SUBSTRATE TREATMENT APPARATUS, METHOD FOR MANUFACTURING

SEMICONDUCTOR DEVICE, AND RECORDING MEDIUM

TECHNICAL FIELD
[0001] The present disclosure relates to a substrate treatment apparatus, a method for

manufacturing a semiconductor device and a recording medium.

BACKGROUND
[0002] A processing technology for controlling leakage current interference between transistor
elements becomes increasingly technically difficult according to the miniaturization of large
scaleintegrated circuits (LSIs). For isolation between LS| elements, a method is used in which
voids such as grooves or holes are formed between elementsto beisolated in silicon asa
substrate and an insulator is deposited in thevoids. An oxide film, such asasilicon oxide film
(SIOfilm), is often used astheinsulator. The SIO film isformed by oxidation of an Si
substrate itself, a chemical vapor deposition (CV D) method, and an insulator coating (spin on
dielectric: SOD) method.
[0003] Due to the recent miniaturization, an embedding method by the CVD method is reaching
the technical limit for embedding microstructures, particularly embedding of oxide into avoid
structure which isdeep in avertical direction or narrow in ahorizontal direction.  With this
background, as an embedding method using flowable oxides, for example, adoption of SOD is
alsoontherise. For the SOD, acoating insulating material containing inorganic or organic
components called spin on glass (SOG) isused. This material was adopted in the
manufacturing process of LSIs before the appearance of a CV D oxide film, but since the
processing technology was not fine enough to produce processing dimension of about 0.35to0 1
um, a heat treatment in the modification method after coating was performed at about 400
degrees C under anitrogen atmosphere. However, in recent LSIs, the minimum processing

dimension is smaller than the width of 50 nm and thus the use of polysilazane (SiH,NH) (or



perhydropolysilazane: PHPS) as a material that replaces SOG has been studied. Polysilazaneis
amaterial obtained by catalytic reaction of, for example, dichlorosilane or trichlorosilane with
ammonia, and when forming athin film, it is coated on a substrate using a spin coater.
[0004] Polysilazane is contained as an impurity such as nitrogen caused by ammonia from the
process of production. Therefore, in order to obtain a dense oxide film by removing the
impurity from a coating film formed using polysilazane, it is necessary to add moisture and
perform a heat treatment after the coating. Asamethod of adding moisture, for example, a
method of reacting hydrogen and oxygen in a heat treatment furnace body to generate moistureis
known. The generated moistureisintroduced into a polysilazane film and heat is then applied
thereto to obtain adense oxide film. In the case of shallow trench isolation (ST1) for element
isolation, the maximum temperature of the heat treatment performed at that time may reach
about 1,000 degrees C in some cases.
[0005] In addition, polysilazane iswidely used in the LSI process, but thereis also a higher
demand for reducing the heat load of transistors. The reason for reducing the heat load isto
prevent an excessive diffusion of an impurity such as boron, arsenic, or phosphorus implanted
for operation of transistors, to prevent aggregation of metal silicide for electrodes, to prevent
performance fluctuation of work function metal material for gates, to write into memory
elements, to secure alifespan for repetitive reading, etc.  Thus, in the process of applying
moisture, moisture may be efficiently applied, which directly leads to areduction of heat load in
the heat treatment to be performed thereafter.
[0006] Similarly, amethod of embedding an insulating materia in voids by the flowable CVD
method has also been studied, instead of the conventional embedding method by the CVD
method.
[Prior Art Documents]
[0007] Patent Document 1

W02013/094680

[0008] Patent Document 2



WQ02013/077321
[0009] In the processing for obtaining a dense oxide film from a coating film of polysilazane or
the like by SOD or an insulating material embedded by the flowable CVD method, in order to
reduce the heat load onto the transistors or the like, it is also desirable to lower the temperature
of aprocessing gas used in this processing. For example, a vaporized gas obtained by
vaporizing aliquid precursor may be used as a processing gas for processing a coating film of
polysilazane. Under alow temperature condition, however, there is a case where a vaporized
gas precursor in adroplet or mist state may be supplied to the coating film due to incomplete
vaporization of the liquid precursor of the vaporized gas, occurrence of reliquefactionin a
processing apparatus, or the like.  In this case, it may cause foreign substances (particles or the

like) and thus the characteristics of the oxide film may remarkably deteriorate.

SUMMARY
[0010] Some embodiments of the present disclosure provide a technique capable of suppressing
occurrence of droplets, mists or the like in a processing gas in a processing apparatus even under
alow temperature condition, and improving the characteristics of afilm formed on a substrate to
be processed with the processing gas.
[0011] According to one embodiment of the present disclosure, a substrate processing apparatus
includes: a process chamber configured to accommodate a substrate; a vaporizer configured to
vaporize aliquid precursor to generate areaction gas and deliver a processing gas containing the
reaction gas and a carrier gas, wherein the vaporizer includes a vaporization vessel in which the
liquid precursor is vaporized, aliquid precursor introduction part configured to introduce the
liquid precursor into the vaporization vessel, a carrier gas introduction part configured to
introduce the carrier gas into the vaporization vessel, and a heater configured to heat the liquid
precursor introduced into the vaporizing vessel; a carrier gas supply controller configured to
control a supply amount of the carrier gas supplied to the vaporizer; aliquid precursor supply

controller configured to control a supply amount of the liquid precursor supplied to the vaporizer;
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aprocessing gas supply pipe configured to introduce the processing gas delivered from the
vaporizer into the process chamber; a processing gas temperature sensor configured to detect a
temperature of the processing gas delivered from the vaporizer into the processing gas supply
pipe; and a controller configured to control the heater to adjust atemperature of the heater based
on the temperature of the processing gas detected by the processing gas temperature sensor.
[0012] According to the present disclosure in some embodiments, it is possible to suppress
occurrence of droplets, mists or the like of a processing gasin a processing apparatus even under
alow temperature condition, and to improve characteristics of afilm formed on a substrate to be

processed by the processing gas.

BRIEF DESCRIPTION OF DRAWINGS
[0013] FIG. 1 isaschematic configuration diagram illustrating a configuration of a substrate
processing apparatus according to one embodiment of the present disclosure.

FIG. 2isaschematic vertical cross sectional view illustrating a configuration of a
processing furnace included in the substrate processing apparatus according to one embodiment
of the present disclosure.

FIG. 3isan external view illustrating a configuration of a processing gas heating part
included in the substrate processing apparatus according to one embodiment of the present
disclosure.

FIG. 4 isaschematic vertical cross sectional view illustrating a configuration of a
vaporizer included in the substrate processing apparatus according to one embodiment of the
present disclosure.

FIG. 5isaschematic vertical cross sectiona view illustrating a configuration of a gas
filter included in the substrate processing apparatus according to one embodiment of the present
disclosure.

FIG. 6 isaschematic configuration diagram illustrating a configuration of a gas

densitometer included in the substrate processing apparatus according to one embodiment of the



present disclosure.

FIG. 7 isaschematic configuration diagram illustrating a configuration around a furnace
opening of the processing furnace included in the substrate processing apparatus according to
one embodiment of the present disclosure.

FIG. 8 isaschematic configuration diagram of a controller included in the substrate
processing apparatus according to one embodiment of the present disclosure.

FIG. 9isaflowchart illustrating a pre-processing process of a substrate processing
process according to one embodiment of the present disclosure.

FIG. 10 isaflowchart illustrating the substrate processing process according to one
embodiment of the present disclosure.

FIG. 11A isaflowchart illustrating a control procedure of a processing gas supply part
based on a processing gas temperature in the substrate processing process according to one
embodiment of the present disclosure.

FIG. 11B isaflowchart illustrating a control procedure of the processing gas supply part
based on a processing gas pressure in the substrate processing process according to one
embodiment of the present disclosure.

FIG. 11C isaflowchart illustrating a control procedure of the processing gas supply part
based on areaction gas concentration value in a processing gas in the substrate processing

process according to one embodiment of the present disclosure.

DETAILED DESCRIPTION

<An Embodiment of the Present Disclosure>

[0014] One embodiment of the present disclosure will be described below with reference to the

drawings.

(1) Configuration of Substrate Processing Apparatus



[0015] First, a configuration example of a substrate processing apparatus 10 that performs a
method of manufacturing a semiconductor device according to the present embodiment will be
described with referenceto FIGS. 1 and 2. The substrate processing apparatus 10 isan
apparatus that processes a substrate using aliquid containing hydrogen peroxide (H20,), i.e., a
processing gas generated by vaporizing a hydrogen peroxide solution.  For example, the
substrate processing apparatus 10 is an apparatus that processes a wafer 200 made of silicon or
thelike asasubstrate. The substrate processing apparatus 10 is suitable for use in processing
the wafer 200 having an uneven structure (void) which isafine structure. The expression
substrate having a fine structure may refer to a substrate having a structure with a high aspect
ratio, such as a groove (recess) which has awidth of, for example, about 10 to 50 nm, and which
isnarrow in ahorizontal direction. In the present embodiment, a polysilazane film whichisa
silicon-containing film isfilled in a groove having afine structure to form an oxide film by
processing the polysilazane film with aprocessing gas.  Although there is described an example
in which the polysilazane film is processed with the processing gas in the present embodiment,
the present disclosureis not limited to the polysilazane film but may also be applied to, e.g., a
case where afilm containing a silicon element, a nitrogen element, and a hydrogen element,
particularly afilm having a silazane bond, a plasma polymerized film of tetrasilyl amine and

ammonia, or the like is processed.

(Process Vessdl)

[0016] Asillustrated in FIG. 1, a processing furnace 202 includes a process vessel (reaction tube)
203. The process vessel 203 is made of a heat resistant material such as quartz or silicon
carbide (SiC), and has a cylindrical shape with its lower end opened. A process chamber 201 is
formed in ahollow cylindrical portion of the process vessel 203 and is configured to
accommodate wafers 200 as substrates. The wafers 200 are horizontally stacked in multiple
stages along a vertical direction in aboat 217 which will be described hereinbel ow.

[0017] A seal cap 219, which serves as a furnace opening cover configured to hermetically seal a
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lower end opening (furnace opening) of the process vessel 203, isinstalled under the process
vessel 203. The seal cap 219 is configured to make contact with the lower end of the process
vessel 203 at alower sidein the vertical direction. The seal cap 219 isdisc shaped. The
process chamber 201, which is a processing space of the substrates, is configured by the process

vessel 203 and the seal cap 219.

(Substrate Support Part)

[0018] The boat 217 serving as a substrate support part is configured to support the wafers 200
in multiple stages. The boat 217 has a plurality of posts 217afor supporting the wafers 200.
For example, three posts 217a are included therein.  The respective posts 217aare installed
between a bottom plate 217b and a ceiling plate 217c. The wafers 200 are supported by the
posts 217ain a horizontal posture and in multiple stages along an axia direction with the centers
of the wafers 200 aligned with one another. The ceiling plate 217c isformed to be larger than
the maximum outer diameter of the wafers 200 supported in the boat 217. In addition, a
processing gas heating part 217d for heating a processing gas supplied into the process vessel
203 isinstalled on top of the celling plate 217c.  The ceiling plate 217¢ and the processing gas
heating part 217d may also be installed as separate parts or may also be integrally installed (as
one part).

[0019] A non-metallic material with good thermal conductivity such as, e.g., silicon carbide,
aluminum oxide (AlO), aluminum nitride (AIN), silicon nitride (SiN), zirconium oxide (ZrO) or
the like is used as constituent materials of the posts 217a, the bottom plate 217b, the ceiling plate
217c, and the processing gas heating part 217d. In particular, anon-metallic material having a
thermal conductivity of 10 W/mK or moreisdesirable.  When the thermal conductivity is not
the problem, it may also be made of quartz or the like, and when contamination by metal in the
wafers 200 is not the problem, the posts 217a, the ceiling plate 217c, and the processing gas
heating part 217d may also be made of a metal material such as stainless steel (SUS) or the like.

When ametal is used as constituent materials of the posts 2173, the ceiling plate 217c, and the
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processing gas heating part 217d, a coating film such as ceramic or Teflon (registered trademark)
may be formed on the metal.

[0020] A heat insulator 218 made of a heat resistant material such as, e.g., quartz or silicon
carbideisinstalled under the boat 217 so that it is difficult to transfer heat from afirst heating
part 207 to the seal cap 219 side.  The heat insulator 218 functions as a heat insul ating member
and also as a support body for supporting the boat 217. Asillustrated, the heat insulator 218 is
not limited to a configuration in which a plurality of disc-shaped heat insulating plates are
installed in a horizontal posture and in multiple stages, and for example, the heat insulator 218
may also be acylindrical quartz cap or thelike. The heat insulator 218 may also be regarded as

one of the constituent members of the boat 217.

(Elevating Part)

[0021] A boat elevator as an elevating part which moves the boat 217 up and down and transfers
the boat 217 into and out of the process vessel 203 isinstalled below the process vessel 203.

The seal cap 219, which is configured to seal the furnace opening when the boat 217 is moved up
by the boat elevator, isinstalled in the boat elevator.

[0022] A boat rotation mechanism 267, which is configured to rotate the boat 217, isinstalled at
the opposite side of the seal cap 219 from the process chamber 201. A rotary shaft 261 of the
boat rotation mechanism 267, which penetrates the seal cap 219, is connected to the boat 217.

The boat rotation mechanism 267 is configured to rotate the wafers 200 by rotating the boat 217.

(First Heating Part)

[0023] Thefirst heating part 207 for heating the wafers 200 in the process vessel 203 and the
processing gas heating part 217d is installed outside the process vessel 203 in a concentric shape
that surrounds a sidewall surface of the process vessel 203. Thefirst heating part 207 is
installed to be supported by a heater base 206. Asillustrated in FIG. 2, thefirst heating part

207 includesfirst to fourth heater units 207ato 207d. Each of the first to fourth heater units



207ato 207d isinstalled along a stacking direction of the wafers 200 in the process vessel 203.
[0024] In the process vessel 203, first to fourth temperature sensors 263ato 263d such as, for
example, athermocouple or the like, which are temperature detectors for detecting the
temperatures of the wafers 200 or their ambient temperatures, are respectively installed between
the process vessel 203 and the boat 217, for the respective first to fourth heater units 207ato
207d asthe heating part.  Thefirst to fourth temperature sensors 263ato 263d are also installed
to detect the temperatures of the wafers 200 located at the centers thereof, among the wafers 200
respectively heated by the first to fourth heater units 207ato 207d, respectively.

