CONVERSION PIPE ARRANGEMENT, SUBSTRATE PROCESSING APPARATUS,
METHOD OF PROCESSING SUBSTRATE, AND METHOD OF MANUFACTURING

SEMICONDUCTOR DEVICE

CROSS-REFERENCE TO RELATED APPLICATION
[0001] This application is based upon and claims the benefit of priority from Japanese Patent
Application No. 2022-146798, filed on September 15, 2022, the entire contents of which are

incorporated herein by reference.

TECHNICAL FIELD
[0002] The present disclosure relates to a conversion pipe arrangement, a substrate processing
apparatus, a method of processing a substrate, and a method of manufacturing a semiconductor

device.

BACKGROUND
[0003] In the related art, as a process of manufacturing a semiconductor device, a processing gas
flows through a reaction tube in which a substrate is processed, and a processed gas is discharged
by a vacuum pump connected to the reaction tube through an exhaust pipe including a plurality
of pipe arrangements.
[0004] Depending on a structure of the pipe arrangements that constitute the exhaust pipe,
stagnation of a gas flow may occur and by-products may easily accumulate, resulting in

generation of particles.

SUMMARY
[0005] Some embodiments of the present disclosure provide a technique capable of reducing
stagnation of a gas flow in an exhaust pipe.

[0006] According to some embodiments of the present disclosure, there is provided a technique



that includes: a first connector including a first opening including two longitudinally extending
parallel sides and configured to provide a detachable connection to an opening of a first
counterpart; and a second connector including a substantially circular second opening and
configured to be connectable to an opening of a second counterpart; and a pipe including an
internal space formed in a shape of a polyhedron and configured to allow fluid communication

between the first opening and the second opening.

BRIEF DESCRIPTION OF DRAWINGS
[0007] The accompanying drawings, which are incorporated in and constitute a part of the
specification, illustrate embodiments of the present disclosure.
[0008] FIG. 1 is a schematic configuration diagram of a vertical process furnace of a substrate
processing apparatus suitably used in some embodiments of the present disclosure, in which a
portion of the process furnace is illustrated in a vertical cross-sectional view.
[0009] FIG. 2 is a schematic configuration diagram of the vertical process furnace of the
substrate processing apparatus suitably used in the embodiments of the present disclosure, in
which the portion of the process furnace is illustrated in a cross-sectional view taken along line
A-AIinFIG. 1.
[0010] FIG. 3 is a perspective view of an exhaust port, a conversion pipe arrangement, and an
exhaust pipe according to the embodiments of the present disclosure.
[0011] FIG. 4 is a cross-sectional view of a conversion pipe arrangement according to the
embodiments of the present disclosure.
[0012] FIG. 5A is a diagram showing a result of a gas flow simulation in a conversion pipe
arrangement of a comparative example, and FIG. 5B is a diagram showing a result of a gas flow
simulation in a conversion pipe arrangement according to the embodiments of the present
disclosure.
[0013] FIG. 6 is a schematic configuration diagram of a controller of a substrate processing

apparatus suitably used in the embodiments of the present disclosure, and is a block diagram



showing a control system of the controller.
[0014] FIG. 7 is a diagram illustrating a process flow according to the embodiments of the

present disclosure.

DETAILED DESCRIPTION
[0015] Reference will now be made in detail to various embodiments, examples of which are
illustrated in the accompanying drawings. In the following detailed description, numerous
specific details are set forth in order to provide a thorough understanding of the present
disclosure. However, it will be apparent to one of ordinary skill in the art that the present
disclosure may be practiced without these specific details. In other instances, well-known
methods, procedures, systems, and components are not been described in detail so as not to

obscure aspects of the various embodiments.

<Embodiments of the Present Disclosure>

[0016] Embodiments of the present disclosure will be described below mainly with reference to
FIGS.1to 7. The drawings used in the following description are schematic. Dimensional
relationships, ratios, and the like among the respective components shown in the drawings may
not match actual ones.  Further, even among a plurality of drawings, dimensional relationships,

ratios, and the like among the respective components may not match one another.

(1) Configuration of Substrate Processing Apparatus

[0017] As shown in FIG. 1, a process furnace 202 includes a heater 207 as a temperature
regulator (heating part). The heater 207 is formed in a cylindrical shape and is vertically
installed by being supported by a holding plate. The heater 207 also functions as an activator
(exciter) configured to activate (excite) a gas with heat.

[0018] Inside the heater 207, a reaction tube 203 is arranged concentrically with the heater 207.

The reaction tube 203 is made of, for example, a heat-resistant material such as quartz (SiO) or



silicon carbide (SiC) and is formed in a cylindrical shape with an upper end thereof closed and a
lower end thereof opened. Below the reaction tube 203, a manifold (inlet) 209 is arranged
concentrically with the reaction tube 203. The manifold 209 is made of, for example, a metallic
material such as stainless steel (SUS) or the like and is formed in a cylindrical shape with upper
and lower ends thereof opened. The upper end of the manifold 209 is engaged with the lower
end of the reaction tube 203 and is configured to support the reaction tube 203. An O-ring 220a
as a seal is provided between the manifold 209 and the reaction tube 203.  The reaction tube
203 is installed vertically in the same manner as the heater 207. A process container (reaction
container) mainly includes the reaction tube 203 and the manifold 209. A process chamber 201
is formed in a cylindrical hollow area of the process container. The process chamber 201 is
configured to be capable of accommodating a wafer 200 as a substrate. The wafer 200 is
processed in the process chamber 201.

[0019] Nozzles 249a to 249c as first to third suppliers are installed in the process chamber 201
S0 as to penetrate a side wall of the manifold 209. The nozzles 249a to 249c are also referred to
as first to third nozzles, respectively. The nozzles 249a to 249c are made of, for example, a
heat-resistant material such as quartz or SiC.  Gas supply pipes 232a to 232c are connected to
the nozzles 249a to 249c, respectively. The nozzles 249a to 249c are different nozzles, and the
nozzles 249a and 249c are provided adjacent to the nozzle 249b.

