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APPARATUS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a Divisional application of U.S. 
application Ser. No. 1 1/469,724, filed Sep. 1, 2006, now 
allowed; and claims the benefit of priority from the prior 
Japanese Patent Application No. 2005-256.804 filed on Sep. 5, 
2005, the entire contents of which are incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates a cleaning method of 
semiconductor manufacturing apparatus and semiconductor 
manufacturing apparatus Such as film forming apparatus. 
0004 2. Description of the Related Art 
0005 Film forming apparatuses such as low pressure 
CVD (chemical vapor deposition) apparatuses are typically 
used for forming films on semiconductor Substrates in the 
manufacturing process of semiconductors. 
0006 FIG. 1 shows a schematic cross sectional view of a 
low pressure CVD apparatus. According to FIG. 4, the appa 
ratus comprises a reaction tube 103 including an inner tube 
103a and an outer tube 103b where a boat 102 carrying a 
plurality of semiconductor substrates 101 to be processed is 
mounted and a closure 104 for sealing the reaction tube. The 
reaction tube 103 is connected to a reaction gas feed pipe 105, 
which is included in a Supply system, also connected to a 
vacuum pump 106, which is included in an exhaust system, 
through a gate valve 107. A heater 108 is arranged around the 
reaction tube to heat reaction gas. 
0007 Part of excessive gas not participating in the film 
forming accumulates as reaction byproducts 109 near the 
closure 104 at an end of the reaction tube 103. As the film 
forming process is repeated, the amount of the adhering and 
accumulating reaction byproducts 109 increases. Then, part 
of the reaction byproducts 109 come off, to float in air and 
contaminate the semiconductor Substrates to be processed so 
that they usually removed by cleaning gas. However, it has 
been difficult to effectively remove floating small-particles 
(foreign-material) 110 that are not moved away on the 
exhaust gas flow. 
0008 Meanwhile, as a method for cleaning small-par 

ticles in an etching apparatus, it is suggested that introducing 
steam under reduced pressure using the Small-particles as 
cores for Solidification/liquefaction to make Small-particles 
removable (see, for example, Jpn. Pat. Publication No. 
11-54485). However, it has been difficult to apply any of the 
method to the film forming apparatus, because an injection 
channel has to be additionally provided to inject a foreign 
object Such as Steam into the film forming apparatus, and a 
tiny amount of the injected foreign object is remaining in the 
apparatus, it can adversely affect the film forming process and 
contaminate the semiconductor Substrates to be processed. 

BRIEF SUMMARY OF THE INVENTION 

0009 Cleaning method of semiconductor manufacturing 
apparatus according to an embodiment of present invention 
begins by introducing film forming gas include reaction gas 
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not forming a film by itself to reaction chamber to form the 
film on a semiconductor Substrate, decreasing pressure of the 
reaction chamber, Solidifying or liquefying the reaction gas to 
form particles by using Small-particles in the reaction cham 
ber as cores, and exhausting the particles from the reaction 
chamber. 
0010 Semiconductor manufacturing apparatus according 
to an embodiment of present invention includes a reaction 
chamber for introducing film forming gas include reaction 
gas not forming a film by itself, the film forming gas forming 
the film on a semiconductor Substrate, a Supply system for 
introducing the film forming gas to the reaction chamber, and 
an exhaust system for decreasing pressure of the reaction 
chamber to Solidify or liquefy the reaction gas to form par 
ticles by using Small-particles in the reaction chamber as 
cores and exhausting the particles from the reaction chamber. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0011 FIG. 1 is a cross sectional view showing a low pres 
sure CVD apparatus of prior art. 
0012 FIG. 2 is a cross sectional view showing a low pres 
sure CVD apparatus of an embodiment of the present inven 
tion. 
0013 FIG. 3 is a cross sectional view showing a low pres 
sure CVD apparatus of FIG. 2 in the cleaning process of the 
embodiment of the present invention. 
0014 FIG. 4 is a graph illustrating a number of particles on 
a surface of a semiconductor Substrate relative to an accumu 
lated film thickness of the embodiment of the present inven 
tion. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0015. Hereinafter, the embodiment relating to the present 
invention will be described in greater detail by referring to 
FIGS. 2 through 4. 
0016 FIG.2 shows a schematic cross sectional view of the 
low pressure CVD apparatus as a semiconductor manufactur 
ing apparatus of this embodiment. According to FIG. 2, the 
apparatus comprises a reaction tube (reaction chamber) 3 
including an inner tube 3a and an outer tube 3b where a boat 
2 carrying a plurality of semiconductor Substrates to be pro 
cessed is mounted and a closure 4 for sealing the reaction 
tube. The reaction tube 3 is connected to a reaction gas feed 
pipe 5, which is included in a Supply system, also connected 
to a vacuum pump 6, which is included in an exhaust system, 
through a gate valve 7. A heater 8 is arranged around the 
reaction tube to heat reaction gas. 
0017. In the low pressure CVD apparatus having the 
above-described configuration, films such as SiN films are 
formed the same as in the prior art on the semiconductor 
substrates 1 such as 200 mm diameter Si substrates. In the 
film forming process, firstly semiconductor Substrates 1 are 
loaded on a boat 2 and put into the reaction tube 3. Then, the 
gate valve 7 is opened and the internal pressure of the reaction 
tube 3 is reduced to a desired pressure level by means of the 
vacuum pump 6. Subsequently the film forming gas contain 
ing silanegas and NH gas is introduced into the reaction tube 
3 by way of the reaction gas feed pipe 5. Then, the gas of each 
type is heated and thermally decomposed in the reaction tube 
3 by the heater 8 to form the films such as SiN films 200 nm 
thickness of on the semiconductor substrates 1. After the film 
forming operation, the boat 2 is moved out of the reaction tube 
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3 and a boat 2 that carries mint semiconductor substrates 1 to 
be processed is brought in. The above process will be 
repeated. 
0018 Part of excessive gas not participating in the film 
forming accumulates as reaction byproducts 9 such as Si 
N.H that does not compositionally agree with SiNa near the 
closure 4 at an end of the reaction tube 3 that is cooled to a 
relatively low temperature level. Then, part of the reaction 
byproducts 9 float in the inside of the reaction tube 3 as 
small-particles 10. 
0019. The reaction byproducts 9 are produced and the 
small-particles 10 are floating in the low pressure CVD appa 
ratus, the boat 2 loading semiconductor Substrates to be pro 
cessed is moved out of the reaction tube 3, being sealed by the 
closure 4. Then, the gate valve 7 is opened, the internal gas of 
the reaction tube 3 is exhausted to decrease the pressure to 1.3 
Pa, for example, by the vacuum pump 6. Thereafter, NH gas, 
which is reaction gas not forming a film by itself, is intro 
duced into the reaction tube 3 by way of the reaction gas feed 
pipe 5 at a flow rate such as 3,500 sccm for 30 seconds. The 
introduced NH gas is cooled in the reaction tube 3 as it gives 
rise to adiabatic expansion and becomes solidified or lique 
fied and grows, using floating Small-particles that are a part of 
the reaction byproducts 9 as cores, to form particles 11 as 
shown. The particles 11 that are formed in this way no longer 
float in the reaction tube 3 because of an increase of the 
specific gravity and are discharged from the reaction tube 3 
with the exhaust gas flow 12. 
0020 FIG. 4 shows relation of a number of particles on the 
Surface of a semiconductor Substrate to an accumulated film 
thickness in this embodiment after removing Small-particles. 
The number of particles larger than 0.2 Lum and the number 
of small-particles 0.1 to 0.2 um were counted separately. For 
the purpose of comparison, a number of particles of the prior 
art that is not adapted to remove Small-particles is also shown 
in FIG. 4. 

