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[bookmark: _Hlk129274735]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 system.

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 rotationally and horizontally held 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. 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 walls of the reaction vessel is kept low, and the temperature of the silicon substrate and susceptor is increased.
	[0003]	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 flow rate 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.
	[0004]	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).
	[0005]	That is, the greater the gas flow rate 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 flow rate, 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]
	[0006]
Patent Document: Japanese Laid-Open Patent Publication No. 2005-183510

SUMMARY OF THE INVENTION
	[0007]	On the basis of the above considerations, it is considered effective to employ a configuration with a reduced space height between the main surface of the substrate as the source gas distribution channel and the lower surface of the ceiling plate of the reaction vessel to increase the flow rate of the 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 configuration in which the susceptor holding the substrate is positioned closer to the lower surface of the ceiling plate of the reaction vessel in the height direction during the semiconductor single-crystal growth process.
	[0008]	In contrast, as the growth rate of the semiconductor single-crystal layer increases, the thickness distribution width in the plane of the formed semiconductor single-crystal layer tends to increase. For example, if the demand for flatness of the main surface of the epitaxial wafer where elements are fabricated is particularly stringent due to the die shrink of electronic devices, it may be advantageous to keep the growth rate of the semiconductor single-crystal layer low. In this case, it is considered effective to reduce the flow rate of the source gas by employing a configuration in which the susceptor is positioned away from the lower surface of the ceiling plate of the reaction vessel, i.e., a configuration in which the space height between the substrate main surface, which serves as the source gas distribution channel, and the lower surface of the ceiling plate of the reaction vessel is increased.
	[0009]	For example, Japanese Registered Patent No. 6068255 discloses a vapor phase growth system that incorporates a mechanism to raise and lower a susceptor (and a susceptor cover) in a reaction vessel. However, the purpose of raising and lowering the susceptor in JP6068255 is to improve workability during system maintenance, and JP6068255 fails to disclose the technical concept of adjusting the flow rate of the source gas by changing the susceptor position during the growth of the semiconductor single-crystal layers. In addition, even if a mechanism the same as that of JP6068255 is employed to adjust the flow rate of the source gas, the following problem would arise.
	[0010]	That is, it is 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 the 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.
	[0011]	However, the system of JP6068255 fails to include the preheating ring described above, and even in the case where it included the preheating ring, if the height position of the preheating ring is fixed in the reaction vessel, the relative positional relationship between the substrate on the susceptor and the preheating ring in the height direction changes significantly as the height position of the susceptor is changed. As a result, if a height misalignment between the preheating ring and the substrate becomes greater due to the change setting of the susceptor holding position, the preheating ring will not be effective enough to equalize the heat to the outer circumferential portion of the substrate, leading to large thickness variation of the semiconductor single-crystal layer. In addition, since a large step is generated between the main surface of the substrate and the preheating ring, the flow of source gas is easily disturbed as it passes through the step, which can also be a factor causing variations in the thicknesses of the semiconductor single-crystal layers.
	[0012]	An object of the present invention is to allow adjustment of the flow rate of the source gas by changing the susceptor position in a vapor phase growth system with a preheating ring around the susceptor, and to reduce the effect on the thickness variation of the semiconductor single-crystal layer caused by the change of the susceptor position.
	[0013]	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. The system further includes a susceptor position changing mechanism, which changes a height position of holding the susceptor in the reaction vessel body on the basis of raising and lowering of the susceptor to change and set a height dimension of a source gas distribution space formed between the main surface of the single-crystal substrate mounted on the susceptor and a lower surface of an upper wall portion of the reaction vessel body in a stepwise or non-stepwise manner; and a preheating ring position changing mechanism, which changes a height position of holding the preheating ring in the reaction vessel body on the basis of raising and lowering of the preheating ring in accordance with the change in the height position of holding the susceptor.
	[0014]	A method for manufacturing an epitaxial wafer according to an embodiment of the present invention includes the steps of: arranging a single-crystal substrate in a reaction vessel body of a vapor phase growth system including: the 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, where 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 rotationally 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 position changing mechanism, which changes a height position of holding the susceptor in the reaction vessel body on the basis of raising and lowering of the susceptor to change and set a height dimension of a source gas distribution space formed between the main surface of the single-crystal substrate mounted on the susceptor and a lower surface of an upper wall portion of the reaction vessel body in a stepwise or non-stepwise manner; and a preheating ring position changing mechanism, which changes a height position of holding the preheating ring in the reaction vessel body on the basis of raising and lowering of the preheating ring in accordance with the change in the height position of holding the susceptor; distributing the source gas in the reaction vessel body; and performing vapor phase epitaxial growth of the semiconductor single crystal thin film on the single-crystal substrate to obtain an epitaxial wafer.
	[0015]	In the vapor phase growth system according to the embodiment of the present invention, the preheating ring position changing mechanism may be desirably configured to change the height position of holding the preheating ring such that the main surface of the single-crystal substrate on the susceptor is aligned with a top surface of the preheating ring as the height position of holding the susceptor is changed.
