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(57) ABSTRACT 

It is an object of the present invention, when forming a 
high-density plasma CVD film, to Suppress the production 
of particles, which are the cause of unsatisfactory formation 
of a micropattern, without causing a drop in productivity, 
and thus improve the yield of a Semiconductor device. For 
this purpose, a CVD film is formed on a predetermined 
plurality of Semiconductor Substrates by repeating, in order, 
a process #101a in which a plasma CVD film is formed on 
a semiconductor substrate, and a process #101b in which 
low-pressure cleaning of the inside of a reaction chamber is 
performed by way of exhaustion to a first exhaust line on 
which a turbo pump employed in #101a is placed. In this 
manner, reactant, which has adhered to the first exhaust line, 
can be removed during the low-pressure cleaning. Cleaning 
of a Second exhaust line or rough exhaust line, which does 
not have a turbo pump placed thereon, is performed as a 
result of the cleaning of the inside of the reaction chamber 
using this rough exhaust line, at least before or after the 
formation of a CVD film on a plurality of semiconductor 
substrates, for example, in processes #100 and #151. 
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CVD FILM FORMATION METHOD 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to a CVD film for 
mation method using high-density plasma. 

0003 2. Description of the Related Art 
0004. In addition to achieving a detailed pattern (herein 
after referred to as “micropattern') for Semiconductor inte 
grated circuit elements, it has become essential to ensure that 
high-aspect ratio interwiring Spaces are filled using inter 
layer insulating film without the generation of Voids, or that 
interwiring capacitance is reduced using a low-dielectric 
constant film So that wiring delay is reduced. For this reason, 
a high-density plasma CVD (chemical vapor deposition) 
technique has become essential, by which method not only 
is it possible to perform film formation and Ar Sputtering 
etching simultaneously, and to improve filling characteris 
tics of the insulating film or the like, but an insulating film 
of high quality can also be formed which is doped with 
fluorine in order to obtain low dielectric constant. 

0005 FIG. 4 is a schematic cross-sectional view of a 
high-density plasma CVD device. This CVD device is a 
leaf-type CVD device in which semiconductor substrates are 
processed one at a time. An electrostatic chuck 3 is provided, 
whereon a Semiconductor Substrate 2 to be processed is 
placed, inside a reaction chamber 1. 
0006 Components connected to this reaction chamber 1 
are: a reactive gas Supply line 4, a cleaning gas Supply line 
5; a main exhaust line 8, which has a exhaust valve 6 placed 
thereon and which is connected to a dry pump 7 at one end; 
and a rough exhaust line 11, which has a exhaust valve 9 and 
a throttle valve 10 placed thereon and which is connected to 
the dry pump 7 at one end on the side the throttle valve 10 
is placed. 

0007 An applicator 12, which changes cleaning gas to 
plasma, is placed on the cleaning gas Supply line 5. A throttle 
valve 13, a gate valve 14 and a turbo pump 15 are placed on 
the main exhaust line 8, between the reaction chamber 1 and 
the exhaust valve 6, in this order from the reaction chamber 
1 Side. The turbopump 15 is used Since reactive gas can thus 
be exhausted in the course of the formation of a CVD film 
and, further, a considerable vacuum can thereby be achieved 
in the reaction chamber 1, and also Since a turbo pump 
currently constitutes the only means of fulfilling Such con 
ditions. 

0008. A process of forming a CVD film, which utilizes 
the above-mentioned high-density plasma CVD device, will 
be described hereinbelow with reference to the flow chart of 
FIG 5. 

0009 First of all, at #400, with the gate valve 14 of the 
main exhaust line 8 closed, while 1100 sccm of nitrogen 
trifluoride (NF) is being introduced from the cleaning gas 
Supply line 5, the pressure in the reaction chamber 1 is 
controlled to be a high pressure of 3 Torr by way of 
exhaustion via the rough exhaust line 11, which is at a low 
Vacuum and is connected to the dry pump 7, So that cleaning 
is performed inside the reaction chamber 1. The path, along 
which NF. flows, runs in the following order; from the 
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applicator 12 to the reaction chamber 1, the exhaust valve 9, 
the throttle valve 10 and the dry pump 7. 
0010 Next, at #401a, reactive gas, which is a mixture of 
monosilane (SiH), oxygen (0) and argon (Ar), is intro 
duced from the reactive gas Supply line 4, and the preSSure 
of the reaction chamber 1 is controlled to be 6 mTorr. In 
other words, with the exhaust valve 9 of the rough exhaust 
line 11 closed, reactive gas is introduced from the reactive 
gas Supply line 4, and, the gate valve 14 of the main exhaust 
line 8 is opened, the turbo pump 15 is driven, and by 
adjusting the Speed of exhaustion by means of the throttle 
valve 13 and by way of exhaustion via the main exhaust line 
8, the above-mentioned preSSure value is maintained. At this 
time, the rotation speed of the turbo pump 15 is 30000 rpm. 
Under these conditions, electrical power is applied to the 
reactive gas inside the reaction chamber 1 by a high 
frequency power Source (not shown in the figure) to produce 
high-density plasma, whereby a CVD film is formed on a 
Semiconductor Substrate 2. The path, along which reactive 
gas flows, runs in the following order; from the reaction 
chamber 1, the throttle valve 13, the gate valve 14, the turbo 
pump 15, the exhaust valve 6, and to the dry pump 7. 
0011. Thereafter, at #401b, similarly to #400, while 1100 
Sccm of NF gas is being introduced from the cleaning gas 
Supply line 5, the pressure in the reaction chamber 1 is 
controlled to be 3 Torr by way of exhaustion to the rough 
exhaust line 11, and cleaning is thus performed inside the 
reaction chamber 1. The path, along which NF. flows, runs 
in the following order; from the applicator 12 to the reaction 
chamber 1, the exhaust valve 9, the throttle valve 10 and the 
dry pump 7. 

