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(57) ABSTRACT 

A Susceptor for use in an epitaxial growth apparatus and 
method where a plurality of circular through-holes are 
formed in the bottom wall of a pocket in an outer peripheral 
region a distance of up to about 72 the radius toward the 
center of the circular bottom wall. The total opening Surface 
area of these through-holes is 0.05 to 55% of the surface area 
of the bottom wall. The opening Surface area of each of the 
through-holes provided at this outer peripheral region is 0.2 
to 3.2 mm and the density of the through-holes is 0.25 to 25 
per cm. After a semiconductor wafer is mounted in the 
pocket, epitaxial growth is carried out while Source gas and 
carrier gas (i.e., reactive gas) is made to flow on the upper 
Surface Side of the Susceptor and carrier gas is made to flow 
on the lower Surface Side. 
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Fig.14 
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SUSCEPTOR FOR EPITAXIAL GROWTH AND 
EPITAXIAL GROWTH METHOD 

FIELD OF THE INVENTION 

0001. This invention relates to a susceptor for epitaxial 
growth and an epitaxial growth method, and in particular 
relates to a Susceptor for epitaxial growth and epitaxial 
growth technology for use in promoting growth of an 
epitaxial film on the Surface of a Semiconductor wafer. 

BACKGROUND OF THE INVENTION 

0002. In recent years, epitaxial wafers where an epitaxial 
film is formed on the surface of a silicon wafer are widely 
used as silicon wafers for use with MOS devices. These 
epitaxial wafers provide improved yield for gate oxidation 
films of MOS devices, and have Superior characteristics 
Such as the reduction of parasitic capacitance, the prevention 
of Soft errors, improved gettering performance, and 
improved mechanical Strength. 
0003. With this epitaxial wafer structure, in the prior art 
where a batch method is implemented So as to perform 
epitaxial growth proceSS Simultaneously on a plurality of 
Silicon wafers, it has become difficult to maintain compat 
ibility with large diameter Silicon waferS and Single wafer 
processing epitaxial growth apparatus have therefore mainly 
been employed. In recent years, epitaxial growth apparatus 
for use with large diameter wafers capable of performing 
epitaxial growth process on wafers of a diameter of 300 mm 
or more have been developed. 
0004. With these single wafer type epitaxial growth appa 
ratus, methods of transferring a wafer into and out of the 
apparatus, and onto a Susceptor, can be classified into two 
types: a type where a wafer is transferred using a Bernoulli 
chuck method or elevating method using a transportation jig; 
and a type where the lower Surface of the wafer is Supported 
using pins, So that transfer is achieved by raising the pins. 
However, in each case, a Semiconductor wafer is mounted 
on a Single Susceptor arranged horizontally in the apparatus. 
The wafer is then raised to a high temperature using a heat 
Source Such as infrared lamps, etc. located around the wafer. 
Epitaxial growth is then initiated at the wafer Surface by 
flowing a reactive gas over the Surface of the wafer at a 
high-temperature while rotating the Susceptor. 
0005 The following is a description, with reference to 
FIG. 19 to FIG. 23, of a susceptor for epitaxial growth and 
an epitaxial growth method of the prior art. 
0006 FIG. 19 is a cross-sectional view schematically 
showing an epitaxial growth apparatus of the prior art. FIG. 
20 is a plane View Schematically showing a Susceptor for 
epitaxial growth of the prior art. FIG. 21 is a further 
croSS-Sectional view Schematically showing a Susceptor for 
epitaxial growth of the prior art. FIG. 22 is a further 
croSS-Sectional view Schematically showing a design of a 
susceptor for epitaxial growth of the prior art. FIG. 23 is a 
further plane View Schematically showing of a Susceptor for 
epitaxial growth of the prior art. 
0007 As shown in FIG. 19 to FIG. 22, the epitaxial 
growth apparatus (hereinafter referred to as "apparatus) 1 
internally contains an epitaxial film forming chamber (here 
inafter referred to as “film forming chamber”) 2. This film 
forming chamber 2 is equipped with an upper dome 3, a 
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lower dome 4, and a dome fitting 5. The upper dome 3 and 
the lower dome 4 are made from a transparent material Such 
as quartz, etc., with a Susceptor 10 and Silicon wafer W being 
heated using a plurality of halogen lamps 6 arranged above 
and below the apparatuS 1. 
0008. The Susceptor 10 is then rotated as a result of an 
outer part of the lower Surface of the Susceptor 10 engaging 
with a Support arm 8 linked to a Susceptor rotating shaft 7. 
A carbon base material, coated on the Surface with a SiC 
film, is adopted as the susceptor 10. The susceptor 10 is 
disc-shaped as shown in FIG. 20, or is disc-shaped having 
a receSS as shown in FIG. 21, and Supports the entire rear 
surface of the silicon wafer W. This recess is comprised of 
a pocket 10a housing the silicon wafer W and is comprised 
of a Substantially circular bottom wall and a Sidewall Sur 
rounding this bottom wall. A total of three through-holes 10b 
are formed every 120 degrees around the outside of the 
Susceptor 10. Elevating pins 9 for raising and lowering the 
silicon wafer W are inserted loosely at each through-hole 
10b. Elevation of the elevating pins 9 is carried out by a lift 
arm 11. 