	[0016]	Further, the susceptor position changing mechanism may be configured to change the height position of holding the susceptor between a susceptor side first position, in which a height dimension of the source gas distribution space corresponds to a first dimension, and a susceptor side second position, in which a height dimension of the source gas distribution space corresponds to a second dimension which is smaller than the first dimension. In this case, the preheating ring position changing mechanism may be configured to change the height position of holding the preheating ring between the first position on the ring side and the second position on the ring side corresponding to the first position on the susceptor side and the second position on the susceptor side, respectively.
	[0017]	The susceptor, for example, is rotationally driven via a rotary shaft member with the upper end coupled to the lower surface of the susceptor. In this case, the susceptor position changing mechanism is configured to raise and lower the susceptor along with the rotary shaft member. The preheating ring position changing mechanism can be configured to include a lift sleeve, which is coaxially positioned outside the rotary shaft member and along an axis of the rotary shaft member while allowing the rotary shaft member to be rotationally driven, a coupling member, which couples the lift sleeve to the preheating ring, and a lifting driving unit, which raises and lowers the lift sleeve and the coupling member in an integrated manner.
	[0018]	In the vapor phase growth system according to an embodiment of the present invention, lift pins may be provided each with the lower end protruding downward from the susceptor, to lift up the semiconductor substrate in the form of pushing up the semiconductor substrate on the susceptor from the bottom side. In this case, a configuration can be employed in which the base ends of the lift pin driving arms are coupled to the lift sleeve to bias the lift pins upward from below.
	[0019]	In the vapor phase growth system according to an embodiment of the present invention, around the susceptor in the reaction vessel body, a lower liner formed in an annular shape with an outer circumferential surface positioned facing the gas inlet port, and an annular upper liner positioned above and opposite the lower liner may be provided. The upper liner guides a flow of the source gas over the main surface of the single-crystal substrate on the susceptor, which is supplied through the gas inlet port, flows against the outer circumferential surface of the lower liner, is dispersed circumferentially, and flows over the lower liner. The lower liner may be configured to include a liner base, which forms the outer circumferential surface and is attached to the reaction vessel body in a fixed vertical position, and a liner movable portion to which the preheating ring is attached on an upper surface thereof, which liner movable portion can slide vertically along with the preheating ring with respect to the liner base. In this case, the coupling member above is configured by the liner movable portion and a coupling auxiliary portion having one end coupled to the lift sleeve and the other end to the liner movable portion.
	[0020]	In this configuration, the preheating ring may be attached to the liner movable portion, for example, such that the top surface of the preheating ring is aligned with the top surface of the liner movable portion. Further, the liner movable portion includes a cylindrical sliding portion with a base end inserted into a groove, which opens on an upper surface of the liner base and is engraved along a circumferential direction of the liner base where the sliding portion slides up and down within the groove. The liner movable portion further includes a flange portion, which extends radially inward from an upper end edge of the sliding portion.  The preheating ring is attached to an upper surface of the flange portion.
	[0021]	The vapor phase growth system according to the present invention is configured to change the height position of holding the susceptor in the reaction vessel body by raising and lowering the susceptor by the susceptor position changing mechanism. 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 lower surface of the upper wall of the reaction vessel body can be changed stepwise or non-stepwise, allowing the adjustment of the flow rate 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.
	[0022]	In the present invention, a preheating ring position changing mechanism is provided to change the height position of holding the preheating ring in the reaction vessel body on the basis of the raising and lowering of the preheating ring in accordance with the change in the height position of holding the susceptor. This reduces the misalignment between the preheating ring and the substrate in the height direction even if the susceptor holding position is changed, advantageously reducing the effects of insufficient heat equalization effect on the outer circumference of the substrate due to the preheating ring and the effect of turbulence in the source gas flow due to a step between the substrate main surface and the preheating ring, and thereby reducing the effects on the thickness variation of the resulting semiconductor single-crystal layer.

BRIEF DESCRIPTION OF THE DRAWINGS
	[0023]
	FIG. 1 is a side cross-sectional view illustrating an example of a vapor phase growth system according to an embodiment of the present invention,
	FIG. 2 is a schematic diagram illustrating a silicon epitaxial wafer,
	FIG. 3 is a side cross-sectional view illustrating an example of a lifting and sliding portion of a preheating ring in the vapor phase growth system shown in FIG. 1,
	FIG. 4 is a perspective view illustrating a lift pin driving mechanism taken out of the vapor phase growth system illustrated in FIG. 1,
	FIG. 5 is a plan view illustrating an example of an arrangement form of an auxiliary coupling portion that raises and lowers the preheating ring,
	FIG. 6 is a diagram illustrating the operation of the vapor phase growth system shown in FIG. 1,
	FIG. 7 is a schematic diagram illustrating the vapor phase growth system shown in FIG. 1,
	FIG. 8 is a block diagram illustrating a control system of the vapor phase growth system shown in FIG. 1,
	FIG. 9 is a schematic diagram illustrating a set value table,
	FIG. 10 is a flowchart illustrating an example of a processing flow of a control program in the control system shown in FIG. 8,
	FIG. 11 is a schematic diagram illustrating an example of a screw shaft mechanism, and
	FIG. 12 is a side cross-sectional view illustrating a variation of the lifting sliding portion of the preheating ring.