0012 Further, steps #401a and #401b constitute one 
cycle for one Semiconductor Substrate 2, therefore, by the 
repetition of 50 cycles, from #402a, #402b . . . to #450a, 
#450b, a CVD film is formed on fifty semiconductor Sub 
Strates 2. 

0013 However, a problem exists with the conventional 
CVD film formation method mentioned above in that, irre 
Spective of whether cleaning of the reaction chamber 1 is 
performed using high-pressure NF each time the formation 
of a film on one Semiconductor Substrate 2 is complete, a 
great many particles are produced that cause unsatisfactory 
formation of a micropattern on the Semiconductor Substrate 
2, and in that the yield of a Semiconductor device is therefore 
dropped. 

SUMMARY OF THE INVENTION 

0014. It is an object of the present invention to provide a 
CVD film formation method, as a means of resolving the 
above-mentioned problems, that is capable of reducing the 
production of particles which are the cause of unsatisfactory 
formation of a micropattern on a Semiconductor, without 
causing a drop in productivity, and that is capable of 
improving the yield of a Semiconductor device. 
0015 According to a research by the present inventor, et 

al., the production of particles is caused by the exhaustion of 
cleaning gas NF via a rough exhaust line. This rough 
exhaust line is utilized to avoid a rise in temperature of a 
turbo pump as a result of flowing high-pressure cleaning gas 
in the main exhaust line that comprises this turbo pump, 
thereby to avoid deformation or the like of the blades of a 
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turbo pump and occurrence of breakdowns thereof. How 
ever, because of this, no cleaning gas is made to flow in the 
main exhaust line, providing no opportunity to remove, by 
etching, reactants (mostly SiO2 when the high-density 
plasma CVD film is an insulating film) which are accumu 
lated within the gate valve and the turbo pump. This causes 
production of particles of the reactant which are then caused 
to adhere to the Semiconductor Substrate during the forma 
tion of a film. 

0016 For this reason, according to the present invention, 
in a State in which the cleaning-gas pressure is made low, or 
the rotation Speed of the turbo pump is made low, cleaning 
gas is made to flow in the exhaust line that comprises the 
turbo pump Such that the reactant adhered to this exhaust 
line may be removed. 
0.017. In other words, the present invention is character 
ized in that upon forming a CVD film on a plurality of 
Semiconductor Substrates by using a CVD device that com 
prises a reaction chamber for forming a CVD film, a first 
exhaust line which is connected to the reaction chamber and 
does not include a turbo pump, and a Second exhaust line 
which is connected to the reaction chamber Separately from 
the first exhaust line and which includes a turbo pump, two 
processes are performed, namely, a first process, which is 
repeated a number of times that corresponds to a predeter 
mined number of Substrates, and which comprises: a step of 
introducing a Semiconductor Substrate into the above-men 
tioned reaction chamber to form a CVD film thereon and, 
removing the Semiconductor Substrate, whose film forma 
tion is completed, from the chamber, in a state in which, 
while reactive gas is being Supplied to the reaction chamber, 
the turbo pump is driven to exhaust the reactive gas via the 
Second exhaust line Such that the chamber is held at a 
predetermined internal reaction preSSure, and a step of 
performing low-pressure cleaning of the reaction chamber, 
from which the above-mentioned semiconductor Substrate 
has been removed, by, while Supplying cleaning gas to the 
reaction chamber, discharging Same via the Second exhaust 
line such that the chamber is held at a predetermined low 
internal pressure that is higher than the pressure during the 
film formation, and a Second proceSS in which high-pressure 
cleaning of the inside of the reaction chamber is performed 
by, while Supplying cleaning gas to the reaction chamber, 
discharging the gas via the first exhaust line Such that the 
chamber is held at a predetermined high internal pressure 
that is higher than the pressure during the above-mentioned 
film formation. The Second process for the high-pressure 
cleaning using the first exhaust line is implemented at least 
before or after the first process. 
0018. Further, the CVD film formation method according 
to the present invention is characterized in that upon forming 
a CVD film on a plurality of semiconductor substrates by 
using a CVD device that comprises a reaction chamber for 
forming a CVD film, a first exhaust line which is connected 
to the above-mentioned reaction chamber and does not 
include a turbo pump, and a Second exhaust line which is 
connected to the reaction chamber Separately from the first 
exhaust line and which includes a turbopump, two processes 
are performed, namely, a first process, which is repeated a 
number of times that corresponds to a predetermined num 
ber of Substrates, and which comprises: a step of introducing 
a Semiconductor Substrate into the reaction chamber to form 
a CVD film thereon, and removing the semiconductor Sub 
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Strate, whose film formation is completed, from the cham 
ber, in a State in which, while reactive gas is being Supplied 
to the reaction chamber, the turbo pump is driven to exhaust 
the reactive gas via the Second exhaust line Such that the 
chamber is held at a predetermined internal reaction pres 
Sure, and a step of performing high-pressure cleaning of the 
reaction chamber, from which the Semiconductor Substrate 
has been removed, by, while Supplying cleaning gas to the 
reaction chamber, discharging the gas via the Second exhaust 
line by driving the turbo pump at a rotation speed that is 
lower than the rotation Speed during the film formation Such 
that the chamber is held at a predetermined high internal 
preSSure that is higher than the pressure during the above 
mentioned film formation; and a Second process in which 
high-pressure cleaning of the inside of the reaction chamber 
is performed by, while Supplying cleaning gas to the reaction 
chamber, discharging the gas via the first exhaust line Such 
that the chamber is held at a high internal preSSure that is 
equal to the pressure of the first process. The Second process 
for the high-pressure cleaning using the first exhaust line is 
implemented at least before or after the first process. 