[0025] A controller 121 as described hereinbelow is electrically connected to each of the first
heating part 207 and the first to fourth temperature sensors 263ato 263d. The controller 121 is
configured to control the power supply to the first to fourth heater units 207ato 207d at a
predetermined timing based on the temperature information respectively detected by the first to
fourth temperature sensors 263ato 263d so as to perform the temperature setting or temperature
adjustment individually for the first to fourth heater units 207ato 207d so that the temperatures
of the wafers 200 in the process vessel 203 reach a predetermined temperature. A first external
temperature sensor 264a, a second external temperature sensor 264b, athird external temperature
sensor 264c, and afourth external temperature sensor 264d, which are the temperature detectors
for detecting the temperature of each of the first to fourth heater units 207ato 207d and which
are formed of athermocouple, may also beinstalled. Each of the first to fourth external
temperature sensors 264ato 264d is connected to the controller 121. Thus, the respective
temperatures of thefirst to fourth heater units 207a 207d may be monitored to determine whether
they are heated to a predetermined temperature based on the temperature information

respectively detected by the first to fourth external temperature sensors 264ato 264d.

(Gas Supply Part (Gas Supply System))
[0026] Asillustrated in FIGS. 1 and 2, a processing gas supply nozzle 501a and an oxygen-

containing gas supply nozzle 502a are installed between the process vessel 203 and the first
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heating part 207 along a side portion of an outer wall of the process vessel 203. The processing
gas supply nozzle 501 and the oxygen-containing gas supply nozzle 502a are made of, for
example, quartz or the like having alow thermal conductivity. The processing gas supply
nozzle 501a and the oxygen-containing gas supply nozzle 502a may have a double pipe structure.
Leading ends (downstream ends) of the processing gas supply nozzle 501a and the oxygen-
containing gas supply nozzle 502a are airtightly inserted into the process vessel 203 from the top
of the process vessel 203. A supply hole 501b and a supply hole 502b are formed at the leading
ends of the processing gas supply nozzle 501a and the oxygen-containing gas supply nozzle 502a
located inside the process vessel 203, respectively.  The supply hole 501b and the supply hole
502b are configured to supply a processing gas and an oxygen-containing gas supplied into the
process vessel 203 toward the ceiling plate 217c installed in an upper portion of the boat 217
accommodated in the process vessel 203.

[0027] A gas supply pipe 602c is connected to an upstream end of the oxygen-containing gas
supply nozzle 502a. In addition, avalve 602a, a mass flow controller (MFC) 602b which forms
agas flow rate control part, avave 602d, and an oxygen-containing gas heating part 602e are
installed in the gas supply pipe 602c sequentially from the corresponding upstream side. Asthe
oxygen-containing gas, for example, a gas containing at least one of an oxygen (O,) gas, an
ozone (O3) gas, and anitrous oxide (NO) gasisused. In this embodiment, the O, gasisused as
the oxygen-containing gas.  The oxygen-containing gas heating part 602e isinstalled so asto
heat the oxygen-containing gas, and may be configured to heat it to, for example, about 80 to
200 degrees C.  In some embodiments, the oxygen-containing gas may be heated to about 100
to 170 degrees C. By heating the oxygen-containing gas, it is possible to assist heating of the
processing gas supplied into the process chamber 201.  Furthermore, it is possible to suppress
liquefaction of the processing gasin the process vessel 203. It may also be configured such that
the heating of the oxygen-containing gas is performed by the first heating part 207.

[0028] Asthe gas supplied from the oxygen-containing gas supply nozzle 5023, it may be

possible to use agas having low reactivity to the wafers 200 or afilm formed on the wafers 200,
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instead of the oxygen-containing gas. For example, it may be possible to use a nitrogen (N>)
gas, or arare gas such as an argon (Ar) gas, ahelium (He) gas, aneon (Ne) gas or thelike. It
may also be configured such that at least one of the processing gas supply nozzle 501a and the
oxygen-containing gas supply nozzle 502ais airtightly inserted into the process vessel 203 from
the lower portion of the process vessel 203 so as to extend to the top of the process vessel 203
along the side portion of the inner wall of the process vessel 203. At least one of the processing
gas supply nozzle 501a and the oxygen-containing gas supply nozzle 502a may be configured to
allow agasto be supplied in adirection parallel to the wafers 200. The gasis upplied from one
or aplurality of gasinjection holes (gas supply holes) in a structure in which the one or plurality
of gasinjection holes are formed in a section whereiit isinstalled so as to extend to the top of the
process vessel 203 along the side portion of the inner wall of the process vessel 203.

[0029] A downstream end of a processing gas supply pipe 289a for supplying a processing gas is
connected to an upstream end of the processing gas supply nozzle 501a. In addition, a
vaporizer 100 as a processing gas generating part for generating a processing gas by vaporizing a
liquid precursor, a processing gas temperature sensor 286, a processing gas pressure sensor 287,
a gas densitometer (gas concentration sensor) 500, a gas filter 600, a valve 289b, and a gas port
heater 285 are installed in the processing gas supply pipe 289a from the corresponding upstream
side. Inthisembodiment, agas containing at least H,O, is used asthe processing gas. In
addition, a pipe heater 289c configured by ajacket heater or the likeisinstalled around the
processing gas supply pipe 289a, and is configured such that the processing gas supply pipe 289a
is heated by the pipe heater 289c. Asillustrated in FIG. 7, the gas port heater 285 isinstalled at
a connection portion between the processing gas supply nozzle 501a and the processing gas
supply pipe 289a, and is configured to heat the processing gas passing through the connection
portion. Furthermore, when the processing gas supply nozzle 501ais configured to be inserted
into the process vessel 203 from the lower portion of the process vessel 203, the gas port heater
285 may be particularly installed at an insertion portion (port portion) of the processing gas

supply nozzle 501a and outside the process vessel 203 in some embodiments.
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[0030] The processing gas temperature sensor 286, which is configured by, for example, a
thermocoupl e, measures a temperature of the processing gas generated by the vaporizer 100 and
radiating through the processing gas supply pipe 289a, and outputs the measured temperature
datato the controller 121 which will be described later. The processing gas pressure sensor 287
measures a pressure of the processing gas flowing through the processing gas supply pipe 289a,
and outputs the measured pressure data to the controller 121.  The gas densitometer 500
measures a concentration of a specified gas contained in the processing gas flowing through the
processing gas supply pipe 289a, and outputs the measured gas concentration value data to the
controller 121.  In this embodiment, the gas densitometer 500 measures a concentration value
of an H,O, gas as areaction gas used for substrate processing of the wafers 200, as a
concentration value of the specified gas. It isdesirable that the processing gas temperature
sensor 286, the processing gas pressure sensor 287, and the gas densitometer 500 be installed
immediately near an exhaust port 104 of the vaporizer 100 in order to monitor and control a
vaporization state of aliquid precursor in the vaporizer 100. The gasfilter 600 isinstalled so as
to alow the processing gas flowing through the processing gas supply pipe 289ato pass through
it. The passing processing gasis heated by the gas filter 600 so that the liquid precursor in a
droplet state or amist state contained in the processing gasisvaporized. By installing the
processing gas temperature sensor 286, the processing gas pressure sensor 287, and the gas
densitometer 500, for example, immediately near the downstream side of the vaporizer 100, it is
possible to more accurately monitor the vaporization state in the vaporizer 100.

[0031] A liquid precursor supply part (liquid precursor supply system) 300 for supplying the
liquid precursor of the processing gas (in this embodiment, a hydrogen peroxide solution) to the
vaporizer 100, and a carrier gas supply part (acarrier gas supply system) for supplying a carrier
gas to the vaporizer 100 are connected to the vaporizer 100. A vaporized gas of the liquid
precursor generated by the vaporizer 100 is delivered (discharged) as the processing gas to the
processing gas supply pipe 289a together with the carrier gas.

[0032] Theliquid precursor supply part 300 includes aliquid source supply source 301, avalve
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302, and aliquid flow rate controller (LM FC) 303 for controlling the flow rate of the liquid
precursor supplied to the vaporizer 100, from the corresponding upstream side. The carrier gas
supply part is configured by a carrier gas supply pipe 601c, a carrier gas valve 601a, an MFC
601b as a carrier gas flow rate control part, acarrier gas valve 601d, and thelike. Inthis
embodiment, an O, gas, which is an oxygen-containing gas, is used asthe carrier gas. However,
asthe carrier gas, it may be possible to use a gas containing at least one or more oxygen-
containing gas (for example, an Oz gas, an NO gas or the like, in additionto an O, gas). Asthe
carrier gas, it may also be possible to use a gas having low reactivity to the wafers 200 or afilm
formed on the wafers 200. For example, it may be possible to use an N, gas, or arare gas such
asan Ar gas, an He gas, an Ne gas, or the like.

[0033] Here, aprocessing gas supply part is configured at least by the processing gas supply
nozzle 501a and the supply hole 502a.  The processing gas supply part may further include the
processing gas supply pipe 2893, the valve 289D, the gas filter 600, the gas densitometer 500, the
processing gas temperature sensor 286, the processing gas pressure sensor 287, the vaporizer 100,
and thelike. Furthermore, an oxygen-containing gas supply part is configured at least by the
oxygen-containing gas supply nozzle 501a and the supply hole 501b. The oxygen-containing
gas supply part may further include the gas supply pipe 602c, the oxygen-containing gas heating
part 602e, the valve 602d, the MFC 602b, the valve 602a, and the like.  In addition, agas

supply part (gas supply system) is configured by the processing gas supply part and the oxygen-

containing gas supply part.

(Vaporizer)

[0034] FIG. 4 illustrates a configuration of the vaporizer 100. The vaporizer 100 uses a
dropping method in which aliquid precursor is vaporized by dropping aliquid precursor onto a
heated member. The vaporizer 100 includes a vaporization vessel 101 as a heated member, a
vaporization space 102 formed by the vaporization vessel 101, avaporizer heater 103 as a

heating part for heating the vaporization vessel 101, an exhaust port 104 for exhausting
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(delivering) avaporized gas generated by vaporizing the liquid precursor as the processing gas to
the processing gas supply pipe 289atogether with a carrier gas, athermocouple (temperature
sensor) 105 for measuring atemperature of the vaporization vessel 101, atemperature controller
106 for controlling the temperature of the vaporizer heater 103 based on the temperature
measured by the thermocouple 105, a dropping nozzle 107 as aliquid supply part for supplying a
hydrogen peroxide solution supplied from the LMFC 303 into the vaporization vessel 101, and a
carrier gas introduction port 108 for supplying the carrier gas supplied from the carrier gas
supply pipe 601c into the vaporization vessel 101.

[0035] The vaporization vessel 101 is heated by the vaporizer heater 103 so as to vaporize the
dropped liquid precursor simultaneously when it reaches the inner surface of the vaporization
vessel 101.  In addition, a heat insulating material 109, which can improve the heating
efficiency of the vaporization vessel 101 by the vaporizer heater 103 and which can thermally
insulate between the vaporizer 100 and other units, isinstalled. The vaporization vessel 101 is
made of quartz, SIC or the likein order to prevent reaction with the liquid precursor. Inthe
vaporization vessel 101, the temperature is lowered due to the temperature of the dropped liquid
precursor or vaporization heat. Therefore, in order to prevent the temperature from being
lowered, it is desirable that it be made of a material having high thermal conductivity, for
example, SIC.

[0036] When aliquid precursor formed by mixing two or more precursors having different
boiling points, such as a hydrogen peroxide solution, is heated and vaporized, even wheniit is
heated at a temperature higher than the boiling point of the liquid precursor, since the entire
liquid precursor is not uniformly heated, there is a case where only vaporization of one specified
precursor having alow boiling point contained in the liquid precursor first proceeds, and
vaporization of other precursors does not proceed. Asaresult, concentration of other
precursors occurs in the heated liquid precursor and thus there is a possibility that nonuniformity
may occur in the concentration ratio of afinally vaporized gas.

[0037] More specificaly, since the hydrogen peroxide solution used in this embodiment contains
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H.O, in H,0O, its boiling point varies depending on a concentration of H,O,. For example, in
the case of a hydrogen peroxide solution having a concentration of H,O, of 34%, the boiling
point in an atmospheric pressure is approximately 106 degreesC. However, in the case of a
hydrogen peroxide solution having a concentration of 100%, the boiling point is approximately
150 degrees C. Therefore, for example, when a hydrogen peroxide solution stored in avessel is
evaporated and vaporized using a boiling method, as described above, since the hydrogen
peroxide solution in the vessel is not uniformly heated, only water (H,0) preferentially
evaporates and a concentration of H,O, may occur in the hydrogen peroxide solution.

[0038] Therefore, in this embodiment, the occurrence of a concentration of the hydrogen
peroxideis prevented by quickly heating the entire hydrogen peroxide solution on a heating
surface at atemperature higher than a boiling point of the hydrogen peroxide solution having a
higher boiling point than water. More specifically, in the case of evaporating and vaporizing a
hydrogen peroxide solution having, for example, a concentration of H,O, of 34%, the
vaporization vessel 101 is heated by the vaporization heater 103 to a temperature higher than 106
degrees C which is the boiling point of the hydrogen peroxide solution having a concentration of
34% and the hydrogen peroxide solution is dropped onto the heating surface of the vaporization
vessel 101 so that the vaporization is performed by quickly heating the droplets of the hydrogen
peroxide solution at 106 degrees C or higher. In order to more reliably prevent the
concentration of H,O,, the vaporization of the hydrogen peroxide solution may also be
performed by heating the vaporization vessel 101 to atemperature higher than 150 degrees C
which is the boiling point of the hydrogen peroxide solution having a concentration of 100%.
[0039] However, since H,O, has the property of promoting decomposition as the heating
temperature rises, heating of the hydrogen peroxide solution needs to be performed at a
temperature as low as possible while suppressing concentration of H,O,.  In particular, when
H.O, exceeds 150 degrees C, decomposition is promoted. Therefore, in this embodiment, the
temperature of the vaporization heater 103 is controlled so as to heat the hydrogen peroxide

solution at atemperature higher than the boiling point of the hydrogen peroxide solution having
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a predetermined concentration and as low as possible at which the concentration of H,O, does

not occur.

