TRANSFER MACHINE, SUBSTRATE PROCESSING APPARATUS, METHOD OF
PROCESSING SUBSTRATE, METHOD OF MANUFACTURING SEMICONDUCTOR

DEVICE, AND PROGRAM

CROSS-REFERENCE TO RELATED APPLICATION
[0001] This application is based upon and claims the benefit of priority from Japanese Patent
Application No. 2024-050710, filed on March 27, 2024, the entire contents of which are

incorporated herein by reference.

TECHNICAL FIELD
[0002] The present disclosure relates to a transfer machine, a substrate processing apparatus, a
method of processing a substrate, a method of manufacturing a semiconductor device, and a

program.

BACKGROUND
[0003] A substrate to be processed is transferred inside a semiconductor manufacturing
apparatus by a substrate transfer machine. In the related art, the substrate transfer machine may
be provided with multiple stages of substrate transfer plates such that a plurality of substrates to
be processed may be transferred at a time, and a substrate detection sensor may be installed for
each substrate transfer plate to detect presence or absence of a substrate to be processed on the
substrate transfer plate.
[0004] In a case where the substrate detection sensor is a transmission type fiber sensor, when a
substrate is visually transparent, it may not block a light, which may result in erroneous

detection.

SUMMARY

[0005] Some embodiments of the present disclosure provide a technique capable of detecting a



substrate even in a case where the substrate is transparent.

[0006] According to some embodiments of the present disclosure, there is provided a technique
that includes: (a) at least one end effector configured to be capable of being inserted into a holder
configured to accommodate a plurality of substrates in multiple stages without being in contact
with the plurality of substrates, and gripping a corresponding substrate of the plurality of
substrates respectively; and (b) at least one substrate detector arranged at a predetermined
relative position with respect to the at least one end effector and configured to be capable of
optically detecting the corresponding substrate in at least one selected from the group of a state
in which the at least one end effector is inserted into the holder and a state in which the at least
one end effector grips the corresponding substrate, the at least one substrate detector including:
(b1) a light projector formed in a rod-shape and including a first end configured to emit a
reference light from a first optical fiber; (b2) a light receiver formed in a rod-shape and including
a second end which substantially faces the first end and is configured to receive the reference
light reflected by a rear surface or a front surface of the corresponding substrate, which is
transparent, and guide the reference light thus received to a second optical fiber; (b3) a plate
extending from a vicinity of the first end to a vicinity of the second end on an opposite side of
the corresponding substrate when viewed from the light projector and the light receiver; and (b4)
a wall configured to prevent the reference light from being directly incident from the first end on

the second end.

BRIEF DESCRIPTION OF DRAWINGS
[0007] The accompanying drawings, which are incorporated in and constitute a part of the
specification, illustrate embodiments of the present disclosure.
[0008] FIG. 1 is a perspective view of a substrate processing apparatus suitably used in some
embodiments of the present disclosure.
[0009] FIG. 2 is a schematic perspective view of a transfer machine suitably used in some

embodiments of the present disclosure, for explaining a transfer to a boat by the transfer



machine.

[0010] FIG. 3 is a view showing an arrangement of end effectors and a substrate detector
suitably used in some embodiments of the present disclosure.

[0011] FIG. 4 is a view for explaining an arrangement range of a light receiver of a substrate
detector suitably used in some embodiments of the present disclosure.

[0012] FIG. 5 is a schematic configuration diagram of a controller of a substrate processing
apparatus suitably used in some embodiments of the present disclosure.

[0013] FIG. 6 is a flow diagram showing a process of processing a substrate applied in some
embodiments of the present disclosure.

[0014] FIG. 7 is a cross-sectional view showing a substrate detector in other embodiments of the
present disclosure.

[0015] FIG. 8 is a perspective view showing a substrate detector in other embodiments of the

present disclosure.

DETAILED DESCRIPTION
[0016] Reference will now be made in detail to various embodiments, examples of which are
illustrated in the accompanying drawings. In the following detailed description, numerous
specific details are set forth in order to provide a thorough understanding of the present
disclosure. However, it will be apparent to one of ordinary skill in the art that the present
disclosure may be practiced without these specific details. In other instances, well-known
methods, procedures, systems, and components are not described in detail so as not to obscure
aspects of the various embodiments.
[0017] Some embodiments of the present disclosure will now be described mainly with
reference to FIGS. 1 to 6. The drawings used in the following description are schematic, and
dimensional relationships, ratios, and the like among various components shown in the drawings
may not match actual ones. Further, dimensional relationships, ratios, and the like among

various components among plural drawings may not match one another. Furthermore, unless



otherwise specified herein, each component is not limited to one component, but may be a

plurality of components.

(Overview of Substrate Processing Apparatus)

[0018] A substrate processing apparatus described in the embodiments of the present disclosure
is used in a process of manufacturing a semiconductor device and configured to perform a
process (heat treatment) by heating a substrate to be processed with a heater in a state where the
substrate is accommodated in a process chamber. More specifically, the substrate processing
apparatus of these embodiments is a vertical substrate processing apparatus configured to
process a plurality of substrates simultaneously in a state where the substrates are stacked
vertically at a predetermined interval.

[0019] The substrate to be processed by the substrate processing apparatus may be, for example,
a semiconductor wafer substrate (hereinafter, simply referred to as a "wafer") on which a
semiconductor device is fabricated. Further, the heat treatment performed by the substrate
processing apparatus include, for example, oxidation, diffusion, annealing, reflow, baking, film
formation by thermal chemical vapor deposition (CVD) reaction, film quality improvement

(treatment), and the like.

(1) Configuration of Substrate Processing Apparatus

[0020] An entire apparatus will be described with reference to FIG. 1. FIG. 1 shows main
components of a substrate processing apparatus.

