

VAPOR PHASE GROWTH SYSTEM AND METHOD FOR PRODUCING EPITAXIAL WAFER

BACKGROUND OF THE INVENTION

1. Field of the Invention
	[0001]	The present invention relates to a vapor phase growth system for growing vapor phase of a semiconductor single-crystal thin film on a main surface of a single-crystal substrate and a method for manufacturing an epitaxial wafer embodied using the device.

2. Description of Related Art
	[0002]	An epitaxial wafer obtained by forming a semiconductor single-crystal thin film on a single-crystal substrate, for example, a silicon epitaxial wafer obtained by forming a silicon single-crystal thin film (hereinafter, simply referred to as a “thin film”) on the surface of a silicon single-crystal substrate (hereinafter, simply referred to as a “substrate”) by a vapor phase growth method have been widely used in electronic devices such as bipolar ICs and MOS-ICs. For example, a single-wafer vapor phase growth system has become the mainstream in the production of an epitaxial wafer with a diameter of 200 mm or greater in place of batch processing of multiple wafers in recent years. In this method, a substrate is held horizontally rotating in a reaction vessel, and a thin film is formed by growing a vapor phase by supplying source gas from one end to the other of the reaction vessel in a substantially horizontal and unidirectional manner. It is also known that the thickness distribution of a semiconductor single-crystal layer formed on a substrate in a single-wafer vapor phase growth system is greatly affected by the temperature distribution within the main surface of the substrate. Especially, the thickness of the semiconductor single-crystal layer tends to vary toward the larger side at the peripheral edge of the substrate where temperature easily drops. To prevent this, it is a common practice in a single-wafer vapor phase growth system to provide a preheating ring around a susceptor to ensure even heating of the peripheral edge of the substrate.
	[0003]	In general, infrared radiation heating, high-frequency induction heating, or resistance heating is used to heat the substrate during the production of silicon epitaxial wafers, creating a cold wall environment in which the temperature of the reaction vessel is kept low, and the temperature of the silicon substrate and susceptor is increased.
	[0004]	In a single-wafer vapor phase growth system, source gas is usually supplied through a gas inlet port formed at one end of the reaction vessel via a gas supply pipe, and after flowing along the main surface of the substrate, the source gas is discharged through an outlet port at the other end of the vessel. When manufacturing epitaxial wafers using the system with this structure, it is known that increasing the velocity of the source gas along the main surface of the substrate is effective in increasing the growth rate of the silicon single-crystal thin films. For example, “Numerical Calculation of 450 mmφ Silicon Epitaxial Growth Rate”: Proceedings of the 75th Fall Meeting of the Japan Society of Applied Physics (Fall 2014, Hokkaido University) 19a-A19-1 (hereinafter referred to as non-patent document 1) discloses that when a silicon epitaxial wafer is produced, the growth rate of a silicon single-crystal layer deposited on the substrate can be increased by increasing the relative velocity between the main surface of the substrate and the source gas by increasing the rotation speed of the susceptor.
	[0005]	In the experiment disclosed in non-patent document 1, the concentration and flow rate of the source gas supplied to the reaction vessel were set constant, and the results showed that the growth rate of the silicon single-crystal layer increased when the rotation speed of the susceptor was increased under the conditions. “Simulation of Si Epitaxial Thin Film Formation Process”: Journal of the Vacuum Society of Japan, Vol.49 (2006), pp.525-529 (hereinafter referred to as non-patent document 2) also shows thermodynamically that in the above cold wall environment, as the gas phase temperature increases during the growth of a silicon single-crystal layer, the growth rate of the single-crystal layer decreases in the region where the transport rate of the source gas components is rate-limiting (i.e., the diffusion layer on the main surface of the substrate).
	[0006]	That is, the greater the gas velocity on the main surface of the substrate is increased, the more the heat transfer from the main surface of the substrate is accelerated, reducing the temperature of the main surface of the substrate as well as the thickness of the diffusion layer on the main surface of the substrate due to the increase of the gas velocity, and increasing the concentration gradient of the source gas components in the diffusion layer. These factors are considered to increase the efficiency of the chemical reaction that produces silicon single-crystals from the source gas and increase the growth rate of the silicon single-crystal layers.
[Prior Art Documents]
[Patent Documents]
	[0007]
[Patent Document 1] Japanese Registered Patent No. 6068225

