GAS SUPPLIER, PROCESSING APPARATUS, AND METHOD OF MANUFACTURING

SEMICONDUCTOR DEVICE

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application is based upon and claims the benefit of priority from Japanese Patent
Application Nos. 2022-017389 and 2022-203640, filed on February 7, 2022 and December 20,

2022, respectively, the entire contents of which are incorporated herein by references.

TECHNICAL FIELD
[0002] The present disclosure relates to a gas supplier, a processing apparatus, and a method of

manufacturing a semiconductor device.

BACKGROUND
[0003] As a process of manufacturing a semiconductor device, there may be a case that a process
of forming a film on a substrate is performed. In the related art, a nozzle for supplying a
processing gas and a nozzle for supplying an inert gas are installed. The inert gas which does
not contribute to the processing of a substrate is supplied so that the processing gas flows evenly

on the substrate. However, it may still be difficult to allow the processing gas to flow evenly.

SUMMARY
[0004] Some embodiments of the present disclosure provide a technique capable of allowing a
processing gas to flow evenly over a substrate.
[0005] According to one embodiment of the present disclosure, there is provided a technique
that includes a first opening and a second opening which supply gases to a process chamber in
which a substrate is arranged, and is configured such that: the first opening and the second
opening are arranged in a direction parallel to a surface of the substrate, a gas supplied from the
first opening is supplied toward a center of the substrate, a gas supplied from the second opening

is supplied toward a peripheral edge of the substrate, and a direction of the gas supplied from the
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second opening forms a predetermined angle with respect to a direction of the gas supplied from

the first opening.

BRIEF DESCRIPTION OF DRAWINGS
[0006] The accompanying drawings, which are incorporated in and constitute a part of the
specification, illustrate embodiments of the present disclosure.
[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 showing a substrate processing apparatus
according to embodiments of the present disclosure.
[0009] FIG. 2 is a sectional view showing a gas supplier, a reaction tube, and the like of the
substrate processing apparatus according to embodiments of the present disclosure.
[0010] FIG. 3 is a block diagram showing a controller provided in the substrate processing
apparatus according to embodiments of the present disclosure.
[0011] FIG. 4 is a diagram showing a film-forming sequence of a substrate processing apparatus
according to embodiments of the present disclosure.
[0012] FIG. 5 is a front view and a sectional view showing a gas nozzle installed in the gas
supplier according to embodiments of the present disclosure.
[0013] FIG. 6 is a table showing a simulation result of the gas supplier according to
embodiments of the present disclosure and a simulation result of a conventional gas supplier.
[0014] FIG. 7 is an explanatory diagram used to explain a gas partial pressure APa, which is an
evaluation index of the gas supplier according to embodiments of the present disclosure.
[0015] FIG. 8 is a table of simulation results of the gas supplier according to embodiments of the
present disclosure, showing a gas flow and the like when a hole diameter of a second opening is
changed.
[0016] FIG. 9 is a table of simulation results of the gas supplier according to embodiments of the
present disclosure, showing a flow rate ratio and the like when a hole diameter of a second

opening is changed.



[0017] FIG. 10 is a table of simulation results of the gas supplier according to embodiments of
the present disclosure, showing a gas flow and the like when an inclination angle of a second
opening is changed.

[0018] FIG. 11 is a table of simulation results of the gas supplier according to embodiments of
the present disclosure, showing a flow rate ratio and the like when a flow rate of the gas flowing
through the gas nozzle is changed.

[0019] FIG. 12 is a front view and a sectional view showing a first modification of the gas
supplier according to embodiments of the present disclosure.

[0020] FIG. 13 is a front view and a sectional view showing a second modification of the gas
supplier according to embodiments of the present disclosure.

[0021] FIG. 14 is a front view and a sectional view showing a third modification of the gas
supplier according to embodiments of the present disclosure.

[0022] FIG. 15 is a diagram showing a gas supplier, a reaction tube, and the like of a substrate
processing apparatus according to a modification of embodiments of the present disclosure.
[0023] FIG. 16A is a diagram illustrating an example of the gas supplier according to
embodiments of the present disclosure.

[0024] FIG. 16B is a diagram illustrating another example of the gas supplier according to
embodiments of the present disclosure.

[0025] FIG. 17 is a diagram graphically showing a gas partial pressure APa when a hole
diameter of a second opening is changed, which is a simulation result of the gas supplier
according to embodiments of the present disclosure.

[0026] FIG. 18 is a diagram showing, in a table, a gas flow and the like when a hole diameter of
a second opening is changed, which is a simulation result of the gas supplier according to

embodiments of the present disclosure.

DETAILED DESCRIPTION
[0027] 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
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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 have not been described in detail so as not to

unnecessarily obscure aspects of the various embodiments.

<Embodiments of the Present Disclosure>

[0028] Embodiments of the present disclosure will be described below with reference to FIGS. 1
to 18. The drawings used in the following description are all schematic. Further, the
relationship of dimensions of the respective elements, the ratios of the respective elements, and
the like shown in the drawings do not necessarily match the actual ones. Moreover, the
dimensional relationship of the respective elements, the ratios of the respective elements, the like
do not necessarily match between a plurality of drawings. In addition, arrow H shown in the
drawings indicates the vertical direction of the apparatus, arrow W indicates the width direction
of the apparatus (horizontal direction), and arrow D indicates the depth direction of the apparatus

(horizontal direction).

(Overall Configuration of Substrate Processing Apparatus 10)

[0029] As shown in FIG. 1, the substrate processing apparatus 10 includes a controller 280 for
controlling each part and a process furnace 202. The process furnace 202 includes a heater 207
as a heating means. The heater 207 has a vertically extending cylindrical shape and has an
open lower end. The heater 207 is supported by a heater base (not shown). The heater 207
also functions as an activation mechanism that thermally activates a processing gas. Details of
the controller 280 will be described later.

[0030] Inside the heater 207, a reaction tube 203 constituting a reaction container is arranged
concentrically with the heater 207. The reaction tube 203 is made of a heat-resistant material
such as quartz (S10;) or silicon carbide (SiC). The substrate processing apparatus 10 is of a so-

called hot wall type.



[0031] The reaction tube 203 includes a cylindrical inner tube 12 and a cylindrical outer tube 14
surrounding the inner tube 12. The inner tube 12 is arranged concentrically with the outer tube
14. A gap S is formed between the inner tube 12 and the outer tube 14.

[0032] The inner tube 12 has a cylindrical shape with an open lower end and a flat closed upper
end. The outer tube 14 also has a cylindrical shape with an open lower end and a flat closed
upper end.  Further, as shown in FIG. 2, a nozzle chamber 222 is formed in the gap S between
the inner tube 12 and the outer tube 14. Details of the nozzle chamber 222 will be described
later.

[0033] Inside the inner tube 12, as shown in FIG. 1, a process chamber 201 for processing a
wafer 200 as a substrate is formed. In addition, the process chamber 201 may accommodate a
boat 217 which is an example of a substrate holder capable of holding wafers 200 in a horizontal
posture and in multiple stages in a vertical direction. The inner tube 12 surrounds the wafers
200 accommodated therein.

[0034] Further, a supply slit 235a and a first exhaust port 236, which is an example of an
exhauster formed so as to face the supply slit 235a, are formed in a peripheral wall of the inner
tube 12. The supply slit 235a extends in a horizontal direction, and is vertically arranged and
formed in a plural number. A second exhaust port 237 having an opening area smaller than that
of the first exhaust port 236 is formed below the first exhaust port 236 in the peripheral wall of
the inner pipe 12.

[0035] The lower end of the reaction tube 203 is supported by a cylindrical manifold 226. The
manifold 226 is made of a metal such as nickel alloy or stainless steel, or made of a heat-resistant
material such as quartz or SiC. A flange is formed at the upper end of the manifold 226, and
the lower end of the outer tube 14 is installed on this flange. ~An airtight member 220 such as
an O-ring or the like is arranged between the flange and the lower end of the outer tube 14 to
keep the inside of the reaction tube 203 airtight.