[0021] The substrate processing apparatus 1 includes a housing 13. A pod (holder) 21, which is
a sealed substrate container, is configured to be loaded into the substrate processing apparatus 1
by an in-process transfer apparatus (not shown), and unloaded from the substrate processing
apparatus 1.

[0022] A sub-housing 28 is installed over a rear end at a lower side of the housing 13 near a rear

side of the housing 13 in a front-rear direction. A pair of upper and lower wafer loading and



unloading ports 32 configured to load or unload wafers 31 into or from the sub-housing 28 are
arranged vertically in two stages at a front wall 29 of the sub-housing 28. Pod openers 26 are
installed for the upper and lower wafer loading and unloading ports 32, respectively.

[0023] Each of the pod openers 26 includes a mounting stand 33 configured to mount the pod 21
thereon, and an opening/closing mechanism 34 configured to open or close a lid of the pod 21.
Each of the pod openers 26 is configured to open or close a wafer entrance of the pod 21 by
opening or closing the lid of the pod 21 mounted on the mounting stand 33 by using the
opening/closing mechanism 34.

[0024] The sub-housing 28 forms a transfer chamber (a loading chamber or a loading area) 35
that is airtight from a space in which the pod openers 26 are disposed. A transfer machine 36 is
installed in a front region of the transfer chamber 35. The transfer machine 36 includes a
plurality of end effectors 37 configured to hold the wafers 31. Each end effector 37 is capable
of moving linearly in the horizontal direction, rotating in the horizontal direction, and moving up
or down in a vertical direction. The transfer machine 36 is configured to load or unload the
wafers 31 into or from a boat 38 as a substrate holder. Five end effector 37, each of which is
also called a substrate gripper, a wafer placement plate, a hand, a chuck, a fork, or a tweezer, are
arranged in a direction perpendicular to a surface of each wafer 31 to be gripped.

[0025] A vertical process furnace 12 is installed above the transfer chamber 35. The process
furnace 12 includes a process chamber 14 formed therein, and a lower end of a furnace opening
at a lower side of the process chamber 14 is open and is configured to be opened or closed by a
furnace opening shutter (not shown). The process chamber 14 is configured to perform a heat
treatment on the wafers 31 held in the boat 38.

[0026] A boat elevator 42 configured to raise or lower the boat 38 is installed at a side surface of
the sub-housing 28. A seal cap 44 as a lid is horizontally attached to an elevating stand of the
boat elevator 42. The seal cap 44 is configured to be capable of supporting the boat 38
vertically and air-tightly closing the furnace opening in a state where the boat 38 is loaded into

the process furnace 12. The transfer chamber 35 is adjacent to the process chamber 14 and



configured to load or unload the wafers 31 together with the boat 38 into or from the process
chamber 14. The boat 38 is configured to hold a plurality of wafers (for example, 50 to 175
wafers) in such a state that the wafers are arranged in a horizontal posture and in multiple stages
at predetermined intervals with centers of the wafers 31 aligned with one another. As shown in
FIG. 2, the boat 38 includes posts 38a to 38c as columns configured to hold the wafers 31. The
posts 38a to 38c include grooves (slots) formed to hold the wafers 31. An interval between the
slots, i.e., an interval between the wafers 31 held in the boat may be normally 6 mm or less,
which is different from an interval between the wafers 31 held in the pod 21.

[0027] A rotator 46 configured to rotate the boat 38 around a central axis corresponding to the
center of the wafers 31 is installed on an opposite side of the seal cap 44 from the process
chamber 14. A rotary shaft of the rotator 46 is connected to the boat 38 through the seal cap 44.
The rotator 46 is configured to rotate the wafers 31 by rotating the boat 38.

[0028] An example of a configuration of the transfer machine will be described with reference to
FIG. 2. FIG. 2 shows a state when the transfer machine 36 transfers the wafers 31 to the boat
38. That is, the end effectors 37 of the transfer machine 36 faces the posts 38a and 38c of the
boat 38.

[0029] The transfer machine 36 includes a guide 360 installed along an up-and-down direction
(Z-axis direction), a Z-axis direction driver 361, a Y-axis rotation driver 362, an X-axis direction
driver 363, and a V-axis direction driver 364. Each of the drivers 361 to 364 may be referred to
as a drive system.

[0030] The Z-axis direction driver 361 is installed at a lower end or an upper end of the guide
360 to move a mount 360a in the up-and-down direction (the Z-axis direction or the vertical
direction) along the guide 360.

[0031] The Y-axis rotation driver 362 is installed on an upper surface of the mount 360a so as to
be rotatable in the Y-axis direction such that the Y-axis rotation driver 362 is rotated horizontally
clockwise or counterclockwise (around the Y-axis), while supporting the X-axis direction driver

363 so that the X-axis and the Y-axis of the X-axis direction driver 363 are perpendicular to each



other. As for a range of the rotation, about 180 degrees is sufficient since the pod 21 is usually
positioned between a direction of the boat 38 and its opposite direction when viewed from the Y-
axis.

[0032] The X-axis direction driver 363 is integrated with or installed inside the Y-axis rotation
driver 362 to move the V-axis direction driver 364 forward and backward in the horizontal
direction (X-axis direction) while supporting the V-axis direction driver 364. For the X-axis,
"forward" is defined as a direction in which the end effectors 37 move to protrude from the Y-
axis rotation driver 362 so as to enter the boat 38 or the pod 21.

[0033] The V-axis direction driver 364 is installed at the X-axis direction driver 363, and is
configured to be capable of supporting five end effectors 37 horizontally and regulating
(changing) an interval between the end effectors 37 in the Z-axis direction. Each end effector
37 is mounted on the V-axis direction driver 364 by a corresponding mounter 39. The V-axis
direction driver 364 and the mounter 39 constitute a pitch variator.

