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[DESCRIPTION] 

[Title] 

 SUBSTRATE PROCESSING APPARATUS, METHOD OF MEASURING 

SHAPE OF REACTION TUBE AND METHOD OF MANUFACTURING 

SEMICONDUCTOR DEVICE  5 

[Technical Field] 

[0001] 

 The present disclosure relates to a substrate processing apparatus, in particular, 

to a substrate processing apparatus of improving a uniformity of a process such as a 

film-forming process in a vertical type process furnace, a method of measuring a shape 10 

of a reaction tube capable of measuring the shape of the reaction tube of the vertical 

type process furnace and a method of manufacturing a semiconductor device. 

[Related Art] 

[0002] 

 In a vertical type reaction furnace (also simply referred to as a “process 15 

furnace”) of a substrate processing apparatus, when forming a film on a substrate (also 

referred to as a “wafer”) a plurality of wafers including the wafer are inserted into a 

reaction tube of the substrate processing apparatus. Then, a reactive gas is supplied to 

the plurality of the wafers under predetermined conditions such as a predetermined 

pressure and a predetermined temperature to form the film. In order to secure a 20 

desirable thickness uniformity of the film and a high quality of the film, a temperature 

uniformity on a surface of the wafer and a temperature uniformity between the plurality 

of the wafers should be maintained when the plurality of the wafers are heated by a 

heater, and a uniformity of a gas flow with respect to the plurality of the wafers should 

be maintained. In recent years, there are some cases where a gap between an edge of the 25 

wafer and an inner surface of the reaction tube is maintained as narrow as possible in 

order to improve a gas replaceability of the reaction tube. 

[0003] 

 According to Patent Document 1, a teaching technique related to measuring a 

parameter such as a position and a shape of a boat in order to control a robot configured 30 

to transfer the substrate to the boat is disclosed. In order to teach the robot a subtle 

dimensional difference (also referred to as a “difference between apparatuses”) for each 
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substrate processing apparatus or for each boat according to the teaching technique 

described above, teaching is usually performed only once before operating an apparatus 

such as the substrate processing apparatus. A case where the teaching about measuring 

the parameter is performed by the robot itself based on a program may be referred to as 

an “automatic teaching”. However, Patent Document 1 described above is silent on 5 

which position would be appropriate in transferring the substrate to the boat the vertical 

type reaction furnace of the substrate processing apparatus. 

[0004] 

 According to Patent Document 2, in order to prevent a misalignment between 

the reaction tube and the boat, there is disclosed a measuring technique that includes 10 

attaching a distance measuring jig to a rotating shaft and measuring a distance to an 

inner surface of a process tube (that is, the reaction tube). 

[Related Art Document] 

[Patent document] 

[0005] 15 

 Patent Document 1: Japanese Patent Laid-Open No. 2005-175076 

 Patent Document 2: Japanese Patent Laid-Open No. 2005-217271 

[Disclosure] 

[Technical Problem] 

[0006] 20 

 FIG. 1 schematically illustrates a substrate processing apparatus 100. The wafer 

is transferred to a boat 21 by a wafer transport device (also referred to as a “substrate 

transport device”) 125. In general, the wafer is placed at a position at a center of the 

boat 21, and after the plurality of the wafers are completely transferred to the boat 21, 

the boat 21 is inserted into a process furnace 2. Then, a process such as a heat treatment 25 

process and a film-forming process is performed to the plurality of the wafers. 

[0007] 

 Since the gap between the edge of the wafer and the inner surface of the 

reaction tube provided in the process furnace 2 where the wafer is inserted becomes 

narrower, an influence of a positional accuracy of the wafer on a uniformity of the film 30 

formed on the wafer is increased. However, as a shape of the reaction tube becomes 

complicated, a manufacturing accuracy may be relaxed. In addition, a thinner column, 
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which is difficult to manufacture, may be used for the boat 21 configured to load 

(transfer) the wafer into the reaction tube. As a material for the reaction tube and the 

boat 21, quartz is often used. However, the quartz may be deformed by a heat run or a 

specific thermal history. Therefore, the wafer aligned with a central axis of the boat 21 

may not be aligned with a center axis of the reaction tube. In addition, as another 5 

problem, when a gap between the boat 21 and the reaction tube is only about several 

millimeter (mm), the boat 21 may be brought into contact with the reaction tube for 

reasons such as a vibration that occurs when the boat 21 is elevated or lowered, it is 

desired to evaluate a clearance in same environment as in a case where the boat 21 is 

elevated or lowered. 10 

[0008] 

 Described herein is a technique capable of placing a wafer at an appropriate 

position based on an actual installation dimension of a component such as a reaction 

tube and capable of improving a process uniformity. 

[Technical Solution] 15 

[0009] 

 According to one aspect of the technique of the present disclosure, there is 

provided a substrate processing apparatus including: a boat on which substrates are 

placed; a process furnace including a reaction tube into which the boat is to be inserted, 

wherein a film is formed on the substrates placed on the boat in the reaction tube; and a 20 

substrate transport device configured to transfer the substrates into the boat, wherein the 

substrates are transferred into the boat by the substrate transport device referring to a 

virtual center axis of the reaction tube measured in advance. 

[0010] 

 Other problems and novel features of the technique described herein will 25 

become apparent from the descriptions of the present specification and the 

accompanying drawings. 

[Advantageous Effects] 

[0011] 

 According to some embodiments in the present disclosure, it is possible to 30 

provide the substrate processing apparatus capable of improving the process uniformity. 

[Brief Description of Drawings] 
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[0012] 

 FIG. 1 is a perspective view schematically illustrating a substrate processing 

apparatus preferably used in one or more embodiments described herein. 

 FIG. 2A is a diagram schematically illustrating a process furnace and its 

periphery preferably used in the embodiments described herein. 5 

 FIG. 2B is a diagram schematically illustrating a cross-section of a heat 

insulating assembly and a rotator preferably used in the embodiments described herein. 

 FIG. 3 is a perspective view schematically illustrating a cross-section of a 

reaction tube preferably used in the embodiments described herein. 

 FIG. 4 is a diagram schematically illustrating a supporting structure of carrying 10 

a seal cap by a boat elevator preferably used in the embodiments described herein. 

 FIG. 5 is a diagram schematically illustrating a configuration of a controller 

preferably used in the embodiments described herein. 

 FIG. 6 is a diagram schematically illustrating a configuration example of a 

shape measuring apparatus configured to measure a shape of the reaction tube 15 

preferably used in the embodiments described herein. 