SUMMARY OF THE INVENTION
	[0008]	On the basis of the above considerations, it is considered effective to employ a structure with a reduced space height between the main surface of the substrate as the source gas distribution channel and the bottom surface of the ceiling plate of the reaction vessel to increase the flow velocity of source gas on the main surface of the substrate and the growth rate of a semiconductor single-crystal layer in a single wafer vapor phase growth system. Specifically, the above space height can be reduced by employing a structure in which the susceptor holding the substrate is positioned closer to the bottom surface of the ceiling plate of the reaction vessel in the height direction during the semiconductor single-crystal growth process.
	[0009]	The process of loading a substrate to a susceptor in a single-wafer vapor phase growth system is performed by inserting and removing a substrate transfer member between the preparation chamber formed outside the reaction vessel body and the space between the bottom surface of the ceiling plate of the reaction vessel and a set of the susceptor and preheating ring (as a source gas distribution space during the growth of a semiconductor single-crystal layer).  However, a problem occurs when the distance between the susceptor and the bottom surface of the ceiling plate of the reaction vessel is reduced so that securing space for causing the substrate transfer member to enter and exit may be difficult.
	[0010]	An object of the present invention is to provide a vapor phase growth system that can sufficiently secure a space for a substrate transfer member to move when loading/unloading a substrate to and from a susceptor, and a method for manufacturing an epitaxial wafer using the system even if a configuration is employed in which the space between the bottom surface of the ceiling plate of the reaction vessel and the set of susceptor and preheating ring is narrower.
	[0011]	A vapor phase growth system according to an embodiment of the present invention is for growing vapor phase of a semiconductor single-crystal thin film on the main surface of a single-crystal substrate, and has a reaction vessel body having a gas inlet port formed on the first end side and a gas outlet port formed on the second end side in the horizontal direction. The system is configured such that the source gas is introduced through the gas inlet port into the main body of the reaction vessel to form a semiconductor single-crystal thin film, the source gas flows along the main surface of the single-crystal substrate, which is substantially horizontally and rotationally held in the inner space of the reaction vessel body, and then is discharged through the gas outlet port.  A preheating ring is arranged to surround a susceptor. To achieve the above object, the system further includes: a susceptor lifting mechanism for raising and lowering the susceptor between the first position and the second position, wherein in the first position, the top surface of the susceptor is positioned above the bottom surface of the preheating ring, and a source gas distribution space having a predetermined height dimension is defined between the top surface of the susceptor and the bottom surface of the ceiling plate of the reaction vessel body, and in the second position, the top surface of the susceptor is positioned below the bottom surface of the preheating ring, and a substrate loading/unloading space having a greater height dimension than that of the source gas distribution space is defined between the top surface of the susceptor and the bottom surface of the preheating ring; a substrate transfer member having a substrate holding portion at the front end of the substrate transfer member, in which the single-crystal substrate is held horizontally and loaded/unloaded; and a substrate transfer member driving unit, which reciprocates the substrate transfer member horizontally between a substrate loading/unloading position and a preparation position, where in the substrate loading/unloading position, with respect to the susceptor in the second position, the substrate holding portion is located immediately above the susceptor, and in the preparation position, the substrate holding portion is located in a preparation chamber formed outside the reactor vessel body.
	[0012]	A method for producing an epitaxial wafer includes the steps of: using the vapor phase growth system according to the embodiment of the above invention; and obtaining an epitaxial wafer by placing a single-crystal substrate on the susceptor in the reaction vessel with the susceptor in the second position, then raising the susceptor in which the single-crystal substrate is placed to the first position, distributing a source gas in the reaction vessel, and epitaxially growing a vapor phase of a semiconductor single-crystal thin film on the single-crystal substrate.
	[0013]	In the vapor phase growth system according to an embodiment of the present invention, it is desirable that the first position be defined such that a height dimension of the source gas distribution space is greater than or equal to 5 mm and less than or equal to 15 mm. It is desirable that the first position be defined such that the main surface of the single-crystal substrate on the susceptor is aligned with the top surface of the preheating ring.
	[0014]	In the vapor phase growth system, the direction of distribution of the source gas can be determined such that the side where the preparation chamber is provided is the first end of the reaction vessel body, and the side opposite the preparation chamber with respect to the rotation axis of the susceptor is the second end of the vessel body. In this case, a portion in the inner space of the reaction vessel body located between the preheating ring and the preparation chamber shutter, which partitions the inner space from the preparation chamber and can open and close the preparation chamber, is defined as a gas passage. In this case, the gas passage may be provided in the form of a horizontally arranged partition plate with a height position determined such that the front edge of the plate faces the side surface of the preheating ring. The space above the partition plate of the gas passage defines an upper passage space 36A in communication with the source gas distribution space, and the space below the partition plate of the gas passage defines the lower passage space in communication with a system arrangement space below the preheating ring. The top surface of the partition plate may also be positioned to be aligned with the top surface of the preheating ring.
	[0015]	The susceptor, for example, is rotationally driven via a rotary shaft member with the upper end coupled to the bottom surface of the susceptor. In this case, the susceptor lifting mechanism is configured to raise and lower the susceptor along with the rotary shaft member.
	[0016]	In the vapor phase growth system according to an embodiment of the present invention, a plurality of lift pins may be provided in the circumferential direction of the susceptor, with the lower end protruding downward from the susceptor, to lift up the single-crystal substrate in the form of pushing up the peripheral edge of the bottom surface of the single-crystal substrate on the susceptor from the bottom side. In this case, below the preheating ring in the reaction vessel body, a substrate lifting portion may be provided, including: lift pin driving arms provided corresponding to the lift pins, each of which has a lift pin biasing portion formed on a tip side of the arm to bias the corresponding lift pin upward from below; and a lift sleeve, which allows the rotation drive of the rotary shaft member, and is arranged outside the rotary shaft member coaxially and along the axis of the rotary shaft member where the base end of the lift pin driving arm is coupled to the lift sleeve.
	[0017]	The vapor phase growth system is configured to change the holding position of the susceptor in the height direction in the reaction vessel body by the susceptor lifting mechanism raising and lowering the susceptor. The position of the susceptor is changed so that the height dimension of the source gas distribution space defined between the main surface of the single-crystal substrate mounted on the susceptor and the bottom surface of the upper wall of the reaction vessel body can be changed stepwise or non-stepwise, allowing the adjustment of the flow velocity of the source gas when growing a semiconductor single-crystal layer on the single-crystal substrate, in turn allowing the adjustment of the semiconductor single-crystal layer.
	[0018]	In the present invention, a susceptor lifting mechanism is provided, which raises and lowers the susceptor between the first position and the second position, where in the first position, the top surface of the susceptor is positioned above the bottom surface of the preheating ring, and a source gas distribution space having a predetermined height dimension is defined between the top surface of the susceptor and a bottom surface of a ceiling plate of the reaction vessel body, and in the second position, the top surface of the susceptor is positioned below the bottom surface of the preheating ring, and a substrate loading/unloading space having a greater height dimension than that of the source gas distribution space is defined between the top surface of the susceptor and the bottom surface of the preheating ring to load/unload a single-crystal substrate onto the susceptor in the second position by a substrate transfer member. This allows sufficient space below the preheating ring for the substrate transfer member to move to and from the susceptor when loading/unloading the substrate to and from the susceptor even if a configuration with a narrower space between the bottom surface of the ceiling plate of the reaction vessel and a set of the susceptor and preheating ring is employed.

