., in order to 
provide a thorough understanding of the present invention. 
HoWever, it Will be obvious to one of ordinary skill in the art 
that the invention may be practiced Without these speci?c 
details. In other instances, Well-knoWn structures and pro 
cessing steps have not been shoWn in particular detail in 
order to avoid unnecessarily obscuring the present inven 
tion. 

[0012] With reference to FIGS. 1A through 1C, a thermal 
reactor in one embodiment of the present invention is 
illustrated. Thermal reactor 100 is formed by a reactor vessel 
102 de?ning a Wafer reactor chamber 104. Chamber 102 is 
de?ned, in part, by a cover member 106 mounted beloW an 
upper heating source 108, and a loWer member 110 mounted 
above a loWer heating source 112. Cover member 106 and 
loWer member 110 are generally made of quartZ. Heating 
sources 108 and 112 provide infra-red radiant heat into the 
chamber through members 106 and 110 Which are transpar 
ent to infra-red radiation. Cover member 106 includes a 
central WindoW portion 114 and a peripheral ?ange portion 
116 for supporting the central WindoW portion. The WindoW 
portion 106 generally has a spherical shape. As vieWed from 
above, ?ange portion 116 generally has a circular shape. 
Central WindoW portion 114 is typically made of a clear 
fused silica quartZ Whereas the ?ange portion is made of an 
opaque quartZ. The ?ange is captured betWeen a baseplate 
118 and an upper clamp ring 120. Clamp ring 120 is secured 
to baseplate 118 by a suitable clamping means such as 
locking bolts 122. It is appreciated that cover member 116 
may be made entirely of a single material, such as fused 
silica quartZ. Moreover, it is to be understood that the present 
invention is not limited to the manner in Which the cover 
member is attached to the reactor housing. 

[0013] In the embodiment illustrated in FIGS. 1A 
through 1C, central WindoW portion 114 has an outWard 
boW that forms a conveX outside surface. The central Win 
doW portion 114 has a centerline 160 having a curvature of 
radius. When eXtended through the ?ange portion 116 of 
cover member 106, the centerline 160 divides the ?ange 
portion into an upper ?ange section 170 and a loWer ?ange 
section 172. The geometry’s of central WindoW portion 114 
and ?ange portion 116 are con?gured such that the upper 
?ange section 170 and the loWer ?ange section 172 of ?ange 
portion 116 have substantially the same mass and/or cross 
sectional area. 

[0014] Cover member 106 is resiliently supported by a 
cushioning material such as base sealing rings 124 that are 
positioned betWeen baseplate 118 and ?ange 116. Cover 
member 106 is further supported by clamp sealing o-rings 
126 that are located betWeen clamp ring 120 and ?ange 116. 
The o-rings are preloaded by the locking bolts 122 to 
provide a double seal for preventing the processing gas 
Within chamber 104 from escaping into the ambient atmo 
sphere. LoWer member 110 also has a WindoW portion 128 
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and a ?ange portion 130 that is similarly mounted between 
baseplate 118 and a lower clamp ring 132 With locking bolts 
134 and o-rings 136 and 138. 

[0015] Process gas enters chamber 104 through a gas inlet 
port 140 and exits the chamber through an exit port 142. The 
pressure of the gas Within the chamber is maintained by 
metering the gas ?oW out of exit port 142. 

[0016] A susceptor 144 is provided Within chamber 104 
for supporting a Wafer 146. Susceptor 144 includes a mount 
ing shaft 148 that is coupled to a motor (not shoWn). In this 
manner, Wafer 148 may be rotated during processing to 
permit a more uniform heating and deposition. 

[0017] As previously discussed, stresses in the cover 
member 106 are generally localiZed in the outer ?ange 
portion of the cover member. A salient feature of the present 
invention lies in the construction of the cover member 106. 
The domed or boWed con?guration of central WindoW 
portion 114 causes the stress Within central WindoW portion 
114 to be transmitted into the ?ange portion 116. The ?ange 
portion thus acts to resist the outWard expansion of the 
domed cover member 106 due to a pressure differential 
across the cover and/or the thermal expansion due to heating 
of central WindoW portion 114. Since the upper ?ange 
section 170 and loWer ?ange section 172 have substantially 
the same mass and/or cross-sectional area, the resisting force 
Within ?ange portion 116 is equally distributed betWeen the 
upper and loWer ?ange sections. By equally distributing the 
mass of the ?ange portion on opposing sides of the center 
line 160, the structural strength of the ?ange portion is 
effectively increased since the resisting forces are essentially 
equally divided betWeen the upper and loWer sections of the 
?ange. 

[0018] The diameter of WindoW portion 114 may vary 
signi?cantly from one thermal reactor to another. In one 
exemplary embodiment WindoW portion 114 has a diameter 
of 17.5 inches and a radius of curvature of 35 inches. 
Depending upon the speci?c application, the radius of 
curvature typically is in the range of 15 to 100 inches. The 
thickness of central WindoW portion 114 is generally 
betWeen of 0.1 to 0.2 inches. The thickness of ?ange portion 
116 is in the range of 0.5 to 1.5 inches. Flange dimensions 
“A” and “B” are approximately 3.0 and 1.6 inches, respec 
tively. Flange dimension “A” may vary betWeen 2.0 and 3.5 
inches. Flange dimension “B” may vary betWeen 0.75 to 2.0 
inches. 