DETAILED DESCRIPTION OF EMBODIMENTS
	[0024]	The following is a description of an embodiment of the present invention with reference to the accompanying drawings.
	FIG. 1 is a schematic side cross-sectional view illustrating an example of a vapor phase growth system 1 according to an embodiment of the present invention. As shown in FIG. 2, the vapor phase growth system 1 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 to produce a silicon epitaxial wafer EW. As shown in FIG. 1, the vapor phase growth system 1 has a reaction vessel body 2 with a gas inlet port 21 on the first end side and a gas outlet port 22 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 21, flow along the main surface of a silicon single-crystal substrate W (hereinafter, simply referred to as “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 22. The entire reaction vessel body 2 is made of quartz and metallic materials such as stainless steel as well as other internal components, and has a structure divided into a lower portion 3 and an upper portion 4 of the body. The inner space 5 includes a source gas distribution space 5A, which is partitioned by the upper portion 4C of the body with the ceiling plate 4C, and a system arrangement space 5B, which is partitioned by the lower portion 3 of the body.
	[0025]	FIG. 7 is a schematic plan view illustrating a configuration of the vapor phase growth system 1. The gas inlet port 21 in FIG. 1 includes a plurality of horizontally arranged gas inlet ports 21A, 21B. The source gas G is introduced into the inner space 5 through the gas inlet ports 21A, 21B by way of the gas piping 50. In this embodiment, the gas piping 50 is branched into inner piping 53 and outer piping 51, and the flow rate of the source gas may be adjusted by corresponding gas flow rate regulators 52, 54. The inner piping 53 opens the inner gas inlet port 21A. The outer piping 51 is further divided into branch pipings 55, 55, which open corresponding outer gas inlet ports 21B, 21B. The source gas G1 through the gas inlet port 21A is supplied to the area forming the central portion of the substrate W, and the source gas G2 through the gas inlet port 21B is supplied to the areas at both the left and right ends of the substrate W, then aggregated at the gas outlet port 22, and discharged into the gas discharge piping 60.
	[0026]	The source gas (G1, G2) 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]	In FIG. 1, 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. 2 is placed within a shallow spot facing 9B (see FIG. 4) formed in the top surface of the susceptor 9. That is, the vapor phase growth system 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. Further, a preheating ring 32 is arranged inside the reaction vessel body 2 to surround the susceptor 9. The source gas distribution space 5A described above is formed between the main surface of the substrate W mounted on the susceptor 9 and the lower surface of the ceiling plate 4C of the reaction vessel body 2.
	[0028]	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 base ends of a plurality of susceptor supporting arms 15D are coupled to the tip end position of the rotary shaft member 15. The tip end of each susceptor supporting arm 15D extends in the radial direction of the susceptor 9 while tilting upward, and is coupled to the outer peripheral edge region of the lower surface of the susceptor 9 by a coupling pin 15C.
	[0029]	The vapor phase growth system 1 includes a susceptor position changing mechanism 39 to change and set the height dimension of the source gas distribution space 5A. The susceptor position changing mechanism 39 is used to change the height position of holding the susceptor 9 in the reaction vessel body 2 on the basis of the raising and/or lowering of the susceptor 9. The susceptor position changing 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 lifting driving portion 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.
	[0030]	The height position of holding the susceptor 9 in the silicon single-crystal thin film growth process is selectively set either the first position on the susceptor side (corresponding to the rod retracted position P1 of the air cylinder 41 in FIG. 6; hereinafter also referred to as susceptor side first position P1) where the height dimension d of the source gas distribution space 5A corresponds to the first dimension h shown in FIG. 1 or the second position on the susceptor side (corresponding to the rod advanced position P2 of the air cylinder 41: hereinafter also referred to as susceptor side second position P2) as the second dimension h’ (smaller than the first dimension h) shown in FIG. 6. This configuration has the advantageous effects in that the configuration of the lifting driving unit can be significantly simplified although the values that can be changed for the height dimensions of the source gas distribution space 5A are limited to the first dimension h and the second dimension h’.