BRIEF DESCRIPTION OF THE DRAWINGS
	[0019]
FIG. 1 is a schematic diagram illustrating an example of an overall configuration of a vapor phase growth system according to an embodiment of a present invention,
FIG. 2 is a side cross-sectional view illustrating a process chamber,
FIG. 3 is a schematic diagram illustrating a silicon epitaxial wafer,
FIG. 4 is a perspective view illustrating an example of a lifting portion of a susceptor in the vapor phase growth system shown in FIG. 1,
FIG. 5 is a perspective view illustrating a lifting portion of a lift pin in FIG. 4,
FIG. 6 is a block diagram illustrating a control system of the vapor phase growth system shown in FIG. 1,
FIG. 7 is a flowchart illustrating an example of a processing flow of a control program in the control system shown in FIG. 6,
FIG. 8 is a first diagram illustrating an operation of the vapor phase growth system shown in FIG. 1,
FIG. 9 is a second diagram illustrating the operation of the vapor phase growth system shown in FIG. 1,
FIG. 10 is a third diagram illustrating the operation of the vapor phase growth system shown in FIG. 1,
FIG. 11 is a fourth diagram illustrating the operation of the vapor phase growth system shown in FIG. 1,
FIG. 12 is a fifth diagram illustrating the operation of the vapor phase growth system shown in FIG. 1, and
FIG. 13 is a sixth diagram illustrating the operation of the vapor phase growth system shown in FIG. 1.