[0019] Turning noW to FIGS. 2A and 2B, a thermal 
reactor cover member 206 in accordance With another 
embodiment of the present invention is shoWn. Cover mem 
ber 206 includes a central WindoW portion 214 and a ?ange 
portion 216. The central WindoW portion 214 has an inWard 
boW that forms a concave outside surface. Cover member 
206 is typically used in ambient pressure or above-ambient 
pressure thermal reactors. The central WindoW portion 214 
has a centerline 260 having a curvature of radius. When 
extended through the ?ange portion 216 of cover member 
206, the centerline 260 divides the ?ange portion 216 into an 
upper ?ange section 270 and a loWer ?ange section 272. The 
geometry’s of central WindoW portion 214 and ?ange por 
tion 216 are con?gured such that the upper ?ange section 
270 and the loWer ?ange section 272 of ?ange portion 216 
have substantially the same mass and/or cross-sectional 
area. As previously discussed, since the upper and loWer 
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?ange sections have substantially the same mass and/or 
cross-sectional area, the resisting force Within ?ange portion 
216 is equally distributed betWeen the upper and loWer 
?ange sections. 

[0020] In one embodiment WindoW portion 214 has a 
diameter of 17.5 inches. The radius of curvature of central 
WindoW portion 114 is relatively large. In one embodiment, 
WindoW portion 114 has a radius of curvature of 100 inches. 
Depending upon the speci?c application, the radius of 
curvature typically is in the range of 50 to 300 inches. The 
thickness of central WindoW portion 114 is generally 
betWeen of 0.1 to 0.2 inches. The thickness of ?ange portion 
116 is in the range of 0.5 to 1.5 inches. 

[0021] It is appreciated that the methods and apparatus of 
the present invention may be used for multiple Wafer pro 
cessing and single Wafer processing. It is further understood 
that the relative dimensions, geometric shapes, materials and 
process techniques set forth Within the speci?cation are 
exemplary of the disclosed embodiments only. Whereas 
many alterations and modi?cations to the present invention 
Will no doubt become apparent to a person ordinarily skilled 
in the art having read the foregoing description, it is to be 
understood that the particular embodiments shoWn and 
described by Way of illustration are in no Way intended to be 
limiting. Therefore, reference to the details of the illustrated 
diagrams is not intended to limit the scope of the claims 
Which themselves recite only those features regarded as 
essential to the invention. 

What is claimed is: 
1. An infra-red transparent cover member for a thermal 

reactor comprising: 

a central WindoW portion having a centerline, the center 
line having a radius of curvature; and 

a ?ange portion, the centerline of the central WindoW 
portion When extended through the ?ange portion 
dividing the ?ange portion into an upper ?ange section 
and a loWer ?ange section, the upper and loWer ?ange 
sections having substantially the same cross-sectional 
area. 

2. The cover member of claim 1 Wherein the central 
WindoW portion has an outWard boW de?ning a convex 
outside surface. 

3. The cover member of claim 1 Wherein the central 
WindoW portion has an inWard boW de?ning a concave 
outside surface. 

4. The cover member of claim 1 Wherein the central 
WindoW portion is made of clear fused silica quartZ. 

5. The cover member of claim 1 Wherein the ?ange 
portion is made of opaque silica quartZ. 

6. The cover member of claim 2 Wherein the radius of 
curvature of the central WindoW portion is in the range of 15 
to 100 inches. 

7. The cover member of claim 3 Wherein the radius of 
curvature of the central WindoW portion is in the range of 50 
to 300 inches. 

8. Athermal reactor for processing a semiconductor Wafer 
comprising: 

a Wafer chamber for containing at least one semiconduc 
tor Wafer during processing; 

a WindoW member at least partially de?ning the Wafer 
chamber, the WindoW member comprising a ?ange 
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portion and a central WindoW portion having a center 
line With a radius of curvature, the center line of the 
central WindoW portion When extended through the 
?ange portion dividing the ?ange portion into an upper 
?ange section and a loWer ?ange section, the upper and 
loWer ?ange sections having substantially the same 
cross-section area. 

9. The cover member of claim 8 Wherein the central 
WindoW portion has an outWard boW de?ning a conveX 
outside surface. 

10. The cover member of claim 8 Wherein the central 
WindoW portion has an inWard boW de?ning a concave 
outside surface. 

Apr. 25, 2002 

11. The cover member of claim 8 Wherein the central 
WindoW portion is made of clear fused silica quartZ. 

12. The cover member of claim 8 Wherein the ?ange 
portion is made of opaque silica quartZ. 

13. The cover member of claim 9 Wherein the radius of 
curvature of the central WindoW portion is in the range of 15 
to 100 inches. 

14. The cover member of claim 10 Wherein the radius of 
curvature of the central WindoW portion is in the range of 50 
to 300 inches. 


