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Description

Technical Field

[0001] The present invention relates to a vapor-phase growth apparatus and a vapor-phase growth method, for growing
a thin film of compound semiconductor or the like on a surface of a wafer in a vapor phase, while heating the wafer
under a supply of a source gas in a high temperature state, and in particular to material characteristics of a wafer container
for disposing wafers thereon.

Background Art

[0002] Vapor-phase growth process is currently utilized in various industrial fields. Needless to say, in the vapor-phase
growth, advanced uniformities in thickness, composition and doping concentration of a film grown on the wafer over the
entire surface thereof are essential matters. Achievement of thermal uniformity in wafer heating is therefore recognized
as the most important elementary technology as one means for realizing the aforementioned uniformities over the entire
surface.
[0003] US2001/0052324 discloses a device for producing and processing silicon carbide semiconductor substrates
at a high temperature which has a susceptor, on which the semiconductor substrates rest, so that there is good thermal
contact between the semiconductor substrates and the susceptor. To ensure that there is no contamination of the
component during the production process, the surface of the susceptor is covered with cover plates each formed with
a cutout for a semiconductor substrate. The surface of the susceptor is substantially completely covered by the cover
plates and the semiconductor substrates.
[0004] EP0519608 discloses that a wafer disposed on a heated susceptor in a conventional epitaxial growth reactor
exhibits a radially symmetric variation in temperature which cannot be removed by rotation alone. The document further
discloses that by thermally coupling the wafer to a high conductivity surface of a thermally anisotropic susceptor, one
can substantially eliminate the observed radial variation in temperature and thereby enhance the uniformity of the grown
epitaxial layer.
[0005] GB2277748 discloses a substrate holder employed for metal organic chemical vapor deposition comprising: a
molybdenum holder body having a front surface on which a compound semiconductor wafer is mounted and to which
source gases are applied, and a rear surface heated by a heat radiation of a heater: a GaAs polycrystalline film grown
on a part of the front surface of the molybdenum holder body where the compound semiconductor wafer is absent at a
temperature higher than the epitaxial growth temperature of 575°C to a thickness of 0.3 mm or more; and an InP
polycrystalline film grown on said GaAs polycrystalline film at a temperature higher than the epitaxial growth temperature
of 575°C to a thickness of 0.3 mm or more.
[0006] JP03069113 discloses a method of epitaxially growing a silicon on a wafer which is placed on a heated carbon
susceptor, an SiC plate is disposed on the upper surface of the carbon susceptor to surround the wafer, and an SiC
plate is disposed over the whole lower surface of the carbon susceptor, and by covering the carbon susceptor with these
SiC plates, the wafer is prevented from subjecting to impurity diffusion.
[0007] FIG. 1 is a sectional view showing an exemplary constitution of a general vapor-phase growth apparatus. As
shown in FIG. 1, a vapor-phase growth apparatus 100 comprises  a reaction furnace 1, a wafer holder 3 for disposing
wafers 2 thereon, a susceptor 4 for placing the wafer holder 3 thereon, a heater 5 disposed below the susceptor 4, a
rotary mechanism 6 for supporting the wafer holder 3 and the susceptor 4 to allow them to rotate freely, a gas introducing
duct 7 for supplying a source gas and a carrier gas therethrough, a gas exhaust duct 8 for discharging the non-reacted
gas, and the like.
[0008] FIG. 9 is an enlarged view for showing a detailed construction of the wafer holder 3, where (a) is a plan view,
and (b) is a sectional view taken along the line A-A in FIG. 9. In one surface of the wafer holder 3, a plurality of (six in
FIG. 2) circular pocket holes 3a are formed for disposing the wafers 2 thereir, to be arranged along a single circumference
on the surface. The other surface of the wafer holder 3 is in contact with the susceptor 4. The wafer holder 3 may be
composed of one or more members. Generally, it is composed of a single member, as shown in FIG 9.
[0009] The susceptor 4 herein is made of a material having a large coefficient of thermal conductivity (e.g., molybdenum)
in order to uniformly transfer heat from the heater 5. It is also general to use graphite, molybdenum or the like, having
a large coefficient of thermal conductivity for the wafer holder 3.
[0010] In the vapor-phase growth apparatus having such a structure described above, heat is transferred to the wafer
2  through the susceptor 4 and wafer holder 3 by heating the susceptor 4 from the lower side thereof by using the heater
5, to thereby heat the wafer 2 up to a predetermined temperature. Vapor-phase growth of a thin film is carried out by
rotating the susceptor 4 at a predetermined number of rotation with the aid of a rotating mechanism 6 while uniformly
supplying source gas and carrier gas, introduced through a gas introducing duct 7 toward the front surface of the wafer 2.
[0011] It was, however, found from an experiment of the present inventors that, in the aforementioned vapor-phase
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growth apparatus 100, the front surface temperature of the wafer 2 became lower than that of the wafer holder 3, and
that the temperature of the circumferential portion of the wafer 2 consequently became higher than that of the central
portion of the wafer 2, by the effect of the temperature of the wafer holder 3. In other words, it was found to be difficult
for the conventional vapor-phase growth apparatus 100 to form a thin film with a high uniformity over the entire surface
of the wafer 2 by vapor-phase growth since in-plane temperature distribution of the wafer 2 could not be uniform.
[0012] The present invention has been developed in order to solve the aforementioned problems. An object of the
invention is therefore to provide a vapor-phase growth apparatus and a vapor-phase growth method which are capable
of allowing a thin film to grow in a vapor phase so as to achieve a desirable uniformity over the entire surface of a wafer.