DETAILED DESCRIPTION OF EMBODIMENTS
	[0020]	The following is a description of an embodiment of the present invention with reference to the accompanying drawings.
	[0021]	FIG. 1 is a schematic side cross-sectional view illustrating an example of a vapor phase growth system according to an embodiment of the present invention. As shown in FIG. 3, a vapor phase growth system 100 is used to grow a vapor phase of a silicon single-crystal thin film EL on the main surface (top surface) PP of a silicon single-crystal substrate W (hereinafter, simply referred to as “substrate W”) to produce a silicon epitaxial wafer EW. As shown in FIG. 1, a vapor phase growth system 100 includes a process chamber 1 for growing a vapor phase of a silicon single-crystal thin film EL on each substrate W, a preparation chamber 103 for transferring the substrates W inside the process chamber 1 (the inner space defines the preparation chamber), and a load lock chamber 104 coupled to the preparation chamber 103. The preparation chamber 103 is located between a reaction vessel body 2 and the load lock chamber 104.
	[0022]	Inside the preparation chamber 103 is a transfer robot 107 for transferring the substrates W between the load lock chamber 104 and the process chamber 1 alternatively. The transfer robot 107 includes a plurality of robot arms 105a, 105b, and 105c, which form a link mechanism. The robot arms 105a, 105b, and 105c are rotationally coupled to each other about corresponding individual rotation axes A1, A2, and A3, and the robot arm 105c is driven by a motor 107m to rotate such that the terminal robot arm 105a as the substrate transfer member (hereinafter, also referred to as the "substrate transfer member 105a) is driven forward and rearward in a horizontal direction. A substrate holder 105H is provided at the tip end of the substrate transfer member 105a. A substrate is placed on the top surface of the substrate holder 105H, and the substrate transfer member 105a advances and retracts in that state to transfer the substrate. That is, the transfer robot 107 serves as a substrate transfer member driving unit, which reciprocates the substrate transfer member 105a in the horizontal direction between the substrate attachment/removal position where the substrate holding portion 105H is positioned immediately above the susceptor 9 positioned at a second position  (FIG. 2: PS) described below and the preparation position where the substrate holding portion 105H is positioned inside the preparation chamber formed outside the reaction vessel body 2.
	[0023]	A preparation chamber shutter 108 (L-shaped gate valve) can be opened and closed in the portion of the preparation chamber 103 that is connected to the reaction vessel body 2 to ensure airtightness between the reaction vessel body 2 and the preparation chamber 103. The load lock chamber 104 is used to store multiple substrates W in a stacked state.
	[0024]	FIG. 2 illustrates a detailed structure of the process chamber 1. The process chamber 1 has a reaction vessel body 2 with a gas inlet port 22 on the first end side and a gas outlet port 21 on the second end side in the horizontal direction. The source gas G for producing a thin film is configured to be introduced into the reaction vessel body 2 through the gas inlet port 22, flow along the main surface of the substrate W, which is substantially horizontally and rotationally held in the inner space 5 of the reaction vessel body 2, and then be discharged through the gas outlet port 21. The entire reaction vessel body 2 is made of quartz and metallic materials such as stainless steel as well as other internal components.
	[0025]	In FIG. 2, in the inner space 5 of the reaction vessel body 2, a disk-shaped susceptor 9 rotationally driven by a motor 40 about a vertical rotation axis O is arranged, and only one substrate W for producing the silicon epitaxial wafer EW in FIG. 3 is placed within a shallow spot facing 9B (see FIG. 4) formed in the top surface of the susceptor 9. That is, the process chamber 1 is configured as a horizontal single-wafer vapor phase growth system. The substrate W is, for example, 100 mm or greater in diameter. In addition, As shown in FIG. 1, infrared heating lamps 11 for heating substrates are arranged at predetermined intervals at the top and bottom of the reaction vessel body 2, corresponding to the area where the substrate W is placed. As shown in FIG. 2, a preheating ring 32 is arranged inside the reaction vessel body 2 to surround the susceptor 9.
	[0026]	The source gas G is used for growing the vapor phase of the silicon single-crystal thin film on the substrate W above and is selected from silicon compounds such as SiHCl3, SiCl4, SiH2Cl2, SiH4, and Si2H6. The source gas G contains B2H6 or PH3 as dopant gas and H2, N2 and Ar as dilution gas as appropriate. When performing substrate pretreatment (e.g., removal of natural oxide film and adhered organic matter) prior to the thin film vapor phase growth process, a pretreatment gas formed by diluting a corrosive gas appropriately selected from HCl, HF, ClF3, and NF3, for example, with a dilution gas is supplied into the reaction vessel body 2 or a high-temperature heat treatment is performed in the atmosphere of H2.
	[0027]	As shown in FIG. 2, the susceptor 9 is rotationally driven by the motor 40 via a rotary shaft member 15 with an upper end coupled to the lower surface of the susceptor 9. The tip end of the rotary shaft member 15 is coupled to the central region of the lower surface of the susceptor 9, and the base ends of a plurality of susceptor support arms 15D are coupled to the intermediate portion of the rotary shaft member 15 in the axial direction. The tip end of each susceptor support arm 15D extends horizontally in the radial direction of the susceptor 9, and is coupled to the bottom surface of the susceptor 9 by a coupling pin 15C. The coupling pin 15C serves as a spacer to form a minute gap (about 1 mm in this embodiment) between the susceptor support arm 15D and the bottom surface of the susceptor 9. As shown in FIG. 5, the rotary shaft member 15 is configured by a shaft body 15A and a thermocouple 15B. The outer circumference of the upper end of the shaft body 15A has a tapered surface with a smaller diameter at the tip end. The upper end of the reduced diameter of the shaft body 15A is fitted into the cylindrical sleeve15Swithout relative rotation (in FIG. 5, the susceptor support arm 15D and coupling pin 15C are omitted).
	[0028]	The process chamber 1 includes a susceptor lifting mechanism 39, which raises and lowers the susceptor 9 between the first position PP and the second position PS shown in FIG. 2 (in FIG. 2, although the positions PP, PS, and Ph represent the positions of the base material BP1, in the following description, they are assumed to represent the positions of the susceptor 9). With the susceptor 9 in the first position PP, the top surface of the susceptor 9 is above the bottom surface of the preheating ring 32, and a source gas distribution space 5P (see FIG. 13) with a predetermined height dimension is secured between the top surface of the susceptor 9 and the bottom surface of the ceiling plate of the reaction vessel body 2. The first position PP above is defined such that the height dimension of the source gas distribution space 5P to be secured is a relatively narrow value greater than or equal to 5 mm and less than or equal to 15 mm (in this embodiment, about 10 mm).
	[0029]	In contrast, with the susceptor 9 in the second position PS, the top surface of the susceptor 9 is located below the bottom surface of the preheating ring 32, and a substrate loading/unloading space 5T (see FIGS. 9 to 12), which has a greater height dimension than that of the source gas distribution space 5P, is secured between the top surface of the susceptor 9 and the bottom surface of the preheating ring 32.
	[0030]	The susceptor lifting mechanism 39 is configured to raise and lower the susceptor 9 along with the rotary shaft member 15 (and the motor 40), and in this embodiment, the lift driving unit is configured by an air cylinder 41 (or an electric cylinder). The tip end of the cylinder rod of the air cylinder 41 is coupled to the susceptor assembly including the rotary shaft member 15 and the motor 40 via the base material BP1.
