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APPARATUS FOR MANUFACTURING A
SEMCONDUCTOR DEVICE
CROSS-REFERENCE TO RELATED
APPLICATIONS

0001. This is a division of application Ser. No. 1 1/204,
079, filed Aug. 16, 2005, which is a division of application
Ser. No. 10/424,906, filed Apr. 29, 2003 (now U.S. Pat. No.
6,946,304), which are incorporated in their entirety herein
by reference. U.S. application Ser. No. 10/424.906 is a
Continuation Application of PCT Application No. PCT/
JP02/07206, filed Jul. 16, 2002, which was not published
under PCT Article 21(2) in English.
0002 This application is also based upon and claims
priority from prior Japanese Patent Application No. 2001
264867, filed Aug. 31, 2001, the entire contents of which are
incorporated herein by reference.
BACKGROUND OF THE INVENTION

0003) 1. Field of the Invention
0004 The present invention relates to an apparatus for
and method of manufacturing a semiconductor device, and
a cleaning method for use in the apparatus for manufacturing
a semiconductor device. Particularly, the invention relates to
an apparatus for and method of manufacturing a semicon
ductor device, which are designed to perform hot processes,
such as thermal oxidation, annealing, CVD and RTP, in
manufacturing the semiconductor device, and also to a
cleaning method for use in the apparatus for manufacturing
a semiconductor device.

0005 2. Description of the Related Art
0006. In processes of manufacturing a semiconductor
device, the steps of forming thin films on the semiconductor
Substrate (wafer) are very important. Each film-forming step
utilizes thermal reaction, chemical reaction or the like

between a feed gas and silicon, i.e., the representative
material of the wafer, and a feed gas, or between various
feed gases. So-called "hot processes.” Such as thermal
oxidation, thermal nitriding, annealing, rapid thermal pro
cess (RTP), and chemical vapor deposition (CVD), are
particularly important.
0007 Generally, these steps are carried out by introduc
ing feed gases into the reaction furnace of a film-forming
apparatus, in which one or more silicon wafers, i.e., semi
conductor substrates, have been placed. To form films of
desired properties (e.g., thickness, composition, resistance,
etc.), the flow rates of the feed gases, the pressure and
temperature in the reaction furnace and the processing time
are preset. A controller controls the film-forming apparatus,
causing the apparatus to operate in accordance with the
preset values. In recent years, the internal microstructure of
semiconductor devices has grown remarkably complex and
acquired high component concentration. It is therefore very
important to form high-quality thin films so that the semi
conductor device that is a complicated and high-perfor
mance device may operate reliably in stable conditions. To
this end, it increasing necessary to control, with very high
precision, the various parameters (film-forming parameters)
including the flow rates of feed gases, the pressure and
temperature in the reaction furnace and the process time, all
mentioned above.
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0008. As has been pointed out, it has become more
necessary to control, with high accuracy, the film-forming
parameters applied in the film-forming step in order to
provide high-quality thin films. With ordinary film-forming
apparatuses, however, some of the film-forming parameters
cannot be controlled with so high a precision as desired,
even if the controller for controlling the film-forming param
eters is improved in terms of control ability.
0009 Athermal oxidation process may be repeated sev
eral times (in several runs). In this case, the film-forming
conditions are set so that a film may be formed each time (in
each run) at the same conditions. Such as oxidation tem
perature, flow rate of oxygen and pressure of oxygen.
Theoretically, any thin film formed at one time should have
almost the same thickness as the thin film formed at any
other time. In practice, however, a difference in thickness,
which cannot be neglected or allowed, may exist between
the thin film formed in one run and the thin film formed in

any other run.
0010 Some reasons for this difference in thickness can be
considered. For example, the partial pressure that the oxi
dizer assumes in the oxidization furnace may varies from
run to run, due to any factor other than the flow rate of the
oxygen being introduced into the oxidation furnace and the
pressure of the oxygen introduced in the oxidation furnace.
More specifically, if the process using water is performed in
one run, Some of the water may remain adsorbed in the
furnace, not purged from the reaction furnace before the next
run. In this case, the water acts as an oxidizer in the furnace.
The oxide film formed while the water remains in the

furnace is inevitably thicker than the film formed in a
film-forming step at which water scarcely exists in the
furnace.

0011. In any film-forming apparatus that has a reaction
furnace the interior of which is exposed to the atmosphere,
the water in the atmosphere is taken into the reaction furnace
when a wafer is brought into the furnace for each run. If so,
the temperature in the furnace may differ from run to run,
because the water concentration (humidity) in the atmo
sphere is not always the same at the start and end of any run.
0012. The amount of the water adsorbed in the reaction
furnace or of the water taken from the atmosphere into the
furnace is extremely unstable. That is, it changes very much.
Therefore, the amount of the water adsorbed or taken into

the furnace is not set as a controllable parameter in the
ordinary film-forming apparatuses. Even if the amount of
the water is set as a film-forming parameter, oxide films may
greatly differ in thickness So long as the apparatus that forms
them performs a film-forming process using water or has a
reaction furnace whose interior is exposed to the atmo
sphere.
0013 A method many be devised, in which any very
unstable factor, Such as the amount of water outside the

furnace, is not used as a film-forming parameter and a factor
Such as the components of the exhaust gas discharged from
the furnace and containing feed gas used in the film-forming
step is analyzed (measured, observed and monitored). Thus,
the state of gas and the atmosphere, both in the furnace,
during the film-forming step may be determined and then
controlled to be appropriate ones. In this method, however,
neither the state of gas nor the atmosphere in the furnace is
accurately monitored.
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0014. This is because the component, concentration and
the like of the feed gas introduced into the reaction furnace
may largely differ from those the feed gas assumes outside
the reaction furnace. That is, the components, concentration
and the like of the feed gas may have different values each,
before, during and after the film-forming step, depending on
the thermal or chemical reaction that takes place during the
film-forming step. Particularly, the more reactive or decom
posable the feed gas is, the more greatly its components,
concentration, etc. Vary with time. Further, the composition,
concentration and the like of the feed gas, thus analyzed,
may greatly differ, depending upon the positions of the
analyzers employed to analyze them.
0.015 The thickness of the film differs, from run to run,
probably because of the residual feed gas accumulated in the
reaction furnace. For example, the components of the feed
gas fail to be reacted completely in one run and may adhere
to the inner Surface of the reaction furnace and may be
solidify. When the next run is performed in this condition,
any solid component of the gas, on the inner Surface of the
furnace, changes to gas due to the heat in the reaction
furnace. In the next run, this gas mixes with the feed gas
newly supplied into the reaction furnace. Consequently, the
amount of feed gas in the reaction chamber increases over
the constant value for each run. In other words, the amount