 FIG. 7 is a diagram schematically illustrating a configuration example of a 

sensor structure 201 preferably used in the embodiments described herein. 

 FIG. 8 is a diagram schematically illustrating another configuration example of 

the shape measuring apparatus configured to measure the shape of the reaction tube 20 

preferably used in the embodiments described herein. 

 FIG. 9 is a flowchart for calculating a wafer transfer position preferably used in 

the embodiments described herein. 

[Detailed Description] 

[0013] 25 

 Hereinafter, one or more embodiments (also simply referred to as 

“embodiments”) according to the technique of the present disclosure will be described 

with reference to the drawings. 

 <Embodiment> 

 An embodiment will be described with reference to the drawings. According to 30 

the present embodiment, a shape measuring apparatus measures a shape of an inner 

surface of a reaction tube (that is, an inner tube) based on a rotating shaft of a process 
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furnace as a reference axis. Then, an axis of a cylinder is obtained by fitting (i.e., 

obtaining a geometric approximation based on curve fitting or the like) the shape 

measured by the shape measuring apparatus onto the cylinder at a height position, 

wherein the obtained axis of the cylinder is used as a virtual center axis. Then, a transfer 

robot transfers a wafer into a boat based on, as a reference axis, the virtual center axis of 5 

the reaction tube (inner tube) instead of a center axis of the boat. By installing the wafer 

based on the virtual center axis of the reaction tube, it is expected that a temperature 

uniformity on a surface of the wafer and a temperature uniformity between a plurality of 

wafers can be improved when the plurality of the wafers are heated by a heater, and a 

uniformity of a gas flow with respect to the plurality of the wafers can be improved. 10 

[0014] 

 A wafer placing position may be determined by measuring a deviation between 

the rotating shaft and the center axis of the boat by the shape measuring apparatus with 

the boat loaded in the reaction tube. Since the boat of a vertical type process furnace 

(also simply referred to as a “process furnace”) is rotatable and vertically movable, the 15 

shape measuring apparatus may be configured to measure a three-dimensional shape of 

the reaction tube using such components as the boat. Alternatively, the shape measuring 

apparatus may be configured to measure the shape of the reaction tube under the 

vacuum or a high temperature by using a thin and long quartz pipe provided with a 

mirror at a front end (tip) thereof and inserted into the reaction tube through the rotating 20 

shaft. 

[0015] 

 FIG. 1 is a perspective view schematically illustrating a semiconductor device 

manufacturing apparatus (also referred to as a “substrate processing apparatus”) 100 

preferably used in the present embodiment. The substrate processing apparatus 100 is 25 

configured as a vertical type heat treatment apparatus capable of performing a heat 

treatment process in manufacturing processes of the semiconductor device. For example, 

the substrate processing apparatus 100 includes: a loading port (also referred to as a 

“loading port shelf”) 114 configured to load and unload a pod 110 serving as a substrate 

container capable of accommodating wafers (substrates); a pod opener 121 configured 30 

to attach or detach a cap of the pod 110; a rotary shelf 105 configured to temporarily 

store the pod 110; a pod transport device 118 configured to transfer the pod 110; a boat 
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21 in which the plurality of the wafers are stacked and accommodated; a wafer transport 

device 125 configured to transfer the wafer between the pod 110 placed on a placing 

table 122 of the pod opener 121 and the boat 21; a vertical type process furnace (also 

simply referred to as a “process furnace”) 2  including a process chamber 6 (refer to FIG. 

2A) and a heater 3 (refer to FIG. 2A); a boat elevator 27 configured to transfer (load) 5 

the boat 21 into or transfer (unload) the boat 21 out of the process furnace 2; 

components of the substrate processing apparatus 100 such as a memory 216; and a 

controller 29  configured to control the components. In addition, the controller 29 is 

configured to perform a wafer processing (also referred to as a “substrate processing”) 

such as the heat treatment process based on a process recipe stored in the memory 216. 10 

[0016] 

 FIG. 2A schematically illustrates the vertical type process furnace 2 and its 

periphery preferably used in the present embodiment. The process furnace 2 includes 

the heater 3 constituted by a plurality of heater structures in order to uniformly heat the 

process furnace 2. The heater 3 is of a cylindrical shape, and is vertically installed with 15 

respect to an installation floor of the substrate processing apparatus 100 while being 

supported by a heater base (not shown) serving as a support plate. The heater 3 also 

functions as an activator (exciter) capable of activating (exciting) a gas such as a 

process gas by the heat. 

[0017] 20 

 A reaction tube 4 is provided on an inner side of the heater 3. A reaction vessel 

(which is a 
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an outside of the inner tube 4B on a side thereof. The plurality of the supply slits 4F are 

provided at the inner tube 4B at positions opposite to the main exhaust port 4E. The 

main exhaust port 4E is a single vertically elongated opening that opens to a region 

where a plurality of wafers including a wafer 7 are disposed. Each of the plurality of the 

supply slits 4F is a slit extending in a circumferential direction of the inner tube 4B. The 5 

plurality of the supply slits 4F are arranged both in the horizontal direction and in the 

vertical direction so as to correspond to each of the plurality of wafers including the 

wafer 7.  

[0020]  

 In addition, the inner tube 4B is provided with a plurality of subsidiary exhaust 10 

ports (hereinafter, also referred to as “sub exhaust ports”) 4G. The plurality of the sub 

exhaust ports 4G are provided at the inner tube 4B closer to the center of the reaction 

tube 4 than the exhaust port 4D and closer to a lower end opening of the reaction tube 4 

than the main exhaust port 4E. The plurality of the sub exhaust ports 4G is configured to 

communicate with the process chamber 6 and an exhaust space S. According to the 15 

present embodiment, a space between the outer tube 4A and the inner tube 4B is 

referred to as the “exhaust space S”. The flange structure 4C is also provided with a 

plurality of bottom exhaust ports 4H. The plurality of the bottom exhaust ports 4H are 

configured to communicate with the process chamber 6 and a lower end of the exhaust 

space S. That is, the lower end of the exhaust space S is closed by the flange structure 20 

4C except where the plurality of the bottom exhaust ports 4H and a nozzle introduction 

hole (not shown) are provided. The plurality of the sub exhaust ports 4G and the 

plurality of the bottom exhaust ports 4H are configured to mainly exhaust a shaft purge 

gas described later.  