[0036] A seal cap 219 is airtightly attached to the lower end opening of the manifold 226 via an
airtight member 220 such as an O-ring or the like. Thus, the lower end opening of the reaction

tube 203 is airtightly closed. The seal cap 219 is made of a metal such as a nickel alloy or
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stainless steel, and is formed in a disk-like shape. A heat-resistant material such as quartz or
SiC may also cover the outside of the seal cap 219.

[0037] A boat support 218 for supporting the boat 217 is installed on the seal cap 219. The
boat support 218 is made of a heat-resistant material such as quartz or SiC, and functions as a
heat insulating part.

[0038] A boat 217 is installed upright on the boat support 218. The boat 217 is made of a heat-
resistant material such as quartz or SiC. The boat 217 includes a bottom plate (not shown)
fixed to the boat support 218, a top plate disposed above the bottom plate, and a plurality of
pillars 217a (see FIG. 2) arranged between the bottom plate and the top plate.

[0039] The boat 217 holds a plurality of wafers 200 to be processed in a process chamber 201
inside the inner tube 12. The wafers 200 are held at predetermined intervals in a horizontal
posture, and are supported by the pillars 217a of the boat 217 with the centers thereof aligned
with each other. In other words, the wafers 200 are arranged at the predetermined intervals in
the vertical direction which is a plate thickness direction. ~ The stacking direction of the wafers
200 is an axial direction of the reaction tube 203. In other words, the centers of the wafers 200
are aligned with the central axis of the boat 217, and the central axis of the boat 217 coincides
with the central axis of the reaction tube 203.

[0040] A boat rotator 267 for rotating the boat 217 is installed below the seal cap 219. A rotary
shaft 265 of the boat rotator 267 is connected to the boat support 218 through the seal cap 219.
The boat rotator 267 rotates the boat 217 via the boat support 218 to thereby rotate the wafers
200.

[0041] The seal cap 219 is vertically moved up and down by an elevator 115 as an elevating
mechanism installed outside the reaction tube 203. As a result, the boat 217 is loaded into and
out of the process chamber 201.

[0042] In the manifold 226, a nozzle support 350a which supports a gas nozzle 340a as a supply
pipe (supply pipe portion) for supplying a gas into the process chamber 201 is installed so as to
penetrate the manifold 226. The nozzle support 350a is made of a material such as nickel alloy

or stainless steel.



[0043] A gas supply pipe 310a for supplying a gas into the process chamber 201 is connected to
one end of the nozzle support 350a. A gas nozzle 340a is connected to the other end of the
nozzle support 350a. The gas nozzle 340a is made of a heat-resistant material such as quartz or
SiC. Details of the gas nozzle 340a and the gas supply pipe 310a will be described later.

[0044] On the other hand, an exhaust port 230 is formed in the outer tube 14 of the reaction tube
203. An exhaust port 230 is formed below the second exhaust port 237.  An exhaust pipe 231
is connected to the exhaust port 230.

[0045] A vacuum pump 246 as a vacuum-exhaust device is connected to the exhaust pipe 231
via a pressure sensor 245 which detects the pressure inside the process chamber 201 and an APC
(Auto Pressure Controller) valve 244 as a pressure regulator. The exhaust pipe 231 on the
downstream side of the vacuum pump 246 is connected to a waste gas treatment device (not
shown) or the like. Thus, by controlling the output of the vacuum pump 246 and the opening
degree of the APC valve 244, the process chamber 201 can be vacuum-exhausted such that the
pressure inside the process chamber 201 is set to a predetermined pressure (degree of vacuum).
[0046] Further, a temperature sensor (not shown) as a temperature detector is installed inside the
reaction tube 203, and the electric power supplied to the heater 207 is adjusted based on the
temperature information detected by the temperature sensor so that the temperature inside the
process chamber 201 has a desired temperature distribution.

[0047] According to this configuration, in the process furnace 202, the boat 217 on which the
wafers 200 to be batch-processed are stacked in multiple stages is loaded into the process
chamber 201 by the boat support 218. Then, the heater 207 heats the wafers 200 loaded into
the process chamber 201 to a predetermined temperature. The apparatus having such a process

furnace is called a vertical batch apparatus.

[Nozzle Chamber 222]
[0048] As shown in FIG. 2, the nozzle chamber 222 extending in the vertical direction is formed
in a gap S between an outer peripheral surface 12¢ of the inner tube 12 and the inner peripheral

surface 14a of the outer tube 14. Specifically, the nozzle chamber 222 is formed between a first
7



partition 18a extending from the outer peripheral surface 12c¢ of the inner tube 12 toward the
outer tube 14 and a second partition 18b extending from the outer peripheral surface 12c¢ of the
inner tube 12 toward the outer tube 14 and between an arc-shaped top plate 20 connecting a tip

of the first partition 18a and a tip of the second partition 18b and the inner tube 12.

[Gas Nozzle 340a]

[0049] The gas nozzle 340a extending in the vertical direction is arranged in the nozzle chamber
222 as shown in FIG. 2. The gas nozzle 340a is used as a processing gas nozzle for supplying a
precursor gas or a reaction gas, which is a processing gas, into the process chamber 201. The
gas nozzle 340a is configured as an I-shaped long nozzle. Further, openings 234 serving as gas
injection holes for injecting a gas are formed on a peripheral surface of the gas nozzle 340a so as
to face the supply slits 235a in a parallel direction (i.e., horizontal direction). The openings 234
includes first openings 234a and second openings 234b. A gas supplier 342a is configured to
include the gas nozzle 340a. Details of the first openings 234a and the second openings 234b

will be described later.

[Gas Supply Pipes 310a and 310b]

[0050] As shown in FIG. 1, the gas supply pipe 310a communicates with the gas nozzle 340a
through the nozzle support 350a.

[0051] On the gas supply pipe 310a, a precursor gas supply source 360a for supplying a
precursor gas as a processing gas, a mass flow controller (MFC) 320a which is an example of a
flow rate controller, and a valve 330a are installed sequentially from an upstream side in a gas
flow direction.

[0052] A gas supply system is composed of the precursor gas supply source 360a, the MFC
320a, and the valve 330a.

[0053] A gas supply pipe 310b for supplying an inert gas as a processing gas is connected to the
gas supply pipe 310a on a downstream side of the valve 330a in a gas flow direction. On the

gas supply pipe 310b, an inert gas supply source 360b which supplies an inert gas as a
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processing gas, an MFC 320b, and a valve 330b are installed sequentially from an upstream side

in a gas flow direction. An inert gas supply system is composed of the inert gas supply source

360b, the MFC 320b, and the valve 330b.

[Controller 280]

[0054] FIG. 3 is a block diagram showing a control configuration of the substrate processing
apparatus 10. A controller 280 of the substrate processing apparatus 10 is configured as a
computer. This computer includes a CPU (Central Processing Unit) 121a, a RAM (Random
Access Memory) 121b, a memory device 121c¢, and an I/O port 121d.

[0055] The RAM 121b, the memory device 121c, and the I/O port 121d are configured to
exchange 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 280.

[0056] The memory device 121c is composed of, for example, a flash memory, an HDD (Hard
Disk Drive), or the like. The memory device 121c readably stores a control program for
controlling an operation of the substrate processing apparatus 10, a process recipe describing
procedures and conditions for processing the substrate, which will be described later, and the
like.

[0057] The process recipe is a combination that causes the controller 280 to execute each
procedure in the below-described substrate processing process so as to obtain a predetermined
result. The process recipe functions as a program. Hereinafter, the process recipe, the control
program, and the like will be collectively and simply referred to as program.

[0058] When the term "program" is used in this specification, it may include only the process
recipe, only the control program, or both of them. The RAM 121b is configured as a memory
area (work area) in which programs and data read by the CPU 121a are temporarily held.
[0059] The I/O port 121d is connected to the MFCs 320a and 320b, the valves 330a and 330b,
the pressure sensor 245, the APC valve 244, the vacuum pump 246, the heater 207, the
temperature sensor, the boat rotator 267, the elevator 115, and the like.

[0060] The CPU 121a is configured to read a control program from the memory device 121c and
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execute the same. The CPU 121a is configured to read a process recipe from the memory
device 121c¢ in response to an input of an operation command from the input/output device 122
or the like.