0019. The CVD film formation method according to the 
present invention is further characterized in that upon form 
ing a CVD film on a plurality of semiconductor substrates by 
using a CVD device that comprises a reaction chamber for 
forming a CVD film, a first exhaust line which is connected 
to the reaction chamber and does not include a turbo pump, 
and a Second exhaust line which is connected to the reaction 
chamber Separately from the first exhaust line and which 
includes a turbo pump, two processes are performed, 
namely, a first proceSS which is repeated a number of times 
that corresponds to a predetermined number of Substrates, 
and which comprises: a Step of introducing a Semiconductor 
Substrate into the reaction chamber to form a CVD film 
thereon and, removing the Semiconductor Substrate, whose 
film formation is completed, from the chamber, in a State in 
which, while reactive gas is being Supplied to the reaction 
chamber, the turbo pump is driven to exhaust the reactive 
gas via the Second exhaust line Such that the chamber is held 
at a predetermined internal reaction pressure; and a step in 
which high-pressure cleaning of the inside of the reaction 
chamber, from which the Semiconductor Substrate has been 
removed, is performed by, while Supplying cleaning gas to 
the reaction chamber, discharging the gas Via the first 
exhaust line Such that the chamber is held at a predetermined 
high internal pressure that is higher than the preSSure during 
the film formation; and a Second proceSS in which low 
preSSure cleaning of the inside of the reaction chamber is 
performed by, while Supplying cleaning gas to the reaction 
chamber, discharging the gas via the Second exhaust line 
Such that the chamber is held at a predetermined low internal 
preSSure that is lower than the pressure during the high 
preSSure cleaning. The Second process for the low-pressure 
cleaning using the Second exhaust line is implemented at 
least before or after the first process. 
0020. The pressure during the high-pressure cleaning is 
preferably greater than 1.5 Torr. 
0021. The pressure during the low-pressure cleaning is 
preferably no less than 0.5 Torr and no more than 1.5 Torr. 
0022. The rotation speed of the turbo pump during the 
high-pressure cleaning is preferably no less than 10000 rpm 
and no more than 20000 rpm. 
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0023 The cleaning gas employed during the high-pres 
Sure cleaning may be nitrogen trifluoride gas, for example. 
0024. The cleaning gas employed during the low-pres 
Sure cleaning may be nitrogen trifluoride gas and an inert 
gas, for example. 
0.025 The inert gas used may be argon, for example. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0026 FIG. 1 is a process flow chart showing a CVD film 
formation process according to a first embodiment of the 
present invention; 
0027 FIG. 2 is a process flow chart showing a CVD film 
formation process according to a Second embodiment of the 
present invention; 
0028 FIG.3 is a process flow chart showing a CVD film 
formation process according to a third embodiment of the 
present invention; 
0029 FIG. 4 is a schematic view of the constitution of a 
conventional high-density plasma CVD device; and 
0030 FIG. 5 is a process flow chart showing a conven 
tional CVD film formation process. 

PREFERRED EMBODIMENTS 

0031) A CVD film formation method of the present 
invention will be explained in concrete terms hereinbelow 
on the basis of the drawings. 
0032. In each of the examples hereinbelow, a conven 
tional high-density plasma CVD device is used which is 
illustrated in FIG. 4, and reference will also be made to this 
figure in the course of the description of these examples. 