[0034] After being inserted without being in contact with the wafer 31, the end effector 37 may
grip the corresponding wafer 31.  This allows the transfer machine 36 to use the end effector 37
to discharge the wafer 31 from the pod 21 and load (charge) the same into the boat 38. Then,
after any process is performed on the wafer 31 in the process furnace 12, the transfer machine 36
may take out (discharge the wafer 31 from the boat 38 by the end effector 37 and load the same
into the pod 21.

[0035] The transfer machine 36 further includes a pair of sensor rods 50 installed on both side
surfaces of the Y-axis rotation driver 362, and advance and retreat drivers 365 configured to
move the sensor rods 50 in the X-axis direction.

[0036] The sensor rods 50 extend upward along both side surfaces of the Y-axis rotation driver
362 to substantially the same height as one of the end effectors 37 and are configured to be bent
at approximately a right angle in an opposite direction to a mounting direction of the end effector
37 with respect to the X-axis direction driver 363, that is, backward in the X-axis direction.

The sensor rods 50 holds a fiber sensor 51 as a mapping sensor.



[0037] A light transmitter or a light receiver of the fiber sensor 51 is attached to tips of the pair
of sensor rods 50. The fiber sensor 51 is a pair of transmission type sensors, one of which is
configured to transmit a light and the other is configured to receive the same, and may be
arranged such that a light path (an optical axis) formed between the light transmitter and the light
receiver is parallel to a tangent line of the wafer 31.  The fiber sensor 51 performs a mapping
operation to count the number of wafers 31 loaded in the pod 21 or the boat 38 and detect
normality or abnormality such as protrusion of the wafer by detecting interruption of the light
path.

[0038] The advance and retreat drivers 365 are arranged on both side surfaces of the Y-axis
rotation driver 362 and configured to support the sensor rods 50 such that the sensor rods 50 may
move between a protruding position and a storage position in the X-axis direction.

[0039] The transfer machine 36 is provided with five substrate detectors 60 corresponding to the
five end effectors 37. Each substrate detector 60 is arranged at a specific relative position with
respect to the corresponding end effector 37. Each substrate detector 60 is configured to be
capable of optically detecting the corresponding wafer 31 in at least one selected from the group
of a state in which the corresponding end effector 37 is inserted between the wafers 31 held in
the boat 38 or the pod 21 and a state in which the end effector 37 grips the corresponding wafer
31.

[0040] The substrate detector 60 will be described with reference to FIGS. 3 and 4. FIG. 3
shows the state in which the end effector 37 grips the corresponding wafer 31.

[0041] The substrate detector 60 includes a support arm 61 as a fixing member, a light projector
62, a light receiver 63, and a partition 64. The substrate detector 60 is a pair of reflective
sensors including the light projector 62 and the light receiver 63, which are constituted by fiber
sensors. The substrate detector 60 is installed for each end effector 37 separately from the end
effector 37.

[0042] The support arm 61 is screwed to one side of the mounter 39 of the end effector 37. The

support arm 61 extends in parallel to a longitudinal direction of the end effector 37, and bends



and extends in a tangential direction of the wafer 31 placed thereon to form a tip 611.

[0043] The tip 611 of the support arm 61 is provided with the rod-shaped light projector 62 and
light receiver 63. The light projector 62 and the light receiver 63 are each inserted into
through-holes formed in the tip 611 and are fixed (screwed) by screws 612 and 613 (see FIG. 8).
Further, the light projector 62 and the light receiver 63 are disposed in substantially parallel to
each other. Axes (central axes) of the light projector 62 and the light receiver 63 point at
substantially the center of the wafer 31 placed on the end effector 37 (substantially coincident
with a radial direction). The tips of the light projector 62 and light receiver 63 are located
laterally away from a side edge of the end effector 37. Further, the optical axes of the light
projector 62 and the light receiver 63 are located inside an outline of the wafer 31 placed on the
end effector 37.

[0044] The first end 621 of the light projector 62 emits a reference light from a first optical fiber
623. The first end 621 includes a reflector 622 configured to reflect the reference light from the
first optical fiber 623 in a direction perpendicular to a longitudinal direction of the light projector
62. This allows the reference light from the first optical fiber 623 to be irradiated to the wafer
31. The second end 631 of the light receiver 63 receives the reference light reflected by a rear
surface or a front surface of the wafer 31 and guides the same to a second optical fiber 633.

The second end 631 includes a reflector 632 configured to reflect a reference light from a
direction perpendicular to a longitudinal direction of the light receiver 63 and guide the same to
the second optical fiber 633. This allows the reference light reflected by the wafer 31 to be
received by the first optical fiber 623. The first end 621 and the second end 631 are provided
with small holes (e.g., about 0.5 mm in diameter) which are open on their side surfaces, and the
light may enter and exit via the holes.

[0045] The light projector 62 includes a sheath tube 624 configured to accommodate the
reflector 622 and a portion of the optical fiber 623, and a fixing part (or a first fixing holder) 625
configured to accommodate another portion of the optical fiber 623. The fixing part 625 is

connected to the sheath tube 624 and is larger in diameter than the sheath tube 624. The light



receiver 63 includes a sheath tube 634 (see FIG. 8) configured to accommodate the reflector 632
and a portion of the optical fiber 633, and a fixing part (or a second fixing holder) 635 (see FIG.
8) configured to accommodate another portion of the optical fiber 633. The fixing part 635 is
connected to the sheath tube 634 and is larger in diameter than the sheath tube 634.