[0021]  25 

 In the exhaust space S, one or more nozzles 8 configured to supply the process 

gas such as a source gas are provided corresponding to the positions of the plurality of 

the supply slits 4F. One or more gas supply pipes 9 configured to supply the process gas 

(the source gas) are connected to the one or more nozzles 8, respectively. 
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[0022]  

 One or more mass flow controllers (MFC) 10 serving as flow rate controllers 

and one or more valves 11 serving as opening/closing valves are sequentially installed 

in order on one or more flow paths of the one or more gas supply pipes 9, respectively, 

from one or more upstream sides to one or more downstream sides of the one or more 5 

gas supply pipes 9. One or more gas supply pipes 12 configured to supply an inert gas 

are connected to the one or more gas supply pipes 9, respectively, at one or more 

downstream sides of the one or more valves 11. One or more MFCs 13 and one or more 

valves 14 are sequentially installed in order at the one or more gas supply pipes 12, 

respectively, from one or more upstream sides to one or more downstream sides of the 10 

one or more gas supply pipes 12. A process gas supplier serving as a process gas supply 

system is constituted mainly by the one or more gas supply pipes 9, the one or more 

MFCs 10 and the one or more valves 11.  

[0023]  

 The one or more nozzles 8 are provided in the reaction tube 4 so as to extend 15 

straight from a lower portion of the reaction tube 4 to an upper portion of the reaction 

tube 4. A nozzle hole or a plurality of nozzle holes 8H configured to supply the gas such 

as the process gas may be provided on one or more upper ends of the one or more 

nozzles 8 or one or more side surfaces of the one or more nozzles 8. The plurality of the 

nozzle holes 8H correspond to the openings of the plurality of the supply slits 4F, 20 

respectively. The plurality of the nozzle holes 8H are open toward the center of the 

reaction tube 4. As a result, it is possible to inject (supply) the gas toward the plurality 

of the wafers including the wafer 7 through the inner tube 4B.  

[0024]  

 An exhaust pipe 15 configured to exhaust an inner atmosphere of the process 25 

chamber 6 is connected to the exhaust port 4D. A vacuum pump 18 serving as a vacuum 

exhaust apparatus is connected to the exhaust pipe 15 through a pressure sensor 16 and 

an APC (Automatic Pressure 
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edge of the cover plate 20.  

[0027]  

 The boat 21 serving as a substrate retainer is configured to align the plurality of 

the wafers including the wafer 7 (for example, from 25 to 200 wafers) in the vertical 

direction and configured to support the plurality of the wafers in a multistage manner, 5 

while the plurality of the wafers are horizontally oriented with their centers aligned with 

each other. That is, the boat 21 supports (accommodates) the plurality of the wafers 

including the wafer 7 with predetermined intervals therebetween. The boat 21 is made 

of a heat resistant material such as quartz and SiC. It is preferable to set a minimum 

inner diameter of the reaction tube 4 such that the boat 21 can be safely loaded 10 

(transferred) into the reaction tube 4 and unloaded (transferred) out of the reaction tube 

4.  

[0028]  

 A heat insulating assembly 22 is disposed (provided) below the boat 21. The 

heat insulating assembly 22 is embodied by a structure in which conduction or 15 

transmission of the heat tends to reduce in the vertical direction, and usually a cavity is 

provided in the heat insulating assembly 22. It is possible to purge an inside of the heat 

insulating assembly 22 with the shaft purge gas. The upper portion of the reaction tube 4 

where the boat 21 is disposed may be referred to as a “substrate processing region A”, 

and the lower portion of the reaction tube 4 where the heat insulating assembly 22 is 20 

disposed may be referred to as a “heat insulating region B”.  The substrate processing 

region A may also be simply referred to as a “process region A”.  

[0029]  

 A rotator 23 serving as a rotating mechanism and configured to rotate the boat 

21 is provided under the seal cap 19 opposite to the process chamber 6. A gas supply 25 

pipe 24 of the shaft purge gas is connected to the rotator 23. An MFC 25 and a valve 26 

are installed at the gas supply pipe 24 sequentially in order from an upstream side to a 

downstream side of the gas supply pipe 24. This purge gas (that is, the shaft purge gas) 

is to protect an inside of the rotator 23 (for example, bearings) from the gas such as a 

corrosive gas used in the process chamber 6. The purge gas is discharged (exhausted) 30 
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from the rotator 23 along a shaft of the rotator 23 and is guided into the heat insulating 

assembly 22.  

[0030]  

 The boat elevator 27 is provided outside the reaction tube 4 vertically below the 

reaction tube 4. The boat elevator 27 serves as an elevator (which is a transfer device) 5 

capable of elevating and lowering the seal cap 19. When the seal cap 19 is moved 

upward or downward by the boat elevator 27, the boat 21 placed on the seal cap 19 and 

the plurality of the wafers including the wafer 7 accommodated in the boat 21 may be 

transferred into and out of the process chamber 6. There may be provided a shutter (not 

shown) configured to close the lower end opening of the manifold 5 instead of the seal 10 

cap 19 while the seal cap 19 is being lowered to a lowest position thereof.  

[0031]  

 A temperature detector 28 is installed on an outer wall of the outer tube 4A. The 

temperature detector 28 may be embodied by a plurality of thermocouples arranged in a 

vertical array. The state of electric conduction to the heater 3 may be adjusted based on 15 

temperature information detected by the temperature detector 28 such that a desired 

temperature distribution of the inner temperature of the process chamber 6 is obtained.  

[0032]  

 The controller 29 is constituted by a computer configured to control the entire 

substrate processing apparatus 100. A configuration of the controller 29 will be 20 

described later.  

[0033]  

 FIG. 2B schematically illustrates a cross-section of the heat insulating assembly 

22 and the rotator 23 preferably used in the present embodiment. The rotator 23 

includes a casing (which is a body) 23A. The casing 23A is of a substantially cylindrical 25 

shape with an open upper end and a closed lower end. The casing 23A is fixed to a 

lower surface of the seal cap 19 with a bolt. From an inside of the casing 23A, an inner 

shaft 23B of a cylindrical shape and an outer shaft 23C of a cylindrical shape are 

arranged in this 
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 A rotating shaft body 36 of a cylindrical shape is fixed to an upper surface of the 

outer shaft 23C of a flange shape. The rotating shaft body 36 includes a flange (not 

shown) at a lower end thereof. The sub heater support column 33 penetrates a cavity 

(opening) of the rotating shaft body 36. The cavity of the rotating shaft body 36 is 

configured to communicate with an inside and an outside of the reaction tube 4, and is 5 

provided coaxially with a rotation axis of the rotating shaft body 36. At an upper end of 

the rotating shaft body 36, a rotating table 37 of a disk shape is fixed to the cover plate 

20 with a predetermined gap h1 therebetween. A through-hole through which the sub 

heater support column 33 penetrates is provided at a center of the rotating table 37.  