Disclosure of the Invention

[0013] In accordance with the invention, the vapor-phase growth apparatus comprises: at least a reaction furnace
which can be tightly closed, a wafer container which is disposed in the reaction furnace, for disposing a wafer at a
predetermined position thereon, a gas supply member for supplying a source gas toward the wafer, and a heating
member for heating the wafer; the apparatus being designed to form a grown film on a front surface of the wafer by
heating the wafer in the reaction furnace through the wafer container while supplying the source gas in a high temperature
state, wherein the wafer container comprises: a heat flow control section having a space formed, for disposing a wafer
therein; and a heat flow transmitting section which is joined to the heat flow control section, for transmitting heat to the
wafer disposed in the space, a clearance distance between the heat flow control section and the heat flow transmitting
section is uniform and the clearance is in a range of 0.001 mm to 1 mm, and a uniform heat resistance Rg exists between
flat or curved surfaces, of the heat flow control section and the heat flow transmitting section, in close proximity to each
other, the heat flow control section is made of a material having a coefficient of thermal conductivity which is not less
than 0.5 times to not more than 20 times that of the wafer disposed on the heat flow transmitting section and a ratio
R2/R1 is not less than 0.8 to not more than 1.2, where R1 is a heat resistance for a heat transfer route from a rear surface
of the heat flow transmitting section to the front surface of the wafer, and R2 is a heat resistance for a heat transfer route
from the rear surface of the heat flow transmitting section to a front surface of the heat flow control section.
[0014] According to the wafer container having such a structure, it is possible to adjust the ratio R2/R1 easily, where
R1 is a heat resistance in a heat transfer route from a rear surface of the heat flow transmitting section to the front surface
of the wafer, and R2 is a heat resistance in a heat transfer route from the rear surface of the heat flow transmitting section
to a front surface of the heat flow control section.
[0015] The heat resistance ratio R2/R1 is not less than 0.8 and not more than 1.2.
[0016] This almost equalizes the heat resistances in the individual heat transfer routes each other and thus ensures
similar heat transfer during heat transfer from the rear surface of the wafer container (the rear surface of the heat flow
transmitting section) toward the front surfaces of the wafer and of the wafer container (the front surface of the heat flow
control section), and this consequently equalizes achievable temperatures of the surfaces of the wafer and the wafer
container. This successfully prevents the surface temperature at the circumferential portion of the wafer from rising
higher than the surface temperature at the center of the wafer, which is caused by temperature difference between the
surfaces of the wafer and the wafer container. Thus, it becomes possible to keep a uniform in-plane temperature distri-
bution of the wafer. As a consequence, a thin film having a desirable uniformity can grow in the vapor phase over the
entire surface of the wafer.
[0017] The heat resistance Rg is not less than 1.0x10-6 m2K/W and not more than 5.0x10-3 m2K/W; otherwise a
clearance distance between the heat flow control section and the heat flow transmitting section may be approximately
uniform and in a range of 0.001mm to 1mm. Accordingly, because the heat resistance Rg comes to be approximately
equal to the contact heat resistance between the heat flow transmitting section and  the wafer, it is possible to adjust
the ratio R2/R1 easily.
[0018] The heat flow control section is made of a material having a coefficient of thermal conductivity which is not less
than 0.5 times that of the wafer disposed on the heat flow transmitting section and not more than 20 times thereof.
Although it is not limited, the heat flow control section 31 may be made of any material, as far as the material has
characteristics giving no adverse effect on thin film growth or on the environment of the reactor.
[0019] Preferably, the heat flow transmitting section is made of a material having a coefficient of thermal conductivity
higher than that of wafer, for example, a material having a coefficient of thermal conductivity which is not less than
50W/mK and not more than 450W/mK.
[0020] For example, the heat flow control section may be made of any one of amorphous carbon, aluminum nitride,
graphite, silicon, silicon carbide, molybdenum, pyrolitec boron nitride, and alumina; and the heat flow transmitting section
may be made of any one of molybdenum, graphite, gold, and silver.
[0021] A vapor-phase growth apparatus comprising the above described structure is made to form a grown film on a
front surface of the wafer by heating the wafer in the reaction furnace through the wafer container while supplying the
source gas in a high temperature state, wherein a temperature difference between a front surface of the wafer container
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and  a front surface of the wafer during growing a thin film in vapor-phase is within 2°C. Accordingly, because it is possible
to keep a uniform in-plane temperature distribution of the wafer, a thin film having a desirable uniformity can be grown
in the vapor phase over the entire surface of the wafer.
[0022] Next, the progress that the present invention has been developed will be described, as follows.
[0023] As for a reason why the surface temperature of the wafer 2 tends to become lower than that of the wafer holder
3, the present inventors placed a focus on the difference between heat transfer routes inside the wafer 2 and wafer
holder 3. That is, the present inventors considered that because the wafer 2 and wafer holder 3 generally differ from
each other in materials, so that the same heat transfer cannot be performed in the routes. This causes a difference
between achievable surface temperatures of the wafer and the wafer holder.
[0024] FIG. 10 is a schematic view showing heat resistances in the wafer 2 and wafer holder 3. In FIG. 10, Tup denotes
rear surface temperature of the wafer holder 3, Tsurf denotes a front surface temperature of the wafer 2 or wafer holder
3, and Tdown denotes a temperature at an imaginary plane (referred to as "virtual boundary plane", hereinafter) set at a
position being away from the surfaces of the wafer 2 and wafer holder 3 by a predetermined distance. As shown in FIG.
10, heat transfer toward the front surface of the wafer 2 is established along a heat transfer route 1 which originates
from the rear surface of the wafer holder 3 and is directed through the wafer holder  3 itself and the wafer 2 to reach the
virtual boundary plane, and heat transfer toward the front surface of the wafer holder 3 is established along a heat
transfer route 2 which originates from the rear surface of the wafer holder 3 and is directed through the wafer holder 3
itself to reach the virtual boundary plane. As described above, the wafer 2 and wafer holder 3 differ from each other in
the heat transfer route toward the respective surfaces thereof.
[0025] That is, as known from the schematic view of heat resistance of the wafer 2 and wafer holder 3 shown in FIG.
10, the heat resistance R1 for the heat transfer route 1 is equal to the sum of heat resistance R1c for the portion of wafer
holder 3, the contact heat resistance R1g between the wafer holder 3 and wafer 2, and the heat resistance R1w for the
portion of wafer 2; and the heat resistance R2 for the heat transfer route 2 is equal to the heat resistance R2c for the
portion of wafer holder 3.
[0026] By the way, heat resistance R is given by the equation (1) below: 