	[0031]	Next, the vapor phase growth system 1 shown in FIG. 1 has a preheating ring position changing mechanism 12. The preheating ring position changing mechanism 12 is used to change the height position of holding the preheating ring 32 in the reaction vessel body 2 on the basis of the raising and lowering of the preheating ring 32 in accordance with the change in the height position of holding the susceptor 9. In this embodiment, the preheating ring position changing mechanism 12 includes: a lift sleeve 12B arranged coaxially outside the rotary shaft member 15 and along the axis of the rotary shaft member 15, and capable of being raised and lowered relative to the rotary shaft member 15 while allowing the rotational driving of the rotary shaft member 15, in turn the susceptor 9; a coupling member (liner movable portion 33 and coupling auxiliary portion 35: to be described later), which couples the lift sleeve 12B and the preheating ring 32; and a lifting driving unit (air cylinder 42), which drives the raising and lowering of the lift sleeve 12B and the coupling member in an integrated manner. This configuration allows the base portion for raising and lowering the preheating ring 32 to be integrated around the rotary shaft member 15 in the form of the lift sleeve 12B, thereby configuring the preheating ring position changing mechanism 12 compact within the limited space (system arrangement space 5B) below the susceptor 9 in the reaction vessel body 2.
	[0032]	As shown in FIG. 1, an annular lower liner 29 is provided around the susceptor 9 in the reaction vessel body 2, with the outer circumferential surface positioned to face the gas inlet port 21. An annular upper liner 30 is provided opposite the lower liner 29 above it. The source gas G supplied through the gas inlet port 21 contacts the outer circumferential surface of the lower liner 29 and tries to flow over the lower liner 29 while dispersing in the circumferential direction. The upper liner 30 serves to direct the flow of this source gas G onto the main surface of the silicon single-crystal substrate W on the susceptor 9.
	[0033]	The lower liner 29 includes a liner base 31 and a liner movable portion 33. The liner base 31 is attached to the reaction vessel body 2 in a fixed vertical position. The liner movable portion 33 includes a preheating ring 32 attached to an upper surface of the liner movable portion 33 and is slidably attached to the liner base 31 in the vertical direction integrally with the preheating ring 32. The liner base 31 forms the outer circumferential surface described above, which receives the flow of the source gas G supplied through the gas inlet port 21. The coupling member described above is configured by the liner movable portions 33 and coupling auxiliary portions 35 each having one end coupled to the lift sleeve 12B and the other end to the corresponding liner movable portion 33. In FIG. 1, each coupling auxiliary portion 35 is formed in the shape of an arm with a base end coupled to the lift sleeve 12B and a tip end coupled to the corresponding liner movable portion 33. A plurality of the coupling auxiliary portions 35 is provided (four in the configuration shown in FIG. 5) around the central axis of the lift sleeve 12B, for example, as shown in FIG. 5. In FIG. 5, the susceptor 9 and preheating ring 32 are omitted.
	[0034]	As shown enlarged in FIG. 3, the liner movable portion 33 has a cylindrical sliding portion 33A and a flange portion 33B extending radially inward from the upper end edge of the sliding portion 33A. On the other hand, the liner base 31 has a groove portion 31g engraved into the liner base 31, which is open on the top surface of the liner base 31 and along the circumferential direction. The lower end of the sliding portion 33A of the liner movable portion 33 is inserted into the groove portion 31g and slides up and down in the groove portion 31g. The preheating ring 32 is attached to the top surface of the flange portion 33B. In the above configuration, the sliding portion 33A of the liner movable portion 33 to which the preheating ring 32 is directly attached slides in the height direction inside the groove portion 31g of the liner base 31 while fitting into the groove portion 31g of the liner base 31, facilitating horizontally maintaining the preheating ring 32 when the height position of holding the preheating ring 32 is changed.
	[0035]	As shown in FIG. 1, the preheating ring position changing mechanism 12 includes an air cylinder 42 as the lifting driving unit in this embodiment. The tip end of the cylinder rod of the air cylinder 42 is coupled to the liner movable portion 33 via the base material BP2. The preheating ring position changing mechanism 12 changes the height position of the preheating ring 32 between the first position on the ring side (see FIG. 6: rod retracted position P1’ of the air cylinder 42: hereinafter also referred to as ring side first position P1’) corresponding to the susceptor side first position (FIG. 6, refer to reference numeral P1) shown in FIG. 1 and the second position on the ring side (see FIG. 6: corresponding to the rod advanced position P2’: hereinafter also referred to as ring side second position P2’) corresponding to the susceptor side second position shown in FIG. 6 (FIG. 6: see reference numeral P2). This also greatly simplifies the configuration of the lifting driving unit of the preheating ring position changing mechanism 12.
	[0036]	In this embodiment, the preheating ring position changing mechanism 12 is configured to change the height position of holding the preheating ring 32 such that the main surface of the silicon single-crystal substrate W on the susceptor 9 is aligned with the top surface of the preheating ring 32 as the height position of holding the susceptor 9 is changed, as shown in FIGS. 1 and 3. Even if the height position of holding the preheating ring 32 is changed, 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 and the preheating ring 32 and effectively suppressing turbulence in the source gas flow when passing through them.