[0037]  10 

 A heat insulator retainer 38 configured to support (hold) a heat insulator 40 and 

a cylinder structure 39 are placed concentrically on an upper surface of the rotating table 

37, and fixed by components such as screws. The heat insulating assembly 22 is 

constituted by the rotating table 37, the heat insulator retainer 38, the cylinder structure 

39 and the heat insulator 40. The rotating table 37 serves as a bottom plate (that is, a 15 

support plate). A plurality of exhaust holes 37A with a diameter (width) h2 are provided 

at the rotating table 37 in a rotationally symmetrical arrangement in the vicinity of an 

edge of the rotating table 37.  

[0038]  

 The heat insulator retainer 38 is of a cylindrical shape. A cavity through which 20 

the sub heater support column 33 penetrates is provided at a center of the heat insulator 

retainer 38. The heat insulator retainer 38 is provided with a pedestal 38C of an outward 

extending flange shape at a lower end of the heat insulator retainer 38. An outer 

diameter of the pedestal 38C is smaller than a diameter of the rotating table 37. An 

upper end of the heat insulator retainer 38 is configured as a supply port 38B of the 25 

purge gas. An upper end portion of the heat insulator retainer 38 (that is, the supply port 

38B) expands in diameter so as to accommodate the sub heater support column 33 

protruding outward in the vicinity of the upper end portion of the heat insulator retainer 

38 (that is, the supply port 38B).  

[0039] 30 
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 A flow path, whose cross-section is of an annular shape, configured to supply 

the shaft purge gas upward in the heat insulating assembly 22 is provided between the 

heat insulator retainer 38 and the sub heater support column 33. The purge gas (that is, 

the shaft purge gas) supplied through the supply port 38B flows downward in a space 

between the heat insulator retainer 38 and an inner wall of the cylinder structure 39, and 5 

is exhausted through the plurality of the exhaust holes 37A to the outside of the cylinder 

structure 39. The shaft purge gas exhausted through the plurality of the exhaust holes 

37A flows in a radial direction through a gap between the rotating table 37 and the 

cover plate 20, and is discharged to the furnace opening structure. Thereby, the furnace 

opening structure is purged.  10 

[0040]  

 A plurality of reflecting plates 40A and a plurality of heat insulating plates 40B 

serving as the heat insulator 40 are coaxially arranged on a column of the heat insulator 

retainer 38.  

[0041]  15 

 An outer diameter of the cylinder structure 39 is set such that a gap h6 between  

the inner tube 4B and the cylinder structure 39 becomes equal to a predetermined 

distance. It is preferable that the gap h6 is narrow in order to suppress the process gas 

and the shaft purge gas from passing therethrough. For example, the gap h6 preferably 

ranges from 7.5 mm to 15 mm.  20 

[0042]  

 An upper end of the cylinder structure 39 is closed by a flat plate, and the boat 

21 is installed on the flat plate. In addition, an opening 39A is provided at a center of an 

upper surface of the cylinder structure 39 in order to remove the sub heater support 

column 33 or the cap heater 34 or in order to penetrate the shape measuring apparatus 25 

when measuring the shape of the reaction tube 4, as described later. The opening 39A is 

closed by a lid 39B that fits the opening 39A except when the shape of the inner tube 4B 

is measured by the shape measuring apparatus. When the shape of the inner tube 4B is 

measured, it is assumed that an outer portion of the upper surface of the cylinder 

structure 39 is flat without any step thereon.  30 

[0043]  
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 FIG. 3 is a perspective view schematically illustrating a horizontal cross-section 

of the reaction tube 4 preferably used in the present embodiment. In FIG. 3, the 

illustration of the flange structure 4C is omitted for convenience. The plurality of the 

supply slits 4F configured to supply the process gas into the process chamber 6 are 

provided in the inner tube 4B. The plurality of the supply slits 4F are arranged in a 5 

lattice pattern. That is, for example, the number of the plurality of the supply slits 4F 

counted along the vertical direction (that is, the number of columns of the lattice pattern) 

is the same as the number of the plurality of the wafers including the wafer 7, and the 

number of the plurality of the supply slits 4F counted along the horizontal direction (that 

is, the number of rows of the lattice pattern) is three. A plurality of partition plates 41 10 

extending in the vertical direction are provided so as to partition the exhaust space S 

between the outer tube 4A and the inner tube 4B. The plurality of the partition plates 41 

are arranged circumferentially between the plurality of the supply slits 4F or at both the 

ends of the plurality of the supply slits 4F. Sections separated from the exhaust space S 

by the plurality of the partition plates 41 constitute a plurality of nozzle chambers 15 

(which is nozzle buffers) 42. It is only the plurality of the supply slits 4F that directly 

connect the plurality of the nozzle chambers 42 with the inside of the inner tube 4B.  

[0044]  

 The plurality of the partition plates 41 are connected to the inner tube 4B. 

However, in order to avoid the stress caused by a temperature difference between the 20 

outer tube 4A and the inner tube 4B, the plurality of the partition plates 41 may not be 

directly connected to the outer tube 4A, and a slight gap may be provided between the 

plurality of the partition plates 41 and the outer tube 4A. The plurality of the nozzle 

chambers 42 may not be completely isolated from the exhaust space S. One or more 

openings or gaps communicating with the exhaust space S and the plurality of the 25 

nozzle chambers 42 may be provided at the plurality of the nozzle chambers 42, 

particularly, at upper ends and lower ends of the plurality of the nozzle chambers 42. 

Outer peripheral sides of the plurality of 
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or data read by the CPU 212 is temporarily stored.  

[0049]  

 The CPU 212 is configured to read the control program from the memory 216 

and execute the read control program. In addition, the CPU 212 is configured to read the 

recipe from the memory 216 according to an operation command inputted from the 5 

input/output device 222. According to the contents of the read recipe, the CPU 212 is 

configured to control the components of the substrate processing apparatus 100.  

