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A thermal process chamber (10) is provided for processing 
substrates contained therein, comprising a main process 
ing portion (12) in Which a substrate to be processed may be 
positioned, the processing portion de?ning a ?rst area (44) 
and providing an opening (21) through Which a substrate to 
be processed may be inserted into and removed from the ?rst 
area (44) of the process chamber; (ii) an upper portion (11), 
positioned above the main processing portion, de?ning a 
second area (39) and providing a closed end for the process 
chamber; (iii) a gas injector (18) for providing gas to the 
second area (39); and (iv) a gas distribution plate (20) 
separating the ?rst area (44) from the second area (39). The 

(76) Inventor: JOHN M. MITZAN, WILMINGTON, 
MA (US) 

Correspondence Address: 
EATON CORPORATION 
EATON CENTER 
1111 SUPERIOR AVENUE 
CLEVELAND, OH 441142584 

( * ) Notice: This is a publication of a continued pros 
ecution application (CPA) ?led under 37 
CFR 1.53 d . 

( ) gas distribution plate provides a plurality of passageWays 
(21) APPL No. 09/468 238 (40, 42) for permitting gas provided to the second area to 

’ pass into the ?rst area. The gas distribution plate (20) is 
(22) Filed; Dec_ 21, 1999 formed integrally With the main processing portion (12) and 

With the upper portion (11). In one embodiment, the entire 
Publication Classi?cation thermal process chamber (10), including the main process 

ing portion (12), the upper portion (11), the gas injector (18), 
(51) Int. Cl.7 ................................................... .. C23C 16/00 and the gas distribution plate (20) are comprised of silicon 
(52) US. Cl. ......................... .. 118/715; 118/724; 432/241 carbide (SiC). 
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BELL JAR HAVING INTEGRAL GAS 
DISTRIBUTION CHANNELING 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to the ?eld 
of thermal processing systems, and more particularly to an 
improved thermal process chamber for a vertical thermal 
processing system having integral gas distribution channels. 

BACKGROUND OF THE INVENTION 

[0002] Thermal processing furnaces have been Widely 
knoWn and used for many years to perform a variety of 
semiconductor fabrication processes, including annealing, 
diffusion, oxidation, and chemical vapor deposition (CVD) 
processes. As a result, these processes are Well understood, 
especially With regard to the impact of process variables on 
the quality and uniformity of resulting products. Thermal 
processing systems typically employ either a horiZontal-type 
or vertical-type furnace. For some applications, vertical-type 
furnaces are preferred because they create less particles 
during use, thus decreasing the incidence of contamination 
and Wafer Waste, they can be easily automated, and they 
require less ?oor space because the vertical orientation of 
the process chamber results in a relatively small footprint. 

[0003] Both horiZontal-type and vertical-type furnaces are 
designed to heat semiconductor Wafers to desired tempera 
tures to promote either diffusion of implanted dopants to a 
desired depth While maintaining line Widths smaller than one 
micron, as knoWn, or to perform other conventional pro 
cessing techniques, such as the application of an oXide layer 
to the Wafer or deposition of a chemical vapor layer to the 
Wafer in a CVD process. Uniform heating of the Wafer being 
processed, as Well as uniform gas ?oW across the surface of 
the Wafer, are critical in these processes. 

[0004] Conventional vertical-type thermal processing fur 
naces, utiliZing process chambers such as tube or bell jar 
furnaces, are designed to support the process tube Within the 
furnace in a vertical position. Such vertical-type furnaces 
also typically employ either an elevator driven pedestal upon 
Which a single Wafer resides, or a Wafer boat assembly for 
holding a plurality of Wafers, along With appropriate trans 
lation mechanisms for moving the Wafer(s) in and out of the 
process tube. Gas injection means are provided for furnaces 
in Which oxide-forming or CVD processes are to be per 
formed. As the critical dimensions for silicon integrated 
circuits are continuously scaled doWnWard into the sub 
micron regime, requirements for both Wafer temperature 
uniformity and gas ?oW uniformity, as Well as Wafer-to 
Wafer process repeatability, become more stringent. 