0009. A gas Supply opening 12 and gas exhaust opening 
13 are located facing each other at a position of the dome 
fitting 5 that faces the Susceptor 10. Reactive gas, that has 
been formed by diluting Source gas Such as SiHCl, etc. with 
hydrogen gas (carrier gas) and mixed with a microscopic 
amount of dopant, is Supplied from the gas Supply opening 
3 so as to flow parallel (in a horizontal direction) to the 
surface of the silicon wafer W. The provided reactive gas is 
exhausted to the outside of the apparatus 1 by gas exhaust 
outlet 13 after passing over the surface of the silicon wafer 
W to bring about epitaxial film growth. 
0010. In recent years, uniform distribution of resistivity 
within epitaxial film Surfaces has become an extremely 
important quantitative requirement for epitaxial wafers. 
However, high-temperature processing is required during 
epitaxial growth. This causes dopant within the wafer to be 
diffused outwards during the epitaxial growth proceSS and 
causes a So-called “autodoping phenomenon where dopant 
is diffused outwards and is incorporated into the epitaxial 
film. This causes unevenneSS in dopant concentration within 
the formed epitaxial film and causes the resistivity at the 
outer edge part of the epitaxial film to decrease, and resis 
tivity distribution acroSS the Surface to be uneven. In par 
ticular, when epitaxial growth is carried out at a concentra 
tion lower than the dopant concentration of the Silicon wafer 
W, this causeS regions where the dopant concentration of the 
epitaxial film is outside of the required specifications to 
occur and causes device yield to decrease. 
0011. In order to prevent the deterioration of the resis 
tivity distribution within the epitaxial film, silicon wafers are 
coated with a protective film So that autodoping from the 
silicon wafer W is prevented. Silicon oxide films produced 
by CVD techniques are typically used as the protective films 
for preventing autodoping and a polycrystaline Silicon film 
formed on the rear Surface of the wafer can contribute to 
gettering capabilities and may also function as a protective 
film for reducing autodoping. Typically only the rear Surface 
is coated with the silicon oxide film. The edges of the wafer 
are not coated, but any out diffusion of dopant from the 
wafer edge is minimal because of the Small Surface area. 
0012. The use of a wafer having a protective film is 
therefore effective in Suppressing autodoping. However, this 
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requires dedicated equipment Such as CVD processing tools, 
etc. and this requires additional processing. There are also 
cases that demand the use of an epitaxial wafer where the 
protective layer must be removed from the rear Surface after 
the epitaxial growth process. This requirement depends on 
the type of processing required. In this case, it is necessary 
to perform additional processing Such as polishing and 
etching, etc. in order to remove the protective film after the 
epitaxial growth process. This additional processing causes 
the cost of producing epitaxial wafers to increase and in 
recent years this increased cost has made it impossible to 
produce low cost epitaxial wafers. 
0013 An epitaxial wafer that has been processed with an 
oxide backSeal and then the oxide Stripped, has a dopant 
concentration at the rear Surface that is Similar to the bulk of 
the Substrate. An epitaxial wafer that has been processed 
without an oxide backSeal has a rear Surface that is depleted 
of dopant concentration. This depleted rear Surface may be 
beneficial for Subsequent processing by the device manu 
facturer. In order to resolve these problems, an epitaxial 
growth process method has been proposed that employs a 
susceptor 10 formed with a large number of through-holes 
10c over substantially the entire surface of the bottom wall 
of the pocket 10a of the Susceptor 10, as shown, for example, 
in FIG. 23. 

0.014. However, when there are through-holes 10c dis 
persed over substantially the whole surface of the bottom 
wall of the pocket, degradation of the nanotopology of the 
Surface of the epitaxial wafer occurs due to temperature 
differences between regions where through-holes 10c are 
formed and regions where through-holes 10c are not formed 
and these nanotopographical degradation regions occur 
acroSS the entire wafer Surface. 

0.015. In the prior art, a region from a central position of 
the bottom wall of this pocket to a radius of /2 is a region for 
measuring the temperature of the epitaxial growth process in 
the epitaxial growth apparatus. When through-holes 10c are 
then formed in this region, variations occur in measurement 
of the process temperature and as a result there is an 
increased possibility that slip will occur in the wafer. 
0016 On the other hand, uniform epitaxial film thickness 
is also an important quantitative demand placed upon epi 
taxial wafers. The aforementioned reactive gas is Supplied to 
the film-forming chamber 2 in a manner parallel with respect 
to the surface of the silicon wafer W (FIG.22). Part of the 
reactive gas flowing into the film-forming chamber 2 there 
fore collides with the outer wall of the susceptor 10. As a 
result, the gas flow of reactive gas is disturbed in the vicinity 
of the upper edge part of the Susceptor 10 and it is therefore 
difficult for the reactive gas to make Sufficient contact with 
the outer edge surface of the silicon wafer W. As a result, this 
causes a phenomenon to occur where the epitaxial film of 
this portion becomes thin compared with the Surface portion. 
This phenomenon occurs regardless of whether or not a 
protective film for preventing autodoping is present at the 
rear Surface of the silicon wafer W. 