	[0037]	As shown in FIG. 3, the preheating ring 32 is attached to the liner movable portion 33 such that the top surface of the preheating ring 32 is aligned with the top surface of the liner movable portion 33. This eliminates the step between the top surface of the preheating ring 32 and the top surface of the liner movable portion 33 (lower liner), more effectively suppressing turbulence in the source gas flow. In this embodiment, the preheating ring 32 is attached to the liner movable portion 33 in the form of being fitted into the spot facing 33K formed along the inner circumferential edge of the top surface of the flange portion 33B.
	[0038]	Next, as shown in FIG. 1, the susceptor 9 includes lift pins 13, which lift up the substrate W on the susceptor 9 from below and include lower ends protruding downward from the susceptor 9. FIG. 4 is a perspective view illustrating the taken out lift pin driving mechanism (drawn such that portions related to the raising and lowering of the preheating ring 32, such as the coupling auxiliary portions 35, are omitted). 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. 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 corresponds to a diameter expanded to be in accordance with the head of the lift pin 13. The lower 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.
	[0039]	The base end of each of a plurality of the lift pin driving arms 12A for biasing the corresponding lift pin 13 upward from below is coupled to the lift sleeve 12B above. This configuration allows the lift sleeve 12B to be shared by the preheating ring position changing mechanism 12 and the biasing mechanisms of the lift pins 13, reducing the number of parts.
	[0040]	Each lift pin driving arm 12A extends in the radial direction of the susceptor 9 with the tip end inclined upward (in the example shown in FIG. 4, three lift pin driving arms 12A are arranged at equal angular intervals around the central axis of the susceptor 9). The tip end of each lift pin driving arm 12A is wider than the base portion thereof, and a lift plate 12C is formed to face the lower end surface of the corresponding lift pin 13 and the lower side.
	[0041]	When the lift sleeve 12B approaches relative to the lower surface of the susceptor 9 along the rotary shaft member 15, the lift pins 13 are biased upward by the lift plates 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. With the height position of the lift sleeve 12B fixed, the susceptor 9 may be lowered and the lift pins 13 may be biased by integrally retreating the susceptor 9 and rotary shaft member 15 (and the motor 40 and air cylinder 41) by another air cylinder (not shown).
	[0042]	The operations of the vapor phase growth system 1 above will be described below.
	As shown in FIG. 1, after setting the substrate W on the susceptor 9 and performing pretreatment such as natural oxide film removal as needed, the air cylinder 41 of the susceptor position changing mechanism 39 is driven to set the height position of the susceptor 9 (and the substrate W supported by the susceptor 9) to either the first susceptor side position P1 shown in FIG. 1 or the susceptor side second position P2 shown in FIG. 6. Accordingly, the height dimension of the source gas distribution space 5A may be the first dimension h where the flow rate of the source gas is small at the setting of the first position P1 (FIG. 1) on the susceptor side, and the second dimension h’ (<h) where the flow rate of the source gas is great at the setting of the second position P2 (FIG. 6) on the susceptor side.
	[0043]	Further, the air cylinder 42 of the preheating ring position changing mechanism 12 is driven to set the height position of the preheating ring 32 to the corresponding first position P1’ on the ring side when the first position P1 on the susceptor side (FIG. 1) is set, and to the corresponding second position P2’ on the ring side when the second position P2 on the susceptor side (FIG. 6) is set. In both cases, the top surface position of the preheating ring 32 is aligned such that it is almost flush with the main surface (top surface) of the substrate W on the susceptor 9.
	[0044]	In this state, the substrate W is heated to a predetermined reaction temperature by the infrared heating lamps 11 in the state where the substrate W is rotated, and the source gas G is introduced into the reaction vessel body 2 through the gas inlet port 21. The source gas G flows toward the outer circumferential surface of the liner base 31 of the lower liner 29. The gas flow contacting the outer circumferential surface of the liner base 31 rides over the top surface of the liner movable portion 33, passes through the top surface of the preheating ring 32, flows along the main surface of the substrate W, and is discharged through the gas outlet port 22. In this process, as shown in FIG. 2, a silicon single-crystal thin film EL is epitaxially grown on the main surface PP of the substrate W.
	[0045]	In a single-wafer vapor phase growth system such as the vapor phase growth system 1, the setting position shown in FIG. 1 is convenient in the case where the growth rate of semiconductor single-crystal layers should be maintained low, for example, when the requirement for flatness of the main surface of the epitaxial wafer where elements are fabricated is particularly strict. In contrast, the setting positions of the susceptor 9 and preheating ring 32 shown in FIG. 6 are convenient for increasing the growth rate of semiconductor single-crystal layers and improving production efficiency. In addition, since the susceptor 9 approaches the infrared heating lamps 11 closer in the setting position, 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 5A also contributes to the improvement in the rate of the temperature increase of the substrate W.