(GasFilter)

[0040] Asillustrated in FIG. 5, the gas filter 600 includes afilter vessel 610 connected to the
processing gas supply pipe 2894, afilter part 620 through which the processing gas introduced
into the filter vessel 610 passes, and afilter heater 630 installed on an outer periphery of thefilter
vessel 610 to heat the filter vessel 610 and the filter part 620.  In this embodiment, the filter part
620 is formed of a porous body made of fluororesin.  Generally, the porous filter heated by the
heater ismade of ametal. However, in this embodiment, since the H,O, gasis used as the
reaction gas contained in the processing gas, the metallic filter may react with the H,O, gasto
cause corrosion or thelike. Therefore, in this embodiment, the filter part 620 is made of
fluororesin.

[0041] A liquid precursor in adroplet state or amist state may be contained in the processing gas
flowing through the processing gas supply pipe 289a due to a vaporization failure of the liquid
precursor in the vaporizer 100, reliquefaction in the processing gas supply pipe 289a, or the like.
The liquid precursor in a droplet state or amist state contained in the processing gas introduced
into the filter vessel 610 from the processing gas supply pipe 289ais heated and vaporized by
passing through the filter part 620 heated by the filter heater 630. Particularly, it ispossible to
efficiently vaporize droplets or mists having a pore diameter size larger than that of the porous
body constituting the filter part. Thus, by including the gas filter 600, it is possible to more
reliably prevent the liquid precursor from being supplied in adroplet state or amist state to the
wafers 200 in the process vessel 203.  Thefilter heater 630 is controlled to have a desired
temperature (e.g., 50 to 200 degrees C) so as to vaporize droplets or mists in the processing gas

in the filter part 620 through, for example, the temperature controller 106.

(Processing Gas Heating Part)
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[0042] Asdescribed above, the processing gas heating part 217d for heating the processing gas
supplied into the process vessel 203 isinstalled in the boat 217. The processing gas heating
part 217d has, for example, abowl shape asillustrated in FIG. 3, and isinstalled immediately
below the supply hole 501b and the supply hole 502b such that the surface of the processing gas
heating part 217d faces the supply hole 501b and the supply hole 502b. That is, the processing
gas heating part 217d, the supply hole 501b, and the supply hole 502b are configured such that
the gas flows of the processing gas and the oxygen-containing gas introduced from the supply
hole 501b and the supply hole 502b directly make contact with the surface of the processing gas
heating part 217d. The processing gas heating part 217d is heated by the first heating part 207
together with the wafers 200 placed on the boat 217.

[0043] The processing gas supplied to the surface of the processing gas heating part 217d is
heated by the processing gas heating part 217d heated to a predetermined temperature by the first
heating part 207. At thistime, the liquid precursor in adroplet state or a mist state contained in
the supplied processing gasis heated and thereby vaporized. By installing the processing gas
heating part 217d, since the droplets or mist can be vaporized in the process vessel 203 just
before the processing gasis supplied to the wafers 200, it is possible to prevent the liquid
precursor in adroplet state or amist state from being supplied to the wafers 200.

[0044] Theliquid precursor in aliquid state may be heated and vaporized in the liquid heating
part installed in the process vessel 203, instead of heating the processing gas (containing droplets
or mists) in agaseous state as in this embodiment. However, in the case of vaporizing the
liquid precursor in aliquid state, since the amount of heat necessary for vaporization is larger
than in the case of vaporizing droplets or mist in the processing gas in a gaseous state, the
temperature decrease according to the vaporization islarge.  In order to compensate for this, the
liquid heating part should be heated with alarger amount of heat. In that case, it is necessary to
install a heater having alarger output (power) than the first heating part 207 as a heater for
heating the liquid heating part. However, when the liquid heating part is heated with a heater

having alarge output, a deviation occursin atemperature distribution in the process vessel 203.
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On the other hand, when substrate processing is performed by supporting the plurality of wafers
200 in multiple stages in the process vessel 203, the temperature distribution between the wafers
200 may be uniform in some embodiments. Therefore, when the liquid precursor is heated in
the process vessel 203 in aliquid state asit is, it is necessary to increase a distance between the
liquid heating part and the stacking region of the wafers 200 when taking into account the
deviation in temperature distribution.  That is, asaresult, there is a problem that the number of
wafers 200 that can be accommodated in the process vessel 203 islargely limited and thus the
number of wafers 200 that can be processed at atime may decrease.  On the other hand, in this
embodiment, the vaporizer 100 vaporizes the liquid precursor to generate the processing gas, and
the processing gas in a gaseous state (containing droplets or mist) is heated in the processing gas
heating part 217d in the process vessel 203. Therefore, since the amount of heat necessary for
vaporizing droplets or mist in the processing gas heating part 217d isrelatively small and the
temperature decrease according to the vaporization is also small, the temperature distribution in
the process vessel 203 will unlikely deviate. Asaresult, it isnot necessary to increase the
distance between the processing gas heating part 217d and the stacking region of the wafers 200.
Thus, the number of wafers 200 that can be accommodated in the process vessel 203 is not
limited or the number of wafers 200 can be minimally reduced.

[0045] Furthermore, the shape of the processing gas heating part 217d is not limited to a bowl
shape but various shapes having a surface for heating an injected gas, in addition to asimple
plate shape, may beused. The processing gas heating part 217d is not limited to the structure
supported by the boat 217 but may also be installed so that the gas flows of the processing gas
introduced from the supply hole 501b and the supply hole 502b and the oxygen-containing gas
directly make contact with each other. For example, the processing gas heating part 217d may
be installed so as to be suspended from the ceiling portion in the process vessel 203.  Also, the
ceiling plate 217c and the processing gas heating part 217d may be installed as separate parts, or
may be installed integrally (i.e., asone part). In addition, the processing gas heating part 217d

isnot limited to the form being heated by the first heating part 207 but may be configured to be
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heated by another heater separately installed, for example, alamp heater or the like installed

outside the ceiling portion of the process vessel 203.

(Gas Densitometer (Gas Concentration Sensor))

[0046] Asillustrated in FIG. 6, the gas densitometer 500 includes acell part 540 through which
the processing gas introduced from the processing gas supply pipe 289a passes, alight emitting
part 520 for irradiating light rays, particularly near infrared rays, on the processing gas passing
through the cell part 540, alight receiving part 530 for receiving the light raysirradiated from
the light emitting part 520 and passing through the processing gas in the cell part 540, and an
analysis part (gas concentration cal culation part) 510 for analyzing a spectroscopic spectrum of
the light rays received by the light receiving part 530 to cal culate a concentration of an H,O, gas
and a concentration of an H,O gasin the processing gas. The analysis part 510 is connected to
the light receiving part 530 by, for example, an optical fiber or the like, and executes a process of
analyzing the spectroscopic spectrum of light received by the light receiving part 530. Inthis
analysis, concentration values of the H,O, gas and the H,O gas in the processing gas passing
through the cell portion 540 are respectively calculated by evaluating the magnitude of a
spectrum component inherently appearing in light passing through the H,O, gas and the
magnitude of a spectral component inherently appearing in the light passing through the H,O gas,
respectively. The concentration value data of the H,O, gas and the H,O gas calculated by the
analysis part 510 is output to the controller 121.  Furthermore, in this embodiment, the analysis
part 510 is configured to calculate the concentration values of the H,O, gas and the H,O gas but
may be configured to cal culate other data representing the concentrations of the H,O, gas and the

H2O gas, instead of the concentration values of the gases themselves.

(Exhaust Part)
[0047] One end of the gas exhaust pipe 231 for exhausting the gas in the process chamber 201 is

connected to the lower side of the process vessel 203.  The other end of the gas exhaust pipe
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231 is connected to a vacuum pump 246 (exhaust device) through the gas densitometer (gas
concentration sensor) 600 and an auto pressure controller (APC) valve 255 as a pressure
regulator. Theinterior of the process chamber 201 is exhausted by a negative pressure
generated by the vacuum pump 246. The APC valve 255 is an opening/closing valve that can
perform the exhaust and end the exhaust of the process chamber 201 by opening and closing the
APCvalve 255. Itisalso apressure regulating valve that can adjust the pressure by adjusting
an opening degree of the APC valve 255. In addition, a pressure sensor 223 as a pressure
detector isinstalled on the upstream side of the APC valve 255. In this manner, the interior of
the process chamber 201 is vacuum-exhausted so as to reach a predetermined pressure (degree of
vacuum). A pressure controller 224 (see FIG. 8) is electrically connected to the pressure sensor
223 and the APC valve 255, and the pressure controller 224 is configured to control the APC
valve 255 at adesired timing based on the pressure detected by the pressure sensor 223 so that
the interior of the process chamber 201 reaches a desired pressure.

[0048] The exhaust part is configured by the gas exhaust pipe 231, the APC valve 255, and the
like. The gas densitometer 600, the pressure sensor 223, and the like may also be included in

the exhaust part. The vacuum pump 246 may also be included in the exhaust part.

(Second Heating Part)

[0049] Asdescribed above, since thefirst heating part 207 isinstalled so as to heat the wafers
200 in the process vessel 203, the region in which the wafers 200 are accommodated in the
process vessel 203 is heated by the first heating part 207. However, it isdifficult to heat a
region other than the accommodating region of the wafers 200 in the process vessel 203 with the
first heating part 207. Asaresult, there is a case where alow temperature region is generated
in aregion other than the region heated by the first heating part 207 in the process vessel 203,
and thus, the gas containing H,O, may be cooled and reliquefied when it passes through the low
temperature region.

[0050] When aliquid generated by reliquefaction of the gas containing H,O; is collected on the
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bottom portion (the upper surface of the seal cap 219) in the process vessel 203, the liquid may
react with the seal cap 219 to damage the seal cap 219. Thereisalso acase wheretheliquid
generated by reliquefaction of the gas containing H,O, is further vaporized in the process vessel
203 to generate arevaporized gas. Asdescribed above, the vaporization points of H,O, and
H,O are different, and thus, since H,O isfirst evaporated and exhausted, the concentration of
H.O, may be higher in the revaporized gas than in the gas supplied to the wafers 200.  Thus, the
concentration of H,O, in the processing gas may not be uniform in the process vessel 203 in
which the revaporized gasis generated.

[0051] Therefore, asillustrated in FIGS. 1, 2, and 7, a second heating part 280 isinstalled in the
processing furnace 202, and is configured to heat a region other than the region heated by the
first heating part 207. That is, the second heating part 280 is installed so as to concentrically
surround the sidewall surface of the process vessel 203 on the outer side (the outer periphery) of
the lower portion (around the furnace opening) of the process vessel 203.

[0052] The second heating part 280 is configured to heat the gas containing H,O, flowing from
the upper side to the lower side of the process vessel 203 toward the exhaust part at the
downstream side in the process vessel 203 (i.e., the region in which the heat insulator 218 in the
process vessel 203 is accommodated).  In addition, the second heating part 280 is configured to
heat the seal cap 219 configured to seal the lower end opening of the process vessel 203, the
lower portion of the process vessel 203, and a member forming the lower portion of the process
vessel 203 such as the heat insulator 218 disposed at the bottom portion in the process vessel 203.
In other words, when the boat 217 is loaded in the process chamber 201, the second heating part
280 is disposed so as to be located below the bottom plate 217b.  The second heating part 280 is
configured by, for example, alamp heater.

[0053] The controller 121 as described hereinbelow is electrically connected to the second
heating part 280. The controller 121 is configured to control the power supply to the second
heating part 280 at a predetermined timing so as to reach atemperature (e.g., 100 to 300 degrees

C) that can suppress liquefaction of the processing gas (i.e., the gas containing H,O5) in the
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process vessel 203.  With this heating, it is possible to prevent liquefaction of the processing
gas at the furnace opening or adhesion of particles, impurities or the like generated up to the
drying process to the furnace opening.

[0054] In addition, as described above, the gas port heater 285 isinstalled at the connection
portion between the processing gas supply nozzle 501a and the processing gas supply pipe 289a,
and is configured to heat the processing gas passing through the connection portion. The gas
port heater 285 is controlled to have a desired temperature so that dew condensation does not
occur inside the processing gas supply pipe 289a. For example, it is controlled from 50 to 300
degrees C. In addition, an exhaust tube heater 284 isinstalled at a connection portion between
the gas exhaust pipe 231 and the process vessel 203.  The exhaust tube heater 284 is controlled
to have a desired temperature so that dew condensation does not occur inside the gas exhaust

pipe 231. For example, it is controlled from 50 to 300 degrees C.

(Control Part)

[0055] Asillustrated in FIG. 8, the controller 121, which is a control part (control means), may
be configured as a computer including a central processing unit (CPU) 121a, arandom access
memory (RAM) 121b, amemory device 121c, and an I/O port 121d. The RAM 121b, the
memory device 121c and the 1/0 port 121d are configured to exchange data with the CPU 121a
viaaninternal bus 121e. An input/output device 122 formed of, e.g., atouch panel, adisplay or
thelike, is connected to the controller 121.

[0056] The memory device 121c is configured by, for example, aflash memory, a hard disk
drive (HDD), or thelike. A control program for controlling operations of a substrate processing
apparatus, a program recipe for specifying sequences and conditions of substrate processing as
described hereinbelow, or the like is readably stored in the memory device 121c. The process
recipe functions as a program for causing the controller 121 to execute each sequencein a
substrate processing process, as described hereinbelow, to obtain a predetermined result.

Hereinafter, the program recipe and the control program will be generally and simply referred to

22



asa"program.” Furthermore, the process recipe will be simply referred to as a "recipe.”

When the term "program” is used herein, it may indicate a case of including only the recipe, a
case of including only the control program, or a case of including both the recipe and the control
program. The RAM 121b is configured as a memory area (work area) in which a program or
dataread by the CPU 121aistemporarily stored.