	[0031]	In this embodiment, the air cylinder 41 is configured with a three-position cylinder so that the height position of the susceptor 9 can be switched among the first position PP, the second position PS, and the reference position Pm, which is located between the first position PP and second position PS. The first position PP of the susceptor 9 is defined such that the main surface of the substrate W on the susceptor 9 is aligned with the top surface of the preheating ring 32. The top surface of the preheating ring 32 is aligned with the main surface of the silicon single-crystal substrate W on the susceptor 9, generating no step between the main surface of the substrate W and the preheating ring 32 and effectively suppressing turbulence in the source gas flow when passing through them.
	[0032]	In FIG. 2, a gas passage 36 is formed on the gas inlet port 22 side of the reaction vessel body 2. The partition plate 34 with the height position determined such that the front edge of the plate faces the side of the preheating ring 32 is positioned horizontally in the gas passage 36 (the periphery of the partition plate 34 can be fixed, for example, to the inner surface of the side wall forming the gas passage 36). The space above the partition plate 34 in the gas passage 36 corresponds to the upper passage space 36A, which is in communication with the source gas distribution space 5P (see FIG. 13). The space below the partition plate 34 in the gas passage 36 corresponds to the lower passage space 36B, which is in communication with the device arrangement space below the preheating ring 32. The partition plate 34 is provided, as shown in FIG. 13, to allow the source gas G to flow along the main surface of the substrate W in the source gas distribution space 5P without being disturbed by the vortex flow, for example, which runs from the peripheral side of the preheating ring 32 to the lower side of the preheating ring 32, allowing the thickness of the resulting silicon single-crystal film to be more even.
	[0033]	As shown in FIG. 2, the top surface of the partition plate 34 is defined to be aligned with the top surface of the preheating ring 32 in the present embodiment. This eliminates a step between the preheating ring 32 and the partition plate 34, effectively suppressing the turbulence in the source gas flow as it passes through them.
	[0034]	Next, a plurality of lift pins 13 are provided on the peripheral edge of the susceptor 9. The lift pins 13 are used to lift up the substrate W by pushing up the peripheral edge of the bottom surface of the substrate W from the bottom side with the bottom end of each protruding downward from the susceptor 9. Specifically, as shown in FIG. 4, in the peripheral edge of the bottom portion of the spot facing 9B of the susceptor 9, a plurality of lift pin insertion holes 14 are formed from the top to the bottom therethrough in the circumferential direction. As shown in FIG. 5, the spot facing is configured such that the upper end of each lift pin 13 has a greater diameter head than that of the base end, and the upper end of each insertion hole 14 in FIG. 4 corresponds to a diameter expanded to be in accordance with the head of the lift pin 13. The bottom surface of the head of the lift pin 13 contacts the bottom surface of the insertion hole 14 in the spot facing, preventing the lift pin from falling out of the susceptor 9.
	[0035]	As shown in FIG. 2, the substrate lift portion 20 (finger wafer lift) is located below the preheating ring 32. As shown in FIG. 5, the substrate lift portion 20 is configured by a lift sleeve 12B and a plurality of lift pin driving arms 12A with base ends coupled to the lift sleeve 12B. Each lift pin driving arm 12A is provided in accordance with the corresponding lift pin 13, and a lift pin biasing portion 12C is formed on the tip side of each lift pin driving arm 12A to apply upward force to the lift pin 13 from below. In this embodiment, three lift pin drive arms 12A are arranged at equal angular intervals about the central axis of susceptor 9, each extending horizontally in the radial direction of the susceptor 9 from the lift sleeve 12B. The lift pin biasing portion 12C, which forms the tip end of each lift pin driving arm 12A, is wider than the portion including the base end of the lift pin driving arm 12A, and formed as a lift plate facing the lower end surface of the lift pin 13 and the lower side. The lift sleeve 12B is cylindrical and can be raised and lowered integrally with the lift pin drive arms 12A coaxially outside the rotary shaft member 15 and along the axis O1 of the rotary shaft member 15, while allowing the rotary drive of the rotary shaft member 15.
	[0036]	As shown in FIG. 2, the substrate lift portion 20 is driven up and down by the substrate lift portion lifting mechanism 12 between the raised position PP’ and lowered position PS’ (in FIG. 2, the positions PP’ and PS’ represent the position of the base material BP2, but hereinafter, they are described as representing the position of the substrate lift portion 20). In this embodiment, the lift driving unit is configured by an air cylinder 42 (or an electric cylinder). The tip end of the cylinder rod of the air cylinder 42 is coupled to the lift sleeve 12B via the base material BP2.
	[0037]	When the lift sleeve 12B approaches relative to the bottom surface of the susceptor 9 along the rotary shaft member 15, the lift pins 13 are biased upward by the lift pin biasing portions 12C of the lift pin driving arms 12A. The substrate W on the susceptor 9 is then pushed up from the bottom side by the lift pins 13 to be lifted up, allowing the substrate W to be easily collected after the silicon single-crystal thin film is formed.
	[0038]	Hereinafter, an example of a control form of the process chamber 1 will be described. FIG. 6 is a block diagram illustrating the electrical configuration of the control system of the vapor phase growth system 100. The control system is configured in the form of a control computer 70 as the control entity. The control computer 70 is configured by a CPU 71, a ROM 72 (program storage unit) that stores a control program 72a, a RAM 73 that serves as work memory when the CPU 71 executes the control program 72a, and an input/output unit 74 that electrically inputs and outputs control information, all interconnected by an internal bus 75 (data bus + address bus).
	[0039]	The driving elements of the process chamber 1 shown in FIG. 1 are connected to the control computer 70 as described below. The infrared heating lamp 11 is connected to the I/O unit 74 via a lamp control circuit 11c. The thermocouple (temperature sensor) 15B for detecting the substrate temperature is connected to the I/O unit 74. The gas flow control devices 52 and 54 both have flow detection units and built-in valves (not shown), and are connected to the I/O unit 74 to receive instructions from the control computer 70 and control the source gas on each pipe continuously variable by the built-in valves above.
	[0040]	The motor 40, which drives the susceptor 9, is connected to the I/O unit 74 via a servo control unit 40c. The servo control unit 40c monitors the rotation speed of the motor 40 and controls the driving such that the rotation speed of the motor 40 (and, in turn, the susceptor 9) is maintained constant by referring to the rotation speed indication values from the control computer 70.
	[0041]	The air cylinder 41, which raises and lowers the susceptor 9, is connected to the I/O unit 74 via a cylinder driver 41c, and the air cylinder 42, which raises and lowers the substrate lift portion 20, is connected to the I/O unit 74 via the cylinder driver 42c. In addition, a motor 107m (FIG. 1), which drives the transfer robot 107, is connected to the I/O unit 74 via a servo control unit 107c. The servo control unit 107c grasps the position of the substrate transfer member 105a on the basis of the pulse input from a pulse generator 40p (rotation sensor) attached to the output shaft of the motor 107m, receives drive command information from the control computer 70, and controls its driving.
	[0042]	Referring to the flowchart in FIG. 7 and the operation illustrations in FIGS. 8 through 13, the operation of the vapor phase growth system 100 controlled by the control program 72a will be described below. In step S101 of FIG. 7, with the start of execution of the control program 72a, the air cylinders 41 and 42 (FIG. 6) are activated to move the susceptor 9 to the reference position Ph shown in FIG. 8 and the substrate lift portion 20 (finger wafer lift: hereinafter referred to as “FWL” in FIG. 7) to the raised position PP’. The reference position Ph of the susceptor 9 and the raised position PP’ of the substrate lift portion 20 are defined such that the distance between the bottom surface of the susceptor 9 and the lift pin biasing portions 12C of the substrate lift portion 20 is shorter than the protrusion length of the lift pins 13 from the bottom surface of the susceptor 9. Accordingly, the lift pins 13 are biased upward by the substrate lift portion 20 and protrude from the top surface of the susceptor 9. During this, in FIG. 1, the substrate W is transferred from the load lock chamber 104 into the preparation chamber 103 and mounted on the substrate holding portion 105H of the substrate transfer member 105a.