[0020] At the gas supply pipes 232a to 232c, mass flow controllers (MFCs) 241a to 241c, which
are flow rate controllers (flow rate control parts), and valves 243a to 243c, which are on-off
valves, are respectively installed sequentially from the upstream side of a gas flow. Gas supply
pipes 232d and 232f are respectively connected to the gas supply pipe 232a on the downstream
side of the valve 243a. Gas supply pipes 232e and 232g are respectively connected to the gas
supply pipe 232b on the downstream side of the valve 243b. A gas supply pipe 232h is
connected to the gas supply pipe 232c on the downstream side of the valve 243c. At the gas
supply pipes 232d to 232h, MFCs 241d to 241h and valves 243d to 243h are respectively

installed sequentially from the upstream side of a gas flow. The gas supply pipes 232a to 232h



are made of, for example, a metal material such as stainless steel or the like.

[0021] As shown in FIG. 2, the nozzles 249a to 249c are arranged in a space of an annular shape
in a plane view between an inner wall of the reaction tube 203 and the wafers 200 and are
installed to extend upward in an arrangement direction of the wafers 200 from a lower end to an
upper end of the inner wall of the reaction tube 203. In other words, the nozzles 249a to 249c
are respectively installed in a region horizontally surrounding a wafer arrangement region, in
which the wafers 200 are arranged, on the lateral side of the wafer arrangement region so as to
extend along the wafer arrangement region. In a plane view, the nozzle 249b is arranged to face
the below-described exhaust port 209a on a straight line across centers of the wafers 200 loaded
into the process chamber 201. The nozzles 249a and 249c are arranged to sandwich a straight
line L passing through the nozzle 249b and a center of the exhaust port 209a from both sides
along the inner wall of the reaction tube 203 (outer periphery of the wafers 200). The straight
line L is also a straight line passing through the nozzle 249a and the centers of the wafers 200.
That is, it may be said that the nozzle 249c is installed on the side opposite the nozzle 249a with
the straight line L interposed therebetween. The nozzles 249a and 249c are arranged line-
symmetrically with the straight line L as an axis of symmetry. Gas supply holes 250a to 250c
configured to supply gases are formed on the side surfaces of the nozzles 249a to 249c,
respectively. The gas supply holes 250a to 250c are respectively opened to face the exhaust
port 209a in a plane view and are configured to be capable of supplying gases toward the wafers
200. The gas supply holes 250a to 250c are formed from the lower side to the upper side of the
reaction tube 203.

[0022] From the gas supply pipe 232a, a nitriding gas is supplied into the process chamber 201
via the MFC 24143, the valve 243a and the nozzle 249a.

[0023] From the gas supply pipe 232b, a precursor gas is supplied into the process chamber 201
via the MFC 241b, the valve 243D, and the nozzle 249b.

[0024] From the gas supply pipe 232c, an etching gas is supplied into the process chamber 201

via the MFC 241c, the valve 243c, and the nozzle 249c.



[0025] From the gas supply pipe 232d, an oxidizing gas is supplied into the process chamber 201
via the MFC 241d, the valve 243d, the gas supply pipe 232a, and the nozzle 249a.

[0026] From the gas supply pipe 232e, a reducing gas is supplied into the process chamber 201
via the MFC 241e, the valve 243e, the gas supply pipe 232b, and the nozzle 249b.

[0027] From the gas supply pipes 232f to 232h, an inert gas is supplied into the process chamber
201 via the MFCs 241f to 241h, the valves 243f to 243h, the gas supply pipes 232a to 232c, and
the nozzles 249a to 249c, respectively. The inert gas acts as a purge gas, a carrier gas, a
diluting gas, and the like.

[0028] A nitriding gas supply system mainly includes the gas supply pipe 232a, the MFC 241a,
and the valve 243a. A precursor gas supply system mainly includes the gas supply pipe 232b,
the MFC 241b, and the valve 243b.  An etching gas supply system mainly includes the gas
supply pipe 232c, the MFC 241c, and the valve 243c.  An oxidizing gas supply system mainly
includes the gas supply pipe 232d, the MFC 241d, and the valve 243d. A reducing gas supply
system mainly includes the gas supply pipe 232e, the MFC 241e, and the valve 243e. An inert
gas supply system mainly includes the gas supply pipes 232f to 232h, the MFCs 241f to 241h,
and the valves 243f to 243h.

[0029] Among the various supply systems described above, any one or the entirety of the supply
systems may be configured as an integrated supply system 248 in which the valves 243a to 243h,
the MFCs 241a to 241h and the like are integrated. The integrated supply system 248 is
connected to each of the gas supply pipes 232a to 232h.  The integrated supply system 248 is
configured such that an operation of supplying various substances (various gases) into the gas
supply pipes 232a to 232h, i.e., an opening/closing operation of the valves 243a to 243h, a flow
rate regulation operation by the MFCs 241a to 241h, and the like are controlled by a controller
121 to be described later. The integrated supply system 248 is configured as a one-piece type
or divided integrated unit. The integrated supply system 248 may be attached to and detached
from the gas supply pipes 232a to 232h on an integrated unit basis. Maintenance, replacement,

expansion, and the like of the integrated supply system 248 may be performed on an integrated
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unit basis.

[0030] An exhaust port 209a configured to exhaust the atmosphere in the process chamber 201 is
formed at the side wall of the manifold 209. As shown in FIG. 2, the exhaust port 209a is
formed at a position facing the nozzles 249a to 249c (gas supply holes 250a to 250c) with the
wafers 200 interposed therebetween in a plane view. The exhaust port 209a may be provided to
extend from the lower side to the upper side of the side wall of the reaction tube 203, i.e., along
the wafer arrangement region.  An exhaust pipe 231 is connected to the exhaust port 209a via
an exhaust port 211 and a conversion pipe arrangement 212, which will be described later. A
vacuum pump 246 as a vacuum exhauster is connected to the exhaust pipe 231 via a pressure
sensor 245 as a pressure detector (pressure detection part) configured to detect the pressure
inside the process chamber 201 and an APC (Auto Pressure Controller) valve 244 as a pressure
regulator (pressure regulation part). The APC valve 244 may perform or stop a vacuum exhaust
of the interior of the process chamber 201 by being opened and closed in a state in which the
vacuum pump 246 is operated. Further, the APC valve 244 is configured to be capable of
regulating the pressure inside the process chamber 201 by adjusting a valve opening state based
on the pressure information detected by the pressure sensor 245 in a state in which the vacuum
pump 246 is operated. An exhaust system mainly includes the exhaust pipe 231, the APC valve
244, and the pressure sensor 245.  The vacuum pump 246 may be included in the exhaust
system.