R [m2K/W] : a heat resistance
L [m] : a thickness of a material in the direction of heat flow
k [W/m·K] : a coefficient of thermal conductivity
[0027] Heat resistances R1 and R2 are then expressed by the equations below:

[0028] It is to be noted now that a relation can be written as Lw/k1w>Lw/k2c because coefficient of thermal conductivity
k1w of the wafer 2 (InP, GaAs, etc.) is extremely smaller than coefficient of thermal conductivity k2c of the wafer holder
3 (graphite, molybdenum, etc.), and contact heat resistance R1g arises at the contact plane between the wafer 2 and
wafer holder 3, so that R2 is apparently smaller than R1. 

[0029] It is also known that heat transfer is subject to heat flux in the heat transfer route. The heat flux generally refers
to as the amount of energy (heat flow) flowing in a unit area (unit: m2), and is given by equation (5) below: 
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q [W/m2] : a heat flux
Rtotal [m2K/W] : an overall heat transfer
Tup [K] : an upstream temperature
Tdown [K] : a downstream temperature.
[0030] In FIG. 10, overall heat resistances R1total and R2total in the heat transfer routes 1 and 2 are given by the
equations below: 

(where, R1a=R2a)
[0031] The foregoing equations (4), (6) and (7) give a relation of R1total > R2total. Therefore, the heat flux q1 in the heat
transfer route 1 becomes smaller than the heat flux q2 in the heat transfer route 2. 

[0032] Furthermore, the heat fluxes q1 and q2 can be represented as the equations below using the surface temperature
T1surf of the wafer 2 and the surface temperature T2surf of the wafer holder 3: 

[0033] It is derived from the foregoing equations (8), (9) and (10) that the surface temperature T1surf of the wafer 2 is
lower than the surface temperature T2surf of the wafer holder 3. 

[0034] It was thus found that, in the conventional vapor-phase growth apparatus, the difference between the surface
temperatures T1surf and T2surf is caused by a large difference in the coefficients of thermal conductivity between the
wafer 2 and wafer holder 3.
[0035] The present inventors therefore studied a method of reducing the difference between the surface temperature
T1surf of the wafer 2 and the surface temperature T2surf of the wafer  holder 3, and based on the above equations (5) to
(10), and reached an idea that close equalization of the heat resistances R1 and R2 in the individual heat transfer routes
would be successful (that is, to set heat resistance ratio R2/R1 close to 1).
[0036] The present inventors has found a method in which the wafer holder 3 is composed of two members, i.e., a
heat flow control section 31 and a heat flow transmitting section 32.
[0037] In the case, the schematic view of heat resistance is shown in FIG. 3, and a heat resistance R1 and a heat
resistance R2 are given by the equations below: 
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[0038] That is, it is possible to bring near the heat resistance values R1 and R2 to each other, by bringing the value
of contact heat resistance R1g between the wafer 2 and the heat flow transmitting section 32 near the value of contact
heat resistance R2g between the heat flow control section 31 and the heat flow transmitting section 32 and also by
bringing the value of coefficient of thermal conductivity k1w of the wafer 2 near the value of coefficient of thermal con-
ductivity k2p of the heat flow control section 31.
[0039] The present invention has been developed based on the  aforementioned findings, and is to provide a vapor-
phase growth apparatus 100 in which the wafer holder 3 includes: a heat flow control section having a space formed,
for disposing a wafer 2 therein; and a heat flow transmitting section which is joined to the heat flow control section, for
transmitting heat to the wafer disposed in the space, and a uniform heat resistance R2g exists between flat or curved
surfaces, of the heat flow control section and the heat flow transmitting section, in close proximity to each other, so that
the ratio R2/R1, is not less than 0.8 and not more than 1.2.
[0040] In the present invention, the heat resistance Rg may be not less than 1.0x10-6 m2K/W and not more than
5.0x10-3 m2K/W; otherwise a clearance distance between the heat flow control section and the heat flow transmitting
section may be approximately uniform and in a range of 0.001mm to 1mm. Accordingly, it is possible to obtain approx-
imately equal contact heat resistances R1g and R2g. Further, the heat flow control section may be made of a material
having a coefficient of thermal conductivity which is not less than 0.5 times that of the wafer disposed on the heat flow
transmitting section and not more than 20 times thereof, to bring the value of coefficient of thermal conductivity k1w of
the wafer 2 near the value of coefficient of thermal conductivity k2p of the heat flow control section 31.
[0041] Although the heat resistance ratio R2/R1 can be approximated to 1 also by raising a value of Lw or Lc in the
equations (12) and (13), this is less feasible due to problems in temperature control, in space efficiency of the apparatus
and in costs, so that a material of the heat flow control section 31 was selected such as one having a coefficient of
thermal conductivity close to that of the wafer 2, as a more practical strategy.

Brief Description of the Drawings

[0042]

FIG. 1 is a sectional view showing a schematic construction of the vapor-phase apparatus according to the present
embodiment;
FIG. 2 is an enlarged views showing a detailed construction of the wafer holder 3 which is composed of a heat flow
control section and a heat flow transmitting section, where (a) is a plan view, and (b) is a sectional view taken along
the line A-A;
FIG. 3 is a schematic view for explaining heat resistance of the wafer 2 and wafer holder 3 in the case where the
wafer holder 3 is composed of a heat flow control section and a heat flow transmitting section;
FIG. 4 is a schematic analytical model view showing a region around the wafer 2 and wafer holder 3 of the vapor-
phase growth apparatus 100 according to the embodiment;
FIG. 5 shows an analytical result of temperature distribution inside the wafer and wafer holder in the embodimenta
wafer holder which is composed of a heat flow  control section and a heat flow transmitting section is used;
FIG. 6 shows an analytical result of temperature distribution inside the wafer and wafer holder in a comparative
embodiment where a graphite-made wafer holder is used;
FIG. 7 shows analytical results of surface temperature distribution of the wafer 2 and wafer holder 3 in the embodiment;
and
FIG. 8 shows analytical results of surface temperature distribution of the wafer and wafer holder in the comparative
embodiment.
FIGS. 9 is an enlarged views showing a detailed construction of an earlier developed wafer holder 3, where (a) is
a plan view, and (b) is a sectional view taken along the line A-A; and
FIG. 10 is a schematic view for explaining heat resistance of the wafer 2 and wafer holder 3 in an earlier developed
vapor-phase growth apparatus.