[0061] The CPU 121a is configured to control, according to the content of the process recipe
thus read, the flow rate adjustment operation for various gases by the MFCs 320a and 320b, the
opening/closing operation of the valves 330a and 330b, and the opening/closing operation of the
APC valve 244. The CPU 121a is also configured to control the pressure regulation operation
by the APC valve 244 based on the pressure sensor 245, the start and stop of the vacuum pump
246, and the temperature adjustment operation of the heater 207 based on the temperature sensor.
In addition, the CPU 121a is configured to control the rotation of the boat 217 and the rotation
speed adjustment operation by the boat rotator 267, the elevating operation of the boat 217 by the
elevator 115, and the like.

[0062] The controller 280 is not limited to being configured as a dedicated computer, and may
be configured as a general-purpose computer. For example, the controller 280 of the present
embodiment may be configured by preparing an external memory device 123 that stores the
above-described program and installing the program in a general-purpose computer using the
external memory device 123. Examples of the external storage device include a magnetic disk
such as a hard disk or the like, an optical disk such as a CD or the like, a magneto-optical disk

such as an MO or the like, and a semiconductor memory such as a USB memory or the like.

[Outline of Operation of Substrate Processing Apparatus]

[0063] Next, an operation outline of the substrate processing apparatus 10 will be described
according to a control procedure performed by the controller 280 using a film-forming sequence
shown in FIG. 4. FIG. 4 is a graph showing a supply amount of a gas (vertical axis) and a
timing of gas supply (horizontal axis) in the film-forming sequence according to the present
embodiment. The boat 217 on which a predetermined number of wafers 200 is mounted in
advance is loaded into the reaction tube 203, and the reaction tube 203 is airtightly closed by the

seal cap 219.
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[0064] When the control by the controller 280 is started, the controller 280 enables the vacuum
pump 246 and the APC valve 244 shown in FIG. 1 to operate so as to exhaust an atmosphere in
the reaction tube 203 from the exhaust port 230. Furthermore, the controller 280 controls the
boat rotator 267 to start rotating the boat 217 and the wafers 200. This rotation continues at
least until the processing of the wafers 200 is completed.

[0065] In the film-forming sequence shown in FIG. 4, the film formation on the wafers 200 is
completed by performing a cycle including a processing step and a discharging step a
predetermined number of times. Then, when the film formation is completed, the boat 217 is
unloaded from the inside of the reaction tube 203 by the reverse procedure of the operation
described above. Further, the wafers 200 are transferred from the boat 217 to a pod on a
transfer shelf by a wafer transfer machine (not shown), and the pod is transferred from the
transfer shelf to a pod stage by a pod transfer machine. In addition, the wafers 200 are
unloaded to the outside of the housing by an external transfer device.

[0066] One cycle of the film-forming sequence will be described below. The valves 330a and

330b are kept closed before the film-forming sequence is executed.

[Processing Step]

[0067] When the atmosphere in the reaction tube 203 is exhausted from the exhaust port 230 by
controlling each part with the controller 280, the controller 280 enables the valve 330a to be
opened so as to inject a precursor gas from the openings 234 of the gas nozzle 340a.

[0068] At this time, the controller 280 enables the vacuum pump 246 and the APC valve 244 to
operate so as to exhaust the atmosphere in the reaction tube 203 from the exhaust port 230 such
that the pressure obtained from the pressure sensor 245 is constant, thereby setting the pressure
in the reaction tube 203 to a negative pressure. As a result, the precursor gas flows in parallel
over the wafers 200 and then flows from the top to the bottom of the gap S through the first
exhaust port 236 and the second exhaust port 237. The precursor gas is exhausted from the
exhaust pipe 231 through the exhaust port 230. In this case, the controller 280 controls the

supply amount of the gas using the MFC 320a.
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[Discharging Step]

[0069] When the first processing step is completed after a predetermined time has passed, the
controller 280 enables the valve 330a to be closed so as to stop the supply of the precursor gas
from the gas nozzle 340a. Furthermore, the controller 280 enables the valve 330b to be opened
s0 as to inject an inert gas from the openings 234 of the gas nozzle 340a.

[0070] The discharging step may include a step of reducing the pressure while keeping the valve
330b closed (pressure reduction step). In the discharging step, the step of injecting the inert gas
into the reaction tube 203 as described above (purging step) and the step of reducing the pressure
may be repeated.

[0071] The processing of the wafers 200 is completed by executing one cycle including the
processing step and the discharging step a predetermined number of times as described above.

In the above description, one type of processing gas is used. However, in the case of using two
types of processing gases (e.g., a precursor gas and a reaction gas), one cycle may include a first
processing step (supplying a precursor gas), a first discharging step, a second processing step
(supplying a reaction gas), and a second discharging step. In this case, two gas supply systems

may be installed for the precursor gas and the reaction gas.

(Configuration of Main Part)

[0072] Next, the openings 234 formed on the peripheral surface of the gas nozzle 340a extending
in the vertical direction and the discharge hole 344 formed at the tip of the gas nozzle 340a will
be described.

[0073] As described above, the openings 234 are formed so as to face the supply slits 235a,
which are arranged in the vertical direction, in the parallel direction (i.e., the horizontal
direction). Specifically, as shown in FIG. 5, the openings 234 are arranged in the horizontal
direction so as to face one supply slit 235a and formed in a plural number (e.g., three). That is,
the hole rows of the plurality of openings 234 formed by being arranged in the horizontal

direction are arranged in the vertical direction. In other words, the hole rows of the openings
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234 are provided so as to be arranged in a direction parallel to the surfaces of the wafers 200.
[0074] Further, as shown in FIG. 1, the openings 234 are formed in the middle of the gas flow
path in the gas nozzle 340a through which a gas flows upward from below. All of the wafers
200 are arranged in the region in which the openings 234 are formed in the vertical direction.
[0075] Further, the first openings 234a and the second openings 234b are formed such that a gas
can be supplied to between the wafers 200 stacked in the process chamber 201.  Further, as
shown in FIG. 5, among the three horizontally aligned openings 234, the central first opening
234a is opened so as to supply a gas toward the center of each of the wafers 200. A pair of
second openings 234b are formed symmetrically with respect to a reference line CL1 passing
through the first opening 234a and the center CP1 of the gas nozzle 340a with the reference line
CL1 interposed therebetween. The direction in which the reference line CL1 extends is the
direction in which the gas is supplied from the first opening 234a.

[0076] In this configuration, the first openings 234a and the second openings 234b inject the gas
in a direction intersecting (perpendicular to) the flow direction of the gas flowing inside the gas
nozzle 340a. Specifically, the first openings 234a and the second openings 234b inject the gas
in the horizontal direction. The gas injected from the first openings 234a and the second
openings 234b is supplied to between the wafers 200 stacked in the process chamber 201.

[0077] Further, if an angle at which a reference line CL2 passing through the second opening
234b and the center CP1 is inclined with respect to the reference line CL1 is defined as an
inclination angle (R1 in FIG. 5), the inclination angle R1 is set to a predetermined angle. That
1s, the direction of the gas supplied from the second openings 234b is inclined by a
predetermined inclination angle R1 with respect to the direction of the gas supplied from the first
openings 234a. Further, the first openings 234a and the second openings 234b are formed in a
circular shape, and the diameters of the first openings 234a and the second openings 234b are
predetermined values.

[0078] In this configuration, the gas injected from the first openings 234a and supplied to the
process chamber 201 is directed toward the centers of the wafers 200, and the gas is injected

from the second openings 234b and supplied to the process chamber 201 is directed to the
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peripheral edges of the wafers 200. The shape of the openings 234 in the present embodiment
is a circular shape as shown, but is not limited to this shape. The shape of the openings 234
may be an elliptical shape, a triangular shape, a slit-shaped (rectangular) shape, or a pentagonal
shape. The same applies to the shape of the discharge hole 344. Further, the discharge hole
344 does not have to be one, and may be a plurality of holes. In this case, it goes without
saying that the total cross-sectional area of the plurality of holes forming the discharge hole 344
should be larger than the cross-sectional area of the opening 234.