[0031] A seal cap 219 as a furnace opening lid capable of airtightly closing the lower end
opening of the manifold 209 is installed below the manifold 209. The seal cap 219 is made of a
metallic material such as, for example, stainless steel or the like, and is formed in a disc shape.
An O-ring 220b as a seal, which comes into contact with the lower end of the manifold 209, is
installed on the upper surface of the seal cap 219. A rotator 267 configured to rotate a boat 217,
which will be described below, is installed below the seal cap 219. A rotary shaft 255 of the
rotator 267 is connected to the boat 217 through the seal cap 219. The rotator 267 is configured

to rotate the wafers 200 by rotating the boat 217. The seal cap 219 is configured to be raised or



lowered in the vertical direction by a boat elevator 115 as an elevator installed outside the
reaction tube 203. The boat elevator 115 is configured as a transfer apparatus (transfer
mechanism) configured to load or unload (transfer) the wafers 200 into or out of the process
chamber 201 by raising or lowering the seal cap 219.

[0032] Below the manifold 209, a shutter 219s is installed as a furnace opening lid capable of
airtightly closing the lower end opening of the manifold 209 in a state in which the seal cap 219
is lowered and the boat 217 is unloaded from the process chamber 201. The shutter 219s is
made of, for example, a metallic material such as stainless steel or the like and is formed in a
disc shape. An O-ring 220c as a seal that comes into contact with the lower end of the manifold
209 is installed on the upper surface of the shutter 219s.  The opening/closing operations
(elevation operation, rotation operation, and the like) of the shutter 219s are controlled by a
shutter opening/closing mechanism 115s.

[0033] A boat 217 serving as a substrate support is configured to support a plurality of wafers
200, for example, 25 to 200 wafers 200 in such a state that the wafers 200 are arranged in a
horizontal posture and in multiple stages along a vertical direction with the centers of the wafers
200 aligned with one another. That is, as the boat 217 is configured to arrange the wafers 200
to be spaced apart from each other. The boat 217 is made of, for example, a heat-resistant
material such as quartz or SiC. Heat insulating plates 218 made of, for example, a heat-
resistant material such as quartz or SiC, are supported in multiple stages at the bottom of the boat
217.

[0034] A temperature sensor 263 serving as a temperature detector in installed in the reaction
tube 203. By regulating a state of supplying an electric power to the heater 207 based on the
temperature information detected by the temperature sensor 263, a temperature distribution of
the internal temperature of the process chamber 201 becomes a desired temperature distribution.

The temperature sensor 263 is installed along the inner wall of the reaction tube 203.

(Exhaust Port)



[0035] As shown in FIG. 1, the exhaust port 211 is connected to the exhaust port 209a installed
at the side wall of the manifold 209. The exhaust port 211 extends outwardly upward from the
manifold 209. The exhaust port 211 may extend outward while descending from the manifold
209. Inthis regard, the manifold 209 and the exhaust port 211 are joined by welding. The end
of the exhaust port 211 opposite the manifold 209 is connected to the exhaust pipe 231 via the
conversion pipe arrangement 212.  The provision of the exhaust port 211 facilitates connection
to the conversion pipe arrangement 212.

[0036] The exhaust port 209a is formed, for example, in a quadrangular shape (in a shape of a
rectangle or substantially in a shape of the rectangle) elongating in the horizontal direction.
Specifically, a quadrant is formed at each corner of the quadrangle such that an arc of the
quadrant is formed at an outer side of the quadrant. That is, the rectangular or substantially
rectangular shape includes two longitudinally extending parallel sides. As shown in FIG. 3, the
exhaust port 211 includes a tubular body 211a with a rectangular cross section and a flange 211b
provided at a rectangular opening near the conversion pipe arrangement 212. A shape of an
opening of the tubular body 211a near the exhaust port 209a (a cross-sectional shape of the

tubular body 211a) is formed to match the exhaust port 209a.

(Conversion Pipe Arrangement)

[0037] A structure of the conversion pipe arrangement will be described with reference to FIGS.
3and 4. The conversion pipe arrangement 212 includes a first connector 101, a second
connector 102, a pipe 103, and a bellows 104. The first connector 101 is formed in a
rectangular cross-sectional shape. The second connector 102 is formed in an octagonal cross-
sectional shape and a circular cross-sectional shape. The pipe 103 is formed in a shape of a
polyhedron to join different cross sections of the first connector 101 and the second connector
102. The bellows 104 connects the second connector 102 and the exhaust pipe 231. The
conversion pipe arrangement 212 is formed such that a cross-sectional shape of a first opening

101a near the exhaust port 211 (first counterpart) is different from a cross-sectional shape of an



opening 104a near the exhaust pipe 231 (second counterpart).

[0038] The shape of the first opening 101a (the cross-sectional shape of the first connector 101)
Is substantially rectangular, and may match the opening of the exhaust port 211 near the flange
211b. The first connector 101 is provided with a first flange 101b for connection with the
flange 211b of the exhaust port 211 at a flat sealing surface. The flange 211b of the exhaust
port 211 and the first flange 101b are fixed by bolts at four corners, and a gasket (hollow metallic
O-ring) or a typical O-ring is installed as a seal on connecting surfaces thereof. The first
connector 101 is detachably connected to the exhaust port 211 while maintaining airtightness.
[0039] The second connector 102 includes a frame-like body (plate) 102b including an octagonal
contour and a substantially circular second opening 102a, and a circular pipe 102c connected to
the second opening 102a and extending toward the exhaust pipe 231. In this regard, the frame-
like body 102b and the circular pipe 102c are joined by welding. The frame-like body 102b
includes an octagonal opening 102d near the pipe 103, and a cross-sectional area of the opening
102d is larger than a cross-sectional area of the second opening 102a. The frame-like body
102b includes a wall, which fills a step between the opening 102d and the second opening 102a,
near the circular pipe 102c. A shape of the opening of the circular pipe 102c (the cross-
sectional shape of the circular pipe 102c) is formed to match the second opening 102a. With
such a configuration, the second connector 102 may be connected to the pipe 103 and the
bellows 104.

[0040] The bellows 104 includes a circular tubular body 104c connected to the circular pipe
102c of the second connector 102, a circular tubular body 104d connected to the exhaust pipe
231, and a connector 104e configured to connect the circular tubular body 104c and the circular
tubular body 104d in an extendable and bendable manner. In this regard, the circular tubular
body 104c and the circular pipe 102c, the circular tubular body 104c and the connector 104e, and
the connector 104e and the circular tubular body 104d are respectively joined by welding.