Best Mode for Carrying out the Invention

[0043] An embodiment of the vapor-phase growth apparatus (MOCVD apparatus) of the present invention will be
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described below referring to the attached drawings.
[0044] FIG. 1 is a sectional view showing a schematic construction of the vapor-phase growth apparatus according
to the present embodiment. FIG. 2 is an enlarged view showing a  detailed construction of the wafer holder 3 in the
present invention, where (a) is a plan view, and (b) is a sectional view taken along the line A-A.
[0045] In the earlier development, the wafer holder 3 which is a wafer container was made of a material having a large
coefficient of thermal conductivity, such as graphite. The vapor-phase growth apparatus of the embodiment is different
from the earlier development in that the wafer container comprises: a heat flow transmitting section 32 made of a material
having a large coefficient of thermal conductivity, such as graphite; and a heat flow control section 31 made of amorphous
carbon (abbreviated as α-carbon, hereinafter) or the like, having a coefficient of thermal conductivity relatively near that
of the wafer.
[0046] As shown in FIG. 1, the vapor-phase growth apparatus 100 comprises a reaction furnace 1, a wafer holder 3
for disposing wafers 2 thereon, a susceptor 4 for placing the wafer holder 3 thereon, a heater 5 disposed below the
susceptor 4, a rotary mechanism 6 for supporting the wafer holder 3 and the susceptor 4 in a freely rotatable manner,
a gas introducing duct 7 for supplying a source gas and a carrier gas therethrough, and a gas exhaust duct 8 for
discharging the non-reacted gas.
[0047] Each of wall members of the vapor-phase growth apparatus 100 is typically composed of a stainless steel. The
gas introducing duct 7 is disposed at the vicinity of the center  portion of the upper wall member, and introduces a Group
XIII (IIIB) source gas such as trimethyl indium (TMI), trimethyl aluminum (TMAl) or trimethyl gallium (TMG); a Group XV
(VB) source gas such as arsine (AsH3) or phosphine (PH3); and an inert gas such as hydrogen (H2) as a carrier gas
into the reaction furnace.
[0048] The wafer holder 3 is composed of a member which comprises a heat flow transmitting section 32 made of
graphite and formed in a disk shape, and a heat flow control section 31 made of amorphous carbon which is formed on
the heat flow transmitting section 32 as a body. The wafer holder 3 is placed on the susceptor 4. In the heat flow control
section 31, a plurality of (six in FIG. 2) circular pocket holes (recesses) 3a for containing the wafers 2 therein, are formed
along a single circumference. The susceptor4 is composed of a material having a large coefficient of thermal conductivity
(e.g. molybdenum) in order to uniformly transfer heat from the heater 5, and is supported by the rotary mechanism 6 in
a freely rotatable manner. Below the susceptor 4, the heater 5 for heating the wafer 2 is concentrically arranged.
[0049] Although it was a general practice to use graphite or molybdenum having a large coefficient of thermal con-
ductivity, for the wafer holder 3 in the earlier developed vapor-phase growth apparatus, the wafer holder 3 in the vapor-
phase growth apparatus 100 according to the present embodiment comprises a heat flow transmitting section 32 made
of graphite, and a heat  flow control section 31 made of α-carbon.
[0050] Concretely, by using α-carbon having a coefficient of thermal conductivity of about 10 W/m·K for the heat flow
control section 31, the coefficient of thermal conductivity of the wafer 2 placed on the wafer holder 3 and the coefficient
of thermal conductivity of the wafer holder 3 come to be approximately equal to each other. Because the coefficient of
thermal conductivity of an InP wafer is 14.3 W/m·K which is estimated as approximately 0.7 times that of α-carbon.
[0051] The clearance between the heat flow control section 31 and the heat flow transmitting section 32 is approximately
uniform in a range of 0.01mm to 1mm, and the contact heat resistance thereof is not less than 1.0x10-6 m2K/W and not
more than 1.0x10-1 m2K/W.
[0052] Such a construction almost equalizes the heat resistances for the individual heat transfer routes from the heater
5 to the front surface of the wafer 2 and to the front surface of the wafer holder 3, through the susceptor 4 and wafer
holder 3, and this consequently equalizes achievable temperatures of the surfaces of the wafer 2 and of the wafer
container 3. This successfully prevents the surface temperature at the circumferential portion of the wafer from rising
higher than the surface temperature at the center of the wafer, which is caused by temperature difference between the
surfaces of the wafer 2 and the wafer container 3. Thus, it becomes possible to keep a uniform in-plane temperature
distribution of the  wafer 2.
[0053] The heat flow transmitting section 32 may be made of not only graphite but also, for example, molybdenum,
gold, silver or the like. The heat flow control section 31 may be made of not only α-carbon but also aluminum nitride,
graphite, silicon, silicon carbide, molybdenum, pyrolitec boron nitride, alumina or the like.
[0054] The gas exhaust duct 8 is disposed at the bottom of the reaction furnace 1. A source gas introduced into the
reaction furnace 1 from an introduction port through the gas introducing duct 7 is decomposed in the upstream side of
the reaction furnace, and is then flown to the downstream side to form a thin film on the wafers 2. The non-reacted
source gas is discharged out through an exhaust port and the gas exhaust duct 8, together with the carrier gas.
[0055] Although not shown in the drawings, water-cooled jackets are provided typically on the outer periphery of the
rotary mechanism 6 and on the lower outside wall of the reaction furnace. These water-cooled jackets and heater 5
control the temperature inside the reaction furnace 1.
[0056] In the vapor-phase growth apparatus 100 having the above-described construction, heat is transferred to the
wafer 2 through the susceptor 4 and the wafer holder 3 under heating of the susceptor 4 from the lower side thereof by
using heater 5, to thereby heat the wafer 2 to a predetermined temperature. Vapor-phase growth of a thin film is carried
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out by rotating  the susceptor 4 at a predetermined number of rotation with the aid of a rotating mechanism 6 while
uniformly supplying a source gas and carrier gas introduced through a gas introducing duct 7 to the upper surface of
the wafers 2. Since temperatures of the upper surface of the wafer 2 and the upper surface of the wafer holder 3 (heat
flow control section 31) herein become almost equivalent each other, the in-plane temperature distribution of the wafer
2 becomes uniform, and this allows vapor-phase growth of a thin film having an excellent uniformity.
[0057] Next paragraphs will describe simulation results of heat transfer examined using the vapor-phase growth ap-
paratus of the embodiment, in order to clarify specific features of the present invention. Also a similar simulation of heat
transfer using the earlier developed vapor-phase growth apparatus was carried out as a comparative embodiment.
[0058] In the simulation, the wafer 2 and the vicinity thereof in the vapor-phase growth apparatus 100 were modeled,
and three-dimensional heat transfer analysis based on the finite volume method was carried out. A wafer holder 3 which
includes a heat flow transmitting section 32 made of graphite and a heat flow control section 31 made of α-carbon, was
used in the embodiment, and a graphite-made wafer holder 3 was used in a comparative embodiment.
[0059] FIG. 4 is a schematic analytical model view showing a region around the wafer 2 and wafer holder 3 (having
an  outward width of 10 mm from the periphery of wafer) of the vapor-phase growth apparatus 100. As shown in FIG.
4, a distance from the bottom surface of the wafer holder 3 to the wafer 2 was defined as 6.4 mm. The wafer 2 was an
InP wafer having a thickness of 0.5 mm and an inner diameter of 50 mm (2 inches), and the reaction furnace 1 was
conditioned to have a hydrogen atmosphere. The number of meshes for the analysis was defined as about 6,000,000
meshes.
[0060] The contact heat resistance (R1g) between the wafer 2 and the heat flow transmitting section 32, and the contact
heat resistance (R2g) between the heat flow control section 31 and the heat flow transmitting section 32 were defined
as 2.0310-4 m2K/W. It is to be noted that the contact heat resistance R1g is affected by the flatness, surface roughness
and coefficient of thermal diffusion of the material, of the members contacting with each other, and it can further be
reduced by reducing the distance between the contact surfaces.
[0061] The analytical conditions further includes boundary conditions of 45°C for the boundary plane of hydrogen gas
located 35 mm above the wafer 2, and of 650 °C for the boundary (rear surface) of the wafer holder 3.
[0062] In the heat transfer analysis of this model, hydrogen was approximately assumed as a solid, since hydrogen
having a small Prandtl number shows thermal diffusion which prevails over viscous diffusion, and since effects of advection
is negligible in a region having a relatively small Reynolds  number in the laminar flow region.
[0063] The following physical property values were used for the present analysis.