[0005] Prior art techniques and mechanisms for providing 
uniform gas ?oWs in the processing chamber include, for a 
batch (Wafer boat) environment, perforated gas tubes run 
ning the vertical length of the tube. Such a system is shoWn 
in US. Pat. No. 5,029,554 to Miyashita et al. In a single 
Wafer environment, knoWn mechanisms for controlling gas 
distribution ?oWs across the Wafer surface include that 
shoWn in US. Pat. No. 5,062,386 to Christensen, Wherein a 
central passageWay directs a portion of the gas ?oW toWard 
the top of the bell jar, and imparts a radial component to 
another portion of the gas ?oW, to obtain a desired distri 
bution of gas How in the process chamber. 
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[0006] Alternatively, a quartZ injector tube vertically posi 
tioned along an inside Wall of the processing chamber may 
be provided. The injector tube may be either perforated 
along its length, or provide an outlet near the top thereof for 
gas injection into the processing chamber. The gas ?oW 
patterns provided by such injector tubes, hoWever, are not 
aXisymmetric With respect to the longitudinal aXis of the 
processing chamber, providing instead asymmetic gas ?oWs 
With inherent eddy currents. 

[0007] Still further, a shoWerhead-type gas distribution 
device, such as a baffle plate, may be employed to evenly 
disperse gas over the surface of a Wafer, as shoWn in US. 
Pat. Nos. 5,653,806 or 5,976,261. In the case of such a 
shoWerhead-type gas baffle plate, deformation or “sag” of 
the structure of the baffle plate, caused by high temperature 
processing, may result in uneven gas distribution across the 
surface of the Wafer. Such deformation is particularly prob 
lematic is the baffle plate is constructed from quartZ. Accord 
ingly, prior art designs such as that shoWn in US. Pat. Nos. 
5,653,806 or 5,976,216 incorporate a temperature control 
ling mechanism adjacent to or integral With the shoWer head 
baffle plate. Such added components add both cost and 
complexity to the furnace design. 

[0008] Accordingly, it is an object of the present invention 
to provide a simpli?ed gas distribution mechanism that can 
Withstand high temperature processes in a Wafer processing 
system. It is a further object to provide such a mechanism in 
a vertical-type thermal processing furnace. 

SUMMARY OF THE INVENTION 

[0009] A thermal process chamber is provided for pro 
cessing substrates contained therein, comprising a main 
processing portion in Which a substrate to be processed may 
be positioned, the processing portion de?ning a ?rst area and 
providing an opening through Which a substrate to be 
processed may be inserted into and removed from the ?rst 
area of the process chamber; (ii) an upper portion, positioned 
above the main processing portion, de?ning a second area 
and providing a closed end for the process chamber; (iii) a 
gas injector for providing gas to the second area; and (iv) a 
gas distribution plate separating the ?rst area from the 
second area. The gas distribution plate provides a plurality 
of passageWays for permitting gas provided to the second 
area to pass into the ?rst area. The gas distribution plate is 
formed integrally With the main processing portion and With 
the upper portion. In one embodiment, the entire thermal 
process chamber, including the main processing portion, the 
upper portion, the gas injector, and the gas distribution plate 
are comprised of silicon carbide (SiC). 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 is a sectional vieW of a thermal process 
chamber constructed according to the principles of the 
present invention; 

[0011] FIG. 2 is a sectional vieW of the thermal process 
chamber of FIG. 1, taken along the lines 2-2, shoWing the 
loWer ?ange of the processing chamber; 

[0012] FIG. 3 is a broken sectional vieW of the injector of 
the thermal process chamber of FIG. 1; and 

[0013] FIG. 4 is a sectional vieW of the thermal process 
chamber of FIG. 1, taken along the lines 4-4, shoWing the 
integral gas distribution plate of the processing chamber. 
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DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

[0014] Referring noW to the drawings, FIG. 1 discloses a 
thermal process chamber 10 constructed according to the 
principles of the present invention. The thermal process 
chamber 10 is comprised of a bell jar 11, Which itself is 
comprised of a cylindrical main portion 12 and a closed end 
portion or domed croWn 14; (ii) a base or loWer ?ange 16; 
(iii) an injector tube 18 residing Within the cylindrical main 
portion 12 of the bell jar 11; and (iv) a disc-shaped gas 
distribution plate 20, positioned Within the bell jar 11 
proximate at the junction of the cylindrical main portion 12 
and the domed croWn 14. The injector tube 18 and the 
distribution plate 20 function, as further described beloW, to 
evenly distribute process gas to the cylindrical main portion 
12 of the bell jar 11. 