[0057] The I/O port 121d is connected to the LMFC 303, the MFCs 601b and 602b, the valves
6013, 601d, 6023, 602d and 302, the APC valve 255, thefirst heating part 207 (207a, 207b, 207c,
and 207d), the second heating part 280, the first to fourth temperature sensors 263ato 263d, the
boat rotation mechanism 267, the pressure sensor 223, the pressure controller 224, the
temperature controller 106, processing gas temperature sensor 286, the processing gas pressure
sensor 287, the gas densitometer 500 , the vaporizer heater 103, the pipe heater 289c, the filter
heater 630, the exhaust tube heater 284, the gas port heater 285, and the like, as described above.
[0058] The CPU 121ais configured to read the control program from the memory device 121c
and execute the same. The CPU 121a also reads the recipe from the memory device 121c
according to an input of an operation command from the input/output device 122.  In addition,
the CPU 121ais configured to control, according to the contents of the recipe thus read, the flow
rate adjusting operation of aliquid precursor by the LMFC 303, the flow rate adjusting operation
of a gas by the MFCs 601b and 602b, the opening/closing operation of the valves 601a, 601d,
602a, 602d, 302 and 289b, the opening/closing adjusting operation of the APC valve 255, the
temperature adjusting operation performed by the first heating part 207 based on the first to
fourth temperature sensors 263ato 263d, the temperature adjusting operation by the second
heating part 280, the driving and stopping of the vacuum pump 246, the operation of adjusting
the rotation speed of the boat rotation mechanism 267, the temperature adjusting operation of the
vaporizer heater 103, the pipe heater 289c, the filter heater 630, the exhaust tube heater 284 and
the gas port heater 285 through the temperature controller 106, and thelike. In addition, a
control operation as described hereinbelow is executed based on the data of the processing gas

acquired by the processing gas temperature sensor 286, the processing gas pressure sensor 287,
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and the gas densitometer 500.

[0059] The controller 121 may be configured by installing, on the computer, the aforementioned
program stored in an external memory device 123 (for example, a magnetic tape, a magnetic disk
such as aflexible disk or a hard disk, an optical disc such asaCD or DVD, a magneto-optical
disc such as an MO, a semiconductor memory such asaUSB memory or amemory card). The
memory device 121c or the external memory device 123 is configured as a non-transitory
computer-readable recording medium. Hereinafter, the memory device 121c and the external
memory device 123 will be generally and simply referred to as a"recording medium.” When
the term "recording medium" is used herein, it may indicate a case of including only the memory
device 121c, acase of including only the external memory device 123, or a case of including
both the memory device 121c and the external memory device 123. Furthermore, the program
may be supplied to the computer using a communication means such as the Internet or a

dedicated line, instead of using the external memory device 123.

(2) Pre-processing Process

[0060] A pre-processing process, which isto be performed before a modification processing as
described hereinbelow, is carried out on awafer 200 as a substrate will now be described with
referenceto FIG. 9. Asillustrated in FIG. 9, at the pre-processing process, a polysilazane
coating step T20 and a pre-baking step T30 are performed on the wafer 200. At the
polysilazane coating step T20, polysilazane is coated by a coating device (not shown). The
thickness of the coated polysilazane is adjusted depending on the molecular weight of the
polysilazane, the viscosity of the polysilazane solution, and the number of revolutions of the
coater. At the pre-baking step T30, a solvent is removed from the polysilazane coated on the
wafer 200. Specificaly, the solvent is volatilized and removed by being heated to about 70 to
250 degrees C.  The heating may be performed at about 150 degrees C.

[0061] Furthermore, a substrate which has an uneven structure that is afine structure and in

which polysilazane is supplied so asto fill at |east recesses (grooves) to form a polysilazane
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coating film as a silicon-containing film in the grooves is used as the wafer 200. An examplein
which a gas containing H,O, which is avaporized gas of a hydrogen peroxide solution is used as
aprocessing gas for thiswafer 200 will be described.  Furthermore, nitrogen or hydrogen is
contained in the silicon-containing film, and in some cases, carbon and other impurities may be
mixed therein.  The term substrate having a fine structure may refer to a substrate having a
structure with a high aspect ratio, such as a groove (recess) deep in adirection perpendicular to a
silicon substrate or alaterally narrow groove (recess) having awidth of about 10 to 30 nm.
[0062] Then, at the pre-processing step of this embodiment, the wafer 200 is loaded into a
processing apparatus (not shown) different from the aforementioned substrate processing
apparatus 10 (substrate loading step T10), and the polysilazane coating step T20 and the pre-
baking process T30 described above are performed in the processing apparatus, and then the
wafer 200 is unloaded (substrate unloading step T40). However, the polysilazane coating step

T20 and the pre-baking step T30 may be performed in separate apparatuses, respectively.

(3) Substrate Processing Process

[0063] Next, asubstrate processing process, which is to be performed as one of the processes for
manufacturing a semiconductor device according to this embodiment, will be described below
with referenceto FIG. 10. This processis performed by the af orementioned substrate
processing apparatus 10.  In this embodiment, as an example of this substrate processing
process, a case where a step of modifying (oxidizing) a silicon-containing film formed on a
wafer 200 as a substrate into an SiO film (modification processing step) using a gas containing
H.0O, as a processing gas will be described.  In the following descriptions, the operations of the
respective parts constituting the substrate processing apparatus are controlled by the controller
121.

[0064] Hydrogen peroxide (H20,) has a higher activation energy than water vapor (water, H,0),
and has a strong oxidizing power because of alarge number of oxygen atoms contained in one

molecule. Therefore, the oxygen atoms can reach a deep portion (a bottom portion of the
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grooves) of afilm formed in grooves of the wafer 200 by using a gas containing H,O, as the
processing gas. Thus, it is possible to more uniformly set the degree of the modification
processing between the surface portion and the deep portion of the film on the wafer 200. That
IS, since the substrate processing can be more uniformly performed between the surface portion
and the deep portion of the film formed on the wafer 200, it is possible to make the dielectric
constant or the like of the wafer 200 after the modification processing uniform.  Furthermore,
since amodification processing step can be performed at alow temperature, it is possible to
mitigate deterioration in performance or the like of acircuit formed on the wafer 200. In
addition, in this embodiment, a product obtained by vaporizing or misting H,O, as areactant (i.e.,
H.O, in agaseous state) is referred to as an H,O, gas or areaction gas, and a gas containing at
least the H,O, gas (reaction gas) isreferred to as a processing gas, and an aqueous solution in a

liquid state containing H,O; is referred to as a hydrogen peroxide solution or aliquid precursor.

(Substrate Loading Step S10)

[0065] First, a predetermined number of wafers 200 are |oaded into the boat 217. The boat 217
supporting aplurality of the wafers 200 is lifted up by the boat elevator and is loaded into the
process vessel 203. In this state, the furnace opening which is the opening of the processing

furnace 202 is sealed by the seal cap 219.

(Pressure Regulation and Temperature Adjustment Step S20)
[0066] Theinternal atmosphere of the process vessel 203 is vacuum-exhausted by controlling

the vacuum pump 246 so that the interior of the process vessel 203 reaches a desired pressure
(degree of vacuum). Then, an oxygen-containing gas is supplied from the oxygen-containing
gas supply part (supply hole 501b) to the process vessel 203.  The oxygen-containing gas may
be heated by the oxygen-containing gas heating part 602e to 100 to 120 degrees C, and then
supplied. In this operation, the internal pressure of the process vessel 203 is measured by the

pressure sensor 223, and the opening degree of the APC valve 255 is feedback-controlled based
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on the measured pressure (pressure regulation). Theinternal pressure of the process vessel 203
is adjusted to, for example, adlightly reduced pressure state (about 700 to 1,000 hPa).

[0067] The wafers 200 accommodated in the process vessel 203 are heated by the first heating
part 207 such that the wafers 200 reach adesired first temperature, e.g., 40 to 100 degreesC. In
this operation, the power supply to the first heater unit 207a, the second heater unit 207b, the
third heater unit 207c, and the fourth heater unit 207d included in the first heating part 207 is
feedback-controlled based on the temperature information detected by the first temperature
sensor 263a, the second temperature sensor 263D, the third temperature sensor 263c, and the
fourth temperature sensor 263d such that the temperature of the wafers 200 in the process vessel
203 reach a desired temperature (temperature adjustment) . At thistime, all the setting
temperatures of thefirst heater unit 207a, the second heater unit 207b, the third heater unit 207c,
and the fourth heater unit 207d are controlled so as to become the same temperature.
Furthermore, the second heating part 280 is controlled to have a temperature so that the
processing gasis not re-liquefied in the process vessel 203 (particularly below the process vessel
203). For example, it is heated to have 100 to 200 degrees C.

[0068] In addition, the rotation of the boat 217 starts by operating the boat rotation mechanism
267 while heating the wafers 200. At this time, the rotation speed of the boat 217 is controlled
by the controller 121. Therotation of the boat 217 is continuously performed at |east until the

modification processing step S30 as described hereinbel ow is completed.

(Modification Processing Step S30)

[0069] When the wafers 200 reach a predetermined first temperature and the boat 217 reaches a
desired rotation speed, aliquid precursor (hydrogen peroxide solution) is supplied from the
liquid precursor supply part 300 to the vaporizer 100. That is, the valve 302 is opened and a
liquid precursor whose flow rate is controlled by the LMFC 303 is supplied into the vaporization
vessel 101 viathe dropping nozzle 107. Theliquid precursor supplied to the vaporizer 100 is

dropped from the dropping nozzle 107 to the bottom of the inner surface of the vaporization
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vessel 101. The vaporization vessel 101 is heated by the vaporizer heater 103 to adesired
temperature (e.g., 180 to 220 degrees C). Thus, the droplets of the dropped liquid precursor
(hydrogen peroxide solution) make contact with the inner surface of the vaporization vessel 101
so that it isinstantaneously heated and evaporated to become a gas.

[0070] Then, the valve 289b is opened and the gasified liquid precursor (vaporized gas) is
supplied as the processing gas into the process chamber 201 through the exhaust port 104, the
processing gas supply pipe 2893, the gas densitometer 500, the gas filter 600, the valve 289D, the
processing gas supply nozzle 501a, and the supply hole 501b. The processing gas passing
through the gas filter 600 is heated when passing through the heated filter part 620, so that the
liquid precursor in adroplet state or amist state contained in the processing gas is vaporized.
The processing gas introduced into the process chamber 201 from the supply hole 501b is further
heated by the processing gas heating part 217d and is then supplied to the wafers 200. The
H,0, gas contained in the processing gas oxidizes with the silicon-containing film on the surface
of the wafers 200 as areaction gas to modify the silicon-containing film into an SiO film.

During the supply of the processing gas to the wafers 200 at this step, as will be described
hereinbelow, the respective components of the processing gas supply part are controlled based
on the data acquired from the processing gas temperature sensor 286, the processing gas pressure
sensor 287, and the gas densitometer 500.

[0071] Furthermore, the interior of the process vessel 203 is exhausted by the vacuum pump 246
while supplying the processing gas into the process vessel 203. That is, the APC valve 255 is
opened, and the exhaust gas exhausted from the interior of the process vessel 203 viathe gas
exhaust pipe 231 is exhausted by the vacuum pump 246. After the lapse of a predetermined
period of time, the valve 289 b is closed to stop the supply of the processing gas into the process
vessel 203.  Then, after the lapse of a predetermined period of time, the APC valve 255 is
closed to stop the exhaust from the interior of the process vessel 203.

[0072] In this embodiment, there has been described a case where the hydrogen peroxide

solution is supplied as the liquid precursor to the vaporizer 100 and the processing gas containing
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the H,O, gasis supplied into the process vessel 203. However, the present disclosureis not
limited thereto, and for example, aliquid containing ozone (O3), water, or the like may be used

astheliquid precursor.

(Dry Processing Step $40)

[0073] After the modification processing step S30 is completed, the temperature of the wafers
200 israised to a predetermined second temperature equal to or lower than the temperature
processed at the pre-baking step T30. The second temperature may be set to atemperature
which is higher than the aforementioned first temperature and equal to or lower than the
temperature of the pre-baking step T30 described above. For example, it israised to 150
degrees C. After the temperature rises, the wafers 200 and the interior of the process vessel 203
are gently dried while maintaining the temperature.  With thisdrying, it is possible to dry the
wafers 200 and remove the foreign matter source, while suppressing re-adhesion of an impurity
such as outgas due to ammonia, anmonium chloride, carbon, hydrogen, or other solvent, which
is the byproduct desorbed from the polysilazane film, and an impurity due to H,O,, to the wafers

200.

(Post-baking Step S50)

[0074] After the dry processing step S40 is completed, the temperatureis raised to a higher
temperature than the dry processing step and the processing is performed under an atmosphere
containing at least one or more of nitrogen, oxygen, and argon. Thus, it is possible to remove
the hydrogen remaining in the SIO film and thus to modify it into agood SIO film containing
less hydrogen. Although it is possible to improve the quality of the SiO film by performing a
post-baking step S50, there is a case where priority is given to manufacturing throughput except
for adevice process (e.g., STI or the like) in which a high-quality oxide filmisrequired. Thus,

it may not be performed.
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(Temperature Decrease and Atmospheric Pressure Return Step S60)

[0075] After the dry processing step S40 or the post-baking step S50 is completed, the APC
valve 255 is opened and the interior of the process vessel 203 is vacuum-exhausted. Thus, itis
possible to remove the particles or impurities remaining in the process vessel 203.  After the
vacuum-exhaust, the APC valve 255 is closed, and the internal pressure of the process vessel 203
is returned to atmospheric pressure. By returning it to the atmospheric pressure, it is possible to
increase the heat capacity in the process vessel 203 and thus to uniformly heat the wafers 200
and the process vessel 203. By uniformly heating the wafers 200 and the process vessel 203, it
is possible to remove the particles, impurities, outgas from the wafers 200, or residual impurities
contained in the hydrogen peroxide solution which could not be removed by vacuum exhaust.
After the lapse of a predetermined period of time, since the internal pressure of the process
vessel 203 isreturned to atmospheric pressure, the temperature is lowered to a predetermined

temperature (e.g., about the insertion temperature of the wafers 200).

(Substrate Unloading Step S70)

[0076] Thereafter, the seal cap 219 is moved down by the boat € evator to open the lower end of
the process vessel 203.  The processed wafers 200 supported on the boat 217 are unloaded from
the lower end of the process vessel 203 outside of the process vessel 203.  The processed
wafers 200 are subsequently discharged from the boat 217, and the substrate processing process

according to this embodiment is completed.