of feed gas differs, from run to run. It follows that the
thickness of the film varies, from run to run. The more runs

are carried out, the more residue of the feed gas will likely
be accumulated in the reaction furnace. This phenomenon is
prominent in proportion to the number of runs carried out.
0016 One film-forming apparatus may perform different
film-forming steps. In this case, the material used to form a
film differs from step to step. If the components of the
material used in one film-forming step remain not com
pletely reacted in the reaction furnace, it may be mixed with
the feed gas in the next film-forming step, though it is
unnecessary in the next step. If this component is mixed, the
thin film formed in the next step may have not only a
thickness greatly differing from the design value, but also
properties totally undesired or extremely poor.
BRIEF SUMMARY OF THE INVENTION

0017 According to an aspect of the invention, there is
provided an apparatus for manufacturing a semiconductor
device. The apparatus comprises: a process chamber which
holds a substrate to be subjected to a prescribed process; a
gas inlet pipe which is connected and communicates with an
interior of the process chamber and which introduces a
process gas for use in the process, into the process chamber;
a gas outlet pipe which is connected and communicates with
the interior of the process chamber and which discharges the
gas from the process chamber to outside the process cham
ber; component-measuring devices which are provided at
two or more positions selected from the group comprising of
a position in the process chamber, a position in the gas inlet
pipe and a position in the gas outlet pipe, and which measure
components of the gas in the process chamber or at least two
different gases selected from the group comprising of gas in
the process chamber, gas to be introduced into the process
chamber and gas discharged from the process chamber;
concentration-measuring devices which are provided at two
or more positions selected from the group comprising of a
position in the process chamber, a position in the gas inlet
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pipe and a position in the gas outlet pipe, and which measure
concentration of each component of the gas in the process
chamber, or the concentration of each component of at least
two different gases selected from the group comprising of
the gas in the process chamber, the gas to be introduced into
the process chamber and the gas discharged from the process
chamber; and a control device which adjusts the components
of the process gas, the concentration of each component of
the process gas and an atmosphere in the process chamber,
on the basis of values measured by the component-measur
ing device and concentration-measuring device. Such that an
appropriate process is performed on the Substrate.
BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

0018 FIG. 1 is a schematic diagram showing the struc
ture of a film-forming apparatus that is an apparatus for
manufacturing a semiconductor device, according to the first
embodiment of the present invention;
0019 FIG. 2 is a graph explaining a method of deter
mining the gas concentration in the reaction furnace pro
vided in the film-forming apparatus shown in FIG. 1;
0020 FIG. 3 is a schematic diagram illustrating the
structure of a film-forming apparatus of wet oxidation type,
which is an apparatus for manufacturing a semiconductor
device, according to the second embodiment of this inven
tion;

0021 FIG. 4 is a schematic diagram depicting the struc
ture of a film-forming apparatus that is an apparatus for
manufacturing a semiconductor device, according to the
third embodiment of the invention;

0022 FIG. 5 is a schematic diagram showing the struc
ture of a film-forming apparatus of batch type that is an
apparatus for manufacturing a semiconductor device,
according to the fourth embodiment of this invention;
0023 FIG. 6 is a schematic diagram illustrating the
structure of a film-forming apparatus that is an apparatus for
manufacturing a semiconductor device, according to the
fifth embodiment of the invention; and

0024 FIG. 7 is a graph explaining a method of deter
mining the gas concentration in the reaction furnace pro
vided in the film-forming apparatus shown in FIG. 6.
DETAILED DESCRIPTION OF THE
INVENTION

0.025 Embodiments of the invention will be described in
detail with reference to the accompanying drawings.
FIRST EMBODIMENT

0026. First, the apparatus for manufacturing a semicon
ductor device, method of manufacturing a semiconductor
device and cleaning method for use in the apparatus, all
according to the first embodiment of the invention, will be
described with reference to FIG. 1 and 2.

0027 FIG. 1 is a schematic diagram depicting the struc
ture of the apparatus 1 for manufacturing a semiconductor
device, according to the first embodiment. FIG. 2 is a graph
explaining a method of determining the gas concentration at
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a predetermined position in the processing chamber 3 that is
provided in the apparatus 1 shown in FIG. 1.
0028. As FIG. 1 shows, the apparatus 1 for manufactur
ing a semiconductor device, according to this embodiment,
comprises a process chamber 3, a gas inlet pipe 5, gas outlet
pipe 6, component-measuring devices 7, concentration-mea
suring devices 8, a controller 9, and the like. The process
chamber 3 may hold a substrate 2 to be subjected to a
specific process. The gas inlet pipe 5 introduces a process
gas 4 into the process chamber 3. The gas outlet pipe 6
exhausts gas from the process chamber 3. One component
measuring device 7 is provided on the gas inlet pipe 5 to
measure the components of the process gas being introduced
into the process chamber 3. One concentration-measuring
device 8 is provided on the gas inlet pipe 5, too, to measure
the concentration of each component of the process gas 4
being introduced into the chamber 3. The other component
measuring device 7 is provided on the gas outlet pipe 6 to
measure the components of the gas being exhausted from the
process chamber 3. The other concentration-measuring
device 8 is provided on the gas outlet pipe 6, too, to measure
the concentration of each component of the gas being
exhausted from the chamber 3. The controller 9 controls the

components of the process gas 4, the concentration of each
component of the gas 4 and the atmosphere in the process
chamber 3, in accordance with the values measured by the
component-measuring devices 7 and concentration-measur
ing devices 8. Thus, an appropriate process may be per
formed on the Substrate 2.

