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This invention relates to a combustion device for feed 
[21] APPL NQ; 51,945 ing hydrogen gas and oxygen gas into a combustion 

vessel, while heating the same, to generate water vapor. 
[22] Filed: APR 26, 1993 The combustion device comprises a hydrogen gas injec 

tion nozzle for feeding hydrogen gas into the combus 
tion vessel, and an oxygen gas injection nozzles for 

[2;] C(l; ' ‘ ' ' ' ‘ ‘ ' feeding oxygen gas into the combustion vessel. The 
[ 1 ' ' ' """"""""""""""" n41. 435/5. 432/6’ oxygen nozzles are projected further upward in the 
58 F. m f S h 432/241 15’6 5 6_ combustion vessel beyond the forward end of the hy 

[ 1 1e 0 can: """"""""""" " ’ 431/546’ drogen gas injection nozzle, and opened at a plurality of 
positions, whereby to diffuse oxygen widely around. 

_ The combustion device of this structure can feed a large 
[56] References C‘ted amount of hydrogen gas for the combustion, whereby a 

US. PATENT DOCUMENTS large amount of water vapor can be generated without 
enlarging the combustion vessel, and troubles, such as 
the devitri?cation of the forward ends of the nozzles, 
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abnormal heating in the combustion vessel. 

3 Claims, 5 Drawing Sheets 
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COMBUSTION DEVICE 

BACKGROUND OF THE INVENTION 

This invention relates to a combustion device to be 
used in oxidation devices for oxidizing objects to be 
treated, such as semiconductor wafers. 
The fabrication of semiconductor devices includes 

the oxidation step for forming oxide ?lms on the sur 
faces of semiconductor wafers. In one technique for this 
oxidation, semiconductor wafers are contacted with 
water vapor at a high temperature in an oxidation fur 
nace to form oxide ?lms on their surfaces. The oxida 
tion device for this technique using water vapor is 
known in, e.g., Japanese Patent Laid-Open Publication 
(KOKAI) No. 623326/ 1981, in which hydrogen gas and 
oxygen gas are fed directly in an oxidation furnace to 
combust in the oxidation furnace, and water vapor is 
generated. I 

But in this oxidation device, in which hydrogen gas 
and oxygen gas are combusted in the oxidation furnace, 
the temperature in the oxidation furnace greatly de 
pends on combustion ratios between the hydrogen gas 
and the oxygen gas. Accordingly it is dif?cult to suffi 
ciently control the temperature for oxidizing semicon 
ductor wafers. The reliability, safety and reproducibil 
ity of the oxidation of semiconductor wafers are low. 

In another oxidation device known in, e. g., Japanese 
Patent Publication (KOKOKU) No. 60528/ 1988 and 
Japanese Patent Laid-Open Publication (KOKAI) No. 
210501/ 1988, an external combustion device is provided 
as a water vapor ‘generating device separately outside 
an oxidation furnace, and this external combustion de 
vice is fed with hydrogen gas and oxygen gas and com 
busts the same to generate water vapor, which is sup 
plied to the oxidation furnace through a pipe. 

This external combustion device allows the heating 
state in the oxidation furnace to be controlled indepen 
dently of the operational state of the external combus 
tion device as the water vapor generating device. Ac~ 
cordingly the oxidation of semiconductor wafers in the 
oxidation furnace can be conducted with high reliabil 
ity, safety and reproducibility. This external combus 
tion-type oxidation device has been recently noted. 
On the other hand, recently semiconductor wafers, 

which are subjected to the oxidation, have increased 
diameters, as of 6 inches or 8 inches. To ef?ciently 
oxidize semiconductor wafers of such large diameters, it 
is necessary to feed large amounts of water vapor to 
oxidation furnaces. Also to this end, it is necessary to 
generate large amounts of water vapor by using exter 
nal combustion devices as water vapor generating-de 
vices. 
For the generation of a large amount water vapor by 

an external combustion device, large amounts of oxygen 
and hydrogen have to be fed into and combusted in a 
combustion vessel of the external combustion device. 
This results in increases of the gas combustion tempera 
ture in the combustion vessel, which cause various trou 
bles. Especially the supply amount of the hydrogen gas 
has been restricted. 
To be speci?c, conventionally in FIG. 8, large 

amounts of hydrogen gas and oxygen gas are injected 
for combustion, heated up to their spontaneous ignition 
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temperatures, from the adjacent end nozzles 50', 51' of 65 
a hydrogen gas feed pipe 32 and an oxygen feed pipe 33 
which are in a double pipe. Flame is generated from the 
position of the forward end 32a of the hydrogen gas 