(4) Control of the Processing Gas Supply Part at the Modification Processing Step

[0077] In the vaporizer 100, the temperature of the vaporization heater 103 is lowered according
to the vaporization of the liquid precursor, which causes a vaporization failure of the liquid
precursor. When avaporization failure occurs, the droplets or mist of the liquid precursor are
contained in the generated processing gas. These droplets or mist are supplied to the wafers

200, which may cause generation of particles or cause deterioration of the quality of the oxide
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film obtained by the modification processing. Furthermore, when a vaporization failure occurs,
the concentration of H,O, may occur in liquid collection of the liquid precursor generated in the
vaporization vessel 101.  When the concentration of the H,O, gas contained in the processing
gasis not uniform due to such concentration of H,O,, it causes a hindrance to stable modification
processing on the wafers 200.  Even when the processing gasis re-liquefied in the processing
gas supply pipe 289a or the like, the above-mentioned problem also occurs.

[0078] In this embodiment, when the processing gasis supplied at the modification processing
step S30, the user is notified that a vaporization failure has occurred in the vaporizer 100 or that
thereisahigh possibility that a vaporization failureislikely to occur in the vaporizer 100, based
on at least one of the temperature data of the processing gas flowing through the processing gas
supply pipe 289a acquired by the processing gas temperature sensor 286, the pressure data of the
processing gas flowing through the processing gas supply pipe 289a obtained by the processing
gas pressure sensor 287, and the concentration value of a specified gas in the processing gas
flowing through the processing gas supply pipe 289a acquired by the gas densitometer 500.
Furthermore, when the processing gas is supplied at the modification processing step S30, it is
possible to suppress the occurrence of vaporization failure or the occurrence of reliquefaction by
controlling each component of the processing gas supply part based on at least one of the
temperature data, the pressure data, and the concentration value of the processing gas.

Specificaly, the following controls are performed.

(A) Control based on Temperature Data of the Processing Gas Temperature Sensor 286

[0079] When the temperature of the processing gas delivered from the vaporizer 100 is lowered
during the process of supplying the processing gas, it is presumed that a vaporization failure of
the liquid precursor occursin the vaporizer 100, or that there is a high possibility that a
vaporization failureis likely to occur in the vaporizer 100. In addition, due to the temperature
decrease of the processing gas, there is a high possibility that the processing gasisre-liquefied in

the processing gas supply pipe 289aor thelike. Therefore, when it is determined that the
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temperature of the processing gas in the processing gas supply pipe 289a acquired from the
processing gas temperature sensor 286 is lower than a predetermined temperature value or a
temperature range, the controller 121 notifies the user of a vaporization failure in the vaporizer
100, or that there is a high possibility that a vaporization failure will occur in the vaporizer 100,
for example, through the input/output device 122, or recordsit as alog in the memory device
121c.

[0080] Furthermore, asillustrated in FIG. 11A, when it is determined that the acquired
temperature of the processing gas is lower than a predetermined temperature range (a range not
less than the first temperature and not more than the second temperature) (S101), the controller
121 controls the vaporization heater 103 of the vaporizer 100 through the temperature controller
106 to raise the temperature of the vaporization heater 103 by a predetermined width (S102).
Thus, the vaporization failure of the liquid precursor in the vaporizer 100 can be improved or
eliminated. The predetermined temperature range s, for example, arange of 150 to 200
degrees C. If the temperature of the processing gasis 150 degrees C or higher, which isthe
boiling point of 100% H,O,, generally, a vaporization failure of the liquid precursor does not
occur and reliquefaction of the processing gas also does not occur.  In addition, the vaporization
heater 103 is controlled so that the temperature of the vaporization heater 103 fallswithin a
range of, for example, 180 to 220 degrees C.

[0081] On the other hand, in this embodiment, the H,O, gas used as the reaction gas contained in
the processing gas has the property that the decomposition is promoted as the temperature
increases, as described above. In addition, it is desirable that the processing temperature of the
wafers 200 at the modification processing step be alower temperature in order to minimize
thermal damage to a device or the like formed on the wafers 200. Therefore, when it is
determined that the acquired temperature of the processing gasis higher than a predetermined
temperature range (S101), the controller 121 lowers the temperature of the vaporization heater
103 of the vaporizer 100 by a predetermined width (S103).

[0082] Furthermore, when avaporization failure of the liquid precursor occurs in the vaporizer
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100, the vaporizing failure may be improved or eliminated by increasing the flow rate of the
carrier gas supplied to the vaporizer 100. Therefore, when it is determined that the acquired
temperature of the processing gas is lower than the predetermined temperature range (S101), the
controller 121 may control the MFC 601b that controls the flow rate of the carrier gas supplied to
the vaporizer 100 to increase the supply amount of the carrier gas by a predetermined width
(S102). However, when the flow rate of the carrier gasis changed, the concentration of the
H.O, gasin the generated processing gas may change. For stable modification processing on
the wafers 200, the concentration of the H,O, gas may be constant in some embodiments.
Therefore, the temperature of the vaporization heater 103 may be changed with higher priority
than the change in flow rate of the carrier gas.  In addition, the MFC 601b is controlled so that
the flow rate of the carrier gas falls within arange of a predetermined flow rate or less.

[0083] Furthermore, when avaporization failure of the liquid precursor occurs in the vaporizer
100, the vaporization failure may be improved or eliminated by reducing the flow rate of the
liquid precursor supplied to the vaporizer 100. Therefore, when it is determined that the
acquired temperature of the processing gasis lower than the predetermined temperature range
(S101), the controller 121 may control the LMFC 303 that controls the flow rate of the liquid
precursor supplied to the vaporizer 100 to decrease the supply amount of the liquid precursor by
apredetermined width (S102). However, when the flow rate of the liquid precursor is changed,
the concentration of the H,O, gas in the generated processing gas and the supply amount of the
H.O, gasitself may change. For stable modification processing on the wafers 200, the
concentration and the supply amount of the H,O, gas may be constant in some embodiments.

In addition, when the flow rate of the liquid precursor is changed, the temperature of the
vaporization heater 103 may also change. Therefore, the control to change the flow rate of the
carrier gas or the control to change the temperature of the vaporization heater 103 may be
performed with higher priority than the control to change the flow rate of the liquid precursor in
some embodiments.

[0084] Also, wheniit is determined that the acquired temperature of the processing gasis higher
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than the predetermined temperature range (S101), the controller 121 may increase the supply
amount of the carrier gas supplied to the vaporizer 100 by a predetermined width, or increase the
supply amount of the liquid precursor supplied to the vaporizer 100 by a predetermined width
(S103). However, as described above, since the concentration and the supply amount of the
H.O, gas may be constant in some embodiments, the control to change the temperature of the
vaporization heater 103 may be performed with higher priority than the control to change the
flow rate of the liquid precursor and the control to change the flow rate of the carrier gas.

[0085] The temperature control of the vaporization heater 103, the supply amount control of the
carrier gas, and the supply amount control of the liquid precursor at step S102 described above
may be performed independently, or two or more of these controls may be performed
simultaneously or at different timings. Likewise, the supply amount control of the carrier gas
and the supply amount control of the liquid precursor at step S103 described above may be
performed independently, or these controls may be performed simultaneously or at different
timings.

[0086] Furthermore, when the acquired temperature of the processing gasis lower than the
predetermined temperature range, in order to prevent re-liquefaction of the processing gas, the
controller 121 may control the temperature of at |east one of the pipe heater 289c, the filter

heater 630, and the gas port heater 285 so asto raise it by a predetermined width.

(B) Control based on Pressure Data of the Processing Gas Pressure Sensor 287

[0087] When the pressure of the processing gas in the processing gas supply pipe 289adelivered
from the vaporizer 100 is not stable during the process of supplying the processing gas, it may be
presumed that a vaporization failure of the liquid precursor occurs in the vaporizer 100.
Therefore, when it is determined that a state in which the pressure value of the processing gas
acquired from the processing gas pressure sensor 287 is avaue equal to or lessthan a
predetermined ratio with respect to a predetermined pressure value (reference pressure value) as

areference continues for a predetermined period of time, the controller 121 notifies the user of a
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vaporization failure in the vaporizer 100 or that there is a high possibility that a vaporization
failureislikely to occur in the vaporizer 100, for example, through the input/output device 122,
or recordsit asalog in the memory device 121c. Furthermore, the pressure of the processing
gas may also vary depending on conditions such as the flow rate, the concentration, or the like of
the processing gas. Therefore, for example, the reference pressure val ue corresponding to the
carrier gas supply amount may be stored as atable in advance, and the reference pressure value
corresponding to the carrier gas supply amount at each time point controlled by the MFC 601b as
the carrier gas flow rate control part may be determined sequentially by referring to the table in
some embodiments.

[0088] In addition, when it is determined that a state continues for a predetermined period of
time in which the pressure value of the processing gas acquired from the processing gas pressure
sensor 287 is avaue deviating from arange of a predetermined ratio with respect to the
reference pressure value, the controller 121 may perform the same processing on the assumption
of avaporization failure in the vaporizer 100 or that there is a high possibility that a vaporization
failureislikely to occur in the vaporizer 100. For example, when it is detected that a state
continues for 30 to 60 seconds or more in which the acquired pressure value of the processing
gas deviatesfrom arange of = 0.5to = 2% (i.e., arange of 1 to 4% around the reference pressure
value in awidth of variation) around the reference pressure value, the aforementioned processing
isperformed. Furthermore, the controller 121 may perform the same processing on the
assumption of a vaporization failure in the vaporizer 100 or that there is a high possibility that a
vaporization failureis likely to occur in the vaporizer 100 when a change amount or a change
rate per predetermined time of the pressure value of the processing gas acquired from the
processing gas pressure sensor 287 with respect to the reference pressure value is equal to or
larger than a predetermined value, or when the acquired pressure of the processing gas deviates
from the reference pressure value or a predetermined pressure range around the reference
pressure val ue.

[0089] In addition, asillustrated in FIG. 11B, the controller 121 controls the vaporization heater
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103 of the vaporizer 100 through the temperature controller 106 to raise the temperature of the
vaporization heater 103 by a predetermined width (S112) when it is determined that a state in
which the acquired pressure value of the processing gasis avalue equal to or lessthan a
predetermined ratio (first pressure ratio) with respect to the reference pressure value continues
for a predetermined period of time (S111),. For example, when it is detected that a statein
which the acquired pressure value of the processing gasis avalue lower than the reference
pressure value by 0.5 to 2% or more (i.e., avalue of 98 to 99.5% or less) and continues for 30 to
60 seconds or more, the control of S112 isperformed. In this embodiment, when it is detected
that a state continues for 30 seconds or more in which the acquired pressure value of the
processing gas is lower than the reference pressure value by 1% or more (i.e., avalue of 99% or
less of the reference pressure value), the controller 121 performs the control of S112. Thus, the
vaporization failure of the liquid precursor in the vaporizer 100 can be improved or eliminated.
The vaporization heater 103 is controlled so that the temperature of the vaporization heater 103
falls within arange of, for example, 180 to 220 degrees C.

[0090] In addition, when a vaporization failure of the liquid precursor occurs in the vaporizer
100, the vaporization failure may be improved or eliminated by increasing the flow rate of the
carrier gas supplied to the vaporizer 100. Therefore, when it is determined that a state
continues for a predetermined period of time (S111) in which the acquired pressure vaue of the
processing gasis avalue equal to or less than a predetermined ratio (first pressure ratio) with
respect to the reference pressure value, the controller 121 may control the MFC 601b that
controls the flow rate of the carrier gas supplied to the vaporizer 100 to increase the supply
amount of the carrier gas by a predetermined width (S112). However, when the flow rate of the
carrier gas is changed, the concentration of the H,O, gas in the generated processing gas may
change. In addition, since the acquired pressure of the processing gas varies irrespective of the
presence or absence of vaporization failure, control based on the pressure of the processing gasis
difficult. Therefore, the control to change the temperature of the vaporization heater 103 may

be performed with higher priority than the control to change the flow rate of the carrier gasin
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some embodiments.  In addition, the MFC 601b is controlled so that the flow rate of the carrier
gas fallswithin arange of a predetermined flow rate or less.

[0091] Furthermore, when avaporization failure of the liquid precursor occurs in the vaporizer
100, the vaporization failure may be improved or eliminated by reducing the flow rate of the
liquid precursor supplied to the vaporizer 100. Therefore, when it is determined that a state
continues for a predetermined period of time (S111) in which the acquired pressure value of the
processing gas is avalue equal to or less than a predetermined ratio (first pressure ratio) with
respect to the reference pressure value, the controller 121 may control the LMFC 303 that
controls the flow rate of the liquid precursor supplied to the vaporizer 100 to reduce the supply
amount of the liquid precursor by a predetermined width. However, when the flow rate of the
liquid precursor is changed, the concentration of the H,O, gasin the generated processing gas
and the supply amount of the H,O, gasitself may change. Therefore, the control to change the
flow rate of the carrier gas or the control to change the temperature of the vaporization heater
103 may be performed with higher priority than the control to change the flow rate of the liquid
precursor in some embodiments.

[0092] On the other hand, when the pressure of the processing gas increases, re-liquefaction
(dew condensation) of the processing gasis likely to occur. Therefore, when it is determined
that a state continues for a predetermined period of time (S111) in which the acquired pressure
value of the processing gasis avalue equal to or larger than a predetermined ratio (second
pressure ratio) with respect to the reference pressure value, in order to suppress the occurrence of
re-liquefaction, the controller 121 controls the MFC 601b that controls the flow rate of the
carrier gas supplied to the vaporizer 100 to reduce the supply amount of the carrier gasby a
predetermined width (S113). Furthermore, the controller 121 may control the LMFC 303 that
controls the flow rate of the liquid precursor supplied to the vaporizer 100 to reduce the supply
amount of the liquid precursor by a predetermined width (S113). For example, wheniitis
detected that a state continues for 30 to 60 seconds or more in which the acquired pressure value

of the processing gas is a value higher than the reference pressure value by 0.5 to 2% or more
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(i.e., avalue of 100.5 to 102% or more of the reference pressure value), the control of S113is
performed. In this embodiment, when it detected that a state in which the acquired pressure
value of the processing gasis avalue higher than the reference pressure val ue by 1% or more
and continues for 30 seconds or longer, the controller 121 performs the control of S113.