0029. The apparatus for manufacturing a semiconductor
device, according to this embodiment, is a film-forming
apparatus 1 of so-called 'single-wafer processing type.”
Namely, this apparatus forms films on one wafer 2, i.e., the
Substrate held in the process chamber 3 and being processed.
0030) Outside the reaction furnace 3, or process chamber,
a plurality of heaters 10 are provided. They function as a
temperature-adjusting device that sets the temperature in the
reaction furnace 3 at a predetermined value. A thermometer
11 and a pressure gauge 12 are attached to the reaction
chamber 3. The thermometer 11 measures the temperature in
the furnace 3. The pressure gauge 12 measures the pressure
in the furnace 3.

0031. The gas inlet pipe 5 is connected to the reaction
furnace 3 and communicates with the interior of the furnace

3. The pipe 5 has a gas inlet port 13 at the end that
communicates with the interior of the furnace 3. The port 13
guides the process gas 4 from the gas inlet pipe 5 into the
reaction furnace 3. Thus, the process gas 4 is introduced into
the reaction furnace 3 through the gas inlet port 13 after
passing through the gas inlet pipe 5.
0032. As a one-dot dashed line indicates in FIG. 1,
mass-flow controllers 14 are connected to one end of the gas
inlet pipe 5, which is connected at the other end to the
reaction furnace 3. The mass-flow controllers 14 are pro
vided, each serving as a feed-supplying device for Supplying
one process gas 4 into the gas inlet pipe 5. In this embodi
ment, three feed gases A, B and C are used as process gases
4. Hence, the embodiment has three mass-flow controllers

14a. 14b and 14c. The first mass-flow controller 14a Sup
plies the first feed gas A. The first mass-flow controller 14b
supplies the first feed gas B. The third mass-flow controller
14c supplies the first feed gas C.
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0033. A component-measuring device 7 and a concentra
tion-measuring device 8 are connected to that part of the gas
inlet pipe 5, which lies upstream of the gas flow indicated by
a broken line in FIG. 1, with respect to the gas inlet port 14.
The component-measuring device 7 monitors the compo
nents of the process gas being introduced into the reaction
chamber 3. The concentration-measuring device 8 monitors
the concentration of each component of the process gas 4
being introduced into the chamber 3. The component-mea
Suring device 7 and the concentration-measuring device 8.
both connected to the gas inlet pipe 5, are formed integral
with each other in the present embodiment. More specifi
cally, the devices 7 and 8 constitute a mass analyzer that can
measure the components of the process gas 4 and the
concentration of each gas component at the same time. The
mass analyzer, which measures the components of the
process gas 4 being introduced into the reaction furnace 3
and the concentration of each component of the process gas
4, shall be referred to as “first mass analyzer 15.”
0034) More precisely, the first mass analyzer 15 can
measure, at the same time, the composition of the process
gas 4 composed of feed gases A, B and C and being
introduced into the reaction furnace 3, and the concentra

tions, or contents (composition ratios), of the feed gases A,
B and C.

0035. The gas outlet pipe 6 is connected to the reaction
furnace 3, communicating with the interior thereof, and lies
downstream of the gas flow indicated by the broken line in
FIG. 1, with respect to the gas inlet pipe 5. The wafer 2 held
in the reaction furnace 3 is located between the gas inlet pipe
5 and the gas outlet pipe 6. The gas outlet pipe 6 has a gas
outlet port 16 at the end that communicates with the interior
of the reaction furnace 3. The gas outlet port 16 guides gases
from inside the reaction furnace 3 into the gas outlet pipe 6.
Thus, the gases are discharged from the reaction furnace 3
first through the gas outlet port 16 and then through the gas
outlet pipe 6.
0036) A switch valve 17 and an exhaust pump 18 are
provided on that part of the gas outlet pipe 6, which is
remote from the junction of the pipe 6 and the reaction
furnace 3. The switch valve 17 and exhaust pump 18 are
operated and stopped, to discharge the gases from the
reaction furnace 3 via the gas outlet pipe 6. In this embodi
ment, the switch valve 17 functions as a pressure control
valve to maintain the pressure in the reaction furnace 3 at a
preset value while the exhaust pump 18 is operating and at
another preset value while the pump 18 remains stopped.
0037. A component-measuring device 7 and a concentra
tion-measuring device 8 are connected to that part of the gas
outlet pipe 6, which lies near the gas outlet port 16 and
upstream of the gas flow indicated by a broken line in FIG.
1, with respect to the gas outlet port 16. The component
measuring device 7 monitors the components of the gas
discharged from the reaction chamber 3. The concentration
measuring device 8 monitors the concentration of each
component of the gas discharged from the chamber 3. The
component-measuring device 7 and the concentration-mea
Suring device 8, both connected to the gas outlet pipe 6, are
formed integral with each other in the present embodiment,
like the devices 7 and 8 connected to the gas inlet pipe 5.
More correctly, the devices 7 and 8 constitute a mass
analyzer that can measure the components of the gas dis
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charged from the reaction furnace 3 and the concentration of
each gas component at the same time. The mass analyzer,
which measures the components of the gas discharged from
the reaction furnace 3 and the concentration of each com

ponent of the gas, shall be referred to as 'second mass
analyzer 19.”
0038. To be more specific, the second mass analyzer 19
can measure, at the same time, the composition of the gas
(exhaust gas) discharged from the reaction furnace 3 and the
concentrations, or contents (composition ratios), of the com
ponents of the exhaust gas. Note that the exhaust gas is
composed of process gas 4 that has been introduced into the
reaction furnace 3 but not used in the film-forming reaction,
process gas 4 that has been introduced into the reaction
furnace 4 and contributed to the film-forming reaction,
process gas 4 that has been used in the film-forming reac
tion, and the like.

0039. As described above, in the film-forming apparatus
according to the first embodiment, the first mass analyzer 15
and the second mass analyzer 19 are provided at the
upstream and downstream sides of the wafer 2 held in the
reaction furnace 3. Namely, the mass analyzers 15 and 19 are
located upstream and downstream, respectively, with respect
to the gas that flows in the reaction furnace 3, from the gas
inlet pipe 5 to the gas outlet pipe 6 as is indicated by the
broken line in FIG. 1.