[0050]  

 The controller 29 may be embodied by installing the above-described program 

stored in an external memory 224 in a non-transitory manner into a computer. For 10 

example, the external memory 224 may include a semiconductor memory such as a 

USB memory and a memory card, an optical disk such as a CD and a DVD and a hard 

disk drive (HDD). The memory 216 or the external memory 224 may be embodied by a 

non-transitory tangible computer readable recording medium. Hereafter, the memory 

216 and the external memory 224 may be collectively referred to as “recording media”. 15 

Instead of the external memory 224, a communication means such as the Internet and a 

dedicated line may be used for providing the program to the computer.  

[0051]  

 FIG. 6 schematically illustrates the shape measuring apparatus configured to 

measure the shape of the reaction tube 4 (that is, the inner tube 4B) preferably used in 20 

the present embodiment. The shape measuring apparatus includes: a sensor structure 

201 configured to irradiate a laser beam to measure a change in the distance; a sheath 

tube 202 of the sensor structure 201; an automatic profiler 203 configured to drive the 

sensor structure 201 and to collect a length measurement result; and a calculator (which 

is a computer, not shown) configured to perform an arithmetic processing on the length 25 

measurement result collected by the automatic profiler 203.  

[0052]  

 The sheath tube 202 may be of a column shape. The sheath tube 202 may be 

constituted by a quartz cylindrical tube whose one end is closed in a hemispherical 

shape and whose other end is open. The sheath tube 202 is of a highly accurate 30 
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cylindrical shape and is linearly elongated. In the vicinity of the open end of the sheath 

tube 202, an outer diameter of the sheath tube 202 is set such that the sheath tube 202 is 

inserted into a center hole (opening) of the inner shaft 23B in a manner of clearance fit 

with a predetermined tolerance, and an outer diameter of the sheath tube 202 at other 

portions of the sheath tube 202 is slightly smaller that of the sheath tube 202 in the 5 

vicinity of the open end.  

[0053]  

 FIG. 7 schematically illustrates a configuration example of the sensor structure 

201 preferably used in the present embodiment. The sensor structure 201 includes: a 

focusing laser module 81; a beam splitter (which is a half mirror) 82; a reference mirror 10 

83; a 45° rod mirror 84; a light intensity detector 85; a drive circuit 86; a length 

measurement controller 87; and a sensor structure case 88. The sensor structure 201 

constitutes a phase difference type (interference type) range finder. The sensor structure 

case 88 may be constituted by a rigid fixing tool that rigidly fixes the configurations 

from the focusing laser module 81 to the light intensity detector 85 or may be 15 

constituted by a flexible pipe-shaped case that connects the configurations in a manner 

that an optical path length thereof remains unchanged. The sensor structure case 88 is 

configured so that it can be inserted into the sheath tube 202. Alternatively, it is 

sufficient as long as at least the 45° rod mirror 84 can be inserted into the sheath tube 

202, and a front end portion (tip portion) of the sensor structure case 88 supports (holds) 20 

the 45° rod mirror 84 such that only vertical and rotational movements are possible for 

the 45° rod mirror 84 due to the clearance fit between the sensor structure case 88 and 

an inner surface of the sheath tube 202. Alternatively, a diameter of the entire sensor 

structure 201 may be set such that the entire sensor structure 201 can be inserted into the 

sheath tube 202.  25 

[0054]  

 The focusing laser module 81 emits a collimated light of an appropriate 

coherence. Although 
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sensor structure 201 is further fixed to the automatic profiler 203.  

[0056]  

 When a setup of the shape measuring apparatus is completed, the automatic 

profiler 203 executes a measuring program. The measuring program is configured to 

perform an operation of elevating or lowering the sensor structure 201 in the sheath tube 5 

202 by a predetermined amount a predetermined number of times while making a single 

rotation of the sensor structure 201 at a predetermined speed by the automatic profiler 

203. The measuring program is further configured to record measurement results 

obtained during the operation.  

[0057]  10 

 Subsequently, the measurement results are fitted onto perfect circles or a model 

of solid of revolution by using a method such as a least square method. A center 

position of a model such as the cylindrical model is used as a virtual center axis of the 

inner tube 4B, and thereby a difference DAi between the rotation axis of the rotating 

shaft body 36 and the virtual center axis of the inner tube 4B at each height position (i) 15 

is calculated. In addition, a higher accuracy may be obtained by fitting the measurement 

results onto a single right circular cylinder model.  

[0058]  

 In addition, since the main exhaust port 4E or the plurality of the supply slits 4F 

are installed at the inner tube 4B when fitting the measurement results, the laser 20 

(emitted light) may reach the outer tube 4A by passing through the main exhaust port 

4E or the plurality of the supply slits 4F. Thereby, measured values may be different 

from the actual distance to the inner tube 4B. Therefore, such outliers, as well as 

measured values from locations close to where the outliers are obtained, are excluded in 

fitting the measurement results.  25 

[0059]  

 In addition, when there is a concern that the sheath tube 202 adversely affects 

the coherence of the laser, a plurality of openings are provided on a side surface of the 

sheath tube 202 at predetermined intervals and the shape measuring apparatus measures 
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the shape of the reaction tube 4 through the plurality of the openings. Alternatively, an 

opening is provided in the vicinity of a front end (tip) of the sheath tube 202, the 45° rod 

mirror 84 is fixed in the opening, and a gap between the sheath tube 202 and the 45° rod 

mirror 84 is sealed. In the latter case, the sheath tube 202 is rotated and moved up and 

down by the automatic profiler 203 when measuring the shape of the reaction tube 4.  5 

[0060]  

 FIG. 8 schematically illustrates another configuration example of the shape 

measuring apparatus configured to measure the shape of the reaction tube 4 (that is, the 

inner tube 4B) preferably used in the present embodiment. In the shape measuring 

apparatus shown in FIG. 6, the sensor structure 201 is rotated by the automatic profiler 10 

203 to measure the shape of the reaction tube 4. On the other hand, in the configuration 

example of the shape measuring apparatus shown in FIG. 8, the shape of the reaction 

tube 4 (that is, the inner tube 4B) is measured by rotating and moving up and down a 

sensor jig 60 by using the rotator 23 and the boat elevator 27 of the substrate processing 

apparatus 100. During a normal use, the inner shaft 23B is fixed to the casing 23A so 15 

that it cannot rotate. Therefore, the fixing block (which is a fall-out prevention tool) 

23Q configured to non-rotatably fix the inner shaft 23B is removed, and the inner shaft 

23B and the outer shaft 23C are connected by using a connector. By rotating the outer 

shaft 23C with the inner shaft 23B and the outer shaft 23C connected, the inner shaft 

23B is rotated. Thereby, the inner shaft 23B can be rotated without additionally 20 

preparing a motor configured to rotate the inner shaft 23B.  