[0093] Furthermore, in this embodiment, when the pressure value of the processing gas acquired
at S111 isequal to or less than the first pressure ratio, at least one of the temperature control of
the vaporization heater 103, the supply amount control of the carrier gas, and the supply amount
control of the liquid precursor at S112 described above is performed, but the predetermined ratio
may be individually set according to each control. In addition, the temperature control of the
vaporization heater 103, the supply amount control of the carrier gas, and the supply amount
control of the liquid precursor at S112 described above may be performed independently, or two
or more of these controls may be performed simultaneously or at different timings. Likewise,
the supply amount control of the carrier gas and the supply amount control of the liquid
precursor at S113 described above may be performed independently, or these controls may be
performed simultaneously or at different timings.

[0094] Furthermore, when it is determined that a state continues for a predetermined period of
time in which the pressure value of the processing gas acquired from the processing gas pressure
sensor 287 is avalue deviating from arange of a predetermined ratio with respect to the
reference pressure value, the controller 121 may perform the control of S112 on the assumption
of avaporization failure in the vaporizer 100 or that there is a high possibility that a vaporization
failureislikely to occur in the vaporizer 100. Furthermore, when it is determined that a change
amount or a change rate per predetermined time of the pressure value of the processing gas
acquired from the processing gas pressure sensor 287 with respect to the reference pressure value
isequal to or larger than a predetermined value, or when it is determined that the acquired
pressure of the processing gas deviates from the reference pressure value or a predetermined
pressure range around the reference pressure value, the controller 121 may perform the control of

S112 on the assumption of avaporization failure in the vaporizer 100 or that thereisahigh
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possibility that a vaporization failure islikely to occur in the vaporizer 100.

[0095] In addition, when the acquired temperature of the processing gasis higher than a
predetermined pressure range, in order to prevent reliquefaction of the processing gas, the
controller 121 may control the temperature of at |east one of the pipe heater 289c, the filter

heater 630, and the gas port heater 285 so asto raise it by a predetermined width.

(C) Control based on Concentration Vaue Data of the Densitometer 500

[0096] When the concentration value of the reaction gas (i.e., the concentration value of the
H,0, gas) in the processing gas delivered from the vaporizer 100 is not stable during the process
of supplying the processing gas, it is estimated that a vaporization failure of the liquid precursor
occursin the vaporizer 100. Therefore, when it is determined that a state continues for a
predetermined period of time in which the concentration value of the reaction gasin the
processing gas in the processing gas supply pipe 289a acquired from the densitometer 500 isa
value equal to or less than a predetermined ratio with respect to a predetermined concentration
value (reference concentration value) as areference, the controller 121 notifies the user of a
vaporization failure in the vaporizer 100 or that there is a high possibility that a vaporization
failureislikely to occur in the vaporizer 100, for example, through the input/output device 122,
or records it asalog in the memory device 121c. Furthermore, the concentration value of the
reaction gas in the processing gas a so varies depending on the conditions such as the flow rate
of the carrier gas. Therefore, in some embodiments, for example, the reference concentration
value corresponding to the carrier gas supply amount may be stored as atable in advance, and
the reference concentration value corresponding to the carrier gas supply amount at each time
point controlled by the MFC 601b as the carrier gas flow rate control part may be determined
sequentially by referring to thetable.  In addition, when it is determined that the acquired
concentration decrease amount of the reaction gas in the processing gas per predetermined time
continues to have a predetermined value or more, or when it is determined that the acquired

concentration value of the reaction gas in the processing gasis lower than a predetermined
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concentration value or a value within arange of predetermined concentration value, the
controller 121 may perform the same processing on the assumption of a vaporization failurein
the vaporizer 100 or that there is a high possibility that a vaporization failureislikely to occur in
the vaporizer 100.

[0097] Furthermore, asillustrated in FIG. 11C, when it is determined that a state continues for a
predetermined period of time (S121) in which the acquired concentration value of the reaction
gasin the processing gasis avalue equal to or less than a predetermined ratio (first concentration
ratio) with respect to the reference concentration value, the controller 121 controls the
vaporization heater 103 of the vaporizer 100 through the temperature controller 106 to raise the
temperature of the vaporization heater 103 by a predetermined width (S122). For example,
when it is detected that a state continues for 30 to 60 seconds in which the acquired
concentration value of the reaction gas in the processing gasis avaue lower than the reference
concentration value by 5 to 15% or more (i.e., avalue of 85 to 95% or less of the reference
concentration value), the control of S122 is performed.  In this embodiment, when it is detected
that a state continues for 30 seconds or more in which the acquired concentration val ue of the
reaction gas in the processing gasis avalue lower than the reference concentration value by 10%
or more (i.e., avaue of 90% or less of the reference concentration value), the controller 121
performs the control of S122. Thus, the vaporization failure of the liquid precursor in the
vaporizer 100 can be improved or eliminated. In addition, the vaporization heater 103 is
controlled so that the temperature of the vaporization heater 103 falls within arange of, for
example, 180 to 220 degrees C.

[0098] Furthermore, when avaporization failure of the liquid precursor occurs in the vaporizer
100, the vaporization failure may be improved or eliminated by increasing the flow rate of the
carrier gas supplied to the vaporizer 100. Therefore, when it is determined that a state
continues for a predetermined period of time (S121) in which the acquired concentration value of
the reaction gas in the processing gas is avalue of a predetermined ratio (first concentration ratio)

or less of the reference concentration value, the controller 121 may control the MFC 601b that
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controls the flow rate of the carrier gas supplied to the vaporizer 100 to increase the supply
amount of the carrier gas by a predetermined width (S122). However, when the flow rate of the
carrier gas is changed, the concentration of the H,O, gas in the generated processing gas may
change. In addition, since the acquired concentration value of the reaction gas in the processing
gas varies irrespective of the presence or absence of vaporization failure, control based on the
gas concentration valueis difficult. Therefore, the control to change the temperature of the
vaporization heater 103 may be performed with higher priority than the control to change the
flow rate of the carrier gasin some embodiments.  In addition, the MFC 601b is controlled so
that the flow rate of the carrier gas falls within arange of predetermined flow rate or less.

[0099] Furthermore, when avaporization failure of the liquid precursor occurs in the vaporizer
100, the vaporization failure may be improved or eliminated by reducing the flow rate of the
liquid precursor supplied to the vaporizer 100. Therefore, when it is determined that a state
continues for a predetermined period of time (S121) in which the acquired concentration value of
the reaction gas in the processing gas is a value of a predetermined ratio (first concentration ratio)
or less of the reference concentration value, the controller 121 may control the LMFC 303 that
controls the flow rate of the liquid precursor supplied to the vaporizer 100 to reduce the supply
amount of the liquid precursor by a predetermined width (S122). However, when the flow rate
of the liquid precursor is changed, the concentration of the H,O, gas in the generated processing
gas and the supply amount of the H,O.gas itself may change. Therefore, the control to change
the flow rate of the carrier gas or the control to change the temperature of the vaporization heater
103 may be performed with higher priority than the control to change the flow rate of the liquid
precursor in some embodiments.

[0100] On the other hand, when the concentration value of the reaction gas in the processing gas
increases, re-liquefaction (dew condensation) of the processing gasis relatively likely to occur.

In addition, the concentration value of the reaction gas in the processing gas may fall within a
range of predetermined concentration value for stable substrate processing in some embodiments.

Therefore, when it is determined that a state in which the acquired concentration value of the
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reaction gasin the processing gasis avalue of a predetermined ratio (second concentration ratio)
or more of the reference concentration value continues for a predetermined period of time (S121),
in order to suppress the occurrence of re-liquefaction , the controller 121 controls the MFC 601b
that controls the flow rate of the carrier gas supplied to the vaporizer 100 to increase the supply
amount of the carrier gas by a predetermined width (S123). Furthermore, it may control the
LMFC 303 that controls the flow rate of the liquid precursor supplied to the vaporizer 100 to
decrease the supply amount of the liquid precursor by a predetermined width (S123). For
example, when it is detected that a state in which the acquired concentration value of the reaction
gas in the processing gas is a value higher than the reference concentration value by 5 to 15% or
more (i.e., avaue of 105 to 115% or more of the reference concentration value) continues for 30
to 60 seconds or more, the control of S123 is performed. In this embodiment, when it is
detected that a state in which the acquired concentration value of the reaction gasin the
processing gasis avaue higher than the reference concentration value by 10% or more (i.e., a
value of 110% or more of the reference concentration value) continues for 30 seconds or more,
the controller 121 performs control of S123.

[0101] In this embodiment, when the concentration value of the reaction gas in the processing
gas acquired at S121 isequa to or less than the first concentration ratio, at least one of the
temperature control of the vaporization heater 103, the supply amount control of the carrier gas,
and the supply amount control of the liquid precursor at S122 described above is performed, but
the predetermined ratio may be individually set according to each control. In addition, the
temperature control of the vaporization heater 103, the supply amount control of the carrier gas,
and the supply amount control of the liquid precursor at S122 described above may be performed
independently, and two or more of these controls may be performed simultaneously or at
different timings. Likewise, the supply amount control of the carrier gas and the supply amount
control of the liquid precursor at S123 described above may be performed independently, or
these controls may be performed simultaneously or at different timings.

[0102] Furthermore, when the acquired concentration value of the reaction gasin the processing
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gasis higher than a value within arange of predetermined concentration value, in order to
prevent reliquefaction of the processing gas, the controller 121 may control the temperature of at
least one of the pipe heater 289c, the filter heater 630, and the gas port heater 285 so asto raise it
by a predetermined width.

[0103] In some embodiments, the control operations as described above may be applied to a case
where the temperature of the vaporization heater 103, the supply amount of the carrier gas and
the supply amount of the liquid precursor are suitably set such that the acquired temperature,
pressure, and concentration value of the processing gas fall within arange of predetermined
value defined by the user in aninitial state where the supply of the processing gas starts.  For
example, at the modification processing step S30 described above, when the generation of the
processing gas is stabilized after the lapse of at least a predetermined period of time from the
start of the supply of the processing gas, the aforementioned control starts. Thus, it becomes
easier to detect the occurrence of vaporization failure in the vaporizer 100, and the control to
eliminate or avoid the vaporization failure become easier.

[0104] Furthermore, the controlsillustrated in (A) to (C) described above may be performed
independently, or two or more of these controls may be performed simultaneously or at different
timings. For example, the controller 121 may perform the controlsillustrated in (A) and (B)
based on the acquired temperature and pressure of the processing gas. At thistime, the control
illustrated in (A) may be performed with priority in some embodiments. Furthermore, for
example, the controller 121 may perform the controlsillustrated in (A) and (C) based on the
acquired temperature and concentration value of the processing gas. At thistime, the control
illustrated in (A) may be performed with priority in some embodiments.

[0105] According to the present embodiment, one or more effects as set forth below may be

achieved.

(a) By detecting a decrease in the temperature of the processing gas delivered from the vaporizer
100 using the processing gas temperature sensor 286, it is possible to notify the user about a

result of recognizing that a vaporization failure of the liquid precursor occurs in the vaporizer
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100, or that there is a high possibility that a vaporization failure will occur, or that thereisahigh
possibility that re-liquefaction of the processing gasis likely to occur.

[0106] (b) Furthermore, by controlling the parameters (the temperature of the vaporization
heater 103, the flow rate of the carrier gas, and the flow rate of the liquid precursor ) of the
vaporizer 100 based on the temperature of the processing gas acquired by using the processing
gas temperature sensor 286 and delivered from the vaporizer 100, it is possible to eliminate a
vaporization failure of the liquid precursor in the vaporizer 100, suppress the occurrence of
vaporization failure, or suppress religuefaction in the processing gas supply pipe 289a.

[0107] (c) By detecting a decrease in the pressure of the processing gas in the processing gas
supply pipe 289a delivered from the vaporizer 100 using the processing gas pressure sensor 287,
it is possible to notify the user about aresult of recognizing that a vaporization failure of the
liquid precursor occurs in the vaporizer 100 or that there is a high possibility that a vaporization
failure will occur.

[0108] (d) Moreover, by controlling the parameters (the temperature of the vaporization heater
103, the flow rate of the carrier gas, and flow rate of the liquid precursor) of the vaporizer 100
based on the pressure of the processing gas in the processing gas supply pipe 289a acquired by
using the processing gas pressure sensor 287 and delivered from the vaporizer 100, it is possible
to eliminate the vaporization failure of the liquid precursor in the vaporizer 100 or to suppress
the occurrence of vaporization failure.

[0109] (e) By detecting a decrease in the concentration value of the reaction gasin the
processing gas delivered from the vaporizer 100 using the gas densitometer 500, it possible to
notify the user about a result of recognizing that a vaporization failure of the liquid precursor
occurs in the vaporizer 100, or that there is ahigh probability that a vaporization failure will
occur.

[0110] (f) Furthermore, by controlling the parameters (the temperature of the vaporization heater
103, the flow rate of the carrier gas, and the flow rate of the liquid precursor) of the vaporizer

100 based on the concentration value of the reaction gas in the processing gas acquired by using
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the gas densitometer 500 and delivered from the vaporizer 100, it is possible to eliminate the
vaporization failure of the liquid precursor in the vaporizer 100 or to suppress the occurrence of
vaporization failure.

[0111] (g) Moreover, by installing the processing gas heating part 217d in the process vessel 203,
since the droplets or mist can be vaporized in the process vessel 203 just before the processing
gasis supplied to the wafers 200, it is possible to prevent the liquid precursor in adroplet state or

amist state from being supplied to the wafers 200.

<Other Embodiments of the Present Disclosure>

[0112] While the embodiments of the present disclosure have been specifically described above,
the present disclosure is not limited to the aforementioned embodiments and various
modifications may be made without departing from the spirit of the disclosure.