	[0046]	As already described above, the top surface of the preheating ring 32 is aligned with the main surface (top surface) of the substrate W on the susceptor 9 under all conditions, advantageously reducing the effects of insufficient heat equalization effect on the outer circumferential portion of the substrate W due to the preheating ring 32 and turbulence in the source gas flow caused by the step between the main surface of the substrate W and the preheating ring 32, thereby reducing the effects on the thickness variation of the obtained silicon single-crystal layers.
	[0047]	The vapor phase growth system 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 rate 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 5A and increasing the flow rate of the source gas as shown in FIG. 6, 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).
	[0048]	An example of the control configuration of the vapor phase growth system 1 will be described below. FIG. 8 is a block diagram illustrating the electrical configuration of the control system of the vapor phase growth system 1. 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).
	[0049]	The driving elements of the vapor phase growth system 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 temperature sensor 15B for detecting the substrate temperature is connected to the I/O unit 74. The gas flow rate regulators 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.
	[0050]	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 on the basis of pulses entered from the pulse generator 40p (rotation sensor) attached to the output shaft 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. Further, the air cylinder 41, which raises and lowers the susceptor 9, is connected to the input/output unit 74 via a cylinder driver 41c, and the air cylinder 42, which raises and lowers the preheating ring 32, is connected to the input/output unit 74 via a cylinder driver 42c (In the configuration in which the air cylinders 41 and 42 are incorporated, the screw shaft driving units 81 and 82 described below are not needed).
	[0051]	In this embodiment, the case will be exemplified in which the output of the infrared heating lamps 11 (i.e., the temperature of the substrate W during deposition), the flow rate of the outer source gas G2 controlled by the gas flow rate regulator 52, and the flow rate of the inner source gas G1 controlled by the gas flow rate regulator 54 are appropriately set in accordance with the set values of the height position P of the susceptor and the height position P’ of the preheating ring (i.e., the height dimension of the source gas distribution space 5A) to be set.
	[0052]	If the height of the source gas distribution space 5A changes in FIG. 1, the gas distribution resistance on the main surface of the substrate W may change in the radial distribution. In FIG. 7, if the flow rate of the inner source gas G1 and the flow rate of the outer source gas G2 are maintained constant, the flow rate and temperature distribution of the source gas distributed to the outer circumferential region of the main surface of the substrate W and the flow rate distribution (or temperature distribution) of the source gas distributed to the inner circumferential region may change, and the thickness distribution of the inner and outer circumferences of the formed silicon single-crystal film may change in accordance with the values of the height of the source gas distribution space 5A set. As described above, changing the flow rate of the inner source gas G1 and the flow rate of the outer source gas G2 (and also the temperature of the substrate W during deposition) in accordance with the set values of the height of the source gas distribution space 5A may be advantageous in eliminating these problems.
	[0053]	In this embodiment, as shown in FIG. 8, a set value table 72b is stored in the ROM 72 of the control computer 70, which table is referred to by the control program 72a. As shown in FIG. 9, this set value table 72b contains the values of the height position of holding the preheating ring (ring side first position P1’ and ring side second position P2’), temperature T1, T2, flow rates F11, F12 (inside) and F21, F22 (outside), each corresponding to the multiple (here two) height holding positions (susceptor side first position P1 and susceptor side second position P2), which can be set for the susceptor 9. The values are read out in accordance with the values of the susceptor height to be set, and the read out values are stored in the corresponding memory in the RAM 73 for use in control. However, if the concern about the occurrence of such problems is small, some or all of the flow rate of the inner source gas G1, the flow rate of the outer source gas G2, and the temperature of the substrate W during deposition may be set to certain appropriate values independent of the values of the height of the source gas distribution space 5A.
	[0054]	With reference to FIG. 10, an example of the flow of operation of the vapor phase growth system 1 according to the control program 72a will be described. In step S101, the height position P of the susceptor is set, and in step S102, the height position P’ of the corresponding preheating ring is set. In step S103, the susceptor 9 and preheating ring 32 are moved to the work receiving position. The work receiving position may be set, for example, as the susceptor height (susceptor side first position P1: see FIG. 6) shown in FIG. 1 in the case where the height of the source gas distribution space 5A is greater. In step S104, the work (substrate W) is transferred from the preparation chamber (not shown) of the vapor phase growth system 1 and set on the susceptor 9. In step S105, the infrared heating lamps 11 are activated to increase the temperature in the inner space 5 to a set temperature. In step S106, the air cylinders 41 and 42 are activated to move the susceptor and preheating ring to the set height holding position. The process then proceeds to step S107 where the susceptor 9 is started to be driven to rotate, and in step S108, the distribution of the source gas is started at the set flow rate. This deposits a silicon single-crystal layer on the substrate W as a work. This process continues until the deposition is completed by the elapse of a predetermined time. When the deposition is completed, the process proceeds to step S109, where the susceptor 9 and preheating ring 32 are moved to the work take-out position, and in step S110, the work after the deposition (i.e., silicon epitaxial wafer EW in FIG. 2) is taken out.