2 
nozzle at the center of the double pipe. The ?ame heats 
the forward end 32a up to a temperature above its devit 
ri?cation temperature (about l200° C.) and devitri?es 
the same (phenomenon that transparent quartz is made 
opaque to peel off in ?akes). This devitri?cation results 
in generation of particles which lower yields of prod 
ucts, and deformation of con?gurations of the nozzles 
and clogging of the nozzles. In addition, the ?ame elon 
gates in shape to reach the inside upper wall of the 
combustion vessel, which is adversely heated to abnor 
mally high temperatures. Thus, although it is preferable 
to increase the hydrogen combustion amount so as to 
increase the water vapor generation amount, it too 
raises the temperature. In addition, the gas feed amount 
is restricted, and the capacity of the combustion vessel 
itself has to be increased. These will lead to the prob 
lems of higher costs of the combustion device, and 
larger spaces for the installation of the device. 

SUMMARY OF THE INVENTION 

In view of these problems, this invention has been 
made. An object of this invention is to provide a com 
bustion device which can feed a large amount of hydro 
gen gas to an oxidation furnace for combustion to gen 
erate a larger amount of water vapor without increasing 
the combustion vessel capacity and without causing 
troubles, such as devitri?cation of the forward end of 
the nozzle and abnormal heating of the interior of the 
combustion vessel. 
To achieve the above-described object, the combus 

tion device, according to this invention, for feeding 
hydrogen gas and oxygen gas while heating the same, 
through a hydrogen gas feed pipe and an oxygen gas 
feed pipe and combusting the gasses to generate water 
vapor comprises, a hydrogen gas injection nozzle pro 
vided on the forward end of the hydrogen feed pipe for 
feeding hydrogen gas into a combustion vessel, and 
oxygen gas injection nozzles provided on the forward 
end of the oxygen gas feed pipe for feeding oxygen gas 
into the combustion vessel, injection ports of the oxy 
gen gas injection nozzles being projected further in 
ward in the combustion vessel beyond the forward end 
of the hydrogen gas injection nozzle, and being pro 
vided by a plurality of openings distributed widely 
around the forward end of the hydrogen gas injection 
nozzle. 

In the combustion device, of the above-described 
constitution, according to this invention, the oxygen gas 
injection nozzles are distributed far away from and 
around the forward end of the hydrogen gas injection 
nozzle, and are projected upward beyond the forward 
end of the hydrogen gas injection nozzle. The oxygen 
gas can be diffused widely around the hydrogen gas. 
Consequently, even when larger amounts of hydrogen 
gas and oxygen gas are supplied to generate a larger 
amount of water vapor, ?ame formed when the gasses 
are ignited is not given forth from the forward end of 
the hydrogen gas injection nozzle, but from the oxygen 
gas injection nozzles around the hydrogen gas injection 
nozzle. As a result, the forward end of the hydrogen gas 
injection nozzle is not abnormally heated. The ?ame is 
shorter and wider than conventional ?ame, and does 
not raise the temperature in the combustion vessel to an 
unacceptable level. Thus, hydrogen can be supplied in 
larger amounts to generate larger amounts of water 
vapor without increasing capacities of the combustion 
vessel, while avoiding problems, such as particles, de 
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formations of a con?guration of the nozzle, clogging of 
the nozzle due to the devitri?cation of the forward end 
of the hydrogen gas injection nozzle, and abnormal 
heating in the combustion vessel. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1 comprise several views of the combustion 
device according to one embodiment of this invention, 
FIG. 1A is a plan view of gas injection nozzles at the 
bottom of the combustion vessel, and FIG. 1B is a verti 
cal sectional view of one example of the gas injection 
nozzle unit. 
FIG. 2 is an enlarged vertical sectional view of the 

part N in the gas injection nozzles unit. 
FIG. 3 is a vertical sectional view of the combustion 