[0113] In the aforementioned embodiments, there has been described a case where a gas
containing an H»O, gasis used as a processing gas, but the present disclosureis not limited
thereto. That is, the processing gas may be a gas obtained by vaporizing a solution (a reactant
inaliquid state) obtained by dissolving a precursor (reactant) which is solid or liquid under room
temperature in asolvent. In addition, when the vaporization point of the precursor (reactant) is
different from the vaporization point of the solvent, the effects of the aforementioned
embodiments are easily obtained. Furthermore, the vaporized gas as the processing gas is not
limited to one in which the concentration of the precursor becomes high when re-liquefied, and
the concentration of the precursor may also be lowered when re-liquefied. Even with this
processing gas, it is possible to make the concentration of the processing gas in the process
vessel 203 uniform.  For example, water vapor (H,O) generated by heating water may be used.
[0114] In addition, the H,O, gas contained in the processing gas described above may not only
bein a state of asingle H,O, molecule but also in a cluster state in which some H,O, molecules
arebonded. When generating a gas containing H,O, from a hydrogen peroxide solution, there

is not only a case where division progresses until single H,O, molecules are obtained but aso a

45



case where the division progresses until a cluster state is achieved in which some H,0O;
molecules are bonded. In addition, amist state in which some clusters gather together is also
possible aslong as quality of an oxide film obtained as aresult of the processing falls within an
allowable range.

[0115] Furthermore, when a gas (water vapor) obtained by vaporizing water (H,O) asthe liquid
precursor is used as the processing gas, the water vapor supplied to the wafers 200 may not only
bein a state of asingle H,O molecule, but aso in a cluster state in which some H,O molecules
arebonded. When changing water from aliquid state to a gaseous state, there is not only a case
where division progresses until single H,O molecules are obtained but also a case where the
division progresses until a cluster state is obtained in which some H,O moleculesare bound. In
addition, amist state in which the aforementioned clusters gather together is also possible as
long as quality of an oxide film as aresult of the processing falls within an allowable range for
the quality of an oxide film as aresult of the processing.

[0116] Furthermore, in the aforementioned embodiments, there has been described an example
in which awafer 200 on which a polysilazane film isformed is processed, but the present
disclosureis not limited thereto.  The present disclosure may be similarly applied to, e.g., a case
where awafer 200 on which afilm having a silazane bond (-Si-N-) isformed is processed. The
present disclosure may also be applied to, e.g., a process on a coating film using
hexamethyldisilazane (HMDS), hexamethylcyclotrisilazane (HMCTS), polycarbosilazane, or
polyorganosilazane.

[0117] In the foregoing description, there has been described an example in which afilm having
asilazane bond is spin-coated and a pre-baked wafer 200 is processed. However, the present
disclosure is not limited thereto and even a silicon-containing film formed by a CvVD method and
not pre-baked, for example, a silicon-containing film by a CVD method using a silicon precursor
such as amonosilane (SiH,) gas or atrisilylamine (TSA) gas may be similarly oxidized. Asa
method of forming the silicon-containing film by the CVD method, particularly aflowable CVD

method may be used. For example, agap having alarge aspect ratio may be filled with a

46



silicon-containing film by the flowable CVD method, and an oxidation process or an annealing
process in the present disclosure may be performed on the filled silicon-containing film.

[0118] Furthermore, in the aforementioned embodiments, there has been described the substrate
processing apparatus provided with a vertical type processing furnace. However, the present
disclosure is not limited thereto, and the present disclosure may be applied to, e.g., a substrate
processing apparatus including a single-wafer-type, a hot-wall-type or a cold-wall-type
processing furnace, or a substrate processing apparatus that processes awafer 200 by exciting a

processing gas.

<Aspects of the Present Disclosure>

[0119] Hereinafter, preferable aspects of the present disclosure will be additionally stated.

(Supplementary Note 1)

[0120] According to an embodiment of the present disclosure, there is provided a substrate
processing apparatus, including: a process chamber configured to accommodate a substrate; a
vaporizer configured to vaporize aliquid precursor to generate a reaction gas and deliver a
processing gas containing the reaction gas and a carrier gas, wherein the vaporizer includes a
vaporization vessel in which the liquid precursor is vaporized, aliquid precursor introduction
part configured to introduce the liquid precursor into the vaporization vessel, acarrier gas
introduction part configured to introduce the carrier gas into the vaporization vessel, and a heater
configured to heat the liquid precursor introduced into the vaporizing vessel; a carrier gas supply
controller configured to control a supply amount of the carrier gas supplied to the vaporizer; a
liquid precursor supply controller configured to control a supply amount of the liquid precursor
supplied to the vaporizer; a processing gas supply pipe configured to introduce the processing
gas delivered from the vaporizer into the process chamber; a processing gas temperature sensor
configured to detect atemperature of the processing gas delivered from the vaporizer into the

processing gas supply pipe; and a controller configured to control the heater to adjust a
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temperature of the heater, based on the temperature of the processing gas detected by the

processing gas temperature sensor.

(Supplementary Note 2)

[0121] Preferably, in the substrate processing apparatus according to Supplementary Note 1, the
apparatus includes a processing gas pressure sensor configured to detect a pressure of the
processing gas in the processing gas supply pipe, and the controller is configured to control the
heater to adjust the temperature of the heater based on the pressure of the processing gas detected
by the processing gas pressure sensor and the temperature of the processing gas detected by the

processing gas temperature sensor.

(Supplementary Note 3)

[0122] Preferably, in the substrate processing apparatus according to Supplementary Note 1, the
apparatus includes a gas concentration sensor configured to detect a gas concentration of the
reaction gas contained in the processing gas delivered from the vaporizer into the processing gas
supply pipe, and the controller is configured to control the heater to adjust the temperature of the
heater based on the gas concentration of the reaction gas detected by the gas concentration sensor

and the temperature of the processing gas detected by the processing gas temperature sensor.

(Supplementary Note 4)

[0123] Preferably, in the substrate processing apparatus according to Supplementary Note 1, the
controller is configured to control the heater to adjust the temperature of the heater based on the
temperature of the processing gas detected by the processing gas temperature sensor and control
at least one of the operationsto (&) control the carrier gas supply controller to adjust the supply
amount of the carrier gas and (b) control the liquid precursor supply controller to adjust the

supply amount of the liquid precursor.
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(Supplementary Note 5)

[0124] Preferably, in the substrate processing apparatus according to Supplementary Note 1,
when the temperature of the processing gas detected by the processing gas temperature sensor is
lower than a predetermined temperature, the controller is configured to control at least one of the
operations to (a) control the heater to increase the temperature of the heater, (b) control the
carrier gas supply controller to increase the supply amount of the carrier gas, and (c) control the

liquid precursor supply controller to decrease the supply amount of the liquid precursor.

(Supplementary Note 6)

[0125] Preferably, in the substrate processing apparatus according to Supplementary Note 1, the
apparatus includes a processing gas pressure sensor configured to detect a pressure of the
processing gas in the processing gas supply pipe, and the controller is configured to control at
least one of the operations to (a) control the carrier gas supply controller to adjust the supply
amount of the carrier gas (b) control the liquid precursor supply controller to adjust the supply
amount of the liquid precursor, and (c) control the liquid precursor supply controller to adjust the
supply amount of the liquid precursor, based on the pressure of the processing gas detected by

the processing gas pressure Sensor.

(Supplementary Note 7)

[0126] Preferably, in the substrate processing apparatus according to Supplementary Note 1, the
apparatus includes a gas concentration sensor configured to detect a gas concentration of the
reaction gas contained in the processing gas delivered from the vaporizer into the processing gas
supply pipe, and the controller is configured to control at least one of the operations to (a)
control the carrier gas supply controller to adjust the supply amount of the carrier gas and (b)
control the liquid precursor supply controller to adjust the supply amount of the liquid precursor,

based on the gas concentration of the reaction gas detected by the gas concentration sensor.
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(Supplementary Note 8)

[0127] Preferably, in the substrate processing apparatus according to Supplementary Note 1, the
apparatus includes: a gas nozzle provided in a downstream end of the processing gas supply pipe
to supply the processing gas into the process chamber; and a heating part configured to heat the
processing gas supplied from the gas nozzle into the process chamber, the heating part being

disposed at a position inside the process chamber and facing the gas nozzle.

(Supplementary Note 9)

[0128] Preferably, in the substrate processing apparatus according to Supplementary Note 1, the
apparatus includes a gas filter part configured to heat the processing gas flowing through the
processing gas supply pipe, the gasfilter part being connected to the processing gas supply pipe,
the gasfilter part includes afilter made of fluororesin and a gas filter heater that heats the filter,
and thefilter is heated by the gasfilter heater so as to vaporize droplets contained in the

processing gas passing through the filter.

(Supplementary Note 10)
[0129] Preferably, in the substrate processing apparatus according to Supplementary Note 1, the

processing gas includes a hydrogen peroxide (H,O) gas as the reaction gas.

(Supplementary Note 11)

[0130] According to another embodiment of the present disclosure, there is provided a method

of manufacturing a semiconductor device or a substrate processing apparatus, the substrate
processing apparatus including: a process chamber configured to accommodate a substrate; a
vaporizer configured to deliver a processing gas containing areaction gas and acarrier gas, the
reaction gas being generated by vaporizing aliquid precursor; a processing gas supply pipe
configured to introduce the processing gas delivered from the vaporizer into the process chamber;

and a processing gas temperature sensor that detects a temperature of the processing gas
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delivered from the vaporizer into the processing gas supply pipe, the method including
processing the substrate using the substrate processing apparatus, and the act of processing the
substrate includes: loading the substrate into the process chamber; generating the processing gas
by supplying the liquid precursor and the carrier gas into the vaporizer and heating the liquid
precursor by the heater to vaporize the liquid precursor; introducing the processing gas generated
in the vaporizer into the processing chamber through the processing gas supply pipe; and
adjusting a temperature of the heater based on the temperature of the processing gas detected by

the processing gas temperature sensor.

(Supplementary Note 12)

[0131] Preferably, in the method of manufacturing a semiconductor device according to
Supplementary Note 11, the substrate processing apparatus includes a processing gas pressure
sensor configured to detect a pressure of the processing gas in the processing gas supply pipe,
and the temperature of the heater is adjusted based on the pressure of the processing gas detected
by the processing gas pressure sensor and the temperature of the processing gas detected by the

processing gas temperature sensor in the act of adjusting the temperature of the heater.

(Supplementary Note 13)

[0132] Preferably, in the method of manufacturing a semiconductor device according to
according to Supplementary Note 11, the substrate processing apparatus includes a gas
concentration sensor configured to detect a gas concentration of the reaction gas contained in the
processing gas delivered from the vaporizer into the processing gas supply pipe, and the
temperature of the heater is adjusted based on the gas concentration of the reaction gas detected
by the gas concentration sensor and the temperature of the processing gas detected by the

processing gas temperature sensor in the act of adjusting the temperature of the heater.

(Supplementary Note 14)
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[0133] Preferably, in the method of manufacturing a semiconductor device according to
according to Supplementary Note 11, the temperature of the heater is adjusted and at |east one of
the operationsto (a) adjust a supply amount of the carrier gas supplied into the vaporizer and (b)
adjust a supply amount of the liquid precursor supplied into the vaporizer is performed based on
the temperature of the processing gas detected by the processing gas temperature sensor in the

act of adjusting the temperature of the heater.

(Supplementary Note 15)

[0134] According to another embodiment of the present disclosure, there is provided a
computer-readabl e recording medium storing a program that causes a computer to perform a
predetermined process of processing a substrate by controlling a substrate processing apparatus,
the substrate processing apparatus including: a process chamber configured to accommodate a
substrate; a vaporizer configured to deliver a processing gas containing areaction gasand a
carrier gas, the reaction gas being generated by vaporizing aliquid precursor; a processing gas
supply pipe configured to introduce the processing gas delivered from the vaporizer into the
process chamber; and a processing gas temperature sensor that detects a temperature of the
processing gas delivered from the vaporizer into the processing gas supply pipe, and the
predetermined process includes. loading the substrate into the process chamber; generating the
processing gas by supplying the liquid precursor and the carrier gas into the vaporizer and
heating the liquid precursor by the heater to vaporize the liquid precursor; introducing the
processing gas generated in the vaporizer into the processing chamber through the processing gas
supply pipe; and controlling at least one of the operations to (a) adjust atemperature of the heater,
(b) adjust a supply amount of the carrier gas supplied into the vaporizer and (c) adjust a supply
amount of the liquid precursor supplied into the vaporizer based on the temperature of the

processing gas detected by the processing gas temperature sensor.

(Supplementary Note 16)
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[0135] According to another embodiment of the present disclosure, there is provided a substrate
processing apparatus, including: a process chamber configured to accommodate a substrate; a
vaporizer configured to vaporize aliquid precursor to generate areaction gas and deliver a
processing gas containing the reaction gas and a carrier gas, wherein the vaporizer includes a
vaporization vessel in which the liquid precursor is vaporized, aliquid precursor introduction
part configured to introduce the liquid precursor into the vaporization vessel, acarrier gas
introduction part configured to introduce the carrier gas into the vaporization vessel, and a heater
configured to heat the liquid precursor introduced into the vaporizing vessel; a carrier gas supply
controller configured to control a supply amount of the carrier gas supplied to the vaporizer; a
liquid precursor supply controller configured to control a supply amount of the liquid precursor
supplied to the vaporizer; a processing gas supply pipe configured to introduce the processing
gas delivered from the vaporizer into the process chamber; a processing gas temperature sensor
configured to detect a temperature of the processing gas delivered from the vaporizer into the
processing gas supply pipe; and a controller configured to control at least one of the operations
to (a) control the heater to adjust the temperature of the heater, (b) control the carrier gas supply
controller to adjust the supply amount of the carrier gas, and (c) control the liquid precursor
supply controller to adjust the supply amount of the liquid precursor, based on the temperature of

the processing gas detected by the processing gas temperature sensor.

(Supplementary Note 17)

[0136] Preferably, in the substrate processing apparatus according to Supplementary Note 16,
when the temperature of the detected processing gasis lower than a predetermined temperature,,
the controller is configured to control at least one of the operations to (a) control the heater to
increase the temperature of the heater, (b) control the carrier gas supply controller to increase the
supply amount of the carrier gas, and (c) control the liquid precursor supply controller to

decrease the supply amount of the liquid precursor.
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(Supplementary Note 18)

[0137] Preferably, in the substrate processing apparatus according to Supplementary Note 16,
when the temperature of the detected processing gas is higher than a predetermined temperature ,
the controller is configured to control at least one of the operations to (a) control the heater to
decrease the temperature of the heater, (b) control the carrier gas supply controller to increase the
supply amount of the carrier gas, and (c) control the liquid precursor supply controller to

increase the supply amount of the liquid precursor.