EXAMPLE 1. 

0033) As shown by the flow chart of FIG. 1, first of all, 
at #100, while 1100 sccm of nitrogen trifluoride (NF) is 
being introduced from a cleaning gas Supply line 5, the 
preSSure in a reaction chamber 1 is controlled to be a high 
preSSure of 3 Torr by way of exhaust via a rough exhaust line 
11 which is at a low vacuum and is connected to a dry pump 
7, So that high-pressure cleaning is performed inside the 
reaction chamber 1. The path, along which NF. flows, runs 
in the following order; from an applicator 12, the reaction 
chamber 1, a exhaust valve 9, a throttle valve 10, and to the 
dry pump 7. 

0034) Next, at #101a, reactive gas, which is a mixture of 
monosilane (SiH), oxygen (0) and argon (Ar), is intro 
duced from a reactive gas Supply line 4, and the pressure of 
the reaction chamber 1 is controlled so as to be 6 mTorr. In 
other words, with the exhaust valve 9 of the rough exhaust 
line 11 closed, reactive gas is introduced from the reactive 
gas Supply line 4, and, a gate valve 14 of a main exhaust line 
8 is opened, a turbo pump 15 is driven, and, by adjusting the 
speed of exhaust by means of a throttle valve 13 and by way 
of exhaust via the main exhaust line 8, the above-mentioned 
preSSure value is maintained. At this time, the rotation Speed 
of the turbo pump 15 is 30000 rpm. Under these conditions, 
electrical power is applied to the reactive gas inside the 
reaction chamber 1 by a high-frequency power Source (not 
shown in the figure) to produce high-density plasma, 
whereby a CVD film is formed on a semiconductor substrate 
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2. The path, along which reactive gas flows, runs in the 
following order; from the reaction chamber 1, the throttle 
valve 13, the gate valve 14, the turbo pump 15, a exhaust 
valve 6, and to the dry pump 7. 
0035) Thereafter, at #101b, while 1100 scam of NF3 gas 
from the cleaning gas Supply line 5 and 500 Scem of Ar is 
being introduced, the pressure in the reaction chamber 1 is 
controlled to be a low pressure of 1 Torr by way of exhaust 
to the main exhaust line 8, and low-pressure cleaning is thus 
performed inside the reaction chamber 1 and the main 
exhaust line 8. At this time, the rotation speed of the turbo 
pump 15 is 30000 rpm. The path, along which NF. flows, 
runs in the following order; from the applicator 12 to the 
reaction chamber 1, the throttle valve 13, the gate valve 14, 
the turbo pump 15, the exhaust valve 6 and the dry pump 7. 
0036 Further, the above-mentioned steps #101a and 
#101b constitute one cycle for one semiconductor substrate 
2, therefore, by the repetition of 50 cycles, from #102a, 
#102b . . . to #150a, #150b, a CVD film is formed on fifty 
Semiconductor Substrates 2. 

0037 Finally, at #151, similarly to #100, while 1100 
Sccm of NF gas is being introduced from the cleaning gas 
Supply line 5, the pressure in the reaction chamber 1 is 
controlled so as to be 3 Torr by way of exhaust via the rough 
exhaust line 11, So that high-pressure cleaning is performed 
inside the reaction chamber 1. The path, along which NF. 
flows, runs in the following order; from the applicator 12 to 
the reaction chamber 1, the exhaust valve 9, the throttle 
valve 10 and the dry pump 7. 
0038. This being so, by virtue of the fact that each time 
a CVD film is formed, the cleaning (#101b, #102b,. . . ) 
inside the reaction chamber 1 is implemented via the main 
exhaust line 8, reactant that has accumulated in the vicinity 
of the gate valve 14 or the turbo pump 15 can also be 
removed by etching, and the production of particles can be 
Suppressed. 
0039. At this time, by controlling the NFpressure inside 
the reaction chamber 1 to be a low pressure of 1 Torr, a rise 
in the temperature of the turbo pump 15 can be prevented. 
When the relationship was investigated between the pressure 
of the reaction chamber 1 and the temperature and lifespan 
of the turbo pump 15, it was established that at a low 
pressure of no more than 1.5 Torr, the turbo pump 15 could 
be kept at a temperature of no more than 110 degrees Celsius 
within a range of an actual rotation Speed of the turbo pump 
15, and there appeared no effect on the pump lifespan. 
However, at a pressure of no more than 0.5 Torr, the cleaning 
rate dropped Sharply and a drop in productivity resulted. For 
this reason, this low-pressure cleaning is implemented 
within a range of no less than 0.5 Torr and no more than 1.5 
Torr. Desirable cleaning conditions are such that the turbo 
pump 15 has a rotation speed of 30000 rpm and the pressure 
inside the reaction chamber 1 is from 0.7 to 1.0 Torr. 