	[0043]	Next, in step S102 of FIG. 7, the air cylinders 41, 42 (FIG. 2) are activated to move the susceptor 9 to the second position PS and the substrate lift portion 20 to the lowered position PS’ as shown in FIG. 9. The susceptor 9 and substrate lift portion 20 are integrally lowered with the lift pins 13 protruding from the top surface of the susceptor 9, and a gap or the substrate loading/unloading space 5T is secured between the lift pins 13 and the bottom surface of the preheating ring 32 to receive the substrate transfer member 105a.
	[0044]	In this state, in step S103 of FIG. 7, an air cylinder 81 (FIG. 6) is driven to open the preparation chamber shutter 108 (FIG. 1). Then, in step S104, the motor 107m (FIG. 1) is driven to advance the substrate transfer member 105a with the substrate W mounted thereon. This allows, as shown in FIG. 10, the substrate holding portion 105H of the substrate transfer member 105A to enter the substrate loading/unloading space 5T along with the substrate W. At this time, a gap is formed between the top ends of the lift pins 13 and the bottom surface of the substrate holding portion 105H, and between the top surface of the substrate holding portion 105H and the bottom surface of the preheating ring 32, respectively. In this embodiment, the size of the gaps is all set to about 3.5 mm.
	[0045]	Then, in step S105 of FIG. 7, the air cylinders 41 and 42 (FIG. 2) are activated to return the susceptor 9 to the reference position Ph and the substrate lift portion 20 to the raised position PP’ as shown in FIG. 11. The susceptor 9 and substrate lift portion 20 are raised integrally with the lift pins 13 protruding from the top surface of the susceptor 9. The raised lift pins 13 contact the back surface of the substrate W that is exposed from the substrate holding portion 105H, and the substrate W is lifted up to the top of the substrate holding portion 105H.
	[0046]	Returning to FIG. 7, in step S106, the motor 107m (FIG. 1) is driven to retract the substrate transfer member 105a with the substrate W detached as shown in FIG. 12. If the retraction of the substrate transfer member 105a is completed, the process proceeds to step S107 and the air cylinder 81 (FIG. 6) is driven to close the preparation chamber shutter 108 (FIG. 1). The process then proceeds to step S108 to activate the air cylinder 41 (FIG. 2) to lift only the susceptor 9 to the first position PP as shown in FIG. 13. Since the height position of the substrate lift portion 20 is maintained and the lift pins 13 are stationary, the top surface of the susceptor 9 approaches the back surface of the substrate W, which is supported by the upper ends of the lift pins 13, and the substrate W is stuck in the spot facing 9B (FIG. 4). This mounts the substrate W on the susceptor 9 and the main surface of the substrate W is aligned with the top surface of the preheating ring 32. The height dimension of the source gas distribution space 5P is secured to a relatively narrow value greater than or equal to 5 mm and less than or equal to 15 mm (about 10 mm in this embodiment).
	[0047]	Next, in step S109, the infrared heating lamp 11 is activated to increase the temperature in the inner space 5 to a set temperature. In step S110, the susceptor 9 is started to be rotationally driven, and in step S111, the source gas is started to be circulated at a predetermined set flow rate. This deposits a silicon single-crystal layer on the substrate W.
	[0048]	At this time, as shown in FIG. 13, the growth rate of a silicon single-crystal layer on the substrate W is increased since the height dimension of the source gas distribution space 5P is directed to a narrow value as described above, improving the production efficiency. In addition, since the susceptor 9 approaches the infrared heating lamp 11, the rate of temperature increase is increased when the substrate W is heated to the target temperature, thereby shortening the heating sequence. The increase in the gas filling rate of the source gas distribution space 5P also contributes to the improvement in the rate of the temperature increase of the substrate W. If the height dimension of the source gas distribution space 5P exceeds 15 mm, the effect of improving the growth rate of the silicon single-crystal layers may be insufficient. In contrast, if the height dimension of the source gas distribution space 5P is below 5 mm, the distribution resistance of the source gas to the source gas distribution space 5P may be excessive so that the flow velocity of the source gas may be difficult to be ensured.
	[0049]	The process chamber 1 is configured as a cold-wall type vapor phase growth system. When employing such a cold-wall type vapor phase growth system, Japanese Laid-Open Patent Publication No. 2011-165948 suggests that increasing the flow velocity of the source gas may suppress the accumulation of silicon deposits as reaction products on the inner wall of the quartz glass forming the reaction vessel body 2 during the epitaxial growth. On the basis of the configuration of the present invention, the accumulation of the silicon deposits on the inner surface of the reaction vessel body 2 may also be advantageously restricted by reducing the height dimension of the source gas distribution space 5P and increasing the flow velocity of the source gas as shown in FIG.13, for example. The above advantageous effect is expected to be particularly noticeable when conditions that tend to cause the accumulation of the silicon deposits are employed, such as a case where SiH2Cl2 (dichlorosilane S) is used as the silicon source gas and epitaxial growth is performed at high temperatures (e.g., 1,150°C) and reduced pressure (e.g., 60 Torr).
	[0050]	Returning to FIG. 7, if the film deposition is completed, the process proceeds to step S112 to stop the rotation of the susceptor 9. In step S113, the distribution of the source gas is stopped. In step S114, the susceptor 9 is moved to the reference position Ph by activating the air cylinders 41 and 42 (see FIG. 2), and the substrate lift portion 20 is moved to the raised position PP’. Then, as in FIG. 12, the lift pins 13 are raised and the substrate W is lifted up above the substrate holding portion 105H after the deposition is completed.
	[0051]	Then, in step S115 in FIG. 7, the air cylinder 81 (FIG. 6) is driven to open the preparation chamber shutter 108 (FIG. 1). In step S116, the motor 107m (FIG. 1) is driven to advance the empty substrate transfer member 105a (the same condition as in FIG. 11). In step S117, the air cylinders 41, 42 (FIG. 6) are activated to move the susceptor 9 to the second position PS in FIG. 2 and move the substrate lift portion 20 to the lower position PS’. The susceptor 9 and substrate lift portion 20 are lowered integrally with the lift pins 13 protruding from the top surface of the susceptor 9. This causes the state to be the same as that in FIG. 10 in which the substrate W after deposition, which have been supported by the upper ends of the lift pins 13, is set on the substrate holding portion 105H with its descent regulated by the substrate holding portion 105H. In contrast, the lift pins 13 are detached downward from the substrate W.
	[0052]	Then, in step S118 of FIG. 7, the motor 107m (FIG. 1) is driven to retract the substrate transfer member 105a with the substrate W set. This causes the deposited substrate W to be collected in the preparation chamber 103. In step S119, the air cylinder 81 (FIG. 6) is driven to close the preparation chamber shutter 108 (FIG. 1).
	[0053]	The embodiments of the present invention are described above, but they are not limited to these described above. For example, in the above embodiment, a single-wafer system for manufacturing silicon epitaxial wafers by chemical vapor deposition (CVD) is illustrated as the process chamber 1, but the manufacturing object is not limited to the silicon epitaxial wafers. The present invention may also be applied to a system for epitaxial growth of a compound semiconductor single-crystal layer on a single-crystal substrate such as sapphire and silicon by metal-oxide vapor phase epitaxy (MOVPE).
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CLAIMS