(Supplementary Note 19)

[0138] According to another embodiment of the present disclosure, there is provided a substrate
processing apparatus, including: a process chamber configured to accommodate a substrate; a
vaporizer configured to vaporize aliquid precursor to generate areaction gas and deliver a
processing gas containing the reaction gas and a carrier gas, wherein the vaporizer includes a
vaporization vessel in which the liquid precursor is vaporized, aliquid precursor introduction
part configured to introduce the liquid precursor into the vaporization vessel, acarrier gas
introduction part configured to introduce the carrier gas into the vaporization vessel, and a heater
configured to heat the liquid precursor introduced into the vaporizing vessel; a carrier gas supply
controller configured to control a supply amount of the carrier gas supplied to the vaporizer; a
liquid precursor supply controller configured to control a supply amount of the liquid precursor
supplied to the vaporizer; a processing gas supply pipe configured to introduce the processing
gas delivered from the vaporizer into the process chamber; a processing gas pressure sensor
configured to detect a pressure of the processing gas in the processing gas supply pipe; and a
controller configured to control at least one of the operationsto (a) control the heater to adjust
the temperature of the heater, (b) control the carrier gas supply controller to adjust the supply
amount of the carrier gas, and (c) control the liquid precursor supply controller to adjust the
supply amount of the liquid precursor, based on the pressure of the processing gas detected by

the processing gas pressure Sensor.
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(Supplementary Note 20)

[0139] Preferably, in the substrate processing apparatus according to Supplementary Note 19,
when a state continues during a predetermined period of time in which avalue of the acquired
pressure of the processing gasis avalue equal to or less than a predetermined ratio of a
predetermined pressure value as a reference (areference pressure value), the controller is
configured to control at least one of the operations to (a) control the heater to increase the
temperature of the heater, (b) control the carrier gas supply controller to increase the supply
amount of the carrier gas, and (c) control the liquid precursor supply controller to decrease the

supply amount of the liquid precursor.

(Supplementary Note 21)

[0140] Preferably, in the substrate processing apparatus according to Supplementary Note 19,
when a state continues during a predetermined period of time in which a value of the acquired
pressure of the processing gasis avaue equal to or more than a predetermined ratio of a
predetermined pressure value as a reference (areference pressure value), the controller is
configured to control at least one of the operations to (a) control the carrier gas supply controller
to decrease the supply amount of the carrier gas, and (b) control the liquid precursor supply

controller to decrease the supply amount of the liquid precursor.

(Supplementary Note 22)

[0141] According to another embodiment of the present disclosure, there is provided a substrate
processing apparatus, including: a process chamber configured to accommodate a substrate; a
vaporizer configured to vaporize aliquid precursor to generate a reaction gas and deliver a
processing gas containing the reaction gas and a carrier gas, wherein the vaporizer includes a
vaporization vessel in which the liquid precursor is vaporized, aliquid precursor introduction

part configured to introduce the liquid precursor into the vaporization vessel, acarrier gas
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introduction part configured to introduce the carrier gas into the vaporization vessel, and a heater
configured to heat the liquid precursor introduced into the vaporizing vessel; a carrier gas supply
controller configured to control a supply amount of the carrier gas supplied to the vaporizer; a
liquid precursor supply controller configured to control a supply amount of the liquid precursor
supplied to the vaporizer; a processing gas supply pipe configured to introduce the processing
gas delivered from the vaporizer into the process chamber; a gas concentration sensor configured
to detect a gas concentration of the reaction gas contained in the processing gas delivered from
the vaporizer into the processing gas supply pipe, and the controller is configured to acquire the
gas concentration of the reaction gas detected by the gas concentration sensor and control at |east
one of the operations to (a) control the heater to adjust atemperature of the heater, (b) control the
carrier gas supply controller to adjust the supply amount of the carrier gas, and (c) control the
liquid precursor supply controller to adjust the supply amount of the liquid precursor, based on

the acquired gas concentration of the reaction gas.

(Supplementary Note 23)

[0142] Preferably, in the substrate processing apparatus according to Supplementary Note 22,
when a state continues during a predetermined period of time in which avaue of the acquired
gas concentration of the reaction gasis avalue equa to or less than a predetermined ratio of a
predetermined concentration value as areference (areference concentration value), the controller
is configured to control at least one of the operations to (a) control the heater to increase the
temperature of the heater, (b) control the carrier gas supply controller to increase the supply
amount of the carrier gas, and (c) control the liquid precursor supply controller to decrease the

supply amount of the liquid precursor.

(Supplementary Note 24)
[0143] Preferably, in the substrate processing apparatus according to Supplementary Note 22,

when a state continues during a predetermined period of time in which a value of the acquired
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gas concentration of the reaction gasis avaue equal to or more than a predetermined ratio of a
predetermined concentration value as a reference (areference concentration value), the controller
is configured to control at least one of the operations to (b) control the carrier gas supply
controller to increase the supply amount of the carrier gas, and (c) control the liquid precursor

supply controller to decrease the supply amount of the liquid precursor.

(Supplementary Note 25)

[0144] Preferably, in the substrate processing apparatus according to any one of Supplementary
Notes 22 to 24, the apparatus includes: a gas nozzle provided in a downstream end of the
processing gas supply pipe to supply the processing gas into the process chamber; and a heating
part configured to heat the processing gas supplied from the gas nozzle into the process chamber,
the heating part being disposed at a position inside the process chamber and facing the gas
nozzle, and the gas nozzle and the heating part are provided in the process chamber such that the
gas nozzle and the heating part are provided at a position higher than aregion where the

substrate is accommodated.

INDUSTRIAL USE OF THE PRESENT DISCLOSURE
[0145] According to the present disclosure in some embodiments, it is possible to suppress
occurrence of droplets, mists or the like of a processing gas in a processing apparatus even under
alow temperature condition, and to improve characteristics of a film formed on a substrate to be

processed by the processing gas.

EXPLANATION OF REFERENCE NUMERALS
[0146] 10: substrate processing apparatus, 200: wafer (substrate), 203: process vessel, 217d:
processing gas heating part, 100: vaporizer, 286: processing gas temperature sensor, 287:
processing gas pressure sensor, 500: gas densitometer, 600: gas filter, 289a: processing gas

supply pipe, 231: gas exhaust pipe, 121: controller
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WHAT ISCLAIMED IS

1 A substrate processing apparatus, comprising:
a process chamber configured to accommodate a substrate;
avaporizer configured to vaporize aliquid precursor to generate a reaction gas and
deliver a processing gas containing the reaction gas and a carrier gas, the vaporizer including:
avaporization vessel in which the liquid precursor is vaporized,
aliquid precursor introduction part configured to introduce the liquid precursor
into the vaporization vessdl;
acarrier gas introduction part configured to introduce the carrier gas into the
vaporization vessel; and
a heater configured to heat the liquid precursor introduced into the vaporizing
vessdl,
acarrier gas supply controller configured to control a supply amount of the carrier gas
supplied to the vaporizer;
aliquid precursor supply controller configured to control a supply amount of the liquid
precursor supplied to the vaporizer;
aprocessing gas supply pipe configured to introduce the processing gas delivered from
the vaporizer into the process chamber;
aprocessing gas temperature sensor configured to detect a temperature of the processing
gas delivered from the vaporizer into the processing gas supply pipe; and
acontroller configured to control the heater to adjust a temperature of the heater, based

on the temperature of the processing gas detected by the processing gas temperature sensor.

2. The apparatus of Claim 1, comprising a processing gas pressure sensor configured to
detect a pressure of the processing gas in the processing gas supply pipe,

wherein the controller is configured to control the heater to adjust the temperature of the
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heater based on the pressure of the processing gas detected by the processing gas pressure sensor

and the temperature of the processing gas detected by the processing gas temperature sensor..

3. The apparatus of Claim 1, comprising a gas concentration sensor configured to detect a
gas concentration of the reaction gas contained in the processing gas delivered from the
vaporizer into the processing gas supply pipe,

wherein the controller is configured to control the heater to adjust the temperature of the
heater based on the gas concentration of the reaction gas detected by the gas concentration sensor

and the temperature of the processing gas detected by the processing gas temperature sensor.

4. The apparatus of Claim 1, wherein the controller is configured to control the heater to
adjust the temperature of the heater based on the temperature of the processing gas detected by
the processing gas temperature sensor and control the carrier gas supply controller to adjust the

supply amount of the carrier gas.

5. The apparatus of Claim 1, wherein the controller is configured to control the heater to
adjust the temperature of the heater based on the temperature of the processing gas detected by
the processing gas temperature sensor and control the liquid precursor supply controller to adjust

the supply amount of the liquid precursor.

6. The apparatus of Claim 1, wherein, when the temperature of the processing gas detected
by the processing gas temperature sensor is lower than a predetermined temperature, the

controller is configured to control the heater to increase the temperature of the heater

7. The apparatus of Claim 4, wherein, when the temperature of the processing gas detected
by the processing gas temperature sensor is lower than a predetermined temperature, the

controller is configured to control the carrier gas supply controller to increase the supply amount
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of the carrier gas.

8. The apparatus of Claim 5, wherein, when the temperature of the processing gas detected
by the processing gas temperature sensor is lower than a predetermined temperature, the
controller is configured to control the liquid precursor supply controller to decrease the supply

amount of the liquid precursor.

9. The apparatus of Claim 1, comprising a processing gas pressure sensor configured to
detect a pressure of the processing gas in the processing gas supply pipe,

wherein the controller is configured to control the carrier gas supply controller to adjust
the supply amount of the carrier gas, based on the pressure of the processing gas detected by the

processing gas pressure Sensor.

10. The apparatus of Claim 1, comprising a processing gas pressure sensor configured to
detect a pressure of the processing gas in the processing gas supply pipe,

wherein the controller is configured to control the liquid precursor supply controller to
adjust the supply amount of the liquid precursor, based on the pressure of the processing gas

detected by the processing gas pressure sensor.

11. The apparatus of Claim 1, comprising a gas concentration sensor configured to detect a
gas concentration of the reaction gas contained in the processing gas delivered from the
vaporizer into the processing gas supply pipe,

wherein the controller is configured to control the carrier gas supply controller to adjust
the supply amount of the carrier gas, based on the gas concentration of the reaction gas detected

by the gas concentration sensor.

12. The apparatus of Claim 1, comprising a gas concentration sensor configured to detect a
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gas concentration of the reaction gas contained in the processing gas delivered from the
vaporizer into the processing gas supply pipe,

wherein the controller is configured to control the liquid precursor supply controller to
adjust the supply amount of the liquid precursor, based on the gas concentration of the reaction

gas detected by the gas concentration sensor.

13. The apparatus of Claim 1, wherein the processing gas includes a hydrogen peroxide gas

asthe reaction gas.

14. A method of manufacturing a semiconductor device, comprising:
processing a substrate using a substrate processing apparatus, substrate processing
apparatus including:
aprocess chamber configured to accommodate the substrate;
avaporizer configured to deliver a processing gas containing areaction gas and
acarrier gas, the reaction gas being generated by vaporizing aliquid precursor;
aprocessing gas supply pipe configured to introduce the processing gas
delivered from the vaporizer into the process chamber; and
a processing gas temperature sensor that detects atemperature of the processing
gas delivered from the vaporizer into the processing gas supply pipe,
wherein the act of processing the substrate includes:
loading the substrate into the process chamber;
generating the processing gas by supplying the liquid precursor and the
carrier gas into the vaporizer and heating the liquid precursor by the heater to
vaporize the liquid precursor;
introducing the processing gas generated in the vaporizer into the
processing chamber through the processing gas supply pipe; and

adjusting atemperature of the heater based on the temperature of the
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processing gas detected by the processing gas temperature sensor.

15. The method of Claim 14, wherein the substrate processing apparatus includes a
processing gas pressure sensor configured to detect a pressure of the processing gasin the
processing gas supply pipe,

wherein the temperature of the heater is adjusted based on the pressure of the processing
gas detected by the processing gas pressure sensor and the temperature of the processing gas
detected by the processing gas temperature sensor in the act of adjusting the temperature of the

heater.

16. The method of Claim 14, wherein the substrate processing apparatus includes a gas
concentration sensor configured to detect a gas concentration of the reaction gas contained in the
processing gas delivered from the vaporizer into the processing gas supply pipe,

wherein the temperature of the heater is adjusted based on the gas concentration of the
reaction gas detected by the gas concentration sensor and the temperature of the processing gas
detected by the processing gas temperature sensor in the act of adjusting the temperature of the

heater.

17. The method of Claim 14, wherein the temperature of the heater is adjusted and a supply
amount of the carrier gas supplied into the vaporizer is adjusted based on the temperature of the
processing gas detected by the processing gas temperature sensor in the act of adjusting the

temperature of the heater.

18. The method of Claim 14, wherein the temperature of the heater is adjusted and a supply
amount of the liquid precursor supplied into the vaporizer is adjusted based on the temperature of
the processing gas detected by the processing gas temperature sensor in the act of adjusting the

temperature of the heater.
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19. A computer-readable recording medium storing a program that causes a computer to
perform a predetermined process of processing a substrate by controlling a substrate processing
apparatus, the substrate processing apparatus including: a process chamber configured to
accommodate a substrate; a vaporizer configured to deliver a processing gas containing a
reaction gas and a carrier gas, the reaction gas being generated by vaporizing aliquid precursor;
aprocessing gas supply pipe configured to introduce the processing gas delivered from the
vaporizer into the process chamber; and a processing gas temperature sensor that detects a
temperature of the processing gas delivered from the vaporizer into the processing gas supply
pipe, and the predetermined process comprising:

loading the substrate into the process chamber;

generating the processing gas by supplying the liquid precursor and the carrier gasinto
the vaporizer and heating the liquid precursor by the heater to vaporize the liquid precursor;

introducing the processing gas generated in the vaporizer into the processing chamber
through the processing gas supply pipe; and

controlling at least one of the operations to (a) adjust atemperature of the heater, (b)
adjust a supply amount of the carrier gas supplied into the vaporizer and (c) adjust a supply
amount of the liquid precursor supplied into the vaporizer based on the temperature of the

processing gas detected by the processing gas temperature sensor.
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