device according to the embodiment illustrating its 
general structure. 
FIG. 4 is a graph of the temperature distribution of 

the combustion device according to this invention at 
vertically different points in the combustion vessel in 
comparison with that of the conventional combustion 
device. 
FIG. 5 is a vertical sectional view of another example 

of a gas injection nozzle unit. 
FIG. 6 is a diagrammatic general structural view of 

the oxidation device the combustion device according 
to this invention applied to as the water vapor generat 
ing device. 
FIG. 7 is a vertical sectional view of the combustion 

device according to another embodiment of this inven 
tion. 
FIG. 8 is a vertical sectional view of a gas injection 

nozzle unit of the conventional combustion device. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

One embodiment of this invention will be explained 
with reference to FIGS. 1 to 7. In this embodiment, the 
combustion device according to this invention is ap 
plied to the water vapor generating device for use in an 
external combustion-type oxidation device for forming 
oxide ?lms on semiconductor wafers. 
FIG. 6 is a diagrammatic view of the oxidation device 

of the external combustion type according to this inven 
tion. The major part of this oxidation device comprises 
an oxidation furnace 1 and an external combustion de 
vice 2 as a vapor generating device, which are intercon 
nected with a pipe. 

This oxidation furnace 1 is a vertical furnace of 
quartz, and includes a vertically cylindrical reaction 
tube 11 having the lower end opened. A water vapor 
feed pipe 12 is formed in one-piece with the reaction 
tube 11 on one side thereof and has the upper end 
opened in a water vapor inlet port 13 in the upper part 
of the reaction tube 11. An exhaust pipe 14 is provided 
on the lower part of the other side of the reaction tube 
11 in one-piece therewith. The forward end of the ex 
haust pipe 14 is fastened to an exhaust connection pipe 
15 by a clamp 16 through ball-shaped connections 14a, 
150. 
On the open lower end of the reaction tube 11 there 

is provided a shutter 17 openably. A wafer boat 19 is 
supported on the shutter 17 through a heat insulating 
cylinder 18. A plurality of semiconductor wafers W are 
supported horizontally in the wafer boat 19, vertically 
spaced from each other in a shel?ike manner. The wafer 
boat 19 is loaded and unloaded vertically from below 
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4 
into the reaction tube 11 together with the heat insulat 
ing cylinder 16 therebelow. 
A heater 20 is provided around the reaction tube 11 

for heating the interior of the reaction tube 11, and a 
heat insulating material 21 and an outer shell 22 are 
placed around the outside periphery of the heater 20. 
As shown in FIGS. 3 and 6, the external combustion 

device 2 comprises a vertically installed combustion 
vessel 30. The combustion vessel 30 is a vertical cylin 
der of quartz. A gases feed pipe 31 of quartz extended in 
one-piece with the combustion vessel downward from 
the bottom thereof. As shown in FIGS. 1 and 3, the 
gases feed pipe 31 is a double pipe. The inner pipe of the 
double pipe is a hydrogen feed pipe 32, and the outer 
pipe concentric with the inner pipe is an oxygen gas 
feed pipe 33. The inner hydrogen feed pipe 32 has a 
connection port 32a extended lower than the lower end 
of the outer oxygen gas feed pipe 33. The outer oxygen 
feed pipe 33 has a connection port 33a which is ex 
tended to one side from a part upper from the lower end 
thereof. 
As shown in FIG. 6, the connection port 32a of the 

hydrogen feed pipe 32 is connected to a hydrogen gas 
source 37 with a pipe through a change-over valve 35 
and a flow rate control mechanism 36. The connection 
port 32a is connected to a nitrogen gas source 39 
through a flow rate control mechanism 38 with a pipe 
branched from the change-over valve 35. The connec 
tion port 33a of the oxygen gas feed pipe is connected to 
an oxygen gas source with a pipe through a ?ow rate 
control mechanism 40. 
As shown in FIG. 1A and FIG. 1B, a hydrogen gas 

injection nozzle 50 of quartz, and oxygen gas injection 
nozzles 51 are formed in the upper end of the double gas 
feed pipe 31 in one-piece therewith, i.e., in the proximal 
end of the gases feed pipe 31 attached to the bottom of 
the combustion vessel 30. The oxygen gas injection 
ports 51A are projected a little higher inwardly in the 
combustion vessel 30 (indicated by h) than the hydro 
gen gas feed port 50A, and are opened inside the com 
bustion vessel at a plurality of positions so that the oxy 