[0079] Further, the gas nozzle 340a of the present embodiment is a straight pipe-type nozzle, but
is not limited thereto. For example, a folded type (U-turn type) nozzle as shown in FIGS. 16A
and 16B may be used. FIG. 16A shows a type in which the first openings 234a and the second
openings 234b are provided behind the folded portion, and FIG. 16B shows a type in which the
first openings 234a and the second openings 234b are provided in front of the folded portion.

In addition, although it is not shown in FIGS. 16A and 16B, the openings 234 may be provided
behind and in front of the folded portion.

[0080] As shown in FIGS. 16A and 16B, in the case of the folded type (U-turn type) nozzle,
only the gas supplied from the openings 234 flows toward the wafers 200. In other words, the
gas discharged from the discharge hole 344 to be described later is directed downward in the
reaction tube 203 and therefore does not affect the processing of the wafers 200.

[0081] Herein, a gas flow in case that one row of openings is arranged in the vertical direction
like the conventional gas nozzle and a gas flow in case that three rows of the openings 234 like
the gas nozzle 340a of the present embodiment are arranged in the vertical direction will be
described with reference to FIG. 6.

[0082] FIG. 6 shows a simulation result of the gas flow in the conventional gas nozzle and a
simulation result of the gas flow in the gas nozzle 340a of the embodiment. ~As can be seen
from this table, the conventional gas nozzle generates a return flow, and the gas nozzle 340a of
the embodiment does not generate a return flow. As used herein, the term "return flow" refers
to a flow in which a part of the gas injected from the openings 234 flows over the wafers 200 in a

U shape and returns from the center side of the wafers 200 to the peripheral side thereof.
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[0083] In the conventional gas nozzle, the gas is vigorously injected from one row of openings,
and therefore a return flow is easily generated. The gas returning as the return flow finally
flows near the wafer edge and is exhausted. The return flow is one of the factors that make the
film thickness at the wafer edge portion thicker than at other portions. In other words, the
return flow is one of the factors that deteriorate the in-plane film thickness uniformity of the
wafer.

[0084] On the other hand, in the gas nozzle 340a of the embodiment, among the three rows of
openings 234, the first opening 234a faces the center of the wafer 200, and the other two second
openings 234b are inclined with respect to the reference line CL1. By dispersing and injecting
the gas from the three openings 234, it is possible to suppress the generation of the return flow.
[0085] FIG. 6 also shows a simulation result of the gas partial pressure APa of the conventional
gas nozzle and a simulation result of the gas partial pressure APa of the gas nozzle 340a of the
embodiment.

[0086] Now, the "gas partial pressure APa " will be described with reference to FIG. 7. The
circumferential average of the gas partial pressure at the edge (145 mm radius region) of a wafer
having an outer diameter of 300 mm and the circumferential average of the gas partial pressure
at the center (7 mm radius region) of the wafer are calculated. The difference value between
the circumferential average of the gas partial pressure at the edge and the circumferential average
of the gas partial pressure at the center is defined as a gas partial pressure APa (hereinafter
sometimes referred to as "APa").

[0087] As shown in FIG. 6, the APa for the conventional gas nozzle is 5.7 Pa, and the APa for
the gas nozzle 340a of the embodiment is 1.5 Pa. The APa of the gas nozzle 340a of the
embodiment is smaller than the APa of the conventional gas nozzle. From this APa result, it
can be seen that the gas nozzle 340a of the embodiment suppresses the generation of the return
flow as compared with the conventional gas nozzle.

[0088] Further, at the tip (upper end) of the gas nozzle 340a, as shown in FIG. 5, a discharge
hole 344 is formed to discharge a gas in a direction different from the wafers 200. The hole

diameter of the discharge hole 344 is larger than the hole diameter of the first openings 234a and
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the hole diameter of the second openings 234b, or the cross-sectional area of the discharge hole
344 is larger than the cross-sectional area of the first openings 234a and the cross-sectional area
of the second openings 234b.
[0089] In this configuration, by forming the discharge hole 344 in this way, the gas flowing
inside the gas nozzle 340a becomes uniform in the vertical direction of the gas nozzle 340a.
Thus, the flow rate of the gas supplied from each of the first openings 234a and the second
openings 234b becomes uniform in the vertical direction.
[0090] Next, the results of the thermal fluid simulations performed by changing the hole
diameter of the openings 234 of the gas nozzle 340a will be described with reference to the
tables shown in FIGS. 8 and 9. The specifications other than the hole diameter are the same
values.
[0091] - In Evaluation Example 1, the ratio of the hole diameter of the first opening 234a to the
hole diameter of the second opening 234b (hole diameter ratio) was 1:1.

- In Evaluation Example 2, the ratio of the hole diameter of the first opening 234a to the
hole diameter of the second opening 234b (hole diameter ratio) was 1:0.85.

- In Evaluation Example 3, the ratio of the hole diameter of the first opening 234a to the
hole diameter of the second opening 234b (hole diameter ratio) was 1:0.75.
[0092] As shown in FIG. 8, regarding the gas flow over the wafer 200, no return flow was
generated over the wafer 200 in Evaluation Examples 1 and 2.  On the other hand, in Evaluation
Example 3, a return flow was generated above the wafer 200. However, the intensity of the
return flow in Evaluation Example 3 was suppressed as compared with the return flow in the
conventional example (see FIG. 6).
[0093] As shown in FIG. 9, the ratio of the cross-sectional area of the second opening 234b to
the cross-sectional area of the first opening 234a was 1 in Evaluation Example 1, 0.7 in
Evaluation Example 2, and 0.5 in Evaluation Example 3.
[0094] As shown in FIG. 9, the ratio of the flow rate of the gas supplied from the second
opening 234b to the flow rate of the gas supplied from the first opening 234a was substantively 1

in Evaluation Example 1, 0.69 in Evaluation Example 2, and 0.49 in Evaluation Example 3. In
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the regard, "substantially 1" means +5% or less of 1.
[0095] As shown in the table of FIG. 9, the APa on the wafer 200 was 1.5 Pa in Evaluation

Example 1, 2.7 Pa in Evaluation Example 2, and 4.0 Pa in Evaluation Example 3.

[Discussion on Gas Flow over Wafer]
[0096] From the results described above, the critical condition for not generating a return flow is
considered to be the specification of Evaluation Example 2. Looking at the gas flow in the
simulation of Evaluation Example 2, it seems that a return flow is generated at the edge of the
wafer. However, a region of a few millimeters (3 mm to 5 mm) from the edge of the wafer is a
region where fine patterns are not formed. Therefore, the specification of Evaluation Example
2 can be regarded as a critical condition under which there is substantially no return flow on the
wafer.
[0097] That is, the flow rate ratio for not generating a return flow is 0.7 or more and 1.0 or less.
The cross-sectional area ratio of the opening for not generating a return flow is 0.7 or more and 1
or less. The upper limit of the APa for not generating a return flow is about 3.0 or less.
[0098] Next, the results of the thermal fluid simulation performed by changing the inclination
angle R1 of the second opening 234b formed in the gas nozzle 340a will be described using the
table shown in FIG. 10. The specifications other than the inclination angle R1 are the same
values.
[0099] - In Evaluation Example 4, the inclination angle R1 was set to 20 degrees.

- In Evaluation Example 5, the inclination angle R1 was set to 25 degrees.

- In Evaluation Example 6, the inclination angle R1 was set to 30 degrees.

- In Evaluation Example 7, the inclination angle R1 was set to 35 degrees.

- In Evaluation Example 8, the inclination angle R1 was set to 45 degrees.
[0100] As shown in FIG. 10, in Evaluation Examples 4, 5 and 6, no return flow is generated.
As for Evaluation Examples 7 and 8, a return flow is generated. Thus, it can be seen that the
return flow does not occur when the inclination angle R1 is 20 degrees or more and 30 degrees

or less. The intensity of the return flow in Evaluation Examples 7 and 8 is suppressed as
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compared with the return flow in the conventional example (see FIG. 6).
[0101] As shown in FIG. 10, the APa was 2.6 Pa in Evaluation Example 4, the APa was 2.9 Pa in
Evaluation Example 5, the APa was 3.1 Pa in Evaluation Example 6, the APa was 7.8 Pa in
Evaluation Example 7, and the APa was 9.7 Pa in Evaluation Example 8. Accordingly, the
upper limit of the APa for not generating a return flow is 3.1 Pa or less.
[0102] Next, the results of the thermal fluid simulation performed by changing the flow rate of
the gas flowing through the gas nozzle 340a will be described using the table shown in FIG. 11.
The hole diameter of the first opening 234a and the second opening 234b is set to 2.7 mm, and
other specifications have the same values.
[0103] - In Evaluation Example 9, the gas flow rate was set to 3 slm.