[0061]  

 The sensor jig 60 includes a sensor head 61, a support plate 62 on which the 

sensor head 61 is mounted and a measurement support column 63. The support plate 62 

is of a disk shape, and the measurement support column 63 is connected to a center of 25 

the support plate 62. For example, the measurement support column 63 may be 

constituted by a pipe made of stainless steel, and a diameter of the measurement support 

column 63 is substantially the same as the outer diameter of the sub heater support 

column 33 or an inner diameter of the inner shaft 23B. The measurement support 
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column 63 is inserted into the opening of the inner shaft 23B instead of the sub heater 

support column 33 in a manner of a clearance fit, and is fixed by the vacuum joint 23P 

or a stronger fixing tool used instead of the vacuum joint 23P. Alternatively, the sensor 

head 61 may be directly attached to an upper end portion of the measurement support 

column 63 without providing the support plate 62. In either case, an upper end of the 5 

sensor head 61 is arranged so as to be almost at the same height as the upper end of the 

boat 21 when the boat elevator 27, with the heat insulating assembly 22 and the boat 21 

mounted thereon, is elevated to an uppermost position.  

[0062]  

 The sensor head 61 may be constituted by a triangulation type laser range finder 10 

(displacement meter) commonly used in industrial applications. For example, the sensor 

head 61 emits a laser beam, detects an angle of a reflected light (a regularly reflected 

light) from a measured object received by a light receiver, and outputs an electrical 

signal indicating a calculated distance through a serial interface. It is sufficient that a 

distance range measured by the sensor head 61 is about 10 cm to 20 cm. A cable from 15 

the sensor head 61 appropriately passes through the measurement support column 63 

and is connected to the I/O port 218 (refer to FIG. 6) or a component such as an external 

computer.  

[0063]  

 For example, optical paths of the emitted light and an incident light of the sensor 20 

head 61 may be of a geometry that is substantially symmetrical with respect to a certain 

radial line (perpendicular to the rotating shaft) in a horizontal plane (which is vertical to 

the rotating shaft), or may be of a geometry that is almost symmetrical with respect to a 

horizontal plane in the same plane as the rotating shaft. In another example, the optical 

paths of the emitted light and the incident light of the sensor head 61 may be of a 25 

geometry that at least one among the emitted light and the incident light coincides with 

the radial line.  

[0064]  



25 
 

 When the setup of the shape measuring apparatus is completed, the controller 29 

executes a measuring program. Since the shape measuring apparatus uses the 

components of the substrate processing apparatus 100, it is preferable to execute the 

measuring program by the controller 29. However, the external computer may be used 

to execute the measuring program. It is assumed that the boat elevator 27 is initially at 5 

an unloading position (which is lower than the loading position). The measuring 

program is configured to perform an operation of elevating the boat elevator 27 by a 

predetermined amount a predetermined number of times while making a single rotation 

of the rotating shaft body 36 at a predetermined speed. The measuring program is 

further configured to record measurement results obtained by the sensor head 61 during 10 

performing the operation. Alternatively, the sensor head 61 may be spirally elevated. 

When the sensor head 61 is spirally elevated, in order to prevent the arm of the boat 

elevator 27 from bending or vibrating, the boat elevator 27 may be elevated or lowered 

smoothly.  

[0065]  15 

 Subsequently, the CPU 212 of the controller 29 performs a fitting operation 

similar to that of the shape measuring apparatus shown in FIG. 6 based on the 

measurement results. As a result, the difference DAi between the rotation axis of the 

rotating shaft body 36 and the virtual center axis of the inner tube 4B at each height 

position (i) is calculated.  20 

[0066]  

 The shape of the inner tube 4B can be measured by using the laser beam. 

However, the present embodiment is not limited thereto. For example, a magnetic linear 

scale may be used to measure the shape of the inner tube 4B. For example, the magnetic 

linear scale may include two components, one of which is configured as a magnet of 25 

generating a predetermined regular magnetic pattern in the measurement support 

column 63, and the other of which is configured as a magnetic sensor on the vacuum 

joint 23P. The vacuum joint 23P supports the measurement support column 63 with 

such strength that it is possible to elevate or lower the measurement support column 63 
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by manual force without dropping the measurement support column 63 due to its own 

weight.  

[0067]  

 In addition, when the opening 39A is provided at the cylinder structure 39 (refer 

to FIG. 2B), the sensor jig 60 shown in FIG. 8 is attached to the inner shaft 23B with the 5 

boat 21 and the heat insulating assembly 22 installed, and the sensor jig 60 is made to 

operate as the shape measuring apparatus. Thereby, it is possible to rotate the sensor jig 

60 relative to the boat 21 and to measure the shape of the boat 21 based on the rotating 

shaft as a reference axis. Thus, it is possible to measure a center position of the boat 21 

or a possible range for each wafer to be inserted based on a position of a column of the 10 

boat 21.  

[0068]  

 Using the difference DAi between the rotation axis of the rotating shaft body 36 

and the virtual center axis of the inner tube 4B at each height position (i) of the reaction 

tube 4 obtained by measuring the shape of the inner tube 4B as described above, a 15 

method of optimizing a position of inserting the wafer into the boat 21 by the wafer 

transport device 125 will be described.  

[0069]  

 FIG. 9 is a flowchart schematically illustrating a process flow of calculating a 

wafer transfer position preferably used in the present embodiment. The method of the 20 

flowchart shown in FIG. 9 may be preferably applied when the rotation axis of the 

rotating shaft body 36 and the center axis of the boat 21 are relatively well matched, and 

the wafer 7 is deviated from an optimum insertion position due to problems of accuracy 

in boat manufacturing or automatic teaching.  

[0070]  25 

 As a prerequisite, the difference DAi between the rotation axis of the rotating 

shaft body 36 and the virtual center axis of the inner tube 4B at each height position (i) 

of the reaction tube 4, obtained by measuring the shape of the inner tube 4B as 

described above, is stored in the memory 216 of the controller 29 (step S70).  