0040. The controller 9, used as a control device, is
connected to the heaters 10, thermometer 11, pressure gauge
12, first to third mass-flow controllers 14a, 14b and 14c, first

mass analyzer 15, second mass analyzer 19, switch valve 17,
exhaust pump 18, and the like. The solid-line arrows shown
in FIG. 1 indicate the directions in which electric signals
flow between the devices connected to the controller 9. In

FIG. 1, the first to third mass-flow controllers 14a, 14b and

14c are depicted as a single mass-flow controller 14, thus
simplifying the figure. The controller 14 receives and trans
mits signals from and to the controller 9, so that the
controller 9 may control the controllers 14a. 14b and 14c. In
fact, however, the first to third mass-flow controllers 14a,

14b and 14c exchange signals with the controller 9, each
independently of the other mass-flow controllers. Hence, the
controller 9 controls each mass-flow controller, indepen
dently of the two other mass-flow controllers.
0041. The controller 9 is designed to determine with high
precision the conditions in which a thin film is being formed,
from the signals sent from the thermometer 11, pressure
gauge 12, first to third mass-flow controllers 14a. 14b and
14c, first mass analyzer 15, second mass analyzer 19, and the
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forming apparatus 1 of this embodiment, the process param
eters are stored in a process-parameter database unit 20
indicated by two-dot dashed line in FIG. 1. The more
process parameters the process-parameter database unit 20
stores, the more accurately can the components of the
process gas 4, concentration of each component of the gas
4, temperature and pressure in the reaction function 3 and
condition of forming a film be controlled to optimal ones.
0044) The thermometer 11 and the pressure gauge 12
measure the temperature and pressure in the reaction furnace
3 at prescribed time intervals. They generate electric signals
representing the values they have measured (i.e., measured
value data), which are sent to the controller 9. After receiv
ing these electric signals, the controller 9 adjusts the oper
ating conditions of the heaters 10, switch valve 17, exhaust
pump 18 and the like to appropriate ones in accordance with
the process parameter already given to it. The film-forming
process may therefore be performed on the wafer 2 in
optimal conditions.
0045. The controller 9 incorporated in the present
embodiment is designed to control the components of the
process gas 4 and the concentration of each component of
the gas 4 to proper value, on the basis of the gas components
and gas component concentrations (i.e., measured value
data) that the first mass analyzer 15 and second mass
analyzer 19 have measured at the positions they are located.
Thus, the film-forming process can be carried out on the
wafer 2 in appropriate conditions. The controller9 used in
this embodiment is designed, also to utilize the preset data,
Such as the flow rates and flow speeds of the feed gases A,
B and C, as data for appropriately controlling the compo
nents of the process gas 4 and the concentration of each
component of the gas 4.
0046) The first mass analyzer 15 and second mass ana
lyZer 19 measure the gas components and gas component
concentrations, at the positions they are located and at
predetermined time intervals. They generates electric signal
representing the values measured (i.e., measured value data).
The electric signals are supplied to the controller 9. The
controller 9 receives electric signals also from the first to
third flow-mass meters 14a, 14b and 14c. The controller 14a

a film. Hence, the film can be formed on the wafer 2 in

measures the flow rate and flow speed of the feed gas A
flowing through it, the controller 14 measures the flow rate
and flow speed of the feed gas B, and the controller 14a
measures the flow rate and flow speed of the feed gas C
flowing through it, each at different time intervals. The first
to third controllers 14a. 14b and 14c generate electric signals
(i.e., preset data) that represent the flow rates and flow
speeds of the gases A, B and C. These signals are sent to the
controller 9. Upon receipt of the signals, the controller 9
adjusts the operating conditions of the first to third mass
flow controllers 14a. 14b and 14c on the basis of the process
parameters it already has, so that the film-forming process
may be performed on the wafer 2 in appropriate conditions.
Namely, the controller 9 adjusts the flow rates and flow
speeds of the feed gases A, B and C flowing through the

optimal conditions. In other words, the process parameters
set the best possible conditions (i.e., actual environment) for
forming a film on the wafer 2, to manufacture a semicon
ductor device that has thin films of the quality desired.
0043. The process parameters can be obtained by, for
example, experiments or computer simulations. In the film

the process parameters, to appropriate values whenever
necessary. Thus, the film-forming process may be carried
out on the wafer 2 in appropriate conditions.
0047 The controller 9 is configured to control the con
dition of forming a film, in accordance with the process

like.

0.042 A plurality of process parameters of various types
has been given to the controller 9. They are optimal for
controlling the components of the process gas 4, the con
centration of each component of the gas 4, temperature and
pressure in the reaction furnace 3 and condition of forming

mass-flow controllers 14a, 14b and 14c in accordance with
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parameters, thereby to perform the film-forming process on
the wafer 2 in appropriate conditions. More precisely, the
controller 9 can set the time of the film-forming process at
a predetermined value, which is required until a semicon
ductor device having thin films of desired quality, in accor
dance with the process parameters.
0.048 Moreover, in the film-forming apparatus 1 accord
ing to this embodiment has a component-calculating unit 21
and a concentration-calculating unit 22. The component
calculating unit 21 calculates, from the gas components
(measured data) measured by the first and second mass
analyzers 15 and 19, the components that the gas has at a
predetermined position in the reaction furnace 3 and at the
same time the analyzers 15 and 19 measure the components
of the gas. The concentration-calculating unit 22 calculates,
from the component concentration (measured data) mea
sured by the analyzers 15 and 19, the concentration that each
gas component has at said position in the reaction furnace 3
and at the same time the analyzers 15 and 19 measure the
concentration of the gas component. The component-calcu
lating unit 21 and concentration-calculating unit 22 are
designed to calculate the components that the gas has at the
predetermined position in the reaction furnace 3 and the
concentration each gas component has at the predetermined
position, at prescribed time intervals as the first and second
mass analyzers 15 and 19 do operate. In the film-forming
apparatus 1 of the present embodiment, the component
calculating unit 21 and concentration-calculating unit 22 are
incorporated in the controller 9, as may be indicated by
two-dot dashed lines in FIG. 1.