[0015] In the preferred embodiment, silicon carbide (SiC) 
is used to construct the cylindrical main portion 12 and the 
domed croWn 14 of the bell jar 11, the loWer ?ange 16, the 
injector tube 18, and the gas distribution plate 20. The entire 
process chamber 10 is assembled from these components in 
a “green” state, and then cured or hot-?red in an oven to 
complete an entire integral assembly. 

[0016] The cylindrical main portion 12 and the domed 
croWn 14 of the bell jar 11 are formed of silicon carbide 
approximately 6 millimeters thick. Formed near the 
junction of the cylindrical main portion 12 and the domed 
croWn 14 is an inWardly protruding ridge 22 that extends 
about the periphery of the bell jar 11. The ridge may be 
formed separately or may be formed integrally With either 
the cylindrical main portion 12 or the domed croWn 14. The 
cylindrical main portion 12, the domed croWn 14 and the 
inWardly extending ridge are joined together in their green 
state to form an uncured green bell jar 11. 

[0017] FIGS. 2 through 4 shoW, respectively, more 
detailed vieWs of the remaining components of the process 
chamber 10, namely, the loWer ?ange 16, the injector tube 
18, and the gas distribution plate 20. As shoWn in FIG. 2, the 
loWer ?ange is constructed of an annular mass of silicon 
carbide. The thickness of the loWer ?ange is on the order of 
15 mm. 

[0018] The loWer ?ange 16 is provided With an inWardly 
projecting protrusion 23, Which provides means for mount 
ing the loWer end 24 of the injector tube 18 (see FIG. 3) to 
the loWer ?ange. The mounting means comprises a hole 26 
in the protrusion 23, through Which the loWer end 24 of the 
injector tube 18 is inserted prior to curing . The hole 26 is 
provided With a ledge 28 Which mates With a ?ange 30 to 
secure the position of the loWer end 24 of the injector tube 
18 in the ?ange protrusion 23. 

[0019] The upper end 32 of the injector tube 18 ?ts Within 
a hole 34 (refer back to FIG. 1) in the inWardly protruding 
ridge 22 of the bell jar 11. When the loWer end 24 of the 
injector tube 18 is seated in the hole 26 in loWer ?ange 16, 
and the upper end 32 of the injector tube is ?tted Within the 
hole 34 in ridge 22, the loWer end of the cylindrical main 
portion 12 of the bell jar 11 (opposite the domed croWn 14) 
is seated against the loWer ?ange 16. A substrate such as a 
Wafer to be processed in the bell jar may be inserted into the 
process chamber 12 via an open end 21 of the bell jar. 

[0020] As shoWn in Figures land 4, the gas distribution 
plate 20 is positioned Within the bell jar 11 by means of the 
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inWardly protruding ridge 22. The inWardly-most protruding 
edge 36 of the ridge 22 extends inWardly beyond the outer 
perimeter 38 of the plate 20 to provide support for the plate. 

[0021] The entire process chamber assembly 10 is then 
hot-?red in an oven to fuse the components together. Vapor 
iZed silicon carbide is then applied to junctions formed by 
the joined components in a chemical vapor deposition 
(CVD) process. The deposition of such “?ller material” 
insures that the process chamber 10 provides an air-tight, 
sealed environment for substrate processing. 

[0022] Ion operation, a gas such as nitrogen or oxygen is 
passed through the injector 18 into the interior 39 of the 
domed croWn 14 of the bell jar 11. The gas ?oWs from the 
domed croWn doWnWard, through passageWays (channels or 
holes) 40, 42 in the gas distribution plate 20, and into the 
interior 44 of the main cylindrical portion 12 of the bell jar. 
Holes 40 near the center of the gas distribution plate 20 are 
spaced further apart from each other than those holes 42 
about the periphery of the gas distribution plate. The closer 
spacing betWeen the peripheral holes 42 is designed to 
alleviate pressure buildup that Would tend to accumulate 
around the periphery of the interior of the domed croWn 14. 