0040. Further, grounds for employing not only NF but 
also Ar at this time are as follows: 

0041. In both high-density plasma CVD film growth step 
(#101a, . . . ) and low-pressure cleaning Step (#101b, . . . ), 
pressure-control is performed by the same throttle valve 13. 
For this reason, whereas preSSure control in the course of the 
high-density plasma CVD film growth proceSS is performed 
at 6 mTorr with the extent of opening of the throttle valve 
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13 at around 90%, the pressure control in the course of the 
low-pressure cleaning process is performed at 1 Torr with 
the throttle valve 13 being almost completely closed with the 
extent of opening thereof on the order of 10%. 

0042. However, particularly in the latter case, pressure 
control capacity is adversely affected to be on the order of 
1.0+/-0.6 Torr so that the above-mentioned 1.5 Torr is 
Sometimes exceeded, which means that the problems remain 
of a rise in temperature of the turbo pump 15 and a change 
in the lifespan thereof. However, currently, a throttle valve 
does not exist that is capable of controlling pressure in a 
Stable manner within a range extending between the above 
mentioned ultra-low pressure of 6 m Torr and the low 
pressure of 1.5 Torr. 

0043. Therefore, a method was considered of increasing 
the opening extent of the throttle valve 13 and of improving 
pressure control by increasing the NFflow amount from 
1100 sccm to 1500 sccm. However, on account of the large 
rise in pressure of NF following the conversion thereof into 
plasma, control of the throttle valve 13 did not satisfy 
requirements and the amount of variation in preSSure was the 
Same as the case where the flow amount was 1100 ScCm. 
This was considered to be due to the fact that NF decom 
poses into NF and F as a result of the conversion thereof 
into plasma and a rise in pressure is generated that corre 
sponds to the rate of this decomposition. 

0044) There, a further method was considered in which 
Ar was added, which, even in the conversion into plasma, 
does not decompose. Consequently, it was noted that 
through the addition of Ar in an amount 500 sccm, the 
pressure could be controlled at 1.0+/-0.2 Torr. This was 
considered to be attributable to the fact that, through the 
addition of Ar, it was possible to increase the opening extent 
of the throttle valve 13 to around 25%, and also that Ar 
barely fluctuates in preSSure, even when converted into 
plasma. Through the use of Ar, which is an inert gas, no drop 
in the cleaning rate was observed, which had been a matter 
of concern. Similar results may be obtained also by using, in 
place of Ar, other inert gases, Such as helium (He), whose 
Volume does not change even when converted into plasma. 

0.045. In addition, according to the above-mentioned 
method of Example 1, Since cleaning was implemented at a 
low pressure each time a CVD film was formed, which had 
conventionally been implemented at a higher preSSure, the 
cleaning effect was decreased. However, by performing a 
conventional high-pressure cleaning using the rough exhaust 
line 11 for relatively a long time at #151 after the successive 
film formation on a plurality of Semiconductor Substrates 2 
has been completed, the inside of the reaction chamber 1 
could be cleaned to an equal extent to that of the prior art. 
NF pressure during high-pressure cleaning was at least 
greater than 1.5 Torr, and preferably no less than 2.0 Torr. 

0.046 Since the high-pressure cleaning at #151 can be 
implemented in the course of a pressure-release operation to 
the atmosphere to facilitate the removal of a Semiconductor 
substrate from a CVD film formation apparatus, there is no 
drop in productivity. Further, the high-pressure cleaning at 
#151 may be implemented as a continuation of the low 
preSSure cleaning at #150b to constitute one proceSS 
together. 
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EXAMPLE 2 

0047. As shown by the flow chart of FIG. 2, at #200, 
while 1100 sccm of nitrogen trifluoride (NF) is being 
introduced from the cleaning gas Supply line 5, the preSSure 
in the reaction chamber 1 is controlled to be a high preSSure 
(3 Torr) by way of exhaust via the rough exhaust line 11, 
which is at a low vacuum and is connected to the dry pump 
7, So that high-pressure cleaning is performed inside the 
reaction chamber 1. The path, along which NF. flows, runs 
in the following order; from the applicator 12 to the reaction 
chamber 1, the exhaust valve 9, the throttle valve 10 and the 
dry pump 7. 