[0064] FIG. 5 shows an analytical result of temperature distribution within the wafer 2 and wafer holder 3 in an Example
where a wafer holder 3 comprising a heat flow control section and a heat flow transmitting section is used, and FIG. 6
shows an analytical result of temperature distribution within the wafer 2 and wafer holder 3 in a Comparative Example
where an α-carbon-made wafer holder 3 is used. It is to be noted that FIGS. 5 and 6 show enlarged views of the boundary
portion between the wafer 2 and wafer holder 3 in order to clarify the analytical results.
[0065] FIG. 7 shows analytical results of surface temperature distribution of the wafer 2 and wafer holder 3 in the
Example, and FIG. 8 shows analytical results of surface temperature distribution of the wafer 2 and wafer holder 3 in
the Comparative Example. It is to be noted that FIGS. 7 and 8 show the surface temperature measured at positions
along the  direction of diameter assuming the center of the wafer as zero.
[0066] In the Example, as shown in FIG. 5, the temperature gradients in the wafer 2 and the heat flow transmitting
section 32 are almost equivalent, and a parallel and uniform isothermal lines distribution is observed in the wafer 2. On
the other hand in Comparative Example, as shown in FIG. 6, the temperature gradients in the wafer 2 and the upper
portion of the wafer holder 3 are quite different from each other. In the wafer 2, temperature increases toward the
peripheral portion from the central portion. This indicates that, in Example, similar heat transfer is established even if
the heat transfer route differs.
[0067] Heat resistance ratio R2/R1 was found to be 1.06 in Example, but 0.24 in Comparative Example.