[0041] The shape of the opening of the circular tubular body 104c near the second connector 102

(the cross-sectional shape of the circular tubular body 104c¢) is formed to match the opening of
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the circular pipe 102c.  Further, the circular tubular body 104d is formed such that, for
connection with the exhaust pipe 231 with a circular cross section, the shape of the opening 104a
is formed in a shape of a circle of the same configuration as the exhaust pipe 231. A second
flange 104b for connection with the exhaust pipe 231 at a flat sealing surface is installed at the
opening 104a.

[0042] The bellows 104 connects the second opening 102a of the second connector 102 and the
opening 104a in a fluid communication state. That is, the second opening 102a is configured to
be connectable to the exhaust pipe 231. Thus, the second opening 102a is connected to the
vacuum pump 246. The exhaust pipe 231 and the second flange 104b are fixed by a claw
clamp 213, and a gasket (hollow metallic O-ring) or a typical O-ring is installed as a seal on the
connection surface. As a result, the bellows 104 is detachably connected to the exhaust pipe
231 while maintaining airtightness. In addition, since the bellows 104 is extendable, the
connection between the conversion pipe arrangement 212 and the exhaust pipe 231 is facilitated.
[0043] The pipe 103 includes an internal space 103a formed in the shape of the polyhedron.

The polyhedron includes an open surface 103b connected to the first connector 101, an open
surface 103c connected to the second connector 102, six trapezoidal surfaces, and four triangular
surfaces arranged between each of the trapezoidal surfaces. In this regard, a shape of the open
surface 103b connected to the first connector 101 is formed in a rectangular shape. This makes
it possible to match with the rectangular first opening 101a. A shape of the open surface 103c
connected to the second connector 102 is formed in an octagonal shape. This makes it possible
to match with the octagonal opening 102d. The polyhedron formed by combining the
trapezoidal surfaces and the triangular surfaces allow shape transformation. For example, when
the shape of the open surface 103c connected to the second connector 102 is hexagonal, two
triangular surfaces are provided.

[0044] The pipe 103 is welded to the first connector 101 and the second connector 102. A
triangular surface 103j is arranged between the trapezoidal surface 103d and the trapezoidal

surface 103e, a triangular surface 103k is arranged between the trapezoidal surface 103f and the
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trapezoidal surface 103g, a triangular surface 103l is arranged between the trapezoidal surface
103g and the trapezoidal surface 103h, and a triangular surface 103m is arranged between the
trapezoidal surface 103i and the trapezoidal surface 103d.

[0045] The pipe 103 may be formed by mechanically bending a flat plate made of an alloy
containing nickel as a main component to form two half pipes (shells), and airtightly joining the
two half pipes by welding. In this case, one of the half pipes includes trapezoidal surfaces
103d, 103e, and 103i, and triangular surfaces 103j and 103m, and the other of the half pipes
includes trapezoidal surfaces 103f, 103g, and 103h and triangular surfaces 103k and 103l. A
plane including a connection surface between the trapezoidal surface 103e and the trapezoidal
surface 103f and a connection surface between the trapezoidal surface 103i and the trapezoidal
surface 103h is perpendicular to the first opening 101a or the second opening 102a. According
to this configuration, a bending angle becomes 90 degrees or less, and the welding may be
performed outside the pipe, which improves a workability.

[0046] The trapezoidal surfaces 103e and 103f may be formed by one flat plate or curved plate
including a trapezoidal contour, and the trapezoidal surfaces 103h and 103i may be formed by
one flat plate or curved plate including a trapezoidal contour. In this case, the pipe 103 includes
four trapezoidal surfaces and four triangular surfaces. Other trapezoidal surfaces 103d and
103g are formed by flat plates or curved plates including a trapezoidal contour, the triangular
surfaces 103j to 103m are formed by flat plates or curved plates including a triangular contour,
and the pipe 103 is constructed by welding sides of the trapezoidal surfaces and the triangular
surfaces. Each plate has a thickness enough to bare the differential pressure of 101 kPa.

[0047] With the configuration described above, the pipe 103 provides fluid communication
between the first opening 101a and the second opening 102a. Further, the first opening 101a is
connected to the process chamber 201, and the second opening 102a is connected to the vacuum
pump 246. Thus, the process chamber 201 and the vacuum pump 246 are in fluid
communication.

[0048] The first opening 101a and the second opening 102a are formed parallel to each other to
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open in opposite directions to the pipe 103. The first straight line (pipe axis) 111
perpendicularly passing through a center of the first opening 101a does not coincide with the
second straight line (pipe axis) 112 perpendicularly passing through a center of the second
opening 102a. This allows offset conversion.  The first straight line 111 and the second
straight line 112 are parallel to each other and are spaced apart from each other in a direction
(vertical direction) perpendicular to the longitudinal direction of the first opening 101a. This
allows offset conversion in the vertical direction. This makes it possible to reduce a deviation
between a direction in which a line connecting the center of the first opening 101a and the center
of the second opening 102a extends and a direction in which a center line of the exhaust port 211
extending upward and outward extends.

[0049] Further, an area of the second opening 102a is equal to or larger than an area of the first
opening 101a, and the pipe 103 is configured such that a flow path cross-sectional area
continuously changes between the open surface 103b connected to the first connector 101 and
the open surface 103c connected to the second connector 102.

[0050] As shown in FIG. 3, the conversion pipe arrangement 212 may be arranged such that the
second connector 102 is flush with one surface of a casing 214 of the reaction tube 203, or the
entirety of the conversion pipe arrangement 212 may be accommodated in the casing 214. Asa
result, in a modular-designed substrate processing apparatus, it is possible to maintain a

compatibility of connection of pipe arrangements.

(Comparative Example)

[0051] A conversion pipe arrangement in a comparative example is formed as a quadrangular
pipe arrangement such that an opening near an exhaust port 211 is formed in the same shape as a
rectangular opening of the exhaust port 211 and widens toward the exhaust pipe 231. In this
case, a wall surface area, which is a difference between cross-sectional areas of a quadrangular
pipe arrangement and a round pipe arrangement, is large, and stagnation of a gas flow is likely to

occur as indicated by the dashed circle A in FIG. 5A. Due to this stagnation, by-products due
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to a residual gas are likely to accumulate, which may generate particles (PC).