0048 Next, at #201a, reactive gas, which is a mixture of 
monosilane (SiH), oxygen (O2) and argon (Ar), is intro 
duced from the reactive gas Supply line 4, and the preSSure 
of the reaction chamber 1 is controlled to be 6 mTorr. In 
other words, reactive gas is introduced from the reactive gas 
Supply line 4, and the gate valve 14 of the main exhaust line 
8 is opened, the turbo pump 15 is driven, and by adjusting 
the speed of exhaust by means of throttle valve 13, exhaust 
is effected via the main exhaust line 8, so that the above 
mentioned pressure value is maintained. At this time, the 
rotation speed of the turbo pump 15 is 30000 rpm. Under 
these conditions, electrical power is applied to the reactive 
gas inside the reaction chamber 1 by a high-frequency power 
Source (not shown in the figure) to produce high-density 
plasma, whereby a CVD film is formed on a semiconductor 
Substrate 2. The path, along which reactive gas flows, runs 
in the following order; from the reaction chamber 1, the 
throttle valve 13, the gate valve 14, the turbo pump 15, the 
exhaust valve 6, and to the dry pump 7. 
0049. Thereafter, at #201b, while 1100 sccm of NF, gas 
is being introduced from the cleaning gas Supply line 5 by 
way of exhaust to the main exhaust line 8, the preSSure in the 
reaction chamber 1 is controlled to be high as 3 Torr, and 
high-pressure cleaning is thus performed inside the reaction 
chamber 1 and the main exhaust line 8. At this time, the 
rotation speed of the turbo pump 15 is low at 15000 rpm. 
The path, along which NF. flows, runs in the following 
order; from the applicator 12 to the reaction chamber 1, the 
throttle valve 13, the gate valve 14, the turbo pump 15, the 
exhaust valve 6 and the dry pump 7. 

0050. Further, steps #201a and #201b constitute one 
cycle for one Semiconductor Substrate 2, therefore, by the 
repetition of 50 cycles, from #202a, #202b . . . to #250a, 
#250b, a CVD film is formed on fifty semiconductor Sub 
Strates 2. 

0051. This being so, by virtue of the fact that cleaning 
(#201b, #202b, . . . ) inside the reaction chamber 1 is 
implemented, via the main exhaust line 8, each time a CVD 
film is formed, reactant that has accumulated in the vicinity 
of the gate valve 14 or the turbo pump 15 can also be 
removed by etching, and the production of particles can be 
Suppressed. 

0052 At this time, by causing the turbo pump 15 to rotate 
at a rotation Speed that is lower than the rotation Speed 
during the CVD film formation, a rise in the temperature of 
the turbo pump 15 can be prevented along with breakdowns 
caused by this rise in temperature. When the relationship 
was investigated between the pressure of the reaction cham 
ber 1 and the temperature and lifespan of the turbo pump 15, 
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it was established that, within a high-pressure region of 3 
Torr, by causing the turbo pump 15 to rotate at a low speed 
of no more than 15000 rpm, the turbo pump 15 could be set 
at a temperature of no more than 110 degrees Celsius, and 
there was no effect on the pump lifespan. However, when the 
rotation speed was below 10000 rpm, a stable rotation speed 
could not be Secured, resulting in unstable pressure. For this 
reason, the rotation of the turbo pump is effected within a 
range of no less than 10000 rpm and no more than 20000 
rpm. 

0053 Since the NFpressure is no different from that of 
the high-pressure cleaning of the prior art, Such cleaning 
effects can be Secured that are equal to those of the prior art, 
and in this point, Example 2 is Superior to Example 1 in the 
cleaning of the main exhaust line 8. 

EXAMPLE 3 

0054 As shown by the flow chart in FIG. 3, at #300, 
while 1100 sccm of nitrogen trifluoride (NF) is being 
introduced from cleaning gas Supply line 5, the pressure in 
the reaction chamber 1 is controlled to be a high pressure of 
3 Torr by way of exhaust via the rough exhaust line 11, 
which is at a low vacuum and is connected to the dry pump 
7, So that high-pressure-cleaning is performed inside the 
reaction chamber 1. The path, along which NF. flows, runs 
in the following order; from the applicator 12 to the reaction 
chamber 1, the exhaust valve 9, the throttle valve 10 and the 
dry pump 7. 

0.055 Next, at #301a, reactive gas, which is a mixture of 
monosilane (SiH), oxygen (O2) and argon (Ar), is intro 
duced from the reactive gas Supply line 4, and the preSSure 
of the reaction chamber 1 is controlled to be 6 mTorr. In 
other words, the reactive gas is introduced from the reactive 
gas Supply line 4, and the gate valve 14 of the main exhaust 
line 8 is opened, the turbo pump 15 is driven, and by 
adjusting the Speed of exhaust by means of throttle valve 13, 
exhaust is effected via the main exhaust line 8, so that the 
above-mentioned preSSure value is maintained. At this time, 
the rotation speed of the turbo pump 15 is 30000 rpm. Under 
these conditions, electrical power is applied to the reactive 
gas inside the reaction chamber 1 by a high-frequency power 
Source (not shown in the figure) to produce high-density 
plasma, whereby a CVD film is formed on a semiconductor 
Substrate 2. The path, along which reactive gas flows, runs 
in the following order; from the reaction chamber 1, the 
throttle valve 13, the gate valve 14, the turbo pump 15, the 
exhaust valve 6, and to the dry pump 7. T 

0056 hereafter, at #301b, similarly to #300, while 1100 
Sccm of NF gas is being introduced from the cleaning gas 
Supply line 5, the pressure in the reaction chamber 1 is 
controlled to be 3 Torr by way of exhaust to the rough 
exhaust line 11, and high-pressure cleaning is thus per 
formed inside the reaction chamber 1. The path, along which 
NF flows, runs in the following order; from the applicator 
12 to the reaction chamber 1, the exhaust valve 9, the throttle 
valve 10 and the dry pump 7. 