TABLE 1

HYDROGEN
GRAPHITE (COMPARATIVE 

EXAMPLE)
α-CARBON (EXAMPLE) InP

DENSITY [kg/m3] 0.00259 2000 1550 4787

SPECIFIC HEAT [J/kgK] 14500 1000 1000 368

COEFFICIENT OF 
THERMAL CONDUCTIVITY 

[W/m·K]
0.4048 100 10 14.3
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[0068] It was also found for Example shown in FIG. 7 that each of the front surface temperatures of the wafer and of
the wafer holder (heat flow control section) was the same at 634.0°C, whereas it was found for Comparative Example
shown in FIG. 8 that the front surface temperature of the wafer was 636.0°C, and the front surface temperature of the
wafer holder was 638.0°C. That is, the difference between them is about 2.0°C. It was thus made clear that the present
Example showed a smaller difference in the front surface temperatures between the circumferential portion (22 to 25
mm) and the central portion (around 0) of the wafer 2, and that the in-plane temperature distribution of the wafer 2 was
improved to attain  uniformity.
[0069] As described above, Example was successful in keeping uniformity of the in-plane temperature distribution of
the wafer 2 because the surface temperature in the circumferential portion of the wafer 2 became less likely to be affected
by the surface temperature of the wafer holder 3. As a result, the present invention is successful in proceeding vapor-
phase growth of a thin film which has a desirable uniformity over the entire surface of the wafer.
[0070] According to the present embodiment, because the vapor-phase growth apparatus 100 was designed so that
the wafer container comprises: a heat flow control section having a space formed, for disposing a wafer therein; and a
heat flow transmitting section which is joined to the heat flow control section, for transmitting heat to the wafer disposed
in the space; and the contact heat resistance between the heat flow transmitting section and the heat flow control section
is not less than 1.0x10-6 m2K/W and not more than 5.0x10-3 m2K/W, and the heat flow control section is made of a
material having a coefficient of thermal conductivity which is not less than 0.5 times that of the wafer disposed on the
heat flow transmitting section and not more than 20 times thereof. As a result, this almost equalizes the heat resistances
for the individual heat transfer routes to each other during heat transfer from the rear surface of the wafer container (the
rear surface of the heat flow transmitting section) to the front surfaces of the  wafer and of the wafer container (the front
surface of the heat flow control section).
[0071] That is, because heat transfer is performed according to almost equivalent heat flux, it is possible equalize
achievable temperatures of the front surfaces of the wafer and of the wafer container. This successfully prevents the
front surface temperature at the circumferential portion of the wafer from rising higher than the surface temperature at
the center of the wafer which is caused by temperature difference between the surfaces of the wafer and the wafer
container, and makes it possible to keep a uniform in-plane temperature distribution of the wafer. As a result, the present
invention is successful in proceeding vapor-phase growth of a thin film which has a desirable uniformity over the entire
surface of the wafer.

Industrial Applicability

[0072] Although the foregoing paragraphs explained the present invention conceived by the present inventors mainly
referring to a vertical high-speed-rotating-type, vapor-phase growth apparatus on which the background of the invention
stands, the present invention is by no means limited to the above type, and instead applicable to any general vapor-
phase growth apparatuses such as those based on face-down system, lateral type, autorotation/revolution system, and
the like.
[0073] The present invention is applicable not only to the case  where InP wafer is used, but also to cases where a
thin film is grown on wafers such as being comprised of Si, GaAs, GaN, sapphire, glass, ceramic, and the like. In these
cases, it is also allowable to alter a material composing the wafer holder 3 (or heat flow control section 31) depending
on the wafer to be used.

Claims

1. A vapor-phase growth apparatus (100) comprising:

a reaction furnace (1) which is hermetically closable,
a wafer container (3) which is disposed in the reaction furnace, for disposing a wafer (2) at a predetermined
position,
a gas supply member (7) for supplying a source gas toward the wafer, and
a heating member (5) for heating the wafer,
wherein the apparatus is designed to form a grown film on a front surface of the wafer by supplying the source
gas in a high temperature state while the heating member heats the wafer in the reaction furnace through the
wafer container,
the wafer container comprises a heat flow control section (31) having a space (3a) for disposing the wafer, and
a heat flow transmitting section (32) joined to the heat flow control section, for transmitting heat to the wafer
disposed in the space,
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characterised in that a clearance distance between the heat flow control section and the heat flow transmitting
section is uniform and the clearance is in a range of 0.001 mm to 1 mm, and
a heat resistance Rg at a flat or curved surface where the heat flow control section and the heat flow transmitting
section are close to each other is uniform,
the heat flow control section is made of a material having a coefficient of thermal conductivity which is not less than
0.5 times to not more than 20 times that of the wafer disposed on the heat flow transmitting section, and
a ratio R2/R1 is not less than 0.8 to not more than 1.2, where R1 is a heat resistance for a heat transfer route from
a rear surface of the heat flow transmitting section to the front surface of the wafer, and R2 is a heat resistance for
a heat transfer route from the rear surface of the heat flow transmitting section to a front surface of the heat flow
control section.

2. The vapor-phase growth apparatus as claimed in claim 1, where the heat resistance Rg is not less than 1.0 x
10-6m2K/W to not more than 5.0 x 10-3m2K/W.

3. The vapor-phase growth apparatus as claimed in any one of claims 1 to 2, wherein the heat flow transmitting section
is made of a material having a coefficient of thermal conductivity which is not less than 50 W/mK to not more than
450 W/mK.

4. The vapor-phase growth apparatus as claimed in any one of claims 1 to 3, wherein the heat flow control section is
made of a material selected from a group consisting of amorphous carbon, aluminum nitride, graphite, silicon, silicon
carbide, molybdenum, pyrolytic boron nitride, and alumina, and
the heat flow transmitting section is made of a material selected from a group consisting of molybdenum, graphite,
gold, and silver.

5. A vapor-phase growth method comprising:

using a vapor-phase growth apparatus comprising a reaction furnace which is hermetically closable, a wafer
container disposed in the reaction furnace, for disposing a wafer at a predetermined position, a gas supply
member for supplying a source gas toward the wafer, and a heating member for heating the wafer, wherein the
wafer container includes a heat flow control section having a space for disposing the wafer, and a heat flow
transmitting section joined to the heat flow control section, for transmitting heat to the wafer disposed in the
space, and a clearance distance between the heat flow control section and the heat flow transmitting section
is uniform and the clearance is in a range of 0.001 mm to 1 mm; and
forming a thin film on a front surface of the wafer by supplying the source gas in a high temperature state while
the heating member heats the wafer in the reaction furnace through the wafer container,
wherein the heat flow control section is made of a material having a coefficient of thermal conductivity which is
not less than 0.5 times to not more than 20 times that of the wafer disposed on the heat flow transmitting section,
a ratio R2/R1 is not less than 0.8 to not more than 1.2, where R1 is a heat resistance for a heat transfer route
from a rear surface of the heat flow transmitting section to the front surface of the wafer, and R2 is a heat
resistance for a heat transfer route from the rear surface of the heat flow transmitting section to a front surface
of the heat flow control section.
a temperature difference between a front surface of the wafer container and a front surface of the wafer is within
2°C in the forming.