[0046] The sheath tubes 624 and 634 and the fixing parts 625 and 635 are, for example, metal
tubes in which the optical fibers 623 and 633 are sealed with an adhesive. The fixing parts 625
and 635 are strong enough to withstand screwing. Large diameters of the fixing parts 625 and
635 make it easy for the fixing parts 625 and 635 to be fixed and positioned.

[0047] The partition 64 fits into a recess in the tip 611 of the support arm 61 and is fixed
(screwed) by screws 614 and 615 (see FIG. 8). The partition 64 extends from the tip 611
toward the center of the wafer 31 placed on the end effector 37. In some embodiments, the
partition 64 may be formed, for example, by black alumite treatment or black painting. For
example, a reflectance in this case is about 0.1%. This makes it possible to reduce reflection of
the reference light.

[0048] The partition 64 includes a plate 641 arranged below the light projector 62 and the light
receiver 63, a wall 642 arranged between the light projector 62 and the light receiver 63, and a
fixing part 643 fixed to the support arm 61. The plate 641 is configured to spread from a
vicinity of the first end 621 to a vicinity of the second end 631 on an opposite side (herein,
downward) of the wafer 31 to be detected when viewed from the light projector 62 and the light
receiver 63. The wall 642 is installed on a surface of the plate 641 on the side of the wafer 31
to be detected, and prevents (blocks) the reference light from the first end 621 from being
directly incident on the second end 631. Therefore, the wall 642 is formed with a
predetermined height that is higher than heights of the axis of the light projector 62 and the axis
of the light receiver 63. Further, the wall 642 is formed with a predetermined width.

[0049] The support arm 61 fixes positions of the first end 621 of the light projector 62 and the
second end 631 of the light receiver 63 to the plate 641 or the wall 642. This allows an interval

(sensor pitch) between the light projector 62b and the light receiver 63b to be optimized.
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[0050] Actions of the plate 641 and the wall 642 and an arrangement range of the light receiver
63 will be described with reference to FIG. 4.  FIG. 4 shows the arrangements of a plate 641a, a
wall 642a, a light projector 62a, and a light receiver 63a in the uppermost stage of the substrate
detector 60, and a plate 641b, a wall 642b, a light projector 62b, and a light receiver 63b in a
stage below the uppermost stage. The arrangement range of the light receiver 63 when the
position of the light projector 62 with respect to the wall 642 is fixed will be described.

[0051] In the uppermost stage, there is no plate 641 above a wafer 31a. Therefore, a reference
light from the light projector 62a may be reflected by the wafer 31a and incident on the light
receiver 63a. A portion of the reference light from the light projector 62a that exceeds the wall
642a may be incident on the light receiver 63a. The light receiver 63a may be arranged up to a
position P3.

[0052] The plate 641a in the upper stage blocks a reference light from the light projector 62b in
the lower stage. The wall 642a in the upper stage blocks direct incidence of the reference light
from the light projector 62a on the light receiver 63a in the upper stage. The reference light
from the light projector 62b in the lower stage is reflected by a bottom surface of a wafer 31b
and a bottom surface of the plate 641a in the upper stage.

[0053] In the stage below the uppermost stage, for example, one stage below the uppermost
stage, there is the plate 641a above the wafer 31b.  Therefore, the reference light from the light
projector 62b may be reflected by the plate 641a in addition to the wafer 31b and incident on the
light receiver 63a.

[0054] It is assumed that Y is a distance (height) from the axes of the light projector 62b and
light receiver 63b in the lower stage to the bottom surface of the wafer 31b located above the
light projector 62b and the light receiver 63b. It is assumed that H is a distance (height) from
the axes of the light projector 62b and the light receiver 63b to the bottom surface of the plate
641a in the upper stage. It is assumed that X is a distance from each of the axes of the light
projector 62b and the light receiver 63b to each of side surfaces of the wall 642b in the lower

stage. It is assumed that V is half a length (width) of the wall 642b in a direction perpendicular
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to the axis of the light projector 62b and the axis of the light receiver 63b, and h is a height from
each of the axes of the light projector 62b and the light receiver 63b to a top surface of the wall
642b.
[0055] It is assumed that a is an angle at which the reference light from the light projector 62b
exceeds the wall 642b, based on a line connecting the axes of the light projector 62b and the light
receiver 63b. It is assumed that B is an angle at which the reference light from the light
projector 62b is reflected by the bottom surface of the wafer 31b and exceeds the wall 642b. It
is assumed that 0 is an angle at which the reference light from the light projector 62b is reflected
by the bottom surface of the plate 641a in the upper stage above the center of the width of the
wall 642b. Herein, a relationship among a, B, and 0 is as follows:

0 degrees < a <3 <0 <90 degrees
[0056] When it is assumed that A is a range in which the wafer 31b is detected but the plate 641a
in the upper stage is not detected (an effective range: a distance between position P1 and position
P2), then A is as follows:

Y/tanp < A <H/tan 0

tanf = Y/(X+V)

tanP = h/(X-A)