. gen gas is diffused widely around. 
To be more speci?c, in the center of the bottom of the 

combustion vessel there is formed in one-piece there 
with an larger-diameter concavity having a depth of 
about 10 mm and a diameter (M) of about 40 mm. The 
upper end of the oxygen feed pipe 33 is connected to the 
bottom of the concavity 52 conically therewith. An 
annular diffusion plate 53 of a suitable width like a parti 
tion Wall is formed horizontally in one~piece with the 
larger-diameter concavity 52 at the middle of the depth. 
The upper end of the hydrogen gas feed pipe 32 is con 
nected to the inner periphery of the diffusion plate 53. 
The hydrogen gas injection nozzle 50, which also 

serves to prevent the back flow of the oxygen gas, is 
formed in one-piece with the inner hydrogen gas feed 
pipe 32 by reducing-a diameter thereof at a position a 
little lower than the diffusion plate 53 for the hydrogen 
gas feed pipe 32. 
The oxygen gas injection pipe 33 is in communication 

with a annular concavity space below the diffusion 
plate 53 inside the concavity 52. The oxygen gas injec 
tion nozzles (holes) 51 of a small diameter are bored in 
the diffusion plate 53, spaced from each other so that 
the oxygen gas is injected, inwardly diffused in the 
combustion vessel 30. Four of eight oxygen gas injec 
tion nozzles (holes) 51 are spaced from each other 
around the outer larger periphery of the diffusion plate 
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the water vapor outlet pipe 84 at the upper end of the 
combustion vessel 30 and the water vapor feed pipe 12. 
A large amount water vapor fed into the reaction 

vessel 11 of the oxidation furnace 1 ?ows down from 
the water vapor feed port 13 on the upper end of the 
reaction tube 11. On the other hand, the semiconductor 
wafers W mounted on the wafer boat 9 in the reaction 
tube 11 are maintained at a height temperature above 
about 900° C. by the heater 20. Accordingly the semi 
conductor wafers W are oxidized as required. The 
water vapor which has ?owed down to the lower part 
of the reaction tube 11 passes through the exhaust pipe 
14 and the exhaust connection pipe 15 to be discharged 
through a factory exhaust duct. 
When the oxidation of the semiconductor wafers W 

in the oxidation furnace 1 is ?nished, the hydrogen 
supply from the hydrogen gas source 37 is stopped, and 
only oxygen gas is continuously fed. The gas in the 
external combustion device 2 and the piping, and the 
oxidation furnace 1 is replaced by oxygen gas. Then the 
oxygen gas supply is stopped, and then, as described 
above, the change-over valve 35 is switched to feed 
nitrogen gas from the nitrogen gas source 39, so that the 
oxygen in the external combustion device 2 and the 
piping, and the oxidation furnace is replaced by nitro 
gen. In this state, the oxidized semiconductor wafers W 
on the wafer boat 9 are lowered together with the heat 
insulating cylinder 18 out of the oxidation furnace 1, 
and a next oxidation operation can be started. 
FIG. 5 is a vertical sectional view of another example 

the gas injection nozzle unit for use in the combustion 
device according to this invention. 

In the gas injection nozzle portion of this embodi 
ment, a gas feed head 90 is projected from the bottom of 
the combustion vessel 30 in one-piece therewith. This 
gas feed head 90 is in the form of a double pipe of a 
hydrogen gas feed pipe 32 and an oxygen gas feed pipe 
33. A hydrogen injection nozzle 32a of the hydrogen 
feed pipe 32 and an oxygen gas injection nozzle 33a of 
the oxygen gas injection pipe 33 are formed on the 
respective forward ends of a hydrogen gas passage 52b 
and an oxygen gas passage 51b both of which are 
slanted upward and expanded as they are extended 
radially outward so that the hydrogen gas injection 
nozzle 32a and the oxygen gas injection nozzle 33a are 
positioned vertically one on the other at the outer pe 
riphery of the gasses feed head 90. The hydrogen gas 
passage 52b and the oxygen gas passage 52b may be 
helically extended outward, gradually expanded. 