27 
 

[0071]  

 First, with the boat 21 unloaded out of the reaction tube 4, transfer position 

coordinates P0i at which the plurality of the wafers including the wafer 7 can be safely 

inserted into the boat 21 are grasped by a method similar to a conventional method (step 

S71). Specifically, the transfer position coordinates P0i are coordinates of a center 5 

position of each wafer when the plurality of the wafers are placed by a transfer robot 

125a such that each wafer is on the center axis of the boat 21. The boat 21 includes 

three columns installed in the vertical direction, and the plurality of the wafers are 

inserted into a plurality of grooves in provided in the columns, respectively. While the 

boat 21 is stopped at a rotational position (transfer position) by the controller 29 such 10 

that a central one of the three columns of the boat 21 is located farthest from the transfer 

robot 125a of the wafer transport device 125, the shape of the reaction tube 4 is 

measured (the automatic teaching operation) using a sensor attached to the transfer 

robot 125a. The automatic teaching also can be carried out at some rotational positions 

of the boat 21 using a wafer-like jig with a measurement target on the center of the disk 15 

by remotely measuring the position of the target As a result, the transfer position 

coordinates P0i are measured at each height position i in consideration of such factors as 

the difference between apparatuses in the height position where the plurality of the 

wafers are accommodated in the boat 21 and a deviation in horizontal position due to an 

inclination of the boat 21. The number of wafers measured by a single measurement 20 

may correspond to the number of wafers transferred by a single operation of the transfer 

robot 125a. When the transfer position coordinates P0i are measured, it is desirable to 

find out beforehand a vertical and horizontal range Mi to be reached from the transfer 

position coordinates P0i (center axis of the boat 21) where the wafer can be inserted 

with a safety factor equal to or higher than a predetermined level (or a wafer damage 25 

rate equal to or lower than a predetermined level). The vertical and horizontal range Mi 

may be determined based on a width and a depth of each of the grooves engraved on the 

columns of the boat 21 where each of the wafers is inserted.  

[0072] 
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 Subsequently, a position (or position coordinates) PR of the rotation axis of the 

rotating shaft in a coordinate system of the transfer robot 125a is determined (step S72). 

When it is determined that the boat 21 is not inclined (that is, the inclination of the boat 

21 can be ignored), the position PR of the rotation axis may be obtained by fitting the 

transfer position coordinates P0i obtained in the step S71 onto an arbitrary vertical line. 5 

On the other hand, when the inclination of the boat 21 is considered, the result of the 

measurement (automatic teaching operation) in the step S71 is fitted onto a cylinder for 

each batch of wafers transferred by a single operation of the transfer robot 125a, and 

coordinates of a center axis of the cylinder are set as a position PRi. The latter way is an 

implementation of the fitting to a solid of revolution.  10 

[0073]  

 Subsequently, in consideration of the deviation between the rotating shaft and 

the virtual center axis of the inner tube 4B, transfer position coordinates P1i at which the 

transfer robot 125a actually transfers each of the wafers are determined (step S73). 

According to the present embodiment, in the coordinate system of the transfer robot 15 

125a, an extending direction of the rotating shaft is defined as a Z-axis direction, and an 

X-axis direction and a Y-axis direction are defined in a plane perpendicular to the Z-

axis direction. First, X-axis and Y-axis components of the position PR (or PRi) of the 

rotating shaft obtained in the step S72 are added with X-axis and Y-axis components of 

the difference DAi at the height position, respectively, to obtain temporary transfer 20 

position coordinates P1i'. When a coordinate system in which the difference DAi is 

defined is different from the coordinate system of the transfer robot 125a, the temporary 

transfer position coordinates P1i' are converted into the coordinate system of the transfer 

robot 125a. When the temporary transfer position coordinates P1i' for each of the wafers 

are all within the allowable range Mi obtained in the step S71, the temporary transfer 25 

position coordinates P1i' are determined as the transfer position coordinates P1i. On the 

other hand, even when there is one temporary transfer position coordinate outside the 

allowable range Mi, the transfer position coordinates P1i that fall within the allowable 
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and the like. However, in order to improve the accuracy, the measurement may be 

performed by rotating the sheath tube and the like by, e.g., 120 degrees three times (that 

is, by varying a rotation angle of the boat 21), and the measurement results of the three 

times may be averaged. 

[0076] 5 

 Subsequently, the process flow shown in FIG. 9 is performed. When 

performing the contents of step S72, the position PRi of the rotating shaft in the 

coordinate system of the transfer robot 125a is determined by interpolating or fitting the 

measurement results of two or more points at different heights of the sheath tube and the 

like measured by the transfer robot 125a . 10 

[0077] 

 According to the process flow described above, the position coordinates of the 

rotating shaft are measured by the transfer robot 125a. However, it is also possible for 

the shape measuring apparatus to measure (automatic teaching) the shape of the boat 21 

for transfer. As described above, by measuring the shape of the boat 21 with the boat 21 15 

and the heat insulating assembly 22 installed, it is possible to measure the shape of the 

boat 21 based on the rotating shaft as a reference axis. Therefore, the shape measuring 

apparatus may collectively measure (automatic teaching) the shape of the boat 21 and 

the shape of the inner tube 4B based on the rotating shaft as the reference (that is, in a 

rotating shaft coordinate system). Subsequently, the position coordinates of the rotating 20 

shaft are measured by the sensor of the transfer robot 125a in the coordinate system of 

the transfer robot 125a, and the results measured by the shape measuring apparatus are 

converted from the rotating shaft coordinate system to the coordinate system of the 

transfer robot 125a. The transfer position coordinates P1i are obtained using these 

converted measurement results. 25 

[0078] 

 According to the present embodiment, it is possible to align the wafer at a more 

preferable position from a viewpoint of the uniformity of the film-forming process in 

the substrate processing apparatus installed in a semiconductor device manufacturing 

plant or the like in which heat run tests have been carried out. 30 
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[0079] 

 <Other Embodiments> 

 While the technique is described in detail by way of the above-described 

embodiment, the above-described technique is not limited thereto. The above-described 

technique may be modified in various ways without departing from the scope thereof. 5 

[Description of Reference Numerals] 

[0080] 

 2: vertical type process furnace  3: heater 

 4: reaction tube    5: manifold 

 6: process chamber   7: wafer (substrate) 10 

 8: nozzle    9, 12, 24: gas supply pipe 

 10, 13, 25: mass flow controller  11, 14, 26: valve 

 15: exhaust pipe    16: pressure sensor 

 17: APC valve    18: vacuum pump 

 19: seal cap    20: cover plate 15 

 21: boat     22: heat insulating assembly 

 23: rotator    27: boat elevator 

 28: temperature detector   29: controller 

 33: sub heater support column  34: cap heater 

 36: rotating shaft body   37: rotating table 20 

 38: heat insulator retainer  39: cylinder structure 

 40: heat insulator   41: partition plates 

 42: nozzle chambers   60: sensor jig 

 61: sensor head    62: support plate 

 63: measurement support column 81: focusing laser module 25 

 82: beam splitter   83: reference mirror 

 84: 45° rod mirror   85: light intensity detector 

 86: drive circuit    87: length measurement controller 

  88: sensor structure case          100: substrate processing apparatus 
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[CLAIMS] 