0057. Further, steps #301a and #301b constitute one 
cycle for one Semiconductor Substrate 2, therefore, by the 
repetition of 50 cycles, from #302a, #302b . . . to #350a, 
#350b, a CVD film is formed on fifty semiconductor Sub 
Strates 2. 
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0.058 Finally, at #351, while 1100 sccm of NF3 gas and 
500 ScCm of Ar are being introduced from the cleaning gas 
Supply line 5, the pressure in the reaction chamber 1 is 
controlled to be a low pressure of 1 Torr by way of exhaust 
to the main exhaust line 8, and low-pressure cleaning is thus 
performed inside the reaction chamber 1 and the main 
exhaust line 8. At this time, the rotation speed of the turbo 
pump 15 is 30000 rpm. The path, along which NF. flows, 
runs in the following order; from the applicator 12 to the 
reaction chamber 1, the throttle valve 13, the gate valve 14, 
the turbo pump 15, the exhaust valve 6 and the dry pump 7. 
Here, the grounds for employing not only NF but also Ar at 
this time are the same as those in Example 1. 
0059. This being so, while ensuring the cleaning imple 
mented inside the reaction chamber 1 each time a CVD film 
is formed to make Similar cleaning effects to those of the 
prior-art high-pressure cleaning implemented using the 
rough exhaust line 11, low-pressure cleaning is implemented 
at 1 Torr via the main exhaust line 8 after the formation of 
a film on a plurality of Semiconductor Substrates 2 is 
completed, So that the reactant that has accumulated in the 
vicinity of the gate valve 14 or the turbo pump 15 can also 
be removed by etching, and the production of particles can 
be Suppressed. 

0060 Since the final low-pressure cleaning can be imple 
mented in the course of a preSSure-release operation to the 
atmosphere to facilitate the removal of a Semiconductor 
substrate from a CVD film formation apparatus, there is no 
drop in productivity. 

0061 Furthermore, although the low-pressure cleaning 
of the main exhaust line 8 is implemented after the Succes 
Sive formation of a film on a plurality of Semiconductor 
Substrates 2 is completed, similar results may also be 
obtained by implementing the cleaning before the Start of 
this Successive film formation (in the course of vacuum 
removal to facilitate the installation of a Semiconductor 
Substrate in an apparatus for film formation). However, Since 
the cleaning is implemented only before the Start of Succes 
sive film formation or after the completion thereof, the 
results of cleaning the main exhaust line 8 are inferior to the 
results obtained in Example 1 or Example 2, according to 
which cleaning of the main exhaust line 8 is performed each 
time the film formation on one Semiconductor Substrate 2 is 
completed. 

0062. In addition, in the above-mentioned Examples 1 to 
3, high-density plasma CVD film formation has been exem 
plified in which reactive gas is employed that does not 
contain fluorine (F). However, also when a high-density 
plasma CVD film is formed by employing a reactive gas 
containing fluorine or the like, Similar cleaning results and 
particle-prevention results may be obtained. 

0063. The main-exhaust line cleaning process may also 
be one in which the conditions of Examples 1 to 3 are 
combined, Such as a process involving the combination of a 
low rotation speed for the turbo pump (no more than 25000 
rpm), and low-pressure NF-gas (a pressure of no more than 
1.5 Torr). 
0064. As described hereinabove, by means of the CVD 
film formation method of the present invention, by causing 
exhaust of cleaning gas, which is for cleaning the inside of 
the reaction chamber, via the exhaust line on which the turbo 
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pump is placed, and, by making the cleaning gas pressure or 
the turbo pump rotation Speed lower than those of the prior 
art, it was also possible to perform cleaning of the above 
mentioned exhaust line without causing the turbo pump to 
break down or causing a drop in productivity. As a result, 
reactant that had accumulated in the vicinity of the turbo 
pump or the gate valve could be removed by etching, and the 
production of particles could be Suppressed, whereby an 
improvement was realized in the yield of a Semiconductor 
device. 

What is claimed is: 
1. A CVD film formation method for forming a CVD film 

on a plurality of Semiconductor Substrates by using a CVD 
device that comprises a reaction chamber for forming a 
CVD film, a first exhaust line which is connected to the 
reaction chamber and does not include a turbo pump, and a 
Second exhaust line which is connected to the reaction 
chamber Separately from the first exhaust line and which 
includes a turbo pump, the method comprising: 