0049. A calculation model for finding the concentration
that one component of the gas has at the predetermined
position in the reaction furnace 3 will be explained, with
reference to FIG. 2. In the film-forming apparatus 1 accord
ing to this embodiment, the first mass analyzer 15 provided
near the gas inlet port 13 monitors the components of the gas
and the concentration of each gas component, and the
second mass analyzer 19 provided near the gas outlet port 16
monitors the components of the gas and the concentration of
each gas component. In this case, the simplest calculation
model may be used to find the concentration of one gas
component in the form of an interpolated value on a linear
function (straight line) that connects two values measured by
the first and second mass analyzers 15 and 19, respectively.
0050. During the film-forming process, however, the
components that the gas has at the predetermined position in
the reaction furnace 3 and the concentration that each gas
component has at the predetermined position are too com
plex to be expressed as a linear function as mentioned above.
Therefore, a more complex calculation model should better
be used in order to find more accurately the concentration of
one gas component at the predetermined position in the
reaction furnace 3. This calculation model finds the concen

tration by interpolation, or by connecting the values mea
Sured by the first mass analyzer 15 and second mass analyzer
19 by a complex function (curve), as is indicated by the
one-dot dashed lines in FIG. 1.

0051. The calculation models explained above are used in
the same way in order to measure the components that the
gas has at the predetermined position in the reaction furnace
3.

0.052 The calculation models for measuring the compo
nents the gas has at the predetermined position in the
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reaction furnace 3 and the concentration of each gas com
ponent can be attained by, for example, computer simula
tions, just like the above-mentioned process parameters are
obtained. Each calculation model is assumed to be stored in

the calculation-model database unit 23 that is incorporated
in the controller 9 as indicated by the two-dot dashed lines
in FIG. 1. The more calculation models the calculation

model database unit 23 stores, the more accurately the
components the gas has at the predetermined position in the
reaction furnace 3 and the concentration each gas compo
nent has will be measured as interpolated values during the
film-forming process.
0053) The controller 9 provided in this embodiment is
designed to update the process parameters at the prescribed
time intervals, even during the film-forming process, in
accordance with the gas components at the predetermined
position in the reaction furnace 3 and the concentration of
each gas component, which the component-calculating unit
21 and concentration-calculating unit 22 calculate. Hence,
the film-forming process can be performed on the wafer 2 in
appropriate conditions. On the basis of the process param
eters thus updated, the controller 9 controls the operating
conditions of the above-mentioned devices, appropriately
adjusting the components of the process gas 4, the concen
tration of each component, the atmosphere in the reaction
furnace 3 and the conditions of the progressing film-forming
process.

0054 Moreover, the controller9 calculates the difference

between each process parameter updated on the basis of the
values calculated by the component-calculating unit 21 and
concentration-calculating unit 22, on the one hand, and the
initial process parameter set at the start of the film-forming
process, on the other hand. In accordance with the different,
the controller 9 changes (corrects) the temperature and
pressure in the reaction furnace 3, the flow rates and flow
speeds of the feed gases A, B and C, the time of the
film-forming process, and the like, to appropriate values.
Hence, the film-forming process can be performed on the
wafer 2 in appropriate conditions. This makes it possible to
provide a semiconductor device that has thin films of desired
quality.
0055. The process parameters updated in accordance
with the values calculated by the component-calculating unit
21 and concentration-calculating unit 22, and the difference
between each updated process parameter and the initial
process parameter set at the start of the film-forming process
are stored into the process-parameter database unit 20, every
time the updating and calculation are carried out. Thus, the
more times the film-forming apparatus 1 performs the film
forming process, the more choices of appropriate conditions
for the film-forming process. This renders it possible to carry
out the film-forming process on the wafer 2 at the best
possible conditions. A semiconductor device having thing
films of higher quality can, therefore, be obtained.
0056. The controller 9 used in the present embodiment
can perform a plurality of preset sequences of film-forming
process. It can therefore perform different types of film
forming processes on the wafer 2, each in appropriate
conditions. Further, the controller 9 is configured to select
and perform one of the sequences of film-forming process,
which meets the conditions of the film-forming step that
follows the film-forming step being carried out when the
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component-calculating unit 21 and concentration-calculat
ing unit 22 make calculations. The conditions of the film
forming step that follows the film-forming step being carried
out are that the next step is hardly influenced by the
film-forming step now undergoing, so that the film-forming
process may be performed on the wafer 2 in appropriate
conditions. The process sequence that satisfies Such condi
tions is selected in accordance with the values calculated by
the component-calculating unit 21 and concentration-calcu
lating unit 22.
0057 The process sequences are stored in the process
sequence database unit 24 that is provided in the controller
9, as is indicated by two-dot dashed lines in FIG. 1. The
greater the number (types) of process sequences stored in the
process-sequence database unit 24, the more appropriate the
conditions will be, in which the film-forming process can be
carried out to provide a semiconductor device that has thin
films of higher quality.
0.058 As described above, in the film-forming apparatus
1 that is an apparatus for manufacturing a semiconductor
device, which is the first embodiment of the invention, the

gas components and the concentration of each gas compo
nent are directly monitored in real time at one position on the
upstream of the wafer 2 and at one position on the down
stream of the wafer 2, during the film-forming process being
performed on the wafer 2 held in the reaction furnace 3. The
components that the gas has and the concentration that each
gas component has, at the predetermined positions in the
reaction furnace 3, are calculated in real time from the
values thus monitored. Thereafter, the values calculated are
fed back, in real time, to the conditions in which the

film-forming process is being carried out, so that the film
forming process may be appropriately carried out on the
wafer 2. Hence, the film-forming process can be accom
plished, while being appropriately controlled.
0059. With the film-forming apparatus I thus configured,
the components that the gas has and the concentration that
each gas component has, at the predetermined positions in
the reaction furnace 3, can be monitored in real time and