 

[Claim 1]  

 A substrate processing apparatus comprising:  

 a boat on which substrates are placed;  5 

 a process furnace comprising a reaction tube into which the boat is to be inserted, 

wherein a film is formed on the substrates placed on the boat in the reaction tube; and  

 a substrate transport device configured to transfer the substrates into the boat,  

 wherein the substrates are transferred into the boat by the substrate transport 

device referring to a virtual center axis of the reaction tube measured in advance.  10 

 

[Claim 2]  

 The substrate processing apparatus of claim 1, further comprising a controller 

configured to control the substrate transport device,  

 wherein the process furnace further comprises a rotator configured to rotate the 15 

boat by placing the boat on a rotating shaft when the boat is inserted in the reaction tube, 

and  

 wherein the controller is further configured to store information on a difference 

between a rotation axis of the rotating shaft and the virtual center axis of the reaction 

tube measured in advance.  20 

 

[Claim 3]  

 The substrate processing apparatus of claim 2, wherein the controller is further 

configured to control the substrate transport device such that a center position of each of 

the substrates transferred into the boat by the substrate transport device is located 25 

between a center axis of the boat and the virtual center axis of the reaction tube, and the 

center position falls within a range from the center axis of the boat wherein a safety 

factor equal to or higher than a predetermined level is satisfied in the range.  

 

[Claim 4]  30 

 The substrate processing apparatus of claim 2, wherein the controller is further 

configured to obtain transfer position coordinates P0 for each of the substrates to be 
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safely inserted into the boat. 

 

[Claim 5] 

 The substrate processing apparatus of claim 4, wherein the controller is further 

configured to use, as a geometric information of the rotation axis, a result of fitting the 5 

transfer position coordinates P0 obtained for a part of the substrates onto a straight line 

or a solid of revolution. 

 

[Claim 6] 

 The substrate processing apparatus of claim 4, wherein the controller is further 10 

configured to calculate the transfer position coordinates P0 based on a detection result 

of a sensor attached to the substrate transport device. 

 

[Claim 7] 

 The substrate processing apparatus of claim 5, wherein the controller is further 15 

configured to obtain the transfer position coordinates P0 at least three times by changing 

rotation angle of the boat and to fit the transfer position coordinates P0 onto the solid of 

revolution. 

 

[Claim 8] 20 

 The substrate processing apparatus of claim 3, wherein the controller is further 

configured to control the substrate transport device, when the center position falls 

within the range from the center axis of the boat wherein the safety factor equal to or 

higher than the predetermined level is satisfied in the range, such that the center position 

of each of the substrates transferred into the boat by the substrate transport device is 25 

located at the virtual center axis of the reaction tube.  

 

[Claim 9]  

 The substrate processing apparatus of claims 2 or 3, wherein the reaction tube is 

embodied by a double tube structure comprising an outer tube and an inner tube, and  30 
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 wherein the virtual center axis of the reaction tube is obtained by measuring a 

shape of an inner surface of the inner tube based on the rotating shaft of the rotating 

shaft body as a reference axis.  

 

[Claim 10]  5 

 The substrate processing apparatus of claim 2, wherein the rotating shaft body is 

provided with an opening configured to communicate with an inside and an outside of 

the reaction tube and provided coaxially with the rotating shaft of the rotating shaft 

body,  

 wherein the controller is further configured to use the virtual center axis of the 10 

reaction tube determined based on data from a sensor inserted through the opening and 

configured to obtain a shape of an inner surface of the reaction tube.  

 

[Claim11] 

 A method of measuring a shape of a reaction tube of a substrate processing 15 

apparatus comprising a process furnace comprising: the reaction tube into which a boat 

with substrates placed thereon is to be inserted; and a rotator configured to rotate the 

boat inserted in the reaction tube by placing the boat on a rotating shaft body, wherein a 

film is formed on the substrates placed on the boat in the reaction tube, the method 

comprising:  20 

 (a) installing a sheath tube of a column shape whose outer diameter is set such 

that the sheath tube is inserted into an opening of the rotating shaft body in a manner of 

clearance fit;  

 (b) inserting a sensor structure into the sheath tube; and  

 (c) measuring a distance between the sensor structure and an inner surface of the 25 

reaction tube while changing a height position of the sensor structure and making a 

single rotation of the sensor structure at a predetermined speed.  

 

[Claim 12] 

 A method of measuring a shape of a reaction tube of a substrate processing 30 

apparatus comprising a process furnace comprising: the reaction tube into which a boat 

with substrates placed thereon is to be inserted; and a rotator configured to rotate the 
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boat inserted in the reaction tube by placing the boat on a rotating shaft body, wherein a 

film is formed on the substrates placed on the boat in the reaction tube, the method 

comprising:  

 (a) installing a sensor jig comprising: a measurement support column and a 

sensor, wherein an outer diameter of the measurement support column is set such that 5 

the sensor jig fits into an opening of the rotating shaft body; and  

 (b) measuring a distance between the sensor and an inner surface of the reaction 

tube while changing a height position of the sensor and making a single rotation of the 

sensor jig at a predetermined speed.  

 10 

[Claim 13]  

 The method of claim 12, wherein the sensor jig is rotated by the rotator 

configured to rotate the rotating shaft body of the process furnace, and the height 

position of the sensor is changed by a boat elevator configured to insert the boat into the 

reaction tube.  15 

 

[Claim 14]  

 The method of claims 11 or 12, wherein a sub heater support column is provided 

at the opening of the rotating shaft body while the film is formed on the substrates.  

 20 

[Claim 15]  

 A method of manufacturing a semiconductor device comprising:  

 (a) transferring substrates into a boat by a substrate transport device based on a 

virtual center axis of a reaction tube as a reference axis wherein the boat is to be 

inserted into the reaction tube; 25 

 (b) inserting the boat into the reaction tube by a boat elevator; and  

 (c) processing the substrates by supplying a gas into the reaction tube while 

rotating the boat. 