S YX/(Y+h) <A <H(X+V)/Y
[0057] Further, a distance between position P2 and position P3 is a range in which the wafer 31b
and the plate 641a in the upper stage are detected, and a distance between position P3 and
position P4 is a range in which the plate 641a in the upper stage is detected.
[0058] The light projected from the first end 621 spreads at a certain angle (the same applies to
the light received). An aperture angle (half-value angle) representing the angle at which the
light projected from the first end 621 spreads may be 2 to 60 degrees. A slightly wide aperture
angle may be adopted so that an angle precision is not strict when the substrate detector 60 is
assembled. Herein, denotation of a numerical range such as "2 to 60 degrees" means that a

lower limit and an upper limit are included in that range. Thus, for example, "2 to 60 degrees"
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means "2 degrees or more and 60 degrees or less." The same applies to other numerical ranges.
[0059] The light projector 62 and the light receiver 63 (base ends of a pair of optical fibers 623
and 633) are connected to an amplifier 40 (see FIG. 5). The amplifier 40 incorporates a light
source (e.g., a light emitting diode), a light detector (e.g., a photodiode), and a detection circuit.
[0060] Light emitted from the light source incorporated in the amplifier 40 is incident on the
base end of the optical fiber 623, propagates through the optical fiber 623, is incident on the
reflector 622 from a tip face of the optical fiber 623, and emits from the first end 621. In a case
where the emitted light (reference light) is reflected by the wafer 31 to be detected, the reflected
light is incident on the second end 631 and is incident on a tip face of the optical fiber 633.
Therefore, the light projector 62 and the light receiver 63 are fixed to the tip 611 of the support
arm 61 so that an emission face (hole) of the first end 621 and an incidence face (hole) of the
second end 631 face substantially the same direction. The incident light propagates through the
optical fiber 633 and reaches the light detector incorporated in the amplifier 40.

[0061] The detection circuit incorporated in the amplifier 40 determines presence or absence of a
substrate, including a transparent substrate, by threshold processing of a received light level.

The threshold may be common to the substrate detectors. In other words, since risk of false
detection is low, regulation for each substrate detector may not be performed.

[0062] As shown in FIG. 5, a controller 210, which is a control part (control means or unit), is
constituted as a computer including a central processing unit (CPU) 212, a random access
memory (RAM) 214, a memory 216, and an I/O port 218. The RAM 214, the memory 216, and
the I/O port 218 are configured to be capable of exchanging data with the CPU 212 via an
internal bus 220.  An input/output device 222 constituted as, for example, a touch panel is
connected to the controller 210.

[0063] The memory 216 is constituted by, for example, a flash memory, a hard disk drive
(HDD), etc. A control program that controls operations of the substrate processing apparatus, a
process recipe in which sequences and conditions of substrate processing, which will be

described later, are written, etc. are readably stored in the memory 216. The process recipe
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functions as a program that is combined to cause the controller 210 to execute each sequence in a
process of processing a substrate, which will be described later, to obtain a predetermined result.
Hereinafter, the process recipe and the control program may be generally and simply referred to
as a "program." When the term "program" is used herein, it may indicate a case of including
the process recipe, a case of including the control program, or a case of including both the
process recipe and the control program. The RAM 214 is constituted as a memory area (work
area) in which programs or data read by the CPU 212 are temporarily stored.

[0064] The I/O port 218 is connected to the above-described transfer machine 36, rotator 46,
boat elevator 42, amplifier 40, and the like.

[0065] The CPU 212 is configured to read and execute the control program from the memory
216 and also to read the process recipe from the memory 216 in response to an input of an
operation command from the input/output device 222. The CPU 212 is configured to control a
wafer transfer operation by the transfer machine 36, a rotation and a rotation speed adjustment
operation of the boat 38 by the rotator 46, an elevating operation of the boat 38 by the boat
elevator 42, and a substrate detection operation by the amplifier 40 in accordance with the
contents of the read process recipe.

[0066] The controller 210 may be constituted by installing, on the computer, the aforementioned
program stored in the external memory 224. The external memory 224 is, for example, a
magnetic tape, a magnetic disk such as a flexible disk or a hard disk, an optical disc such as a CD
or a DVD, a magneto-optical disc such as a MO, or a semiconductor memory such as a USB
memory or a memory card. The memory 216 and the external memory 224 are constituted as a
computer-readable recording medium. Hereinafter, the memory 216 and the external memory
224 may be generally referred to simply as a "recording medium." When the term "recording
medium" is used herein, it may indicate a case of including the memory 216, a case of including
the external memory 224, or a case of including both the memory 216 and the external memory
224. Furthermore, the program may be provided to the computer by using communication

means or unit such as the Internet or a dedicated line, instead of using the external memory 224.
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(2) Process of Processing Substrate

[0067] An overview of a process of processing a substrate by using the substrate processing
apparatus 1 as a semiconductor manufacturing apparatus will be described below. Such a
process of processing the substrate is, for example, a process of manufacturing a semiconductor
device. In the following description, operation and processing of each component constituting

the substrate processing apparatus 1 are controlled by the controller 210.

(Substrate Loading Step: S10)

[0068] When the pod 21 is supplied to the substrate processing apparatus 1, the pod 21 is
transferred to the mounting stand 33.

[0069] An opening end surface of the pod 21 mounted on the mounting stand 33 is pressed
against an opening edge of a wafer loading and unloading port 32 at the front wall 29 of the sub-
housing 28, and the lid is removed by the opening/closing mechanism 34 to open the wafer
entrance of the pod 21.

[0070] When the pod 21 is opened by the pod opener 26, the sensor rod 50 of the transfer
machine 36 is moved to the protruding position (in a direction approaching the pod 21) by the
advance and retreat driver 365. Then, the sensor rod 50 is moved up or down at a constant
speed by the Z-axis direction driver 361, and the wafers 31 are mapped by the fiber sensor 51,
thereby detecting the wafers 31 in the pod 21 in order. After the mapping operation is
completed, the sensor rod 50 is returned to a retracted position.

[0071] Then, advance, ascent, and retreat of the end effector 37, turning and pitch change of the
Y-axis rotation driver 362, advance, descent, and retreat of the end effector 37, and turning and
pitch change of the Y-axis rotation driver 362 are repeated in sequence. As a result, the wafer
31 is picked up from the inside of the pod 21 via the wafer loading and unloading port 32 and is
loaded (charged) into the boat 38. An output (state) of the substrate detector 60 when the end

effector 37 is inserted into the pod 21 is stored. In a case where the output of the substrate
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detector 60 is monitored during the transfer and a change in the output is detected, such a change
is determined as an abnormality, the transfer is stopped, and an alarm is issued. This makes it
possible to detect a falling or a displacement of the substrate while being transferred.

