
1 MEMBER FOR PRODUCTION DEVICE OF SEMICONDUCTOR BACKGROUND OF THE INVENTION
Field of the Invention The present invention relates to a member for
production device of a group III-V compound semiconductor, and a production
device using the same. Description of Related Art As a material of
light-emitting devices such as light-emitting diode (hereinafter referred
to as "LED", sometimes) in the ultraviolet, blue or green color range or
laser diode in the ultraviolet, blue or green color range, a Group III-V
compound semiconductor represented by the general formula
In[err]Ga[err]Al[err]N (provided that x + y + z = 1, 0 [err] x [err] 1, 0
[err] y [err] 1, and 0 [err] z [err] 1) has hitherto been known. Examples
of the process of producing the group III- V compound semiconductor include
molecular beam epitaxy (hereinafter referred to as "MBE", sometimes)
process, organometallic vapor phase epitaxy (hereinafter referred to as
"MOVPE", sometimes) process, hydride vapor phase epitaxy (hereinafter
referred to as "HVPE", sometimes) process and the like. Among them, the
MOVPE process is particularly preferred because uniform formation of layers
in large area  



2 can be generally conducted in comparison with the MBE and HVPE processes.
In the vapor phase deposition process of the compound semiconductor, a
member of a production device is exposed to an atmosphere of raw gases
(e.g. hydrogen, organometallic compound, ammonia gas, etc.) which have
large reactivity at high temperature. Therefore, it is necessary that the
member for production device is composed of a material which has high
resistance to these raw gases and emits little impurities so as to grow a
high-purity semiconductor. Graphite is often used as a member of a
production device of semiconductors other than the compound semiconductor
because of its features such as stability at high temperature, easy heating
due to its high absorption efficiency of high frequency electromagnetic
wave or infrared rays or by joule heat of the current through the graphite
itself, emitting of little impurities and the like. However, it is known
that graphite has high reactivity to ammonia especially at a high
temperature and is drastically deteriorated by exposing to a
high-temperature ammonia atmosphere. Therefore, it is generally conducted
to use graphite after coating the surface of graphite with a chemically
stable material (e.g. SiC, 



etc.) in a thickness of about 100 [err]m. However, there was a problem that
the coated material like as SiC is gradually cracked or pinhole arises when
3 exposing to a high-temperature (not less than 1000[err]C) atmosphere for
a long time or repeating a cycle of heating to the temperature at not less
than 1000[err]C and cooling to room temperature, even if graphite coated
with SiC is used as the material for member. There was also a problem that
the coated SiC can not be used for the sliding part of the member because
the surface thereof is not smooth. On the other hand, a SiC-sintered member
has high resistance to ammonia, but had a problem that it can not be easily
formed into a complicated form because SiC is a remarkably hard material.
SUMMARY OF THE INVENTION It is an object of the present invention to
provide a member for production device of a group III-V compound
semiconductor which is superior in chemical and mechanical stabilities,
thereby providing a high-productivity production device which is suitable
for the compound semiconductor. 



Under these circumstances, the present inventors have intensively studied
about the member. As a result, it has been found that a member for
high-productivity production device of a group III-V compound semiconductor
can be obtained by using SiC obtained by subjecting a graphite base
material to a specific treatment or a graphite-SiC composite    4 wherein
at least surface layer part of the graphite base material is converted into
SiC as the material. Thus, the present invention has been accomplished.
That is, the present invention relates to the followings. (1) In a member
for production device of a group III-V compound semiconductor represented
by the general formula In[err]Ga[err]Al[err]N (provided that x + y + z = 1,
0 [err] x [err] 1, 0 [err] y [err] 1, and 0 [err] z [err] 1), the
improvement comprising using SiC wherein a graphite base material is
converted into SiC. (2) In a member for production device of a group III-V
compound semiconductor represented by the general formula
In[err]Ga[err]Al[err]N (provided that x + y + z = 1, 0 [err]  x [err] 1, 0
[err] y [err] 1, and 0 [err] z [err] 1), the improvement comprising using a
graphite-SiC composite wherein at least surface layer part 



of a graphite base material is converted into SiC. (3) The member for
production device of a group III-V compound semiconductor according to (1)
or (2), wherein a surface roughness of a contact part between the member
for production device of the group III-V compound semiconductor of (1) or
(2) and the other member is not more than 20 [err] m. (4) The member for
production device of a group III-V compound semiconductor according to (2),
wherein thickness of the layer converted into SiC is at least 500 [err]m
from the    5 surface. (5) A production device of a group III-V compound
semiconductor which is characterized by using the member for production
device of the group III-V compound semiconductor of (1), (2), (3) or (4).
BRIEF DESCRIPTION OF THE DRAWING Figure 1 is a schematic diagram
illustrating a reactor used in Comparative Example 1 and Example 1.
DETAILED DESCRIPTION OF THE INVENTION The present invention will be
described in detail, hereinafter. 