[0052] Therefore, according to the embodiments of the present disclosure, in the conversion pipe
arrangement 212, a connection from the first connector including a rectangular opening to the
second connector including a circular opening is changed from a quadrangular shape to a
polygonal shape of a five-or-more sided polygon (e.g., an octagonal shape). Thus, the area of
the wall surface formed in the second connector 102 is smaller than the area of the wall surface
formed by the quadrangular pipe arrangement and the round pipe arrangement.  As a result, it is
possible to reduce the stagnation of a gas flow, as indicated by the dashed circle B in FIG. 5B.
Accordingly, the adhesion of by-products due to the residual gas is reduced, which makes it
possible to reduce generation of particles (PC).

[0053] As shown in FIG. 6, the controller 121 as a control part (control means or unit) is
configured as a computer including a CPU (Central Processing Unit) 121a, a RAM (Random
Access Memory) 121b, a memory 121c and an 1/O port 121d. The RAM 121b, the memory
121c and the 1/0O port 121d are configured to be capable of exchanging data with the CPU 121a
via an internal bus 121e. An input/output device 122 configured as, for example, a touch panel
or the like is connected to the controller 121. In addition, an external memory 123 may be
connected to the controller 121.

[0054] The memory 121c includes, for example, a flash memory, a HDD (Hard Disk Drive), a
SSD (Solid State Drive), or the like. The memory 121c is configured to be capable of readably
storing a control program that controls an operation of the substrate processing apparatus, a
process recipe in which procedures and conditions of substrate processing to be described later
are written, and the like. The process recipe functions as a program configured to be capable of
causing, by the controller 121, the substrate processing apparatus to execute the respective
procedures in a substrate processing process to be described below so as to obtain a
predetermined result. Hereinafter, the process recipe, the control program, and the like are
collectively and simply referred to as a program.  Furthermore, the process recipe is also simply

referred to as a recipe. When the term "program” is used herein, it may mean a case of
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including the recipe, a case of including 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 programs, data, and the like read by the CPU 121a are temporarily held.

[0055] The 1/O port 121d is connected to the MFCs 241a to 241h, the valves 243a to 243h, the
pressure sensor 245, the APC valve 244, the vacuum pump 246, the temperature sensor 263, the
heater 207, the rotator 267, the boat elevator 115, the shutter opening/closing mechanism 115s,
and the like, which are described above.

[0056] The CPU 121a is configured to be capable of reading and executing the control program
from the memory 121c and reading the recipe from the memory 121c in response to an input of
an operation command from the input/output device 122 or the like. The CPU 121ais
configured to, according to contents of the recipe thus read, be capable of controlling the flow
rate regulation operation of various substances (various gases) by the MFCs 241a to 241h, the
opening/closing operations of the valves 243a to 243h, and the like. Further, the CPU 121a is
configured to, according to the contents of the recipe thus read, be capable of controlling the
opening/closing operation of the APC valve 244, the pressure regulation operation by the APC
valve 244 based on the pressure sensor 245, the start and stop of the vacuum pump 246, the
temperature regulation operation of the heater 207 based on the temperature sensor 263, and the
like. In addition, the CPU 121a is configured to, according to the contents of the recipe thus
read, be capable of controlling the rotation and the rotation speed adjustment operation of the
boat 217 by the rotator 267, the elevation operation of the boat 217 by the boat elevator 115, the
opening/closing operation of the shutter 219s by the shutter opening/closing mechanism 115s,
and the like.

[0057] The controller 121 may be configured by installing, in the computer, the above-described
program stored in an external memory 123. The external memory 123 includes, for example, a
magnetic disk such as a HDD, an optical disc such as a CD, a magneto-optical disc such as a
MO, a semiconductor memory such as a USB memory or a SSD, and so forth. The memory

121c and the external memory 123 are configured as a computer readable recording medium.
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Hereinafter, the memory 121c and the external memory 123 are collectively and simply referred
to as a recording medium.  As used herein, the term "recording medium™ may include the
memory 121c, the external memory 123, or both. The program may be supplied to the
computer by using a communication means or unit such as the Internet or a dedicated line

instead of using the external memory 123.

(2) Substrate Processing Process
[0058] As a process of manufacturing a semiconductor device by using the substrate processing
apparatus described above, a method of processing a substrate, i.e., an example of forming a
predetermined film on a surface of a wafer 200 as a substrate will be described mainly with
reference to FIG. 7. In the following description, operations of the respective components
constituting the substrate processing apparatus are controlled by the controller 121.
[0059] In the film-forming process according to the embodiments of the present disclosure, a
film is formed on the wafer 200 by performing a cycle a predetermined number of times (one or
more times), the cycle including non-simultaneously performing:

(@) supplying a precursor gas to the wafer 200 in a process chamber 201 (S641);

(b) removing the precursor gas (residual gas) from the process chamber 201 (S642);

(c) supplying an oxidizing gas to the wafer 200 in the process chamber 201 (S643);

(d) removing the oxidizing gas (residual gas) from the process chamber 201 (S644);

(e) supplying a nitriding gas to the wafer 200 in the process chamber 201 (S645); and

() removing the nitriding gas (residual gas) from the process chamber 201 (S646).
[0060] The term "wafer" used herein may refer to "a wafer itself" or "a stacked body of a wafer
and a predetermined layer or film formed on a surface of the wafer." The expression "a surface
of a wafer" used herein may refer to "a surface of a wafer itself" or "a surface of a predetermined
layer or the like formed on a wafer.” The expression "a predetermined layer is formed on a
wafer" used herein may mean that "a predetermined layer is directly formed on a surface of a

wafer itself" or that "a predetermined layer is formed on a layer or the like formed on a wafer."
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The term "substrate” used herein may be synonymous with the term "wafer."

(S61: Wafer Charging, and S62: Boat Loading)

[0061] After a plurality of wafers 200 is charged to the boat 217 (wafer charging), the shutter
219s is moved by the shutter opening/closing mechanism 115s to open the lower end opening of
the manifold 209 (shutter opening). Thereafter, as shown in FIG. 1, the boat 217 supporting the
plurality of wafers 200 is lifted by the boat elevator 115 and loaded into the process chamber 201
(boat loading). In this state, the seal cap 219 seals the lower end of the manifold 209 via the O-

ring 220b. Thus, the wafers 200 are loaded into the process chamber 201.