with high precision. Additionally, the controller 9 incorpo
rated in the film-forming apparatus 1 can accurately deter
mine the conditions in which a thin film is being formed on
the wafer 2, from the signals sent from the thermometer 11,
pressure gauge 12, first to third mass-flow controllers 14a.
14b and 14c., first mass analyzer 15, second mass analyzer 19
and the like. The process parameters (control parameters)
can therefore be changed to appropriate values, if necessary
in view of the conditions of forming the thin film, to perform
the film-forming process on the wafer 2 in appropriate
conditions, regardless of the type of the film-forming pro
cess. This makes it easy to provide a semiconductor device
that has thin films of desired quality.
0060. In the film-forming apparatus 1 of the structure
described above, the process parameters, the calculation
model and the process sequence can be changed or selected
by virtue of the real-time feedback control that the controller
9 accomplishes in accordance with the gas components and
the concentration of each gas component at the predeter
mined position in the reaction furnace 3. Thus, the uncon
trollable disturbance (uncontrollable factor or uncontrollable
parameter). Such as the amount of water introduced into the
reaction furnace 3 as explained in regard to the conventional
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technique, need not be used as a process parameter. Hence,
the film-forming process can be reliably controlled, robust
(or hardly susceptible) to such disturbance.
0061. A method of manufacturing a semiconductor
device, according to the first embodiment of this invention,
will be described. The method of manufacturing a semicon
ductor device, according to the first embodiment, is, to be
specific, a film-forming method that uses the film-forming
apparatus 1 described above.
0062. In the film-forming method, of the gas introduced
in the reaction furnace 3, the gas to be introduced into the
reaction furnace 3 and the gas exhausted from the reaction
furnace 3, the components of the gas in the reaction furnace
3 or the components of at least two gases and the concen
tration of each component of the gas are first measured, at
two or more different positions in the reaction furnace 3, gas
inlet pipe 5 and gas outlet pipe 6. Then, the components of
the process gas 4, the concentration of each component, and
the atmosphere in the reaction furnace 3 are adjusted on the
basis of the values measured, so that an appropriate film
forming process may be carried out on the wafer 2 held in
the reaction furnace 3.

0063. The film-forming method according to this
embodiment is carried out by the use of the film-forming
apparatus 1 described above. The operation and advantages
of the method are therefore similar to those of the film

forming apparatus 1. That is, the film-forming method
according to the present embodiment can change the process
parameters (control parameters) to appropriate values, if
necessary. Thus, the film-forming process can be appropri
ately effectuated, irrespective of its type, in accordance with
the conditions in which a thin film is being formed on the
wafer 2. The method can therefore manufacture a semicon

ductor device having thin films of desired quality.
0064. A cleaning method for use in an apparatus for
manufacturing a semiconductor device, according to the
present embodiment, will be described. The cleaning
method according to the first embodiment is performed by
the use of the film-forming apparatus 1 that has been
described.

0065 Film-forming apparatuses perform film-forming
processes Such as oxidation and CVD. Generally, a cleaning
process must be carried out in, for example, a CVD appa
ratus, to remove residues (attached objects) deposited on the
inner walls of the reaction furnace 3 after the film-forming
process is completed. The film-forming apparatus 1 can be
effectively applied to this cleaning process.
0066 Generally, the optimal conditions in a cleaning
process vary, depending on the kind of the attached object to
be removed. One film-forming apparatus may perform film
forming processes of various types. In this case, the attached
object to be removed may vary, depending on the time
(process stage) when the cleaning should be carried out. As
indicated above, the film-forming apparatus 1 can detect, in
real time, the gas components in the reaction furnace 3 and
the concentration of each gas component. Therefore, it is
very easy for the apparatus 1 to determine the kind of the
object to be removed at the time of performing the cleaning
process. Further, optimal cleaning conditions can be set in
accordance with the kind of the object to be removed, so that
the interior of reaction furnace 3 and the like can be cleaned
with ease.
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0067 Various materials of films may deposit, forming an
attached object that is a multi-layer structure composed of
layers of different materials. If this is the case, the cleaning
conditions must be changed in accordance with the kind of
the object that should be removed. Nonetheless, the optimal
cleaning conditions can be easily set in accordance with the
kind of the object to be removed, thereby to clean the interior

apparatuses for manufacturing a semiconductor device and
the cleaning methods for use in a method of manufacturing
a semiconductor device, according to the third to fifth

of the reaction furnace 3 or the like with ease. This is

embodiments of the invention, will be described in the same

because the film-forming apparatus 1 monitors, in real time,
changes in the gas components in the reaction furnace 3 and
changes in the concentration of each gas component.
0068 That is, the film-forming apparatus 1 can easily
detect the kind and components of the residue deposited in
the furnace. It can then select an optimal cleaning sequence
in accordance with the kind and components of the residue.
0069. As has been explained, in the cleaning method for
use in an apparatus for manufacturing a semiconductor
device, according to the first embodiment of this invention,
the wafer 2 is removed from inside the reaction furnace 3

after the film-forming apparatus 1 has performed a film
forming process on the wafer 2. Then, a cleaning gas that can
remove the residue from inside the gas inlet pipe 5, reaction
furnace 3 and gas outlet pipe 6 is prepared on the basis of the
values measured by the first mass analyzer 15 and second
mass analyzer 19. Additionally, the atmosphere in the reac
tion furnace 3 is so set to increase the fluidity of the gas and
residue that remains in the reaction furnace 3. Thereafter, the

cleaning gas is made to flow from the gas inlet pipe 5 to the
gas outlet pipe 6 through the reaction furnace 3 until the
residue is taken out of the gas inlet pipe 5, reaction furnace
3 and gas outlet pipe 6.
0070. One film-forming apparatus 1 may be used to
repeat a film-forming process several times on the wafer 2.
In this case, the components of the cleaning gas and the
concentration of each gas component are adjusted every
time the film-forming process ends, in accordance with the
process sequence. They are adjusted on the basis of the
values measured by the first and second mass analyzers 15
and 19 and/or the gas components at the predetermined
position in the reaction furnace 3 and the concentration of
each gas component determined from the values measured
by the mass analyzers 15 and 19. The cleaning gas is then
made to flow while the atmosphere in the reaction furnace 3
is being adjusted on the basis of the process parameters that
have been updated as described above.
0071. In the cleaning method for use in a method of
manufacturing a semiconductor device, according to the first
embodiment, the unnecessary components that may interfere
with the film-forming process are removed from the gas inlet
pipe 5 and reaction furnace 3 after the film-forming process
has been carried out on the wafer 2. Hence, the next

film-forming process can be performed in appropriate con
ditions, and the interior of the gas inlet pipe 5 and the interior
of the reaction furnace 3 can remain clean. The film-forming
processes can therefore be performed on the wafer 2 in
appropriate conditions, regardless of their types. This serves
to manufacture desirable semiconductor devices easily.

according to the second embodiment of this invention, will
now be described with reference to FIG. 3. Any component
identical to that of the first embodiment are designated at the
same reference numeral and will not be described. The

a.