The member for production device of the group III-V compound semiconductor
of the present invention is SiC obtained by converting a graphite base
material into SiC or a graphite-SiC complex wherein at least surface layer
part of the graphite base material is converted into SiC. Graphite has good
processability and can be processed in high accuracy and, therefore, a
member having a complicated form of the present invention can be obtained
by previously forming a graphite matrix into a suitable form. The SiC layer
is not easily peeled off in comparison with the case that the surface is
coated with SiC, and processing such as polishing and the like can be
conducted.    6 Particularly, when coating with SiC, a crack arises or SiC
is peeled off by repeating a cycle of heating and cooling. Therefore, a
process gas penetrates into the crack to cause deterioration such as
erosion of the matrix and the like. However, the member of the present
invention hardly cause such a problem by converting into SiC. As the
process of converting graphite into SiC, known techniques can be used.
Specifically, there have been known a process of reacting a graphite
substrate with a SiO gas 



to convert into SiC (which is known as a CVR process, Japanese Patent
Kokoku No. 61-11911, Japanese Patent Kokai (Laid- Open) No. 59-3084), a
process of impregnating a graphite substrate with molten Si to convert into
SiC (Japanese Patent Kokai (Laid-Open) No. 1-242408), a process of coating
the surface of a graphite base material with Si and then reacting the
coated Si with graphite by a high-temperature treatment (Japanese Patent
Kokai (Laid-Open) No. 1-249679), a process of firstly reacting a graphite
substrate with SiO to convert into SiC and then impregnating with molten Si
to convert into SiC (Japanese Patent Kokai (Laid-Open) No. 6-219835) and
the like. Since all of materials produced by these processes show excellent
chemical and mechanical stabilities, they can be suitably used as the
material for member of the present invention. In the process of
impregnating graphite with    7 molten Si, however, the degree of the
surface converted into SiC is lowand graphite is microscopically exposed,
sometimes. In the process of reacting graphite with a SiO gas, it is
difficult to convert into SiC to the inside of the base material. When some
cracking arises by a mechanical shock, 



graphite inside is sometimes exposed. In this respect, the graphite member
can be uniformly converted into SiC to the inside according to the process
of firstly reacting a graphite base material with SiO to convert into SiC
and then impregnating with molten Si to convert into SiC and, therefore,
this process can be suitably used. A thickness of the layer converted into
SiC is preferably at least 500 [err]m from the surface of the graphite base
material. More preferred thickness of the layer converted into SiC is not
less than 800 [err]m, most preferably not less than 1000 [err]m. When the
thickness of the layer converted into SiC is smaller than 500 [err]m,
adhesion between the layer converted into S iC and graphite base material
is not sufficient and the mechanical strength is not sufficient, sometimes.
In this respect, the graphite member can be uniformly converted into SiC to
the inside according to the process of impregnating the material, wherein
graphite or the surface layer part of graphite is converted into SiC, with
molten Si and, therefore, it is particularly preferred. Specific material
of the graphite-SiC composite,    8 wherein at least surface layer part of
the graphite base 



material is converted into SiC, include SOLSIX, SOLSIX-N, SOLSIX-G,
SOLSIX-GA and the like (trade name, manufactured by Toyo Carbon Co., Ltd.).
Among them, SOLSIX (trade name) is a material, wherein the surface layer
part of graphite is converted into SiC to the inside by a CVR process and
is further converted into SiC to the inside by impregnating with molten Si,
and it can be suitably used as the material for member of the present
invention. When the member of the present invention is used as the sliding
part of gear, bearing and the like, or balls of ball bearing, that is, when
a contact part is present between the member and the other, the contact
part is preferably used after surface polishing. The surface roughness
(average unevenness) is preferably not more than 20 [err]m, more preferably
not more than 10 [err] m, most preferably not more than 8 [err]m. When the
surface roughness of the contact part is larger than 20 [err]m, friction of
the contact part is large and the member is sometimes damaged, and it is
not preferred. The member of the present invention can be stable even in an
atmosphere heated to about 1600[err]C. The production device of the group
III-V compound semiconductor of the present invention is characterized by
using the member of the present invention.  Particularly, it is suitably
used for a holding jig which is referred to  