	[0055]	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 vapor phase growth system 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).
	[0056]	The height position of holding the susceptor 9 (and thus the height dimension of the source gas distribution space 5A) in the silicon single-crystal thin film growth process may be selected to be set to one of three or more predetermined values, or it may be set to a stepless and optional holding position within a predetermined numerical range. In this case, the lifting driving units of the susceptor position changing mechanism 39 and the preheating ring position changing mechanism 12 may be configured by a well-known servomotor-driven screw shaft mechanism in place of the air cylinders 41 and 42. FIG. 11 illustrates an example of a screw shaft mechanism, in which the rotational output of a motor 91 is transmitted to a screw shaft 95 via gears 93 and 94. The screw shaft 95 is screwed into a nut portion 96, which passes through the base material BP (collectively, the base materials BP1 and BP2 in FIG. 1), and is driven to be rotated by the motor 91 to raise and lower the base material BP, which supports the susceptor 9 or preheating ring 32, allowing any height position to be held. A limit switch (origin detection unit) 91s detects the origin position of the substrate BP in the height direction.
	[0057]	In this case, the control system in FIG. 8 replaces the pairs of air cylinders 41, 42 and cylinder drivers 41c, 42c with the corresponding screw shaft driving units 81 (for lifting susceptor) and 82 (for lifting preheating ring) shown in a long dashed short dashed line. Their electrical structures are substantially the same, and will be represented by one of them and described. That is, the motor 91 driving the screw shaft 95 (FIG. 11) is connected to the input/output unit 74 via the servo control unit 91c. The servo control unit 91C drives the motor 91 in the downward direction upon initialization. When the base material BP biases the limit switch 91s, the motor 91 stops rotating and resets the counter for counting the pulse inputs from the pulse generator 91p (angle sensor) attached to the output shaft of the motor 91. Next, the target pulse number is set in accordance with the set values of the susceptor height and preheating ring height from the control computer 70, and motor 91 is driven in the upward direction. If the number of pulses counted by the counter reaches the target number of pulses, the rotation of motor 91 is stopped. In this case, the set value table 72b in FIG. 9 is configured as containing the values P1’, P2’, P3’... of the height position of the preheating ring, temperature T1, T2, T3…, and flow rates F11, F12, F13... and F21, F22, F23... corresponding to three or more values P1, P2, P3... of the height position of the susceptor.
	[0058]	The embodiments of the present invention are described above, but they are not limited to these described above. With reference to FIG. 12, a variation of the lifting and sliding portion of the preheating ring 32 illustrated in FIG. 3 will be described (components that are common to FIG. 3 are given the same reference numerals, and detailed description thereof will be omitted). In FIG. 12, a liner base 131 substitutes for the liner base 31 in FIG. 3. The liner base 131 is formed in the shape of a ring and includes a sliding spot facing 131F along the upper inner circumferential edge. Further, a liner movable portion 133 substitutes for the liner movable portion 33 in FIG. 3. The lower end of the liner movable portion 133 is inserted into the sliding spot facing 131F of the liner base 131 and slides up and down with its outer circumferential surface guided along the inner circumferential surface of the sliding spot facing 131F. The inner circumferential surface of the sliding spot facing 131F and the outer circumferential surface of the liner movable portion 133 correspond to both cylindrical surfaces.
	[0059]	The preheating ring 32 is fitted into the first spot facing 133K such that the top surface of the preheating ring 32 is aligned with the top surface of the liner movable portion 133. The tip end of the coupling auxiliary portion 35 is coupled to the coupling frame 134, which is fitted into the second spot facing 133L of the liner movable portion 133.
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	[0060]	According to the above configuration, the outer circumferential surface of the liner movable portion 133 to which the preheating ring 32 is directly attached slides inside the liner base 131 in the height direction while being guided by the inner circumferential surface of the liner base 131, achieving an advantageous effects that the preheating ring 32 can be horizontally maintained when the height position of holding the preheating ring 32 is changed in the same manner as in the case where the configuration shown in FIG. 3 is employed. In addition, the sliding surface of the liner base 131 side with respect to the liner movable portion 133 is changed from the two inner circumferential surfaces of the groove 31g in FIG. 3 to a single inner circumferential surface of the sliding spot facing 131F, significantly simplifying the cross-sectional shapes of both the liner movable portion 133 and liner base 131 in comparison to the configuration in FIG. 3, and thus facilitating the machining.




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 rotationally 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 position changing mechanism, which changes a height position of holding the susceptor in the reaction vessel body on the basis of raising and lowering of the susceptor to change and set a height dimension of a source gas distribution space formed between the main surface of the single-crystal substrate mounted on the susceptor and a lower surface of a ceiling plate of the reaction vessel body in a stepwise or non-stepwise manner; and
	a preheating ring position changing mechanism, which changes a height position of holding the preheating ring in the reaction vessel body on the basis of raising and lowering of the preheating ring in accordance with the change in the height position of holding the susceptor.