[0072] After the loading is completed, the lower end of the process furnace 12, which is closed
by the furnace opening shutter, is opened by the furnace opening shutter. Subsequently, as the
seal cap 44 is moved up (boat up) by the boat elevator 42, the boat 38 holding the wafers 31 is

loaded from the transfer chamber 35 into the process furnace 12.

(Film-Forming Step: S20)
[0073] After the loading, heat treatment is performed on the wafers 31 in the process chamber 14

inside the process furnace 12.

(Substrate Unloading Step: S30)

[0074] Next, the boat 38 on which the heat-treated wafers 31 are placed is unloaded from the
process chamber 14 to the transfer chamber 35 (boat unloading). Then, the boat 38 cools the
heat-treated wafers 31.

[0075] After the cooling, the sensor rod 50 of the transfer machine 36 is moved to the protruding
position by the advance and retreat driver 365. Then, the sensor rod 50 is moved up or down by
the Z-axis direction driver 361, and the fiber sensor 51 performs a mapping operation of the
wafers 31. When the mapping is completed, the sensor rod 50 is returned to a storage position.
[0076] Subsequently, advance, ascent, and retreat of the end effector 37, turning and pitch
change of the Y-axis rotation driver 362, advance, descent, and retreat of the end effector 37, and
rotation and pitch change of the Y-axis rotation driver 362 are repeated in sequence. Asa
result, the wafer 31 is picked up from the inside of the boat 38 and is unloaded to the pod 21 via
the wafer loading and unloading port 32. Thereafter, the pod 21 is unloaded to the outside of
the housing 13. During this process, the output of the substrate detector 60 is monitored in the

same manner as in the substrate loading step S10.
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[0077] According to the embodiments of the present disclosure, one or more of the following
effects are obtained.

[0078] (a) A height of the substrate detector may be reduced, making it possible to cope with
transfer to a narrow-pitch boat.

[0079] (b) Reflected light (external disturbance light) from sources other than a target wafer may
be reliably blocked, making it possible to improve a detection accuracy.

[0080] (c) Since the substrate detector is a reflective sensor in which the light projector is
arranged so that an incidence angle is close to 90 degrees, a reflectance becomes high according
to Fresnel's formula, making it possible to obtain a higher sensitivity (a higher S/N) than that in a
transmission type sensor with an orthogonal optical axis or an oblique optical axis.

[0081] (d) It is possible to detect the wafer 31 even in a case where the wafer 31 is a visually
transparent wafer (which transmits almost the entirety of visible light), for example, a silicon
carbide (SiC) wafer.

[0082] (e) Even in a case where the pitch of the end effectors is changed, an optical arrangement
such as a distance between the light projector and the light receiver does not change, making it
possible to eliminate an influence on the operation of the sensor.

[0083] A substrate detector 60 in other embodiments of the present disclosure will be described
with reference to FIGS. 7 and 8. FIG. 7 shows a state in which the substrate detector 60 is
inserted between the wafers 31 placed on the pod 21 or the boat 38.

[0084] A configuration of the plate 641 of the partition 64 in these embodiments is different
from that of the plate 641 in the embodiments shown in FIG. 4. Other configurations of the
substrate detector 60 in these embodiments are the same as those in the embodiments shown in
FIG. 4.

[0085] The width of the plate 641 is smaller than the distance between the central axis of the
light projector 62 and the central axis of the light receiver 63. The ends of the plate 641 on both
sides close to the first end 621 and the second end 631 respectively include first and second

tapered surfaces 644 and 645 which are pointed toward points (lower ends) of the first end 621
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and the second end 631 which are farthest from the corresponding wafer 31 (wafer 31 to be
detected). This makes it possible to prevent incidence of the reference light from the lower
stage. The tapered surfaces 644 and 645 are formed, for example, by performing a chamfering
at 30 degrees with respect to a horizontal plane. The points (lower ends) of the first end 621
and the second end 631 which are farthest from the corresponding wafer 31 are arranged on
substantially the same plane as the surface of the plate 641 on an opposite side of the
corresponding wafer 31 (the bottom surface of the plate 641). The bottom surface of the plate
641 is arranged on approximately the same plane as the bottom surface of the corresponding end
effector 37.

[0086] A maximum thickness of the portion (tip) of the substrate detector 60 which is inserted
between the wafers, i.e., a sum of the heights of the plate 641 and the wall 642, is substantially
the same as outer diameter of the sheath tubes 624 and 634 and is designated as H1. When the
wafer 31 is placed on the end effector 37, the end effector 37 and the substrate detector 60 rise
toward the wafer 31. A distance (wafer placement height) between the bottom end of the
substrate detector 60 and the bottom surface of the wafer 31 at this time is designated as H2.
Further, a maximum thickness (height) of a portion of the end effector 37 which is inserted
between the wafers is designated as H3. Herein, Hl <H2 <H3. HI is, for example, 0.5 mm
to 2 mm, H2 is, for example, ] mm to 3 mm or H1+0.2 mm to H1+1.5 mm, and H3 is, for
example, 11.3 mm to 4 mm or H2+0.3 mm to H2+2 mm.

[0087] In these embodiments, the same effects as the above-described embodiments may be
obtained. Further, a position of the bottom surface of the plate 641 in these embodiments is
closer to the light projector 62 and the light receiver 63 than the position of the bottom surface of
the plate 641 in the embodiments shown in FIG. 4. As a result, the portion (tip) of the substrate
detector 60 which is inserted between the wafers becomes thinner. This makes it possible to
make the upper end of the tip of the substrate detector 60 lower than the bottom surface of the
wafer 31, thereby avoiding contact with the wafer 31.  Further, a height of the lower end of the

tip of the substrate detector 60 may be equal to or higher than a height of the lower end of the
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end effector 37, thereby avoiding a reduction in transfer clearance.