In the gas feed head 90 of this structure, owing to the 
direction of the hydrogen gas passage 52b and the oxy 
gen gas passage 51b, hydrogen gas is fed into a combus 
tion space 70, radially outwardly spread. Consequently, 
even when large amounts of hydrogen gas and oxygen 
gas are fed to generate a large amount of water vapor, 
the ?ame F radially spread but does not rise too high. 
Accordingly the ?ame F is prohibited from directly 
contacting with the inside surface of the top of the 
combustion vessel 30 without increasing a height of the 
inner cylinder 71 of the combustion vessel 30, i.e. in 
creasing a size of the combustion device 2. 
FIG. 7 is a vertical sectional view of the combustion 

device according to another embodiment of this inven 
tion. In this embodiment as well as the above-described 
embodiment, a combustion vessel 30 having a hydrogen 
gas injection nozzle 50 and an oxygen gas injection 
nozzle 51 on the bottom thereof conically accommo 
dates an inner cylinder 71 of quartz for de?ning a com 
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8 
bustion space 70. The inner cylinder 71 has the shape of 
a cylindrical cap having the upper end closed, and has 
the open lower end secured to the inside of the bottom. 
A cylindrical space 72 is de?ned between the outside 
periphery of the inner cylinder 71 and the inside periph 
ery of the combustion vessel 30. A plurality of commu 
nication ports for communicating the cylindrical space 
72 with the combustion space 70 are formed at a certain 
interval in the lower part of the peripheral wall of the 
inner cylinder 71. Around the combustion vessel 30 of 
this structure there is provided a cooling mechanism 74 
as in the above-described embodiment. 
A water vapor outlet unit 80 of quartz is formed on 

the upper end of the combustion vessel 30 in one-piece 
therewith. The water vapor outlet unit 80 has the shape 
of a cylindrical cap having a smaller diameter than the 
combustion vessel 30. The water vapor outlet unit 80 
accommodates two internal radiator panels 81, 82 of 
quartz formed horizontally in one-piece therewith and 
vertically spaced from each other for winding upward 
water vapor for cooling. Through-holes 81a, 82a are 
formed, offset from each other, through the respective 
radiator panels 81, 82. On the outer periphery of the 
water vapor outlet unit 80, two external radiator panels 
of quartz are formed in one-piece therewith, projected 
in vertically spaced collars. A water vapor outlet pipe 
84 is projected from the upper end of the water vapor 
outlet unit 80 and, as shown in FIG. 6, connected to the 
lower end of a water vapor feed pipe 12 of the oxidation 
furnace 1. 

In the external combustion device 2 of FIG. 7, heated 
hydrogen gas and heated oxygen gas injected into the 
combustion space 70 in the inner cylinder 71 of the 
combustion vessel 30 from the inner hydrogen gas in 
jection nozzle 50 and the outer oxygen gas injection 
nozzle 51 and mixed, and spontaneously ignite and com 
bust in ?ame F. And water vapor is generated. 
As described in connection with the above-described 

embodiment, even when larger amounts of hydrogen 
gas and oxygen gas are fed to generate more water 
vapor, the ?ame F of the ignited mixed gas is not 
formed at the forward end of the hydrogen gas injection 
nozzle 50, but at the peripheral oxygen gas injection 
nozzle 51. Consequently the forward end of the hydro~ 
gen gas injection nozzle 50 is prevented from being 
abnormally heated. The ?ame F does not rise upward, 
but radially expands short and wide. The ?ame F is 
prohibited from directly contacting the inside surface of 
the upper end of the inner cylinder 7 of the combustion 
vessel 30, and the temperature inside the combustion 
vessel 30 does not abnormally rise. 
A large amount of water vapor thus generated by the 

combustion of the hydrogen gas and the oxygen gas in 
the combustion space 70 in the inner cylinder 71 of the 
combustion vessel 30 ?ows into a cylindrical space 72 
through the communication port 73 in the lower part of 
the inner cylinder 71 and flows upward therein. During 
this upward ?ow, the high-temperature water vapor is 
efficiently and suitably cooled by the cooling mecha~ 
nisrn around the combustion vessel 30. 
The generated water vapor further winds upward 