a first process, which is repeated a number of times that 
corresponds to a predetermined number of Substrates, 
and which comprises: a step of introducing a Semicon 
ductor Substrate into the reaction chamber to form a 
CVD film thereon, and removing the semiconductor 
Substrate, whose film formation is completed, from the 
chamber, in a State in which, while reactive gas is being 
Supplied to the reaction chamber, the turbo pump is 
driven to exhaust the reactive gas via the Second 
exhaust line Such that the chamber is held at a prede 
termined internal reaction pressure; and a step of per 
forming low-pressure cleaning of the reaction chamber, 
from which the semiconductor Substrate has been 
removed, by, while Supplying cleaning gas to the 
reaction chamber, discharging the gas via the Second 
exhaust line Such that the chamber is held at a prede 
termined low internal pressure that is higher than the 
preSSure during the film formation; and 

a Second proceSS in which high-pressure cleaning of the 
inside of the reaction chamber is performed by, while 
Supplying cleaning gas to the reaction chamber, dis 
charging the gas via the first exhaust line Such that the 
chamber is held at a predetermined high internal pres 
Sure that is higher than the pressure during the film 
formation. 

2. A CVD film formation method for forming a CVD film 
on a plurality of Semiconductor Substrates by using a CVD 
device that comprises a reaction chamber for forming a 
CVD film, a first exhaust line which is connected to the 
reaction chamber and does not include a turbo pump, and a 
Second exhaust line which is connected to the reaction 
chamber Separately from the first exhaust line and which 
includes a turbo pump, the method comprising: 

a first process, which is repeated a number of times that 
corresponds to a predetermined number of Substrates, 
and which comprises: a step of introducing a Semicon 
ductor Substrate into the reaction chamber to form a 
CVD film thereon, and removing the semiconductor 
Substrate, whose film formation is completed, from the 
chamber, in a State in which, while reactive gas is being 
Supplied to the reaction chamber, the turbo pump is 
driven to exhaust the reactive gas via the Second 
exhaust line Such that the chamber is held at a prede 
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termined internal reaction pressure; and a step of per 
forming high-pressure cleaning of the reaction cham 
ber, from which the semiconductor Substrate has been 
removed, by, while Supplying cleaning gas to the 
reaction chamber, discharging the gas via the Second 
exhaust line by driving the turbo pump at a rotation 
Speed that is lower than the rotation Speed during the 
film formation Such that the chamber is held at a 
predetermined high internal pressure that is higher than 
the pressure during the film formation; and 

a Second process in which high-pressure cleaning of the 
inside of the reaction chamber is performed by, while 
Supplying cleaning gas to the reaction chamber, dis 
charging the gas via the first exhaust line Such that the 
chamber is held at a high internal pressure that is equal 
to the preSSure of the first process. 

3. A CVD film formation method for forming a CVD film 
on a plurality of Semiconductor Substrates by using a CVD 
device that comprises a reaction chamber for forming a 
CVD film, a first exhaust line which is connected to the 
reaction chamber and does not include a turbo pump, and a 
Second exhaust line which is connected to the reaction 
chamber Separately from the first exhaust line and which 
includes a turbo pump, the method comprising: 

a first process, which is repeated a number of times that 
corresponds to a predetermined number of Substrates, 
and which comprises: a step of introducing a Semicon 
ductor Substrate into the reaction chamber to form a 
CVD film thereon, and removing the semiconductor 
Substrate, whose film formation is completed, from the 
chamber, in a State in which, while reactive gas is being 
Supplied to the reaction chamber, the turbo pump is 
driven to exhaust the reactive gas via the Second 
exhaust line Such that the chamber is held at a prede 
termined internal reaction pressure; and a step of per 
forming high-pressure cleaning of the reaction cham 
ber, from which the semiconductor Substrate has been 
removed, by, while Supplying cleaning gas to the 
reaction chamber, discharging the gas via the first 
exhaust line Such that the chamber is held at a prede 
termined high internal preSSure that is higher than the 
preSSure during the film formation; and 

a Second process in which low-pressure cleaning of the 
inside of the reaction chamber is performed by, while 
Supplying cleaning gas to the reaction chamber, dis 
charging the gas via the Second exhaust line Such that 
the chamber is held at a predetermined low internal 
preSSure that is lower than the pressure during the 
high-pressure cleaning. 

4. The CVD film formation method according to any of 
claims 1 to 3, wherein the pressure during the high-pressure 
cleaning is greater than 1.5 Torr. 

5. The CVD film formation method according to either 
claim 1 or claim 3, wherein the pressure during the low 
preSSure cleaning is no less than 0.5 Torr and no more than 
1.5 Torr. 

6. The CVD film formation method according to claim 2, 
wherein the rotation Speed of the turbo pump during the 
high-pressure cleaning is no less than 10000 rpm and no 
more than 20000 rpm. 

7. The CVD film formation method according to any of 
claims 1 to 3, wherein the cleaning gas employed during the 
high-pressure cleaning is nitrogen trifluoride gas. 
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8. The CVD film formation method according to either 9. The CVD film formation method according to claim 8, 
claim 1 or claim 3, wherein the cleaning gas employed wherein the inert gas is argon. 
during the low-pressure cleaning is nitrogen trifluoride gas 
and an inert gas. k . . . . 