- In Evaluation Example 10, the gas flow rate was set to 5.9 slm.

- In Evaluation Example 11, the gas flow rate was set to 12 slm.
[0104] As shown in the table of FIG. 11, the uniformity of the flow rate of the gas supplied from
the first opening 234a and the second opening 234b was +1.2% in Evaluation Example 9,

+1.52% in Evaluation Example 10, and +0.81% in Evaluation Example 11.

[Discussion on Opening 234]

[0105] From the table shown in FIG. 11, it can be noted that the flow rate of the gas supplied
from the first opening 234a tends to be smaller than the flow rate of the gas supplied from the
second opening 234b. In other words, the smaller the flow rate of the gas supplied from the
first opening 234a, the higher the uniformity of the flow rate, which desirably results in
suppressing the return flow. That is, it is considered that, by making the hole diameter or cross-
sectional area of the second opening 234b larger than that of the first opening 234a, the flow rate
of the gas supplied from the first opening 234a increases, which is desirable for suppressing the
return flow.

[0106] In FIG. 17, a horizontal axis represents a hole diameter ratio of the openings (the hole
diameter ratio based on the first opening 234a), and a vertical axis represents a gas partial

pressure APa. That is, FIG. 17 shows a dependence of the gas partial pressure APa on the hole
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diameter ratio between the first opening 234a and the second opening 234b.  According to FIG.
17, the return flow is not generated when the value of the gas partial pressure APa is less than
about 3. Therefore, it can be noted that even when the hole diameter ratio is maximized (the
hole diameter ratio is 3.33 in FIG. 17), the return flow is not generated.

[0107] In this regard, the point at which the value of the gas partial pressure APa is 2.7 shown in
FIG. 17 is the condition of Evaluation Example 2 shown in FIG. 8. The point at which the
value of the gas partial pressure APa is 1.5 is the condition of Evaluation Example 1 shown in
FIG. 8. As the hole diameter ratio becomes larger than 1, the value of the gas partial pressure
APa decreases. The gas partial pressure APa is gentle at the hole diameter ratio of 1.85, and
then is switched to increase. Therefore, it can be seen that the maximum value of the ideal hole
diameter ratio is the hole diameter ratio of 1.85.

[0108] Referring again to FIG. 17, it can be noted that when the hole diameter ratio is 1.49 or
more and 1.85 or less, the value of the gas partial pressure APa is less than 1 and substantially
constant (about 0.8) and further that when the hole diameter ratio is 1.2 or more and 2.1 or less,
the value of the gas partial pressure APa is about 0.9 or less. That is, it can be determined that
if the hole diameter ratio is 1.2 or more and 2.1 or less, the gas uniformly flows over the surface
of the wafer 200. Under this condition, the gas can be uniformly supplied to the surface of the
wafer 200. Therefore, for example, if the gas contributes to film formation, it is possible to
expect the improvement in film formation uniformity in the plane of the wafer.

[0109] FIG. 18 extracts four points where the hole diameter ratio is larger than 1 from the 12-
point simulation shown in FIG. 17. The hole diameter ratios are 1.19, 1.85, 2.41, and 3.33
sequentially from the left. As can be seen from these figures, the return flow is not generated
under any conditions.

[0110] Meanwhile, it was found that the generation of the return flow can be suppressed when
the flow rate in the second opening 234b is larger than the flow rate in the first opening 234a.
However, it is impossible to explain why the value of the gas partial pressure APa increases
when the hole diameter ratio becomes larger than 1.85. Thus, the simulation results for the hole

diameter ratios of 2.41 and 3.33 were closely examined. It was found that stagnation is
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generated in the gas flow from the first opening 234a.  As shown in FIG. 18, the simulation
results for the hole diameter ratios of 2.41 and 3.33 reveal that the flow rates in the second
opening 234b are about 14 and about 50, respectively, with respect to the flow rates in the first
opening 234a. The flow rates in the first opening 234a is extremely small.

[0111] It is considered that the return flow of the gas supplied from the second opening 234b is a
cause of the phenomenon that when the flow rate in the second opening 234b increases and the
flow rate in the first opening 234a decreases, the value of APa is switched to increase and
stagnation occurs. Until now, in order to suppress the flow of the gas through the first opening
234a, the gas is supplied from the second opening 234b to suppress the generation of the return
flow. However, when the flow rate in the second opening 234b is too large, the return flow of
the gas supplied from the second opening 234b is generated, and the gas does not flow in the
exhaust direction. A gas flow facing toward the center is generated. Since the flow rate of the
gas supplied from the first opening 234a is small with respect to the return flow, it is difficult to
cancel the return flow. Therefore, it is considered that the gas supplied from the first opening
234a is stagnant.

[0112] Meanwhile, the reason why the return flow is not generated in the simulation results is
considered to be that, in addition to the influence of the gas supplied from the first opening 234a,
since the second openings 234b are provided at two locations so as to sandwich the first opening
234a, even if a return flow of the gas supplied from the second opening 234b is generated, the
flow of the gas toward the center can be successfully canceled. On the other hand, with respect
to the flow of the gas not directed toward the center due to the generation of the return flow, it is
considered that since the second openings 234b are originally provided to face the peripheral
edge of the wafer 200, there is substantially no influence on the gas flow on the wafer 200.
[0113] The reason why the value of APa increases when the flow rate in the second opening
234b increases and the flow rate in the first opening 234a decreases is considered to be that the
return flow of the gas supplied from the second opening 234b causes the stagnation of the gas
supplied from the first opening 234a. On the other hand, the reason why the value of APa

increases when the flow rate in the first opening 234a increases and the flow rate in the second
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opening 234b decreases is considered to be that the return flow of the gas supplied from the first
opening 234a is generated. Returning to FIG. 17, when the hole diameter ratio is smaller than
1.19, i.e., when the return flow of the gas supplied from the first opening 234a is generated, APa
increases sharply. When the hole diameter ratio is larger than 2.1, i.e., when the stagnation of
the gas supplied from the first opening 234a is generated, APa increases gently.

[0114] The return flow of the gas supplied from the first opening 234a has a large influence on
the gas flow over the wafer 200, and the influence of the stagnation of the gas supplied from the
first opening 234a on the gas flow over the wafer 200 is linear. That is, it is considered that the
gas flow over the wafer 200 is affected by the flow rate of the gas supplied from the first opening
234a rather than the return flow of the gas supplied from the second opening 234b. In other
words, it can be seen that, for example, when supplying a film-forming contribution gas to the
wafer 200, the return flow of the gas supplied from the first opening 234a has a large influence.
In addition, it is considered that the influence of stagnation of the gas supplied from the first
opening 234a is relatively small.

[0115] Returning to FIG. 18, for example, when the hole diameter ratio is 3.33, APa is 2.1 Pa.
Further, the results of the simulation reveal that the return flow is not generated on the wafer 200
(there is no flow indicating the return flow in FIG. 18). This is considered that, since the return
flows of the gases supplied from the second openings 234b are canceled, the influence of the
return flow on APa is considerably small as compared to the first opening 234a. However, it is
considered ha the influence of stagnation on the wafer 200 facing the first opening 234a is
greatly reflected. In other words, it is considered that the return flow of the gas supplied from
the second opening 234b causes stagnation of the gas supplied from the first opening 234a, but
the influence on APa is indirect.

[0116] Returning to FIG. 18, for example, when the hole diameter ratio is 0.85 (Evaluation
Example 2), APais 2.7 Pa. In reality, the simulation results reveal that the return flow is not
generated on the wafer 200 (there is no flow indicating the return flow in FIG. 18). Therefore,
it has been explained that even if the return flow is generated, the generation of the return flow

on the wafer 200 is suppressed. However, strictly speaking, return flows are generated and
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canceled from each other on the wafer 200.