1. A vapor phase growth system for growing a semiconductor single-crystal thin film on a main surface of a single-crystal substrate, the vapor phase growth system comprising:
a reaction vessel body including a gas inlet port on a first end side and a gas outlet port on a second end side in a horizontal direction, wherein  the reaction vessel body is configured such that the single-crystal substrate is substantially horizontally and rotationally held on a disk-shaped susceptor, which is rotated and driven in an inner space of the reaction vessel body, and a source gas for forming a semiconductor single-crystal thin film is introduced into the reaction vessel body through the gas inlet port, flows along the main surface of the single-crystal substrate, and then is discharged through the gas outlet port, and a preheating ring is arranged to surround the susceptor;
a susceptor lifting mechanism, which raises and lowers the susceptor between a first position and a second position, wherein in the first position, a top surface of the susceptor is positioned above a bottom surface of the preheating ring, and a source gas distribution space having a predetermined height dimension is defined between the top surface of the susceptor and a bottom surface of a ceiling plate of the reaction vessel body, and in the second position, the top surface of the susceptor is positioned below the bottom surface of the preheating ring, and a substrate loading/unloading space having a greater height dimension than that of the source gas distribution space is defined between the top surface of the susceptor and the bottom surface of the preheating ring;
a substrate transfer member having a substrate holding portion at a front end of the substrate transfer member, wherein the single-crystal substrate is loaded and unloaded in a form of being held horizontally; and
a substrate transfer member driving unit, which reciprocates the substrate transfer member horizontally between a substrate loading/unloading position and a preparation position, wherein in the substrate loading/unloading position, with respect to the susceptor positioned in the second position, the substrate holding portion is positioned immediately above the susceptor, and in the preparation position, the substrate holding portion is positioned in a preparation chamber formed outside the reaction vessel body.