9 as a "susceptor". In the production of the semiconductor in high
productivity, there is required a vapor phase process technique capable of
simultaneously treating a plurality of wafers and attaining high uniformity
of the semiconductor in a wafer and between wafers. For this purpose, the
wafer is generally placed on the holding jig which is referred to as the
susceptor and the wafer performs a rotating or rotating/revolving motion
due to an action of the susceptor. The rotating or rotating/revolving
motion is performed so that the good uniformity of the exposure of a
process gas to a wafer is achieved in a wafer and between wafers. The term
"rotating" means that the wafer rotates on its axis, the term "revolving"
means that the susceptor, on which a plurality of substrates is placed,
revolves on its axis, and the term "rotating/revolving" means that the
rotation of the wafer and the revolution of the susceptor are
simultaneously performed. It is necessary to incorporate a mechanism (e.g.
gear, etc.) for transmitting revolution to the susceptor so as to perform
the rotating or rotating/revolving motion.  When the susceptor is made by
using the member of the present invention, 



the rotating or rotating/revolving motion can be smoothly performed by
polishing the sliding part so that the surface roughness is adjusted within
the above range.    10 Sliding properties can be further improved by
incorporating mechanisms such as ball bearing, roller bearing and the like
into the sliding part. In this case, balls and rollers of bearing are
preferably composed of the member of the present invention. As the form of
the rotating/revolving susceptor which can be used for the production
device of a semiconductor of the present invention, there can be used those
which are known for a normal vapor phase process. Specific examples include
those obtained by arranging a plurality of substrates on the plane, those
obtained by placing a substrate on the side of an equilateral polygon
pyramid (generally referred to as a "barrel type") and the like. A
difference between the above two kinds of susceptors is as follows.  That
is, the rotating axis is generally parallel to the revolving axis in the
former while the rotating axis and revolving axis make a large angle in the
latter. Actually, the angle between the rotating axis and revolving axis
can be freely set within the range from 



about 0 degree (the rotating axis is generally parallel to the revolving
axis) to about 90 degree. When a high-temperature process is conducted by
using the production process of the semiconductor, the process gas
sometimes cause a convection in the device. In this case, it becomes
difficult to rapidly exchange or switch the process gases, or there
sometimes arises a problem that a    large amount of impurities are
incorporated into the semiconductor. When such a problem arises, the
convection is sometimes inhibited by feeding the process gas from the lower
part, using a susceptor by which the surface of the wafer exposed to the
process gas looks down. Specific examples of the process of increasing a
flow rate of the process gas include a process of increasing a feed of the
process gas, a process which is conducted under reduced pressure (not more
than 1 atm) and the like. In both cases, a high-productivity device can be
made by using the member of the present invention. EXAMPLES The following
Examples further illustrate the present invention in detail but are not to
be construed to limit the scope thereof. 



Comparative Example 1 GaN was grown using a production device of a GaN
semiconductor shown in Fig. 1. As a material for susceptor, those obtained
by coating graphite with SiC in a thickness of 200 [err]m were used.
Firstly, a sapphire substrate was washed with an organic solvent and placed
on a susceptor, and then inside of the reactor chamber of the production
device was substituted with a hydrogen atmosphere (1 atm). The susceptor
was heated to    12 1100[err]C and the inside of the chamber was etched
with a hydrogen chloride gas for 5 minutes. Then, the temperature of the
susceptor was reduced to 550[err]C and ammonia, hydrogen and
trimethylgallium [(CH[err])[err]Ga, hereinafter referred to as "TMG",
sometimes] were respectively fed in an amount of 4SLM, 4SLM and 0.15SCCM to
form a GaN buffer layer (300 angstrom). Then, the temperature of the
susceptor was raised to 1100[err]C and ammonia, hydrogen and TMG were
respectively fed in an amount of 4SLM, 4SLM and 1SCCM to grow GaN for 30
minutes. The resultant GaN had a mirror surface and a film thickness
thereof was about 2.5 [err]m. "SLM" and "SCCM" are units of gas flow.
"1SLM" means 



that gas occupying 1 liter of volume in the normal state flows per minute,
and "1000SCCM" corresponds to "1SLM". The growth of GaN described above was
repeated 20 times. As a result, it was confirmed that cracks arose at the
SiC part of the side surface of the susceptor. Graphite inside was corroded
at the periphery of the cracks. Also confirmed was peeling off of the
coated SiC film at the bottom of the susceptor. Example 1 A plate of a
graphite-SiC composite having a thickness of 2 mm (trade name: SOLSIX,
manufactured by Toyo Carbon Co., Ltd.) was further placed on the susceptor
of Comparative    13 Example 1 and the growth was conducted according to
the same manner as that described in Comparative Example 1. Regarding the
plate which is composed of the graphite-SiC composite, the part which is
0.5 mm away from the surface is exclusively composed of SiC. Regarding the
inside part, 37% thereof is composed of SiC and the remainder is composed
of graphite. Even if the growth was repeated 20 times, any change such as
crack, peeling, corrosion and the like was not observed in the plate of the
graphite-SiC composite. In 