Patentansprüche

1. Dampfphasen-Epitaxievorrichtung (100), die Folgendes umfasst:

einen Reaktionsofen (1), der hermetisch verschließbar ist,
einen Waferbehälter (3), der in dem Reaktionsofen angeordnet ist, um einen Wafer (2) an einer vorherbestimm-
ten Stelle anzuordnen,
ein Gaszufuhrelement (7) zum Zuführen eines Quellgases zu dem Wafer, und
ein Heizelement (5) zum Erwärmen des Wafers,
wobei die Vorrichtung dazu ausgelegt ist, durch Zuführen des Quellgases in einem Hochtemperaturzustand,
während das Heizelement den Wafer in dem Reaktionsofen durch den Waferbehälter erwärmt, einen gewach-
senen Film auf einer vorderen Oberfläche des Wafers zu bilden,
der Waferbehälter einen Wärmestrom-Regulierungsabschnitt (31) mit einem Raum (3a) zum Anordnen des
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Wafers und einen mit dem Wärmestrom-Regulierungsabschnitt verbundenen Wärmestrom-Übertragungsab-
schnitt (32) zum Übertragen von Wärme zu dem in dem Raum angeordneten Wafer umfasst,

dadurch gekennzeichnet, dass eine Abstandsentfernung zwischen dem Wärmestrom-Regulierungsabschnitt und
dem Wärmestrom-Übertagungsabschnitt gleichmäßig ist und der Abstand in einem Bereich von 0,001 mm bis 1
mm liegt, und
ein Wärmewiderstand Rg an einer ebenen oder gekrümmten Oberfläche, wo der Wärmestrom-Regulierungsabschnitt
und der Wärmestrom-Durchlassabschnitt nah beieinander liegen, gleichmäßig ist,
der Wärmestrom-Regulierungsabschnitt aus einem Material mit einem Wärmeleitfähigkeitskoeffizienten hergestellt
ist, der nicht mehr als 0,5-mal bis nicht mehr  als 20-mal desjenigen des auf dem Wärmefluss-Übertragungsabschnitt
angeordneten Wafers beträgt, und
ein Verhältnis R2/R1 nicht weniger als 0,8 bis nicht mehr als 1,2 beträgt, wobei R1 ein Wärmewiderstand für eine
Wärmeübergangsstrecke von einer hinteren Oberfläche des Wärmestrom-Übertragungsabschnitts zu der vorderen
Oberfläche des Wafers ist und R2 ein Wärmewiderstand für eine Wärmeübergangsstrecke von der hinteren Ober-
fläche des Wärmefluss-Übertragungsabschnitts zu einer vorderen Oberfläche des Wärmestrom-Regulierungsab-
schnitts ist.

2. Dampfphasen-Epitaxievorrichtung nach Anspruch 1, wobei der Wärmewiderstand Rg nicht weniger als 1,0 x 10-6

m2K/W bis nicht mehr als 5,0 x 10-3 m2K/W beträgt.

3. Dampfphasen-Epitaxievorrichtung nach einem der Ansprüche 1 bis 2, wobei der Wärmestrom-Übertragungsab-
schnitt aus einem Material mit einem Wärmeleitfähigkeitskoeffizienten hergestellt ist, der nicht weniger als 50 W/mK
bis nicht mehr als 450 W/mK beträgt.

4. Dampfphasen-Epitaxievorrichtung nach einem der Ansprüche 1 bis 3, wobei der Wärmestrom-Regulierungsab-
schnitt aus einem Material hergestellt ist, das aus einer Gruppe ausgewählt ist, die aus amorphem Kohlenstoff,
Aluminiumnitrid, Graphit, Silizium, Siliziumkarbid, Molybdän, pyrolytischem Bornitrid und Aluminiumoxid besteht, und
der Wärmestrom-Übertagungsabschnitt aus einem Material hergestellt ist, das aus einer Gruppe ausgewählt ist,
die aus Molybdän, Graphit, Gold und Silber besteht.

5. Dampfphasen-Epitaxieverfahren, das Folgendes umfasst:

Verwenden einer Dampfphasen-Epitaxievorrichtung, umfassend einen Reaktionsofen, der hermetisch ver-
schließbar ist, einen in dem Reaktionsofen angeordneten Waferbehälter zum Anordnen eines Wafers an einer
vorherbestimmten Stelle, ein Gaszufuhrelement zum  Zuführen eines Quellgases zu dem Wafer und ein Heiz-
element zum Erwärmen des Wafers, wobei der Waferbehälter einen Wärmestrom-Regulierungsabschnitt mit
einem Raum zum Anordnen des Wafers und einen mit dem Wärmestrom-Regulierungsabschnitt verbundenen
Wärmestrom-Übertragungsabschnitt zum Übertragen von Wärme zu dem in dem Raum angeordneten Wafer
umfasst, und eine Abstandsentfernung zwischen dem Wärmestrom-Regulierungsabschnitt und dem Wärme-
strom-Übertagungsabschnitt gleichmäßig ist und der Abstand in einem Bereich von 0,001 mm bis 1 mm liegt; und
Bilden eines dünnen Films auf einer vorderen Oberfläche des Wafers durch Zuführen des Quellgases in einem
Hochtemperaturzustand, während das Heizelement den Wafer in dem Reaktionsofen durch den Waferbehälter
erwärmt,
wobei der Wärmestrom-Regulierungsabschnitt aus einem Material mit einem Wärmeleitfähigkeitskoeffizienten
hergestellt ist, der nicht weniger als 0,5-mal bis nicht mehr als 20-mal desjenigen des auf dem Wärmefluss-
Übertragungsabschnitt angeordneten Wafers beträgt,
ein Verhältnis R2/R1 nicht weniger als 0,8 bis nicht mehr als 1,2 beträgt, wobei R1 ein Wärmewiderstand für
eine Wärmeübergangsstrecke von einer hinteren Oberfläche des Wärmestrom-Übertragungsabschnitts zu der
vorderen Oberfläche des Wafers ist und R2 ein Wärmewiderstand für eine Wärmeübergangsstrecke von der
hinteren Oberfläche des Wärmefluss-Übertragungsabschnitts zu einer vorderen Oberfläche des Wärmestrom-
Regulierungsabschnitts ist.
ein Temperaturunterschied zwischen einer vorderen Oberfläche des Waferbehälters und einer vorderen Ober-
fläche des Wafers beim Bilden innerhalb von 2 °C liegt.