[0117] Returning to FIG. 17, when the hole diameter ratio is 1.19 or more and 2.1 or less, APa is
stabilized at a value of 0.8 or more and 0.9 or less. Therefore, it is considered that the return
flow is not generated from the first opening 234a or the second opening. It seems that even if
return flows are generated, they are just canceled from each other.

[0118] According to the present embodiments, it can be noted that even if the simulation result
indicates the generation of the return flow, it is desirable that APa is 2.7 or less in view of the
influence on the processing on the wafer 200. That is, as shown in FIG. 17, it is desirable that
the hole diameter ratio is 0.85 or more and 3.33 or less. At this time, the cross-sectional area
ratio is 0.7 or more and 11.1 or less.  Further, even if return flows are generated, the return
flows are suppressed (cancelled from each other) in the simulation results. Thus, as shown in
FIG. 18, it is desirable that the gas partial pressure APa is 2.1 or less, the hole diameter ratio
shown in FIG. 17 is 0.93 or more and 2.25 or less. Further, conditions that are not affected by
stagnation are desirable, and it is desirable that APa is less than 1, for example, 0.9 or less.
Therefore, it is desirable that the hole diameter ratio is 1.1 or more and 2.1 or less.

[0119] In the above description, the hole diameter ratio has been mainly described. However,
the hole diameter ratio is nothing more than one index. The gas flow rate, the cross-sectional

area ratio, and the like may also be applicable.

(First Modification)

[0120] Next, a first modification will be described with reference to FIG. 12. A pair of the gas
nozzles 540a and 540b is installed in the first modification. The upper end of the gas nozzle
540a and the upper end of the gas nozzle 540b are connected by a U-shaped connecting portion
542 that is opened at the lower side thereof.

[0121] Specifically, the gas nozzle 540a through which a gas flows upward and the gas nozzle
540b through which a gas flows downward are installed. The gas nozzle 540a and the gas
nozzle 540b are arranged in the depth direction of the apparatus. The external shape of the gas

nozzles 540a and 540b is an elliptical shape extending in the width direction of the apparatus.
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[0122] In the gas nozzle 540a, pairs of openings 534 are formed by being arranged in the vertical
direction, the openings 534 in each pair being arranged in the horizontal direction. The
openings 534 are composed of first openings 534a and second openings 534b.  The first
openings 534a and the second openings 534b are arranged symmetrically with respect to a
reference line CL3 extending in the longitudinal direction of the elliptical gas nozzle 540a. The
first openings 534a are disposed to inject a gas toward the side of the gas nozzle 540b and the
center side of the wafers 200.

[0123] Similarly, in the gas nozzle 540b, pairs of openings 534 are formed by being arranged in
the vertical direction, the openings 534 in each pair being arranged in the horizontal direction.
The openings 534 are composed of first openings 534c and second openings 534d. The first
openings 534c¢ and the second openings 534d are arranged symmetrically with respect to a
reference line CL4 extending in the longitudinal direction of the elliptical gas nozzle 540b. The
first openings 534c are arranged to inject a gas toward the side of the gas nozzle 540a and the
center side of the wafers 200. As used herein, the term "center side" means not only the
direction in which the gases supplied from the first openings 534a and the first openings 534c are
mixed at the centers of the wafers 200 but also the direction in which the gases are mixed on the
wafers 200. Preferably, the center side is the direction in which the gases are mixed before
reaching the centers of the wafers 200.

[0124] Further, the first openings 534a and the second openings 534b formed in the gas nozzle
540a and the first openings 534c and the second openings 534d formed in the gas nozzle 540b
are formed on the same planes.

[0125] In this configuration, the gas injected from the first openings 534a of the gas nozzle 540a
and the gas injected from the first openings 534c of the gas nozzle 540b are mixed before
reaching the wafers 200, or mixed before reaching the centers of wafers 200, that is, between the
peripheries and the centers of the wafers 200. In this modification, the U-shaped nozzle is used.
However, the shape of the nozzle is not limited to this shape. The nozzle may be a V-shaped
nozzle, or may be an N-shaped nozzle or a W-shaped nozzle. Further, it is desirable that the

number of the openings (first opening and second opening) is 2 or more, for example, 3 as the
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present embodiments.

(Second Modification)

[0126] Next, a second modification will be described with reference to FIG. 13. A pair of gas
nozzles 640a and 640b are installed in the second modification. The lower end of the gas
nozzle 640a and the lower end of the gas nozzle 640b are connected by a U-shaped connecting
portion 642 that is opened at the upper side thereof. The gas nozzle 640a and the gas nozzle
640b are arranged side by side in the depth direction of the apparatus. The external shape of the
gas nozzles 640a and 640b is an elliptical shape extending in the width direction of the
apparatus.

[0127] In the gas nozzle 640a, pairs of openings 634 are formed by being arranged in the vertical
direction, the openings 634 of the pair being arranged in the horizontal direction. The openings
634 are composed of first openings 634a and second openings 634b. The first openings 634a
and the second openings 634b are arranged symmetrically with respect to a reference line CL5
extending in the longitudinal direction of the elliptical gas nozzle 640a. The first openings
634a are arranged to inject a gas toward the side of the gas nozzle 640b and the center side of the
wafers 200.

[0128] Similarly, in the gas nozzle 640b, pairs of openings 634 are formed by being arranged in
the vertical direction, the openings 634 in each pair being arranged in the horizontal direction.
The openings 634 are composed of first openings 634c and second openings 634d. The first
openings 634c and the second openings 634d are arranged symmetrically with respect to a
reference line CL6 extending in the longitudinal direction of the elliptical gas nozzle 640b. The
first openings 634c are arranged to inject a gas toward the side of the gas nozzle 640a and the
center side of the wafers 200.

[0129] Further, the first openings 634a and the second openings 634b formed in the gas nozzle
640a and the first openings 634¢ and the second openings 634d formed in the gas nozzle 640b
are formed on the same planes.

[0130] In this configuration, the gas injected from the first openings 634a of the gas nozzle 640a
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and the gas injected from the first openings 634c of the gas nozzle 640b are mixed before
reaching the wafers 200, or mixed on the wafers 200. Although only the U-shaped nozzle is
used in this modification, the shape of the nozzle is not limited thereto and may be a Y shape.
The gas nozzle 640 having the openings 634 may be concave. Further, in this modification, it
is desirable that the number of the openings is 2 or more, for example, 3 as the present

embodiments.

(Third Modification)

[0131] Next, a third modification will be described with reference to FIG. 14. The third
modification is directed to a configuration in which a plurality of straight nozzles (straight pipe
nozzles) is installed. As shown in FIG. 14, an I-shaped gas nozzle 740a and an I-shaped gas
nozzle 740b for injecting a gas are installed separately. The gas nozzles 740a and 740b are not
connected to each other and are arranged in the depth direction of the apparatus. The external
shape of the gas nozzles 740a and 740D is the shape of an ellipse extending in the width direction
of the apparatus.

[0132] In the gas nozzle 740a, pairs of openings 734 are formed by being arranged in the vertical
direction, the openings 734 in each pair being arranged in the horizontal direction. The
openings 734 are composed of first openings 734a and second openings 734b.  The first
openings 734a and the second openings 734b are arranged symmetrically with respect to a
reference line CL7 extending in the longitudinal direction of the elliptical gas nozzle 740a. The
first openings 734a are arranged to inject a gas toward the side of the gas nozzle 740b and the
center side of the wafers 200.

[0133] Similarly, in the gas nozzle 740b, pairs of openings 734 are formed by being arranged in
the vertical direction, the openings 734 in each pair being arranged in the horizontal direction.
The openings 734 are composed of first openings 734c and second openings 734d. The first
openings 734c and the second openings 734d are arranged symmetrically with respect to a
reference line CL8 extending in the longitudinal direction of the elliptical gas nozzle 740b. The

first openings 734c are arranged to inject a gas toward the side of the gas nozzle 740a and the
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center side of the wafers 200.

[0134] Further, the first openings 734a and the second openings 734b formed in the gas nozzle
740a and the first openings 734c¢ and the second openings 734d formed in the gas nozzle 740b
are formed on the same planes.