2. The vapor phase growth system according to claim 1, wherein the first position is defined such that a height dimension of the source gas distribution space is greater than or equal to 5 mm and less than or equal to 15 mm.

3. The vapor phase growth system according to claim 1 or 2, wherein the first position is defined such that the main surface of the single-crystal substrate on the susceptor is aligned with a top surface of the preheating ring.

4. The vapor phase growth system according to any one of claims 1 to 3, wherein:
a direction of distribution of the source gas is determined such that a side where the preparation chamber is provided is the first end and a side opposite to the preparation chamber with respect to a rotation axis of the susceptor is the second end of the reaction vessel body, and a portion in the inner space of the reaction vessel body between a preparation chamber shutter and the preheating ring serves as a gas passage, wherein the preparation chamber shutter partitions the space from the preparation chamber in an openable and closable manner, 
the gas passage includes a partition plate horizontally positioned at a height position determined such that a front edge of the plate faces a side of the preheating ring, a space above the partition plate in the gas passage defines an upper passage space in communication with the source gas distribution space, and a space below the partition plate of the gas passage defines a lower passage space in communication with a system arrangement space below the preheating ring.

5. The vapor phase growth system according to claim 4, wherein a top surface of the partition plate is set to be aligned with a top surface of the preheating ring.

6. The vapor phase growth system according to any one of claims 1 to 5, wherein the susceptor is rotationally driven via a rotary shaft member with an upper end coupled to a lower surface of the susceptor, and wherein the susceptor lifting mechanism raises and lowers the susceptor along with the rotary shaft member.

7. The vapor phase growth system according to claim 6, wherein a plurality of lift pins are provided in a circumferential direction of the susceptor, with a lower end protruding downward from the susceptor, to lift up the single-crystal substrate in a form of pushing up a peripheral edge of a bottom surface of the single-crystal substrate on the susceptor from a bottom side, and below the preheating ring in the reaction vessel body, a substrate lifting portion may be provided, including: lift pin driving arms provided corresponding to the lift pins, each of which has a lift pin biasing portion formed on a tip side of the arm to bias the corresponding lift pin upward from below; and a lift sleeve, which allows a rotation drive of the rotary shaft member, and is arranged outside the rotary shaft member coaxially and along an axis of the rotary shaft member where the base end of the lift pin driving arm is coupled to the lift sleeve.

8. A method for manufacturing an epitaxial wafer including the steps of:
Using a vapor phase growth system for growing a semiconductor single-crystal thin film on a main surface of a single-crystal substrate, the vapor phase growth system comprising: a reaction vessel body including a gas inlet port on a first end side and a gas outlet port on a second end side in a horizontal direction, wherein the reaction vessel body is configured such that the single-crystal substrate is substantially horizontally and rotationally held on a disk-shaped susceptor, which is rotated and driven in an inner space of the reaction vessel body, and a source gas for forming a semiconductor single-crystal thin film is introduced into the reaction vessel body through the gas inlet port, flows along the main surface of the single-crystal substrate, and then is discharged through the gas outlet port, and a preheating ring is arranged to surround the susceptor; a susceptor lifting mechanism, which raises and lowers the susceptor between a first position and a second position, wherein in the first position, a top surface of the susceptor is positioned above a bottom surface of the preheating ring, and a source gas distribution space having a predetermined height dimension is defined between the top surface of the susceptor and a bottom surface of a ceiling plate of the reaction vessel body, and in the second position, the top surface of the susceptor is positioned below the bottom surface of the preheating ring, and a substrate loading/unloading space having a greater height dimension than that of the source gas distribution space is defined between the top surface of the susceptor and the bottom surface of the preheating ring; a substrate transfer member having a substrate holding portion at a front end of the substrate transfer member, wherein the single-crystal substrate is loaded and unloaded in a form of being held horizontally; and a substrate transfer member driving unit, which reciprocates the substrate transfer member horizontally between a substrate loading/unloading position and a preparation position, wherein in the substrate loading/unloading position, with respect to the susceptor positioned in the second position, the substrate holding portion is positioned immediately above the susceptor, and in the preparation position, the substrate holding portion is positioned in a preparation chamber formed outside the reaction vessel body;
obtaining an epitaxial wafer by placing the single-crystal substrate on the susceptor in the reaction vessel with the susceptor in the second position, then raising the susceptor in which the single-crystal substrate is placed to the first position, distributing the source gas in the reaction vessel, and epitaxially growing a vapor phase of the semiconductor single-crystal thin film on the single-crystal substrate.