(S63: Decompression Vacuum Exhaust)

[0062] After the boat loading is completed, the inside of the process chamber 201, i.e., a space
where the wafers 200 are placed, is vacuum-exhausted (decompression-exhausted) by the
vacuum pump 246 to reach a desired pressure, for example less than 100 Pa. In this operation,
the pressure inside the process chamber 201 is measured by the pressure sensor 245, and the
APC valve 244 is feedback-controlled based on the measured pressure information.  Further,
the wafers 200 in the process chamber 201 are heated by the heater 207 to reach a desired
processing temperature (first temperature). In this operation, a state of supplying an electric
power to the heater 207 is feedback-controlled based on the temperature information detected by
the temperature sensor 263 such that a temperature distribution in the process chamber 201
becomes a desired temperature distribution.  Further, the rotation of the wafer 200 by the rotator
267 is started. The exhaust of inside of the process chamber 201 and the heating and rotation of
the wafers 200 may be continuously performed at least until the processing on the wafers 200 is

completed.

(S64: Film-Forming Process)

[0063] After the temperature in the process chamber 201 stabilizes at a preset processing
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temperature, the following six sub-steps S641, S642, S643, S644, S645, and S646 are executed
sequentially. During the execution, the wafers 200 are rotated by rotating the boat 217 via the

rotary shaft 255 by the rotator 267.

(S641: Precursor Gas Supply)

[0064] In this step, a precursor gas is supplied to the wafers 200 in the process chamber 201 to
form a first layer on the outermost surface of the wafer 200.  Specifically, the valve 243b is
opened to allow the precursor gas to flow through the gas supply pipe 232b. A flow rate of the
precursor gas is regulated by the MFC 241b. The precursor gas is supplied to a processing
region in the process chamber 201 via the gas supply holes 250b of the nozzle 249b, and
discharged from the exhaust pipe 231 via the exhaust port 209a, the exhaust port 211 and the
conversion pipe arrangement 212. At the same time, the valve 243g is opened to allow an inert
gas to flow through the gas supply pipe 232g. A flow rate of the inert gas is regulated by the
MFC 241g. The inert gas is supplied to the processing area in the process chamber 201
together with the precursor gas via the gas supply holes 250b of the nozzle 249b, and discharged
from the exhaust pipe 231 through the exhaust port 209a, the exhaust port 211, and the
conversion pipe arrangement 212. At the same time, the inert gas is supplied to the processing
area in the process chamber 201 via the gas supply holes 250a and 250c of the nozzles 249a and
249c, and discharged from the exhaust pipe 231 via the exhaust port 209a, the exhaust port 211,
and the conversion pipe arrangement 212. At this time, the controller 121 performs a constant
pressure control in which a first pressure is set as a target pressure.

[0065] In this case, for example, a silicon (Si)-containing gas may be used as the precursor gas.

Specifically, a hexachlorodisilane (Si.Cls, abbreviation: HCDS) gas may be used.

(S642: Precursor Gas Exhaust)
[0066] After the first layer is formed, the valve 243b is closed to stop the supply of the precursor

gas, and the APC valve 244 is controlled to be fully opened. As a result, the inside of the
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process chamber 201 is vacuum-exhausted, and the precursor gas unreacted or contributed to the
formation of the first layer, which remains in the process chamber 201, is discharged from the
inside of the process chamber 201.  Alternatively, the residual gas may be purged by supplying
the inert gas into the process chamber 201 while leaving the valve 243g open. A flow rate of
the purge gas from the nozzle 249b is set such that a partial pressure of a low-vapor-pressure gas
is lower than a saturated vapor pressure in the exhaust path, or such that a flow velocity in the

reaction tube 203 overcomes a diffusion velocity.

(S643: Oxidizing Gas Supply)

[0067] After step S642 is completed, the valve 243d is opened to allow an oxidizing gas to flow
through the gas supply pipe 232d such that the wafer 200 in the process chamber 201, i.e., the
first layer formed on the wafer 200, is supplied with the oxidizing gas. A flow rate of the
oxidizing gas is regulate by the MFC 241d. The oxidizing gas is supplied to the processing
area in the process chamber 201 via the gas supply holes 250a of the nozzle 249a, and
discharged from the exhaust pipe 231 via the exhaust port 209a, the exhaust port 211, and the
conversion pipe arrangement 212. At the same time, the valve 243f is opened to allow the inert
gas to flow through the gas supply pipe 232f. A flow rate of the inert gas is regulated by the
MFC 241f. The inert gas is supplied to the processing area in the process chamber 201 together
with the oxidizing gas via the gas supply holes 250a of the nozzle 249a, and discharged from the
exhaust pipe 231 via the exhaust port 209a, the exhaust port 211, and the conversion pipe
arrangement 212. At the same time, the inert gas is supplied to the processing area in the
process chamber 201 via the gas supply holes 410a and 430a of the nozzles 410 and 430, and
discharged from the exhaust pipe 231 via the exhaust port 209a, the exhaust port 211, and the
conversion pipe arrangement 212. At this time, the controller 121 performs a constant pressure
control in which a second pressure is set as a target pressure.

[0068] In this case, for example, a gas constituted by oxygen (O) may be used as the oxidizing

gas. A gas composed of oxygen may be used as the oxidizing gas. Specifically, an oxygen
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(O2) gas may be used.

(S644: Oxidizing Gas Exhaust)

[0069] After a predetermined time elapses since the supply of the oxidizing gas is started, the
valve 243d is closed to stop the supply of the oxidizing gas, and a constant pressure control (i.e.,
fully-opening control) is performed to set the target pressure to 0.  As a result, the inside of the
process chamber 201 is vacuum-exhausted, and the oxidizing gas unreacted or contributed to the
formation of the first layer, which remains in the process chamber 201, is discharged from the
inside of the process chamber 201. At this time, as in step S642, a predetermined amount of

inert gas may be supplied into the process chamber 201 as a purge gas.