[0135] In this configuration, the gas injected from the first openings 734a of the gas nozzle 740a
and the gas injected from the first openings 734c of the gas nozzle 740b are mixed before
reaching the wafers 200. Further, in this modification, it is desirable that the number of the
openings is 2 or more, for example, 3 as the present embodiments.

[0136] In the present embodiment, the flow rate of the gas supplied from the second openings,
the hole diameter of the second openings, and the cross-sectional area of the second openings
may be larger than the flow rate of the gas supplied from the first openings, the hole diameter of
the first openings, and the cross-sectional area of the first openings, respectively. This makes it
possible to suppress the return flow of the gas supplied from the first openings. In addition,
since the gases supplied from the first openings and the second openings flow uniformly in the
planes of the wafers 200, it is possible to improve the in-plane uniformity of the film thickness of
the wafers 200.

[0137] Further, in the present embodiment, in the two second openings 234b, the flow rate of the
gases supplied from the two second openings 234b, the hole diameters of the two second
openings 234b, and the cross-sectional areas of the two second openings 234b are substantially
the same or the same. However, at least one of them may be substantially the same or the
same. This makes it possible to suppress the return flow of the gas supplied from the first
openings 234a.

[0138] Further, in the present embodiment, the inclination angle of the second openings 234b
with respect to the direction in which the gas supplied from the first openings 234a flows can be
determined based on the arranged relationship between the first openings 234a and the wafers
200 as the objects to be processed. Thus, the gas supplied from the second openings 234b can
be supplied in the direction toward the peripheral edges of the wafers 200 in the process chamber

201. Accordingly, it is possible to suppress the return flow of the gas supplied from the first
26



openings 234a.

[0139] According to the present embodiment, at least one of the following effects (1) to (12)
may be obtained.

[0140] (1) According to the present embodiment, as can be noted from the results of each
thermal fluid simulation, the gas injected from the second openings 234b and supplied to the
process chamber 201 suppresses the return flow of the gas injected from the first openings 234a
and supplied to the process chamber 201. Thus, the gases supplied from the first openings 234a
and the second openings 234b flow uniformly in the plane of the wafer 200. Therefore, as
compared with the conventional configuration, it is possible to improve the uniformity of the
film thickness in the plane of the wafer 200.

[0141] (2) According to the present embodiment, as in Evaluation Examples 1, 2, 12, 13, 14, and
15 shown in the table of FIG. 9 and FIG. 18, by setting the flow rate of the gas supplied from the
second openings 234b to 0.7 or more and 49.0 or less with respect to the flow rate of the gas
supplied from the first openings 234a, it is possible to suppress the return flow of the gas as
compared with Evaluation Example 3. As a result, the gases supplied from the first openings
234a and the second openings 234b flow uniformly in the plane of the wafer 200. Accordingly,
the uniformity of the film thickness in the plane of the wafer 200 can be improved as compared
with Evaluation Example 3.

[0142] (3) According to the present embodiment, as in Evaluation Examples 1, 2, 12, 13, 14, and
15 shown in the table of FIG. 9, by setting the cross-sectional area of the second openings to 0.7
or more and 11.1 or less with respect to the cross-sectional area of the first openings, it is
possible to suppress the return flow of the gas as compared with Evaluation Example 3. Asa
result, the gases supplied from the first openings 234a and the second openings 234b flow
uniformly in the plane of the wafer 200. Accordingly, the uniformity of the film thickness in
the plane of the wafer 200 can be improved as compared with Evaluation Example 3.

[0143] (4) According to the present embodiment, as in Evaluation Examples 1, 2, 12, 13, 14, and
15 shown in the table of FIG. 8, by setting the hole diameter ratio with respect to the hole

diameter of the second openings 234b to 0.85 or more and 3.33 or less with respect to the hole
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diameter of the first openings 234a, it is possible to suppress the return flow of the gas as
compared with Evaluation Example 3. As a result, the gases supplied from the first openings
234a and the second openings 234b flow uniformly in the plane of the wafer 200. Accordingly,
the uniformity of the film thickness in the plane of the wafer 200 can be improved as compared
with Evaluation Example 3.

[0144] (5) According to the present embodiment, as in Evaluation Examples 4 to 6 shown in the
table of FIG. 10, by setting the inclination angle R1 of the second openings 234b to 20 degrees
or more and 30 degrees or less, it is possible to suppress the return flow of the gas as compared
with Evaluation Examples 7 and 8.  As a result, the gases supplied from the first openings 234a
and the second openings 234b flow uniformly in the plane of the wafer 200. Accordingly, the
uniformity of the film thickness in the plane of the wafer 200 can be improved as compared with
Evaluation Examples 7 and 8.

[0145] (6) According to the present embodiment, there are provided two second openings 234b.
As in Examples 1, 2, 3, 12, 13, 14, and 15 shown in the tables of FIGS. 8, 9, and 18, the flow
rates of the gases supplied from the two second openings 234b are substantially the same or the
same. As aresult, it is possible to suppress the return flow of the gas supplied from the first
openings 234a. Further, the gases supplied from the first openings 234a and the second
openings 234b flow uniformly in the plane of the wafer 200. Accordingly, the uniformity of
the film thickness in the plane of the wafer 200 can be improved as compared with the
conventional configuration.

[0146] In the present disclosure, "substantially the same" means that the other is within £95% of
one as a reference.

[0147] (7) According to the present embodiment, there are provided two second openings 234b.
As in Examples 1, 2, 3, 12, 13, 14, and 15 shown in the tables of FIGS. 8§, 9, and 18, the
respective hole diameters of the two second openings 234b are the same. As a result, it is
possible to suppress the return flow of the gas supplied from the first openings 234a. Further,
the gases supplied from the first openings 234a and the second openings 234b flow uniformly in

the plane of the wafer 200. Accordingly, the uniformity of the film thickness in the plane of the
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wafer 200 can be improved as compared with the conventional configuration.

[0148] (8) According to the present embodiment, there are provided two second openings 234b.
As in Examples 1, 2, 3, 12, 13, 14, and 15 shown in the tables of FIGS. 8, 9, and 18, the cross-
sectional areas of the two second openings 234b are the same. As a result, it is possible to
suppress the return flow of the gas supplied from the first openings 234a. Further, the gases
supplied from the first openings 234a and the second openings 234b flow uniformly in the plane
of the wafer 200. Accordingly, the uniformity of the film thickness in the plane of the wafer
200 can be improved as compared with the conventional configuration.

[0149] (9) According to the present embodiment, the discharge hole 344 is formed at the tip of
the gas nozzle 340a. Therefore, the gas flowing inside the gas nozzle 340a is uniform in the
vertical direction of the gas nozzle 340a, whereby the flow rates of the gases supplied from the
first openings 234a and the second openings 234b can be made uniform in the vertical direction.
[0150] (10) According to the present embodiment, the first openings 234a and the second
openings 234b are formed such that the gas is supplied to between the wafers 200 stacked in the
process chamber 201.  As a result, the gas supplied to between the wafers 200 can be made
uniform by making the flow rate of the gas supplied from the first openings 234a smaller that the
flow rate of the gas supplied from the second openings 234b. Further, the same applies to the
hole diameter ratio (hole diameter) and the cross-sectional area ratio (cross-sectional area).
[0151] (11) According to the present embodiment, the gas supplied from the first openings 534a
or 634a of one gas nozzle 540a or 640a and the gas supplied from the first openings 534c or 634c
of the other gas nozzle 540b or 640b are mixed before reaching the wafers 200. As a result, the
gases supplied from the respective first openings 534a, 534c, 634a and 634c are mixed and then
evenly supplied onto the wafers 200. Therefore, the gas uniformly flows in the plane of the
wafer 200 without generating a return flow on the wafer 200, which makes it possible to improve
the in-plane uniformity of the film thickness.

[0152] (12) According to the present embodiment, the gas supplied from the first openings 734a
of one gas nozzle 740a and the gas supplied from the first openings 734c of the other gas nozzle

740b are mixed with each other before reaching the wafers 200.  As a result, the gases supplied
29



from the respective first openings 734a and 734c are mixed and then supplied evenly onto the
wafers 200. Therefore, the gas uniformly flows in the plane of the wafer 200 without
generating a return flow on the wafer 200, which makes it possible to improve the in-plane

uniformity of the film thickness of the wafer 200.