from the interior of the cylindrical space 72 through the 
through-holes 81a, 82a in the vertically spaced internal 
radiator panels 81, 82 in the water vapor outlet unit 80. 
During this winding up, the water vapor is more effi 
ciently heat-exchanged by the external radiator panels 
83 in addition to the internal radiator panels. As de 
scribed above, the thus-cooled water vapor is supplied 
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from the water vapor outlet pipe 84 on the upper end of 
the combustion vessel 30 into the reaction tube 11 of the 
oxidation furnace 1 through the water vapor feed pipe 
12. 
The combustion device according to this invention is 

not limited to the above-described embodiments. In the 
above-described embodiments, the external combustion 
device according to this invention is applied to an exter 
nal combustion device for feeding water vapor to, e.g., 
a vertical oxidation furnace 1. The oxidation furnace 
may be horizontal. The combustion device according to 
this invention may be applied to devices for forming 
oxide ?lms on the various objects other than semicon 
ductor wafers, and other treatment devices. 
What is claimed is: 
1. An oxidation furnace for treating semiconductor 

wafers, said furnace having a combustion device for 
feeding hydrogen gas and oxygen gas, while heating the 
same, through a hydrogen gas feed pipe and an oxygen 
gas feed pipe and combusting the gases to generate 
water vapor, said combustion device comprising: 

an elongate combustion vessel having a ?rst end por 
tion and a second end portion located opposite to 
said ?rst end portion; 

a hydrogen gas injection nozzle located centrally in 
said ?rst end portion and provided on a forward 
end of said hydrogen gas feed pipe for axially feed 
ing hydrogen gas into said ?rst end of said elongate 
combustion vessel, said hydrogen injection nozzle 
having an injection port; 

a plurality of oxygen gas injection nozzles each hav 
ing an injection port, said oxygen gas injection 
nozzles being located concentrically around said 
hydrogen injection nozzle, said oxygen gas injec 
tion nozzles being provided on a forward end of 
said oxygen gas feed pipe for axially feeding oxy 
gen gas into said ?rst end portion of said elongate 
combustion vessel, 

said oxygen gas injection ports being located further 
forward toward said second end portion in said 
elongate combustion vessel beyond said injection 
port of said hydrogen gas injection nozzle, 
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10 
said combustion vessel having a water vapor outlet 

located at said second end of said elongate combus 
tion vessel. 

2. The combustion device according to claim 1, 
wherein 

said ?rst end portion of said elongate combustion 
vessel has a cavity integrally formed therewith, 
said hydrogen gas feed pipe being connected to 
said ?rst end portion of said cavity at a central 
portion, 

said cavity having an upper wall de?ned by an annu 
lar diffusion plate disposed horizontally with re 
spect to said cavity, said plate having a middle part 
that extends to substantially the depth of said cav 
ity, said forward end portion of said hydrogen gas 
injection pipe being connected to the inner periph 
ery of said middle part of said diffusion plate, and 

an annular diffusion space is de?ned below said diffu 
sion plate said oxygen gas feed pipe being con 
nected to said annular space. 

3. An oxidation furnace for treating semiconductor 
wafers, said furnace having a combustion device for 
feeding hydrogen gas and oxygen gas, while heating the 
same, through a hydrogen gas feed pipe and an oxygen 
gas feed pipe, and combusting the gases to generate 
water vapor, said combustion device comprising: 
an elongate combustion vessel having a ?rst end por 

tion, and a second end portion located opposite of 
said ?rst end portion, 

a gas feed head centrally connected to said ?rst end 
portion of said elongate combustion vessel and 
integrally formed therewith, wherein 

said gas feed head has a hydrogen passage and an 
oxygen passage formed about said hydrogen pas 
sage, said hydrogen passage and said oxygen pas 
sage having respective injection ports for feeding 
gas into said elongate combustion vessel, 

said hydrogen passage and said oxygen passage being 
in communication with said hydrogen gas feed pipe 
and said oxygen gas feed pipe respectively, 

said hydrogen feed passage and said oxygen feed 
passage each extending radially outwardly at 
where they respectively terminate in their said 
injection ports. 

* * * * * 
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