Revendications

1. Appareil de croissance en phase vapeur (100) comprenant :
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un four de réaction (1) qui peut être fermé hermétiquement,
un contenant de tranche (3) qui est disposé dans le four de réaction, pour disposer une tranche (2) dans une
position prédéterminée,
un élément d’alimentation en gaz (7) pour alimenter une source de gaz vers la tranche, et
un élément de chauffage (5) pour chauffer la tranche,
cet appareil étant conçu de façon à former un film déposé sur une surface avant de la tranche en alimentant
le gaz de la source dans un état à haute température tandis que l’élément de chauffage chauffe la tranche dans
le four de réaction à travers le contenant de la tranche,
le contenant de la tranche comprenant une section de contrôle de flux de chaleur (31) ayant un espace (3a)
pour disposer la tranche, et une section de transmission de flux de chaleur (32) jointe à la section de contrôle
du flux de chaleur, pour transmettre la chaleur à la tranche disposée dans l’espace,

caractérisé en ce qu’une distance d’écartement entre la section de contrôle du flux de chaleur et la section de
transmission du flux de chaleur est uniforme et en ce que cet écartement est situé dans la plage allant de 0,001
mm à 1 mm, et en ce que
une résistance à la chaleur Rg au niveau d’une surface plate ou courbe où la section de contrôle du flux de chaleur
et la section de transmission du flux de chaleur sont proches l’une de l’autre est uniforme,
la section de contrôle du flux de chaleur est faite en un matériau ayant un coefficient de conductivité thermique qui
n’est pas plus petit que 0,5 fois et pas plus grand que 20 fois celui de la tranche disposée sur la section de transmission
du flux de chaleur, et
un rapport R2/R1 n’est pas moins que 0,8 et pas plus que 1,2, R1 étant une résistance à la chaleur pour une route
de transfert de chaleur depuis une surface arrière de la section de transmission du flux de chaleur jusqu’à la surface
avant de la tranche, et R2 étant une résistance à la chaleur pour une route de transfert de chaleur depuis la surface
arrière de la section de transmission du flux de chaleur jusqu’à une surface avant de la section de contrôle du flux
de chaleur.

2. Appareil de croissance en phase vapeur selon la revendication 1, dans lequel la résistance à la chaleur Rg n’est
pas moins que 1,0 x 10-6 m2 K/W et pas plus que 5,0 x 10-3m2K/W.

3. Appareil de croissance en phase vapeur selon l’une quelconque des revendications 1 à 2, dans lequel la section
de transmission du flux de chaleur est faite en un matériau ayant un coefficient de conductivité thermique qui n’est
pas moins que 50 W/mK et pas plus que 450 W/mk.

4. Appareil de croissance en phase vapeur selon l’une quelconque des revendications 1 à 3, dans lequel la section
de contrôle du flux de chaleur est faite en un matériau choisi parmi un groupe comprenant le carbone amorphe, le
nitrure d’aluminium, le graphite, le silicium, le carbure de silicium, le molybdène, le nitrure de bore pyrolytique et
l’alumine, et la section de transmission du flux de chaleur est faite en un matériau choisi parmi le groupe comprenant
le molybdène, le graphite, l’or et l’argent.

5. Procédé de croissance en phase vapeur comprenant :

l’utilisation d’un appareil de croissance en phase vapeur comprenant un four de réaction qui peut être fermé
hermétiquement, un contenant de tranche disposé dans ce four de réaction, pour disposer une tranche dans
une position prédéterminée, un élément d’alimentation en gaz pour alimenter une source de gaz vers la tranche,
et un élément de chauffage pour chauffer la tranche, dans lequel le contenant de la tranche comprend une
section de contrôle du flux de chaleur ayant un espace pour disposer la tranche, et une section de transmission
du flux de chaleur jointe à la section de contrôle du flux de chaleur, pour transmettre la chaleur à la tranche
disposée dans l’espace, et une distance d’écartement entre la section de contrôle du flux de chaleur et la section
de transmission du flux de chaleur est uniforme et l’écartement est situé dans une plage allant de 0,001 mm à
1 mm ; et
la formation d’un film mince sur une surface avant de la tranche en alimentant le gaz de la source dans un état
à haute température tandis que l’élément de chauffage chauffe la tranche dans le four de réaction à travers le
contenant de tranche,
dans lequel la section de contrôle du flux de chaleur est faite en un matériau ayant un coefficient de conductivité
thermique qui n’est pas moins que 0,5 fois et pas plus que 20 fois celui de la tranche disposée sur la section
de transmission du flux de chaleur,
un rapport R2/R1 n’est pas moins que 0,8 et pas plus que 1,2, R1 étant une résistance à la chaleur pour une
route de transfert de chaleur depuis une surface arrière de la section de transmission du flux de chaleur jusqu’à
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la surface avant de la tranche, et R2 étant une résistance à la chaleur pour une route de transfert de chaleur
depuis la surface arrière de la section de transmission du flux de chaleur jusqu’à une surface avant de la section
de contrôle du flux de chaleur,
une différence de température entre une surface avant du contenant de tranche et une surface avant de la
tranche est dans les limites de 2 °C lors de la formation.
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