0021. As shown in FIG. 4, the number of the small-par 
ticles rapidly increases when the accumulated film thickness 
exceeds 1.6 um with the prior art, but the increase in the 
number of the Small-particles is Suppressed according to this 
embodiment because they are mostly removed. Thus, this 
embodiment can Suppress the adhesion of Small-particles to 
the Surfaces of semiconductor Substrates. 

0022. In this embodiment, the NH gas as reaction gas is 
introduced as a source of N for SiN films to form particles by 
using Small-particles as cores. The NH gas is advantageously 
because of its high liquefying temperature and easy Solidified 
or liquefied growth by adiabatic expansion. However, the 
reaction gas to form particles is not limited to NH gas and 
any other gas can alternatively be used so long as the reaction 
gas that does not form films by itself. For example, PH gas 
and BHe gas using to for dope impurities can be used. Fur 
thermore, N2O gas and O gas as sources of O for forming a 
SiOC film and HCl gas as reaction gas to be used with 
monomethylsilane for forming a SiC film. 
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0023 This embodiment is applied to a low pressure CVD 
apparatus, also be applied to some other film forming appa 
ratuses such as a plasma CVD apparatus. 
0024. The inside of the reaction tube is preferably sub 
jected to a preliminary cleaning operation using cleaning gas 
as in the case of the prior art to remove the reaction byprod 
ucts adhering to the inside of the reaction tube to a certain 
extent before removing foreign Small-particles in order to 
improve the effect. Fluorine type gas normally used as clean 
ing gas can also be used. 
0025. Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, the inven 
tion in its broader aspects is not limited to the specific details 
and representative embodiments shown and described herein. 
Accordingly, various modifications may be made without 
departing from the spirit or scope of the general inventive 
concept as defined by the appended claims and their equiva 
lents. 
What is claimed is: 
1. A semiconductor manufacturing apparatus, the appara 

tus comprising: 
a reaction chamber for introducing a film forming gas 

comprising a reaction gas, the reaction gas not being 
able to form a film by itself, the film forming gas forming 
the film on a semiconductor Substrate; 

a Supply system for introducing the film forming gas to the 
reaction chamber, 

an exhaust system for decreasing pressure of the reaction 
chamber to Solidify or liquefy the reaction gas and to 
thereby form particles of said reaction gas using Small 
particles present in the reaction chamber as cores there 
fore and exhausting the particles from the reaction 
chamber. 

2. The apparatus according to claim 1, comprising a reac 
tion tube including an inner tube and an outer tube, a boat 
mounted inside said inner tube carrying a plurality of semi 
conductor Substrates to be processed, and a closure sealing 
the reaction tube, wherein the reaction tube is connected to a 
reaction gas feed pipe, which is included in a Supply system, 
also connected to a vacuum pump, which is included in an 
exhaust system, through a gate valve, and wherein a heater is 
arranged around the reaction tube. 

3. The apparatus according to claim 1, wherein the reaction 
gas is a source gas of nitrogen, oxygen, or impurities included 
in the film. 

4. The apparatus according to claim 1, wherein the Supply 
system is configured to introduce cleaning gas for cleaning 
the reaction chamber. 

5. The apparatus according to claim 1, wherein the Small 
particles are reaction byproducts of film forming. 

6. The apparatus according to claim 1, wherein the Small 
particles are made of a part of the reaction byproducts accu 
mulated inside of the reaction chamber and floating in the 
reaction chamber. 

7. The apparatus according to claim 1, wherein the reaction 
gas is solidified or liquefied by adiabatic expansion. 
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