0073. As may be seen from FIG. 3, the film-forming
apparatus 31, which is an apparatus for manufacturing a
semiconductor device, according to the present embodi
ment, is a wet-oxidation type that uses a process gas 32
composed of hydrogen and oxygen. The process gas 32
composed of hydrogen and oxygen is applied into the
combustion device 34 coupled to the gas inlet pipe 5, before
introduced via the gas inlet pipe 5 into the reaction furnace
3 by a controller 33. The controller 33 comprises first and
second mass-flow controllers 33a and 33b that are provided
for hydrogen and oxygen, respectively. The process gas 32
composed of hydrogen and oxygen is combusted in the
combustion device 34 and then introduced into the reaction
furnace 3. The second embodiment described above can

attain the same advantages as the first embodiment.
THIRD EMBODIMENT

0074 An apparatus for, and method of, manufacturing a
semiconductor device, and a cleaning method for use in the
apparatus of manufacturing a semiconductor device, both
according to the third embodiment of the present invention,
will now be described with reference to FIG. 4.

0075 AS FIG. 4 shows, a film-forming apparatus 41
according to this embodiment, i.e., an apparatus for manu
facturing a semiconductor device, has the first mass analyzer
42. The analyzer 42 is provided in a reaction furnace 3 and
positioned on the upstream side of a wafer 2 and near the gas
inlet port 13. The apparatus 41 has the second mass analyzer
43. The analyzer 43 is provided in the reaction furnace 3.
too, and located on the downstream side of the wafer 2 and

near the gas outlet port 16.
0076. The third embodiment described above can achieve
the same advantages as the first embodiment. In the film
forming apparatus 41 according to the present embodiment,
the first mass analyzer 42 is provided in the reaction furnace
3 and fixed on the upstream of the wafer 2 and near the gas
inlet port 13. And the second mass analyzer 43 is provided
in the reaction furnace 3 and secured on the downstream side

of the wafer 2 and near the gas outlet port 16. Having this
positional relation, the analyzers 42 and 43 monitor the
components of the gas in the reaction furnace 3 and the
concentration of each gas component. Thus, the components
the gas has at a predetermined position in the reaction
furnace 3 and the concentration of each gas component can
be obtained with higher precision than otherwise. Thus, the
film-forming process can be performed on the wafer 2 in
more appropriate conditions, irrespective of the type of the
process. This makes it easy to provide a semiconductor
device of higher quality.

SECOND EMBODIMENT

0072 An apparatus for, and method of, manufacturing a
semiconductor device and a cleaning method for use in the
apparatus for manufacturing a semiconductor device, both

FOURTHEMBODIMENT

0077. An apparatus for, and method of, manufacturing a
semiconductor device, and a cleaning method for use in the

US 2007/0137567 A1

apparatus for manufacturing a semiconductor device, both
according to the fourth embodiment of the present invention,
will now be described with reference to FIG. 5.

0078. As may be seen from FIG. 5, a film-forming
apparatus 51 according to this embodiment, i.e., an appara
tus for manufacturing a semiconductor device, is a film
forming apparatus of batch type. Thus, a plurality of wafers
2, for example six wafers, are held in the reaction furnace 3
at the same time. In the film-forming apparatus 51, the gas
inlet pipe 5 extends in the reaction furnace 3, almost
reaching the ceiling thereof. The gas inlet port 13 of the gas
inlet pipe 5 therefore lies near the uppermost one of the six
wafers 2. The first mass analyzer 52 is provided in the
reaction furnace 3 and located on the upstream side of the
uppermost wafer 2 and near the gas inlet port 13. The second
mass analyzer 53 is provided in the reaction furnace 3, too,
and positioned on the downstream side of the lowermost
wafer 2 and near the gas outlet port 16.
0079. The fourth embodiment described above can
achieve the same advantages as the first embodiment. In the
film-forming apparatus 51 according to this embodiment,
the first mass analyzer 52 and the second mass analyzer 53
are secured at the positions specified above. The analyzers
52 and 53 can therefore measure the components the gas has
at a predetermined position in the reaction furnace 3 and the
concentration of each gas component, with higher precision,
though the film-forming apparatus 51 is a batch-type one.
Hence, the film-forming process can be performed on the
wafer 2 in more appropriate conditions, regardless of the
type of the process. This makes it easy to provide a semi
conductor device of higher quality. Moreover, the apparatus
51 can manufacture a high-quality semiconductor device
with high efficiency, since it is a batch-type apparatus.
FIFTHEMBODIMENT

0080. An apparatus for, and method for, manufacturing a
semiconductor device, and a cleaning method for use in the
apparatus for manufacturing a semiconductor device, both
according to the fifth embodiment of the invention, will now
be described with reference to FIGS. 6 and 7.

0081. As FIG. 6 depicts, the film-forming apparatus 61
according to this embodiment, which is an apparatus for
manufacturing a semiconductor device, comprises four mass
analyzers 62, 63, 64 and 65. The analyzers 62 to 65 are
provided in the reaction furnace 3 and arranged along the gas
flow. In the reaction furnace 3, the first mass analyzer 62 is
located on the upstream side of the wafer 2 and near the gas
inlet port 13. In the reaction furnace 3, the second mass
analyzer 63 is positioned on the upstream side of the wafer
2 and immediately adjacent to the wafer 2. In the reaction
furnace 3, the third mass analyzer 64 lies on the downstream
side of the wafer 2 and quite close to the wafer 2. In the
reaction furnace 3, the fourth mass analyzer 43 is located on
the downstream side of the wafer 2 and near the gas outlet
port 16.
0082 The fifth embodiment described above can attain
the same advantages as the first embodiment. In the film
forming apparatus 61 according to the fifth embodiment, the
four mass analyzers 62, 63, 64 and 65 are secured at the
positions specified above. They can therefore detect, with an
extremely high precision, the components the gas has at
predetermined positions in the reactor furnace 3 and the
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concentration of each gas component, as is indicated by the
broken line shown in FIG. 7. Hence, the film-forming
process can be performed on the wafer 2 in very appropriate
conditions, regardless of the type of the process. This makes
it easy to provide a semiconductor device of very high
quality.
0083. Any apparatus for, and any method for, manufac
turing a semiconductor device, and any cleaning method for
use in the apparatus for manufacturing a semiconductor
device, according to the present invention, are not limited to
the first to fifth embodiments described above. The embodi

ments may be modified in structure and in Some of the steps,
in various ways. Alternatively, various settings may be
combined and utilized.