[0088] Though the embodiments of the present disclosure are specifically described above, the
present disclosure is not limited to the above-described embodiments but may be modified in
various ways without departing from the spirit of the present disclosure. For example, a groove
may be formed, along a radial direction of the wafer, on the bottom surface of the plate 641
directly below the wall 642, thereby further reducing a rear surface reflection of the plate 641.
[0089] Examples of performing the heat treatment by using a batch-type substrate processing
apparatus configured to process a plurality of substrates at a time are described in the above-
described embodiments. The present disclosure is not limited to the above-described
embodiments, but may also be suitably applied to a case where the heat treatment is performed
by using, for example, a single-wafer substrate processing apparatus configured to process one or
several substrates at a time. In addition, examples in which a film is formed by using a
substrate processing apparatus including a hot-wall-type process furnace are described in the
above-described embodiments. The present disclosure is not limited to the above-described
embodiments, but may also be suitably applied to a case where the heat treatment is performed
by using a substrate processing apparatus including a cold-wall-type process furnace.

[0090] Even when such substrate processing apparatuses are used, each process may be
performed by using the same processing sequences and process conditions as the above-
described embodiments, and the same effects as the above-described embodiments may be
obtained.

[0091] According to the present disclosure in some embodiments, it is possible to detect a
substrate even in a case where the substrate is transparent.

[0092] While certain embodiments are described above, these embodiments are presented by
way of example, and are not intended to limit the scope of the disclosures. Indeed, the
embodiments described herein may be embodied in a variety of other forms. Furthermore,
various omissions, substitutions and changes in the form of the embodiments described herein

may be made without departing from the spirit of the disclosures. The accompanying claims
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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:

l. A transfer machine comprising:

(a) at least one end effector configured to be capable of being inserted into a holder
configured to accommodate a plurality of substrates in multiple stages without being in contact
with the plurality of substrates, and gripping a corresponding substrate of the plurality of
substrates respectively; and

(b) at least one substrate detector arranged at a predetermined relative position with
respect to the at least one end effector and configured to be capable of optically detecting the
corresponding substrate in at least one selected from the group of a state in which the at least one
end effector is inserted into the holder and a state in which the at least one end effector grips the
corresponding substrate, the at least one substrate detector including:

(bl) a light projector formed in a rod-shape and including a first end configured
to emit a reference light from a first optical fiber;

(b2) a light receiver formed in a rod-shape and including a second end which
substantially faces the first end and is configured to receive the reference light reflected
by a rear surface or a front surface of the corresponding substrate, which is transparent,
and guide the reference light thus received to a second optical fiber;

(b3) a plate extending from a vicinity of the first end to a vicinity of the second
end on an opposite side of the corresponding substrate when viewed from the light
projector and the light receiver; and

(b4) a wall configured to prevent the reference light from being directly incident

from the first end on the second end.

2. The transfer machine of Claim 1, wherein the light projector and the light receiver are
arranged in substantially parallel to each other, and a width of the plate is smaller than a distance

between a central axis of the light projector and a central axis of the light receiver.
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3. The transfer machine of Claim 1, wherein ends of the plate on both sides close to the
first end and the second end respectively include a first tapered surface and a second tapered
surface which are pointed toward points of the first end and the second end which are farthest

from the corresponding substrate.

4. The transfer machine of Claim 1, wherein the plate is arranged in substantially parallel
to the corresponding substrate gripped by the at least one end effector, and points of the first end
and the second end which are farthest from the corresponding substrate are arranged on
substantially the same plane as a surface of the plate on an opposite side of the corresponding

substrate.

5. The transfer machine of Claim 1, wherein the at least one end effector includes a
plurality of end effectors,

wherein the plurality of end effectors are installed in a direction perpendicular to
surfaces of corresponding substrates of the plurality of substrates gripped by the plurality of end
effectors respectively,

wherein the at least one substrate detector includes a plurality of substrate detectors, and

wherein each of the plurality of substrate detectors is installed to be separate from each

of the plurality of end effectors for each of the plurality of end effectors.

6. The transfer machine of Claim 5, further comprising a pitch variator configured to be

capable of changing a gap between end effectors of the plurality of end effectors.

7. The transfer machine of Claim 5, wherein each of the plurality of substrate detectors
further includes a support arm configured to fix and hold positions of the first end and the second

end with respect to the plate or the wall.
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8. The transfer machine of Claim 5, wherein the first end includes a first reflector
configured to reflect the reference light from the first optical fiber in a direction perpendicular to
a longitudinal direction of the light projector, and

wherein the second end includes a second reflector configured to reflect the reference
light from a direction perpendicular to a longitudinal direction of the light receiver and guide the

reference light thus reflected to the second optical fiber.

9. The transfer machine of Claim 8, wherein the light projector includes a first sheath tube
configured to accommodate a portion of the first optical fiber and the first end, and a first fixing
holder configured to be connected to the first sheath tube, accommodate another portion of the
first optical fiber, and be larger in diameter than the first sheath tube, and

wherein the light receiver includes a second sheath tube configured to accommodate a
portion of the second optical fiber and the second end, and a second fixing holder configured to
be connected to the second sheath tube, accommodate another portion of the second optical fiber,

and be larger in diameter than the second sheath tube.