(S645: Nitriding Gas Supply)

[0070] After step S644 is completed, the valve 243a is opened to allow a nitriding gas to flow
through the gas supply pipe 232d, such that the nitriding gas is supplied to the wafer 200 in the
process chamber 201, i.e., the first layer formed on the wafer 200. A flow rate of the nitriding
gas is regulated by the MFC 241a. The nitriding gas is supplied to the processing area in the
process chamber 201 via the gas supply holes 250a of the nozzle 249a, and discharged from the
exhaust pipe 231 via the exhaust port 209a, the exhaust port 211, and the conversion pipe
arrangement 212. At the same time, the valve 243f is opened to allow the inert gas to flow
through the gas supply pipe 232f. A flow rate of the inert gas is regulated by the MFC 241f.
The inert gas is supplied to the processing area in the process chamber 201 together with the
nitriding gas via the gas supply holes 250a of the nozzle 249a, and discharged from the exhaust
pipe 231 via the exhaust port 209a, the exhaust port 211, and the conversion pipe arrangement
212. At the same time, the inert gas is supplied to the processing area in the process chamber
201 via the gas supply holes 410a and 430a of the nozzles 410 and 430, and discharged from the
exhaust pipe 231 via the exhaust port 209a, the exhaust port 211, and the conversion pipe

arrangement 212. At this time, the controller 121 performs a constant pressure control in which
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a third pressure is set as the target pressure.  The first pressure, the second pressure, and the
third pressure are 100 to 5000 Pa, for example.

[0071] In this case, for example, an ammonia (NHz) gas may be used as the nitriding gas.
[0072] The expression of a numerical range such as 100 to 5000 Pa" in the present disclosure
means that a lower limit and an upper limit are included in the range. Therefore, for example,
100 to 5000 Pa" means "100 Pa or more and 5000 Pa or less.” The same applies to other

numerical ranges.

(S646: Nitriding Gas Exhaust)

[0073] After a predetermined time elapses since the supply of the nitriding gas is started, the
valve 243a is closed to stop the supply of the nitriding gas, and a constant pressure control (i.e.,
fully-opening control) is performed to set the target pressure to 0.  As a result, the inside of the
process chamber 201 is vacuum-exhausted, and the nitriding gas unreacted or contributed to the
formation of the first layer, which remains in the process chamber 201, is discharged from the
inside of the process chamber 201. At this time, as in step S642, a predetermined amount of
inert gas may be supplied into the process chamber 201 as a purge gas. Ultimate pressures in
the precursor gas exhaust, the oxidizing gas exhaust, or the nitriding gas exhaust are 100 Pa or
less, specifically 10 to 50 Pa. The pressure inside the process chamber 201 may differ by a

factor of ten or more between when the supply is performed and when the exhaust is performed.

(S647: Performing a Predetermined Number of Times)

[0074] By performing, a predetermined number of times (n times where n is an integer equal to
or greater than 1), a cycle in which the above-described steps S641 to S647 are sequentially
performed without overlapping in time, it is possible to form a film with a predetermined
composition and a predetermined thickness on the wafer 200. For example, a silicon oxynitride
film (SiON film) is formed by using a HCDS gas as the precursor gas, an O gas as the oxidizing

gas, and a NHs gas as the nitriding gas.
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(Step S65: Purge Step)

[0075] After the film-forming process is completed, an inert gas as a purge gas is supplied into
the process chamber 201 from each of the nozzles 249a to 249c, and discharged from the exhaust
pipe 231 via the exhaust port 209a, the exhaust port 211, and the conversion pipe arrangement
212. As aresult, the inside of the process chamber 201 is purged, and the gases and by-
products remaining in the process chamber 201 are removed from the inside of the process
chamber 201 (after-purge). Thereafter, the atmosphere in the process chamber 201 is replaced
with an inert gas (inert gas replacement), and the pressure in the process chamber 201 is returned

to the atmospheric pressure (returning to atmospheric pressure).

(S67: Boat Unloading, S68: Wafer Discharging)

[0076] Thereafter, the seal cap 219 is lowered by the boat elevator 115, and the lower end of the
manifold 209 is opened. Then, the processed wafers 200 are unloaded to the outside of the
reaction tube 203 from the lower end of the manifold 209 while being supported by the boat 217
(boat unloading). After the boat unloading, the shutter 219s is moved, and the lower end
opening of the manifold 209 is sealed by the shutter 219s via the O-ring 220c (shutter closing).
The processed wafers 200 are discharged from the boat 217 after being unloaded to the outside

of the reaction tube 203 (wafer discharging).

(3) Effects of the Embodiments of the present disclosure

[0077] According to the embodiments of the present disclosure, one or more of the following
effects may be obtained.

[0078] (a) The pipe 103 of the conversion pipe arrangement 212 includes an internal space
formed in a polyhedral shape, and allows fluid communication between the substantially
rectangular first opening 101a and the substantially circular second opening 102a. This makes

it possible to convert the shape.
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[0079] (b) The pipe 103 of the conversion pipe arrangement 212 includes an internal space
formed in a polyhedral shape, and allows fluid communication between the substantially
rectangular first opening 101a and the substantially circular second opening 102a. This reduces
the step during conversion from a quadrangular pipe to a round pipe and eliminates stagnation of
a gas flow at corners, thereby preventing deposition of by-products on the corners and
suppressing the generation of particles.

[0080] (c) Since the pipe 103 is constituted by a polyhedron, it is easier to manufacture the pipe
103 than when the pipe 103 is constituted by a complicated curved surface.

[0081] (d) Since the pipe 103 is constituted by a polyhedron, a length of the pipe for conversion
may be shortened.

[0082] (e) The first connector 101 of the conversion pipe arrangement 212 is detachably
connected to the opening of the counterpart (the opening of the exhaust port 211). As a result,
the first connector 101 may be separated from the manifold 209 instead of being integrated with
the manifold 209, such that the attachment and detachment of the manifold 209 is not hindered.
[0083] (f) The pipe 103 is configured such that the first straight line (pipe axis) 111
perpendicularly passing through the center of the first opening 101a does not coincide with the
second straight line (pipe axis) 112 perpendicularly passing through the center of the second
opening 102a. This allows offset conversion.

[0084] (g) The area of the opening 102d of the second connector 102 is equal to or larger than
the area of the first opening 101a, and the pipe 103 is configured such that the flow path cross-
sectional area continuously changes between the open surface 103b connected to the first
opening 101a and the open surface 103c connected to the opening 102d of the second connector
102. As aresult, a diameter conversion may be performed.