0084. For example, each embodiment described above
uses mass analyzers, each comprising a component-measur
ing device and a concentration-measuring device, as means
for monitoring the components of the process gas in the gas
inlet pipe 5, reaction furnace 3 and gas outlet pipe 6 and the
concentration of each component of the process gas. The
mass analyzers are not limited to this type, nonetheless.
Mass analyzers of any other type may be employed instead,
provided that they can accurately analyze the gas compo
nents and the concentration of each gas component.
0085. In each embodiment described above, the process
parameter database unit 20, process-parameter database unit
20, concentration-calculating unit 22, calculation-model
database unit 23 and process-sequence database unit 24 are
incorporated in the controller9 and formed integral with one
another. Nevertheless, the process-parameter database unit
20, process-parameter database unit 20, concentration-cal
culating unit 22, calculation-model database unit 23 and
process-sequence database unit 24 may be provided in an
apparatus for manufacturing a semiconductor device,
according to this invention, each arranged outside the con
troller 9 and operating independent of any other device.
0086) Furthermore, apparatus for, and any method for,
manufacturing a semiconductor device, and any cleaning
method for use in the apparatus for manufacturing a semi
conductor device, according to the present invention, can be
applied to various hot processes, such as thermal oxidation,
thermal nitriding, annealing, RTP, and CVD and the like.
0087 Additional advantages and modifications will
readily occur to those skilled in the art. Therefore, the
invention in its broader embodiments 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 equivalents.
What is claimed is:

1. An apparatus for manufacturing a semiconductor
device, comprising: a process chamber which holds a Sub
strate to be subjected to a prescribed process; a gas inlet pipe
which is connected and communicates with an interior of the

process chamber and which introduces a process gas for use
in the process, into the process chamber; a gas outlet pipe
which is connected and communicates with the interior of

the process chamber and which discharges the gas from the
process chamber to outside the process chamber, compo
nent-measuring devices which are provided at two or more
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positions selected from the group comprising of a position in
the process chamber, a position in the gas inlet pipe and a
position in the gas outlet pipe, and which measure compo
nents of the gas in the process chamber or at least two
different gases selected from the group comprising of gas in
the process chamber, gas to be introduced into the process
chamber and gas discharged from the process chamber;
concentration-measuring devices which are provided at two
or more positions selected from the group comprising of a
position in the process chamber, a position in the gas inlet
pipe and a position in the gas outlet pipe, and which measure
concentration of each component of the gas in the process
chamber, or the concentration of each component of at least
two different gases selected from the group comprising of
the gas in the process chamber, the gas to be introduced into
the process chamber and the gas discharged from the process
chamber; and a control device which adjusts the components
of the process gas, the concentration of each component of
the process gas and an atmosphere in the process chamber,
on the basis of values measured by the component-measur
ing device and concentration-measuring device. Such that an
appropriate process is performed on the Substrate.
2. An apparatus according to claim 1, wherein at least one
component-measuring device and at least one concentration
measuring device are provided on either side of the substrate
held in the process chamber, two sides of the substrate being
at upstream and downstream of the gas flowing from the gas
inlet pipe to the gas outlet pipe through the process chamber
and of the gas flowing in the process chamber.
3. An apparatus according to claim 1, further comprising:
a component-calculating unit which calculates the compo
nents the gas has at a predetermined position in the process
chamber, on the basis of values the component-measuring
devices obtain and at almost the same time the component
measuring devices obtain the values; and a concentration
calculating unit which calculates the concentration each gas
component has at the predetermined position in the process
chamber, on the basis of the values the concentration

measuring devices obtain and at almost the same time the
concentration-measuring devices obtain the values.
4. An apparatus according to claim 2, wherein at least one
component-measuring device and at least one concentration
measuring device are provided at the gas inlet pipe, and at
least one component-measuring device and at least one
concentration-measuring device are provided at the gas
outlet pipe.
5. An apparatus according to claim 2, wherein at least one
component-measuring device and at least one concentration
measuring device are provided in the process chamber and
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on the upstream side of the Substrate, and at least one
component-measuring device and at least one concentration
measuring device are provided in the process chamber and
on the downstream side of the substrate.

6. An apparatus according to claim 2, wherein a plurality
of Substrates to be processed are held in the process cham
ber, at least one component-measuring device is provided in
the process chamber and at an upstream side of the Substrate
which is held upstream of any other Substrate, and at least
one component-measuring device is provided in the process
chamber and at a downstream side of the substrate which is

held downstream of any other substrate.
7. An apparatus according to claim 2, wherein at least one
component-measuring device and at least one concentration
measuring device are provided near a gas inlet port which is
open and provided at that end of the gas inlet pipe which
communicates with the interior of the process chamber, and
at least one component-measuring device and at least one
concentration-measuring device are provided near a gas
outlet port which is open and provided at that end of the gas
outlet pipe which communicates with the interior of the
process chamber.
8. The apparatus according to claim 3, wherein the control
device updates a plurality of process parameters for setting
the components of the process gas, the concentration of each
component thereof, the atmosphere in the process chamber
and a progress of the process, each at a prescribed condition,
on the basis of the values calculated by the component
calculating unit and concentration-calculating unit; and the
control device adjusts the components of the process gas, the
concentration of each component thereof, the atmosphere in
the process chamber and the progress of the process, on the
basis of the process parameters thus updated, in order to
perform the process on the Substrate in appropriate condi
tions.

9. An apparatus according to claim 3, wherein the control
device has a plurality of process sequences, each comprising
of prescribed steps of the process to be performed on the
substrate; and the control device selects one of the process
sequences, which meets the condition of the next process
step to be carried out immediately after the component
calculating unit and the concentration-calculating unit per
form calculations, on the basis of the values calculated by
the component-calculating unit and concentration-calculat
ing unit, in order to process the Substrate in appropriate
conditions.