any growth in this Example, the resultant GaN film had a mirror surface.
Example 2 Using SOLSIX (trade name, manufactured by Toyo Carbon Co., Ltd.),
a rotating/revolving susceptor capable of simultaneously treating a
plurality of 2 inch wafers was made. The sliding part was polished so that
the surface roughness became not more than 8 [err]m. This susceptor was
placed in an atmosphere wherein the respective partial pressures of
ammonia, hydrogen and TMG are the same as those of Comparative Example 1 at
1100[err]C and rotation/revolution was conducted. As a result, a smooth
rotating/revolving motion of the substrate was confirmed. After the
substrate, susceptor and reactor were etched by adding hydrogen chloride to
hydrogen as a carrier gas at    14 1100[err]C under a growing pressure of
0.1 atm, GaN (300 angstrom) as a buffer layer was grown at 550[err]C and
GaN (3 [err]m) was grown at 1050[err]C, using ammonia, TMG and hydrogen as
the carrier gas. As a result, an excellent crystal growth having excellent
surface properties could be conducted. A rocking curve was measured by
X-rays. As a result, it has been found 



that the resultant crystal has excellent crystallizability, i.e. half-width
is about 5 minutes. The above growth was repeated 50 times, but the
resultant crystal of the GaN film was good similar to the above case and
deterioration such as crack, peeling and the like was not observed in the
susceptor. The rotation/revolution of the substrate was smooth. Example 3
Using SOLSIX (trade name, manufactured by Toyo Carbon Co., Ltd.), a
susceptor which has a same shape of the susceptor used in Comparative
Example 1, was made. Using this susceptor, GaN was grown by a process which
is almost same as the process of Comparative Example 1. On this GaN
crystal, an InGaN layer whose InN mixed crystal ratio was about 30 %, and a
GaAlN layer whose AlN mixed crystal ratio was about 20 %, were further
grown, so as to make so-called quantum well structure. Materials used for
the growth of the quantum well structure were, trimethylindium,
triethylgalliun, triethylaluminum, ammonia, and Ar as In, Ga, Al, N,
sources and a carrier gas, respectively. The layers grown on the GaN
crystal were 50 and 300 angstrom thick, respectively.     From  this
quantum  well  structure, 



photoluminescence spectrum was measured and a prominent blue emission was
observed, from which it was confirmed that the quantum well structure was
of high quality. Example 4 Using the same susceptor of Example 3, more than
100 times growths of undoped, n-, and p-type GaN, quantum well structures
on the GaN, and light emitting devices of lamination of a quantum well
structure and a p-type charge injection layer on the n-type GaN, were
performed, and no peeling off and cracks of surface layer of the susceptor
were found. Among the crystals obtained in this way, there was no
deterioration of crystallinity thought to be caused by deterioration of the
susceptor. By using the member of the present invention for a vapor phase
deposition device of a group III-V compound semiconductor, which is exposed
to an atmosphere having high reactivity at high temperature, a deposition
device having excellent productivity, capable of growing a high-quality
compound semiconductor crystal can be made.  Therefore, the    16 present
invention is extremely useful and has a large industrial value. 



17 What is claimed is: 1. A member for production device of a group III-V
compound semiconductor represented by the general formula
In[err]Ga[err]Al[err]N (provided that x + y + z = 1, 0 [err] x 5 [err], 0
[err] y [err] 1, and 0 [err] z [err] 1), comprising SiC which is obtained
by converting a graphite base material into SiC. 2. A member for production
device of a group III-V compound semiconductor represented by the general
formula In[err]Ga[err]Al[err]N (provided that x + y + z = 1, 0 [err] x
[err] 1, 0 [err] y [err] 1, and 0 [err] z [err] 1), comprising a
graphite-SiC composite which is obtained by coverting at least surface
layer part of a graphite base material into SiC. 3. The member for
production device of a group III-V compound semiconductor according to
claim 1 or 2, wherein a surface roughness of a contact part between the
member for production device of the group III-V compound semiconductor of
claim 1 or 2 and the other member is not more than 20 [err]m. 4. The member
for production device of a group III-V compound semiconductor according to
claim 1 or 2, wherein a thickness of the layer converted into SiC is at
least 500 [err]m from the surface. 



5. A production device of a group III-V compound semiconductor which is
characterized by using the member for production device of the group III-V
compound semiconductor of claim 1, 2, 3 or 4.    