[0023] The sum total of the cross sectional area of the 
holes 40, 42 is approximately four times the cross sectional 
area of the injector tube 18 to eliminate any pressure buildup 
in the domed croWn 14 of the bell jar 11. The pattern of holes 
40, 42 disclosed provides an even ?oW of gas through the 
gas distribution plate. Accordingly, a substrate such as a 
silicon Wafer (not shoWn) to be processed, positioned Within 
the bell jar beloW and parallel to the gas distribution plate, 
Will experience an even gas ?oW across the surface thereof. 

[0024] The gas is used primarily for oxide formation (e. g., 
monitor oxides, gate oxides and mask oxides). The silicon 
carbide construction can safely handle temperatures up to 
about 1250 degrees Centigrade (° C). In addition, silicon 
carbide is inert to processes occurring Within the process 
chamber, unlike more active materials such as aluminum. 

[0025] Accordingly, a preferred embodiment of a thermal 
process chamber having an integral gas distribution mecha 
nism has been described. With the foregoing description in 
mind, hoWever, it is understood that this description is made 
only by Way of example, that the invention is not limited to 
the particular embodiments described herein, and that vari 
ous rearrangements, modi?cations, and substitutions may be 
implemented With respect to the foregoing description With 
out departing from the scope of the invention as de?ned by 
the folloWing claims and their equivalents. 

What is claimed is: 
1. A thermal process chamber (10) for processing sub 

strates contained therein, comprising: 

a main processing portion (12) in Which a substrate to be 
processed may be positioned, said processing portion 
de?ning a ?rst area (44) and providing an opening (21) 
through Which a substrate to be processed may be 
inserted into and removed from said ?rst area (44) of 
the process chamber; 

an upper portion (11), positioned above the main process 
ing portion, de?ning a second area (39) and providing 
a closed end for the process chamber; 
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a gas injector (18) for providing gas to said second area 
(39); and 

a gas distribution plate (20) separating said ?rst area (44) 
from said second area (39), said gas distribution plate 
providing a plurality of passageWays (40, 42) for per 
rnitting gas provided to said second area to pass into 
said ?rst area, said gas distribution plate (20) formed 
integrally With said rnain processing portion (12) and 
With said upper portion (11). 

2. The thermal process chamber (10) of claim 1, Wherein 
said rnain processing portion (12), said upper portion (11), 
said gas injector (18), and said gas distribution plate (20) are 
comprised of silicon carbide (SiC). 

3. The thermal process chamber (10) of claim 2, Wherein 
said gas injector (18) comprises a tube extending from said 
opening (21) of said processing portion into said second area 
(39) of the process chamber. 

4. The thermal process chamber (10) of claim 3, further 
comprising a loWer ?ange (16) de?ning said opening (21), 
said loWer ?ange provided With a hole (26) into Which a 
loWer end (24) of said tube (18) is seated. 

5. The thermal process chamber (10) of claim 4, Wherein 
said loWer ?ange (16) is comprised of silicon carbide (SiC). 
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6. The thermal process chamber (10) of claim 2, Wherein 
said passageWays (40, 42) in said gas distribution plate (20) 
comprise ?rst passageWays (40) and second passageWays 
(42), said second passageWays (42) positioned closer in 
proximity to each other than said ?rst passageWays (40). 

7. The thermal process chamber (10) of claim 6, Wherein 
said second passageWays (42) are positioned about the 
periphery (38) of said gas distribution plate (20). 

8. The thermal process chamber (10) of claim 4, further 
comprising an inWardly protruding ridge (22) extending 
about the inner periphery of the thermal process chamber, 
said ridge (22) providing an edge (36) against Which said gas 
distribution plate (20) abuts for positioning said plate Within 
the thermal process chamber. 

9. The thermal process chamber (10) of claim 8, Wherein 
said ridge (22) is provided With a hole (34) at least partially 
through Which an upper end (32) of said tube (18) passes. 

10. The thermal process chamber (10) of claim 2, further 
comprising vaporiZed silicon carbide applied via a chemical 
vapor deposition (CVD) process to junctions formed by said 
rnain processing portion (12), said upper portion (11), said 
gas injector (18), and said gas distribution plate (20). 

* * * * * 