<Another Modification>

[0153] Another modification of the present disclosure will be described below with reference to
FIG. 15. The same parts as those of the present embodiment will not be described, and the
parts different from those of the present embodiment will be mainly described.

[0154] As shown in FIG. 15, a pair of vertically extending nozzle chambers 822 are installed on
both sides of the nozzle chamber 222 in the circumferential direction of the reaction tube 203.
Specifically, the nozzle chamber 822a is installed on the back side in the apparatus depth
direction, and the nozzle chamber 822b is installed on the front side in the apparatus depth
direction.

[0155] A gas nozzle 840a is arranged in the nozzle chamber 822a. The gas nozzle 840a is
configured as an [-shaped long nozzle. A gas nozzle 840b is arranged in the nozzle chamber
822b. The gas nozzle 840b is configured as an I-shaped long nozzle.

[0156] In the gas nozzles 840a and 840b, circular openings 834a and 834b are formed one above
another in the vertical direction. An inert gas is injected toward the process chamber 201 from
openings 834a and 834b of the gas nozzles 840a and 840b. A second gas supplier 842 is
configured to include the gas nozzles 840a and 840b having the circular openings 834a and
834b.

[0157] In this configuration, the flow rate of the gas supplied from the openings 834a and 834b
of the gas nozzles 840a and 840b is different from the flow rate of the gas supplied from the
second openings 234b and the flow rate of the gas supplied from the first openings 234a.
Further, while the gas is being injected from the openings 234 of the gas nozzle 340a, a small
amount of inert gas is injected from the openings 834a and 834b of the gas nozzles 840a and

840b. This suppresses back diffusion. The flow rate of the inert gas injected from the
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openings 834a and 834b is suppressed to the extent that it does not contribute to the flow of the
gas injected from the openings 234.

[0158] It should be apparent to those skilled in the art that the present disclosure is not limited to
the embodiment and various other embodiments are adoptable. For example, although not
specifically described in the above embodiment, the number of second openings may be larger
than the number of first openings.

[0159] Moreover, in the above embodiment, the first openings and the second openings are
installed separately. However, for example, it may be possible to adopt a slit type in which the
gas injected from the first openings is injected toward the centers of the wafers 200 in the
process chamber, the gas injected from the second openings is injected toward the peripheries of
the wafers 200 in the process chamber 201, and the first openings and the second openings are
continuously provided.

[0160] Further, the substrate processing apparatuses 10 and 810 may be used not only in
semiconductor manufacturing apparatuses, but also in apparatuses for processing glass
substrates, such as LCD apparatuses and the like.

[0161] Further, the film-forming process may be, for example, a CVD process, a PVD process, a
process of forming an oxide film, a nitride film, or both, a process of forming a film containing a
metal, or the like. In addition, the present embodiment may be applied to processes such as an
annealing process, an oxidation process, a nitriding process, a diffusion process, and the like.
[0162] According to the present disclosure in some embodiments, it is possible to allow a
processing gas to flow evenly over a substrate.

[0163] While certain embodiments have been described, these embodiments have been
presented by way of example only, 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 gas supplier comprising:
a first opening and a second opening which supply gases to a process chamber in which
a substrate is arranged,
wherein the gas supplier is configured such that:
the first opening and the second opening are arranged in a direction parallel to a
surface of the substrate,
a gas supplied from the first opening is supplied toward a center of the substrate,
a gas supplied from the second opening is supplied toward a peripheral edge of
the substrate, and
a direction of the gas supplied from the second opening forms a predetermined

angle with respect to a direction of the gas supplied from the first opening.

2. The gas supplier of Claim 1, wherein a flow rate of the gas supplied from the second
opening is 0.7 or more and 49.0 or less with respect to a flow rate of the gas supplied from the

first opening.

3. The gas supplier of Claim 1, wherein an area of the second opening is 0.7 or more and

11.1 or less with respect to an area of the first opening.

4. The gas supplier of Claim 1, wherein the first opening and the second opening are made
in a circular shape, and
wherein a hole diameter of the second opening is 0.85 or more and 3.3 or less with

respect to a hole diameter of the first opening.

5. The gas supplier of Claim 1, wherein an angle formed by the direction of the gas

supplied from the second opening with respect to the direction of the gas supplied from the first
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opening is 20 degrees or more and 30 degrees or less.

6. The gas supplier of Claim 1, wherein the second opening is installed in a plural number,
and

wherein at least one selected from the group of flow rates of gases supplied from the
plurality of respective second openings, hole diameters of the plurality of respective second

openings, and areas of the plurality of respective second openings are substantially the same.

7. The gas supplier of Claim 1, wherein the gas supplier is arranged in the process chamber
so as to extend in a vertical direction with respect to the surface of the substrate,

wherein the first opening and the second opening are installed in a middle of a flow path
through which the gases flows in the vertical direction, and

wherein the gas supplier is configured to supply the gases in a direction intersecting the

direction in which the gas flows in the vertical direction.

8. The gas supplier of Claim 7, wherein a discharge hole for discharging a gas other than a
gas supplied to the process chamber is formed at an end of the flow path of the gases flowing in

the vertical direction.

9. The gas supplier of Claim 8, wherein a hole diameter of the discharge hole is made
larger than a hole diameter of the first opening and a hole diameter of the second opening, or an
area of the discharge hole is made larger than an area of the first opening and an area of the

second opening.

10. The gas supplier of Claim 1, wherein the substrate is arranged in a plural number in the
process chamber, and
wherein the first opening and the second opening are arranged such that the gases are

supplied to between the substrates.
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11. The gas supplier of Claim 1, wherein a flow rate of the gas supplied from the second
opening, a hole diameter of the second opening, and an area of the second opening are made
larger than a flow rate of the gas supplied from the first opening, a hole diameter of the first

opening, and an area of the first opening, respectively.

12. The gas supplier of Claim 1, wherein the first opening and the second opening are
installed in a plural number, and

wherein gases supplied from the respective first openings are mixed with each other.

13. The gas supplier of Claim 12, wherein a plurality of supply pipe portions in which the
first openings and the second openings are formed are installed, and the plurality of supply pipe

portions are connected by a U-shaped or Y-shaped connecting portion.

14. The gas supplier of Claim 12, wherein the gases supplied from the respective first

openings are mixed before reaching the substrate.

15. The gas supplier of Claim 12, wherein the gases supplied from the respective first

openings are mixed before reaching the center of the substrate.

16. A processing apparatus, comprising:
a first gas supplier including a first opening and a second opening which supply gases to
a process chamber in which a substrate is arranged,
wherein the first gas supplier is configured such that:
the first opening and the second opening are arranged in a direction parallel to a
surface of the substrate,
a gas supplied from the first opening is supplied toward a center of the substrate,

a gas supplied from the second opening is supplied toward a peripheral edge of
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the substrate, and
a direction of the gas supplied from the second opening forms a predetermined

angle with respect to a direction of the gas supplied from the first opening.

17. The processing apparatus of Claim 16, wherein an angle formed by the direction of the
gas supplied from the second opening with respect to the direction of the gas supplied from the
first opening is determined based on an arrangement relationship between the first opening of the

first gas supplier and the substrate.

18. The processing apparatus of Claim 16, wherein the first gas supplier is installed in a
plural number, and
wherein the respective gases supplied from the first openings of the first gas suppliers

are mixed with each other.

19. The processing apparatus of Claim 16, further comprising:
second gas suppliers installed on both sides of the first gas supplier and configured to

supply a gas different from the gases supplied from the first gas supplier to the process chamber.

20. A method of manufacturing a semiconductor device, comprising:
processing a substrate by supplying a gas to a process chamber using a gas supplier
including a first opening and a second opening which supply the gas to the process chamber in
which the substrate is arranged,
wherein the gas supplier is configured such that:
the first opening and the second opening are arranged in a direction parallel to a
surface of the substrate,
a gas supplied from the first opening is supplied toward a center of the substrate,
a gas supplied from the second opening is supplied toward a peripheral edge of

the substrate, and
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a direction of the gas supplied from the second opening forms a predetermined

angle with respect to a direction of the gas supplied from the first opening.
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