[0085] (h) The pipe 103 may simultaneously perform a shape conversion, a diameter conversion,
and an offset conversion with one pipe arrangement. Thus, as compared with the case where a
stepwise conversion is performed by a plurality of members, unevenness of the flow path is

reduced, which makes it possible to reduce a conductance. In addition, the number of
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connectors where a temperature of pipe arrangement heating tends to be low may be reduced,
thereby reducing the deposition of by-products. Further, a dead space is reduced.

[0086] (i) Since the diameter conversion may be performed for the pipe 103, it is possible to
increase a diameter of the exhaust pipe 231. As a result, an exhaust efficiency is improved,
which makes it possible to increase a flow rate of the precursor gas flowing through the process
chamber 201. As aresult, it is possible to perform a film-forming process for a device with fine
patterns and a device with a three-dimensional structure for which three-dimensionalization of a
device structure or miniaturization of patterns progresses and thus a higher film uniformity is

demanded.

<Other Embodiments of the Present Disclosure>

[0087] Embodiments of the present disclosure are specifically described above. However, the
present disclosure is not limited to the embodiments described above, and may be modified in
various ways without departing from the scope of the present disclosure.

[0088] In the above-described embodiments, the example is described in which a film is formed
by using a batch-type substrate processing apparatus configured to process a plurality of
substrates at a time. The present disclosure is not limited to the above-described embodiments,
but may be suitably applied to, for example, a case where a film is formed by using a single-
wafer type substrate processing apparatus configured to process one or several substrates at a
time. Further, in the above-described embodiments, the example is described in which a film is
formed by using a substrate processing apparatus including a hot-wall-type process furnace.

The present disclosure is not limited to the above-described embodiments but may also be
suitably applied to a case where a film is formed by using a substrate processing apparatus
including a cold-wall-type process furnace.

[0089] Even when these substrate processing apparatuses are used, each process may be
performed under the same processing procedures and processing conditions as those of the

above-described embodiments, and effects similar to those of the above-described embodiments
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may be obtained.

[0090] According to the present disclosure in some embodiments, it is possible to reduce
stagnation of a gas flow in an exhaust pipe.

[0091] While certain embodiments are described above, these embodiments are presented by
way of example, and are not intended to limit the scope of the disclosures. Indeed, the
embodiments described herein may be embodied in a variety of other forms. Furthermore,
various omissions, substitutions, and changes in the form of the embodiments described herein
may be made without departing from the spirit of the disclosures. The accompanying claims
and their equivalents are intended to cover such forms or modifications as would fall within the

scope and spirit of the disclosures.
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WHAT IS CLAIMED IS:

1. A conversion pipe arrangement, comprising:

a first connector including a first opening including two longitudinally extending parallel
sides and configured to provide a detachable connection to an opening of a first counterpart;

a second connector including a substantially circular second opening and configured to
be connectable to an opening of a second counterpart; and

a pipe including an internal space formed in a shape of a polyhedron and configured to

allow fluid communication between the first opening and the second opening.

2. The conversion pipe arrangement of Claim 1, wherein the first opening is substantially
rectangular, and the internal space formed in the shape of the polyhedron is connected to the first
connector in a quadrangular shape and connected to the second connector in a polygonal shape

of five-or-more sided polygon.

3. The conversion pipe arrangement of Claim 1, wherein the first opening and the second

opening are formed in parallel so as to be opened in opposite directions to each other.

4. The conversion pipe arrangement of Claim 1, wherein the first connector includes a first

flange directly connected to the first counterpart at a flat sealing surface.

5. The conversion pipe arrangement of Claim 1, further comprising:

a second flange directly connected to the opening of the second counterpart at a flat
sealing surface; and

a bellows configured to connect the second opening of the second connector and the

second flange in a fluid communication state.
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6. The conversion pipe arrangement of Claim 1, wherein the internal space formed in the
shape of the polyhedron includes an open surface connected to the first connector, an open
surface connected to the second connector, four or more trapezoidal surfaces, and two or more

triangular surfaces arranged between each of the trapezoidal surfaces.

7. The conversion pipe arrangement of Claim 6, wherein the open surface connected to the

second connector is octagonal, and the triangular surfaces are four triangular surfaces.

8. The conversion pipe arrangement of Claim 6, wherein the trapezoidal surfaces are
formed by a flat plate or a curved plate including a trapezoidal contour, the triangular surfaces
are formed by a flat plate or a curved plate including a triangular contour, and the pipe is formed

by welding sides of the trapezoidal surfaces and sides of the triangular surfaces.

9. The conversion pipe arrangement of Claim 1, wherein the second connector includes a
plate including an octagonal contour and a circular second opening provided inside the octagonal
contour, and a circular pipe connected to the second opening and extending toward the second

counterpart.

10. The conversion pipe arrangement of Claim 1, wherein the pipe is formed by airtightly
joining at least two shells divided in a plane perpendicular to the first opening or the second

opening.

11. The conversion pipe arrangement of Claim 10, wherein the at least two shells are made

of a nickel alloy and formed by bending a flat plate.

12. The conversion pipe arrangement of Claim 1, wherein a first straight line

perpendicularly passing through a center of the first opening does not coincide with a second
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straight line perpendicularly passing through a center of the second opening.

13. The conversion pipe arrangement of Claim 12, wherein the first straight line and the
second straight line are parallel to each other and spaced apart from each other in a direction

perpendicular to a longitudinal direction of the first opening.

14, The conversion pipe arrangement of Claim 1, wherein an area of the second opening is
equal to or larger than an area of the first opening, and

wherein the pipe is configured such that a flow path cross-sectional area continuously
changes between an open surface connected to the first connector and an open surface connected

to the second connector.

15. The conversion pipe arrangement of Claim 1, wherein the first opening is connected to a

process chamber of a substrate processing apparatus, and the second opening is connected to an

exhauster.
16. A substrate processing apparatus including the conversion pipe arrangement of Claim 1.
17. The substrate processing apparatus of Claim 16, further comprising:

a reaction tube including an opening through which a substrate is capable of being
loaded and unloaded; and

a cylindrical inlet connected to the opening of the reaction tube,

wherein the inlet includes an exhaust port formed on a side surface of the inlet and
formed in a shape corresponding to the first opening, and

wherein the first connector is connected to the exhaust port.

18. The substrate processing apparatus of Claim 17, wherein the exhaust port extends
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upward or downward and outward from the inlet.

19. A method of processing a substrate, using the substrate processing apparatus of Claim
16.
20. A method of manufacturing a semiconductor device, using the substrate processing

apparatus of Claim 16.
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