10. The transfer machine of Claim 5, wherein the light projector and the light receiver are
arranged in substantially parallel to each other, and a longitudinal direction of the light projector
or the light receiver is substantially consistent with a radial direction of each of the
corresponding substrates,

wherein the light projector includes a first sheath tube configured to accommodate a
portion of the first optical fiber and the first end, and a first fixing holder configured to be
connected to the first sheath tube, accommodate another portion of the first optical fiber, and be
larger in diameter than the first sheath tube, and

wherein the light receiver includes a second sheath tube configured to accommodate a

portion of the second optical fiber and the second end, and a second fixing holder configured to
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be connected to the second sheath tube, accommodate another portion of the second optical fiber,

and be larger in diameter than the second sheath tube.

11. A substrate processing apparatus comprising:

(a) at least one end effector configured to be capable of being inserted into a holder
configured to accommodate a plurality of substrates in multiple stages without being in contact
with the plurality of substrates, and gripping a corresponding substrate of the plurality of
substrates respectively; and

(b) at least one substrate detector arranged at a predetermined relative position with
respect to the at least one end effector and configured to be capable of optically detecting the
corresponding substrate in at least one selected from the group of a state in which the at least one
end effector is inserted into the holder and a state in which the at least one end effector grips the
corresponding substrate, the at least one substrate detector including:

(bl) a light projector formed in a rod-shape and including a first end configured
to emit a reference light from a first optical fiber;

(b2) a light receiver formed in a rod-shape and including a second end which
substantially faces the first end and is configured to receive the reference light reflected
by a rear surface or a front surface of the corresponding substrate, which is transparent,
and guide the reference light thus received to a second optical fiber;

(b3) a plate extending from a vicinity of the first end to a vicinity of the second
end on an opposite side of the corresponding substrate when viewed from the light
projector and the light receiver; and

(b4) a wall configured to prevent the reference light from being directly incident

from the first end on the second end.

12. A method of processing a substrate, comprising:

transferring the substrate by using a transfer machine including:
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(a) at least one end effector configured to be capable of being inserted into a
holder configured to accommodate a plurality of substrates including the substrate in
multiple stages without being in contact with the plurality of substrates, and gripping a
corresponding substrate of the plurality of substrates respectively; and

(b) at least one substrate detector arranged at a predetermined relative position
with respect to the at least one end effector and configured to be capable of optically
detecting the corresponding substrate in at least one selected from the group of a state in
which the at least one end effector is inserted into the holder and a state in which the at
least one end effector grips the corresponding substrate, the at least one substrate
detector including:

(b1) a light projector formed in a rod-shape and including a first end
configured to emit a reference light from a first optical fiber;

(b2) a light receiver formed in a rod-shape and including a second end
which substantially faces the first end and is configured to receive the reference
light reflected by a rear surface or a front surface of the corresponding substrate,
which is transparent, and guide the reference light thus received to a second
optical fiber;

(b3) a plate extending from a vicinity of the first end to a vicinity of the
second end on an opposite side of the corresponding substrate when viewed
from the light projector and the light receiver; and

(b4) a wall configured to prevent the reference light from being directly
incident from the first end on the second end; and

processing the substrate.

13. The method of Claim 12, wherein in the act of transferring the substrate, an output of the
at least one substrate detector is monitored to detect a falling or a displacement of the substrate

while the substrate is being transferred.
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14.

A method of manufacturing a semiconductor device, comprising:
transferring a substrate by using a transfer machine including:

(a) at least one end effector configured to be capable of being inserted into a
holder configured to accommodate a plurality of substrates including the substrate in
multiple stages without being in contact with the plurality of substrates, and gripping a
corresponding substrate of the plurality of substrates respectively; and

(b) at least one substrate detector arranged at a predetermined relative position
with respect to the at least one end effector and configured to be capable of optically
detecting the corresponding substrate in at least one selected from the group of a state in
which the at least one end effector is inserted into the holder and a state in which the at
least one end effector grips the corresponding substrate, the at least one substrate
detector including:

(b1) a light projector formed in a rod-shape and including a first end
configured to emit a reference light from a first optical fiber;

(b2) a light receiver formed in a rod-shape and including a second end
which substantially faces the first end and is configured to receive the reference
light reflected by a rear surface or a front surface of the corresponding substrate,
which is transparent, and guide the reference light thus received to a second
optical fiber;

(b3) a plate extending from a vicinity of the first end to a vicinity of the
second end on an opposite side of the corresponding substrate when viewed
from the light projector and the light receiver; and

(b4) a wall configured to prevent the reference light from being directly
incident from the first end on the second end; and

processing the substrate.
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15. A program that causes, by a computer, a substrate processing apparatus to perform a
process comprising:
transferring a substrate by using a transfer machine including:

(a) at least one end effector configured to be capable of being inserted into a
holder configured to accommodate a plurality of substrates including the substrate in
multiple stages without being in contact with the plurality of substrates, and gripping a
corresponding substrate of the plurality of substrates respectively; and

(b) at least one substrate detector arranged at a predetermined relative position
with respect to the at least one end effector and configured to be capable of optically
detecting the corresponding substrate in at least one selected from the group of a state in
which the at least one end effector is inserted into the holder and a state in which the at
least one end effector grips the corresponding substrate, the at least one substrate
detector including:

(b1) a light projector formed in a rod-shape and including a first end
configured to emit a reference light from a first optical fiber;

(b2) a light receiver formed in a rod-shape and including a second end
which substantially faces the first end and is configured to receive the reference
light reflected by a rear surface or a front surface of the corresponding substrate,
which is transparent, and guide the reference light thus received to a second
optical fiber;

(b3) a plate extending from a vicinity of the first end to a vicinity of the
second end on an opposite side of the corresponding substrate when viewed
from the light projector and the light receiver; and

(b4) a wall configured to prevent the reference light from being directly
incident from the first end on the second end; and

processing the substrate.
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