	2. The vapor phase growth system according to claim 1, wherein the preheating ring position changing mechanism changes the height position of holding the preheating ring such that the main surface of the single-crystal substrate on the susceptor is aligned with a top surface of the preheating ring as the height position of holding the susceptor is changed.

	3. The vapor phase growth system according to claim 1 or 2, wherein
	the susceptor position changing mechanism changes the height position of holding the susceptor between a susceptor side first position, in which a height dimension of the source gas distribution space corresponds to a first dimension, and a susceptor side second position, in which a height dimension of the source gas distribution space corresponds to a second dimension which is smaller than the first dimension, and
	the preheating ring position changing mechanism changes the height position of holding the preheating ring between a ring side first position and a ring side second position corresponding to the susceptor side first position and the susceptor side second position, respectively.

	4. The vapor phase growth system according to any one of claims 1 to 3, wherein
	the susceptor is rotationally driven via a rotary shaft member with an upper end coupled to a lower surface of the susceptor, and the susceptor position changing mechanism raises and lowers the susceptor along with the rotary shaft member, and
	the preheating ring position changing mechanism includes a lift sleeve, which is coaxially positioned outside the rotary shaft member and along an axis of the rotary shaft member while allowing the rotary shaft member to be rotationally driven, a coupling member, which couples the lift sleeve to the preheating ring, and a lifting driving unit, which raises and lowers the lift sleeve and the coupling member in an integrated manner.

	5. The vapor phase growth system as claimed in claim 4, wherein
	a lift pin with a lower end protruding downward from the susceptor is provided to lift up the single-crystal substrate on the susceptor in the form of pushing up the single-crystal substrate from a bottom side, and
	a base end of a lift pin driving arm for biasing the lift pin upward from below is coupled to the lift sleeve.

	6. The vapor phase growth system according to claim 4 or 5, further comprising: 	around the susceptor in the reaction vessel body, an annular lower liner with an outer circumferential surface positioned facing the gas inlet port, and an annular upper liner positioned above and opposite the lower liner, wherein the upper liner guides a flow of the source gas over the main surface of the single-crystal substrate on the susceptor, which is supplied through the gas inlet port, flows against the outer circumferential surface of the lower liner, is dispersed circumferentially, and flows over the lower liner, wherein
	the lower liner includes a liner base, which forms the outer circumferential surface and is attached to the reaction vessel body in a fixed vertical position, and a liner movable portion to which the preheating ring is attached on an upper surface thereof, which liner movable portion can slide vertically along with the preheating ring with respect to the liner base, and
	the coupling member is configured by the liner movable portion and a coupling auxiliary portion with one end coupled to the lift sleeve and another end coupled to the liner movable portion.

	7. The vapor phase growth system according to claim 6, wherein
	the preheating ring is attached to the liner movable portion such that a top surface of the preheating ring is aligned with a top surface of the liner movable portion, and
	the preheating ring position changing mechanism changes the height position of holding the preheating ring such that the main surface of the single-crystal substrate on the susceptor is aligned with a top surface of the preheating ring as the height position of holding the susceptor is changed.

	8. The vapor phase growth system according to claim 7, wherein the liner movable portion includes a cylindrical sliding portion with a base end inserted into a groove, which opens on an upper surface of the liner base and is engraved along a circumferential direction of the liner base, the sliding portion sliding up and down within the groove, and a flange portion, which extends radially inward from an upper end edge of the sliding portion, wherein the preheating ring is attached to an upper surface of the flange portion.

	9. The vapor phase growth system according to claim 7, wherein the liner base is formed in a shape of a ring and includes a sliding spot facing along an upper inner circumferential edge, and the liner movable portion is formed in a shape of a ring and configured such that a base end of the liner movable portion is inserted into the sliding spot facing of the liner base, and the liner movable portion slides up and down with an outer circumferential surface guided along an inner circumferential surface of the sliding spot facing.

	10. A method for manufacturing an epitaxial wafer, comprising the steps of:
	arranging a single-crystal substrate in a reaction vessel body of a vapor phase growth system including:
		the 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 rotationally 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 a 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 position changing mechanism, which changes a height position of holding the susceptor in the reaction vessel body on the basis of raising and lowering of the susceptor to change and set a height dimension of a source gas distribution space formed between the main surface of the single-crystal substrate mounted on the susceptor and a lower surface of a ceiling plate of the reaction vessel body in a stepwise or non-stepwise manner; and
		a preheating ring position changing mechanism, which changes a height position of holding the preheating ring in the reaction vessel body on the basis of raising and lowering of the preheating ring in accordance with the change in the height position of holding the susceptor;
	distributing the source gas in the reaction vessel body; and
	performing vapor phase epitaxial growth of a semiconductor single crystal thin film on the single-crystal substrate to obtain an epitaxial wafer.