0017 Methods have therefore been disclosed in the prior 
art to prevent lowering of film thickness at the outer parts of 
the epitaxial film through control of the epitaxial growth 
process. To give concrete examples, there is a method (1) 
where the Speed of growth of an epitaxial film is lowered, 
and a method (2) where the height D from the surface of the 
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bottom wall of the Susceptor 10 to the upper end surface of 
the sidewall is lowered. This height D is typically 0.55 to 
1.00 mm. 

0018. However, according to the method (1) of lowering 
the growth Speed, a longer period of time is required to grow 
the epitaxial film, and this impacts the productivity with 
which the silicon wafers are produced. Further, when the 
susceptor height D is lowered in (2), the silicon wafer W 
being processed may become miscentered in the pocket 10a 
as the result of Small vibrations. 

0019 Moreover, the through-holes 10c in the prior art are 
formed in a direction perpendicular to the bottom wall of the 
susceptor 10. When the through-holes are formed perpen 
dicular to the Susceptor pocket bottom wall, radiant heat can 
pass through the through-holes and can be absorbed directly 
on the rear Surface of the Silicon wafer. This can cause 
non-uniform heating of the Silicon wafer. 

OBJECT OF THE INVENTION 

0020. It is therefore an object of the present invention to 
provide an epitaxial growth Susceptor and epitaxial growth 
method capable of providing uniformity with regards to film 
thickness of an epitaxial film, to reduce degradation regions 
regarding nanotopography of the Surface of an epitaxial 
wafer, to prevent the occurrence of Slip of the epitaxial film 
caused by the forming of through-holes in the bottom wall 
of the pocket, to eliminate the influence of autodoping from 
the rear Surface of the wafer, and capable of improving 
uniformity of dopant concentration within the epitaxial film 
Surface. 

0021. It is a further object of the invention to provide an 
epitaxial growth Susceptor and an epitaxial growth method 
capable of improving the effects of discharging dopant from 
the rear Surface of the wafer. 

0022. It is still a further object of the invention to provide 
an epitaxial growth Susceptor and an epitaxial growth 
method capable of preventing wafer contaminants originat 
ing from the Susceptor base material. 
0023 Moreover, it is a still further object of this invention 
to provide an epitaxial growth Susceptor and an epitaxial 
growth method where epitaxial growth is carried out without 
forming a protective film on the rear Side of the wafer and 
to thereby lower the cost of the epitaxial wafer. 
0024. It is another object of this invention to provide an 
epitaxial wafer where autodoping does not occur during 
thermal treatment in device processing. 
0025. It is a still further object of the invention to provide 
an epitaxial growth Susceptor and an epitaxial growth 
method capable of Suppressing variations in radiant heat 
occurring at areas where through-holes are formed and 
capable of Suppressing the occurrence of uneven brightness 
at the rear Surface of a Semiconductor wafer. 

SUMMARY OF THE INVENTION 

0026. In a first aspect of the invention, there is provided 
an epitaxial growth Susceptor (hereinafter Sometimes 
referred to simply as “susceptor”) with a pocket formed 
from a substantially circular bottom wall and a side wall 
encompassing the bottom wall, where a Semiconductor 
wafer is to be mounted in the pocket. A plurality of through 
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holes with openings that are Substantially circular or polygo 
nal are provided at the bottom wall within an outer periphery 
region in a radial direction from the outer periphery of the 
bottom wall to the center, over a distance that is up to 
approximately /2 of the radius, with the through-holes being 
included within at least a portion of the region of the bottom 
wall on which the semiconductor wafer is mounted. The 
total opening Surface area of the plurality of through-holes 
is 0.05 to 55% of the Surface area of the bottom wall. 

0.027 Circular, elliptical or a similar shape may be given 
as Substantially circular shapes. Triangular, quadrangular, 
pentagonal, or other angular shapes may be given as polygo 
nal shapes. 
0028. The type of wafer is by no means limited. For 
example, a Silicon wafer or gallium arsenide wafer or SOI or 
Selectively grown epitaxial waferS may be used. If the total 
opening Surface area of the plurality of through-holes is 
Smaller than 0.05% of the Surface area of the bottom wall, 
dopant that diffuses outwards from the rear surface of the 
wafer is not effectively exhausted. Further, when the total 
opening Surface area exceeds 55%, slip begins to occur in 
the epitaxial wafer and the Strength of the Susceptor itself 
decreases due to a temperature difference between the 
central part and outer periphery of the wafer being large, and 
there are problems with the Susceptor fracturing or the like 
during the epitaxial reaction. 
0029. According to this first aspect of the invention, the 
plurality of though-holes are provided within an outer 
periphery region in a radial direction from the outside of the 
bottom wall to the center over a distance that is up to /3 of 
the radius. The through-holes are included within at least the 
region of the bottom wall on which the semiconductor wafer 
is mounted on. The total Surface area of the openings of the 
through-holes is taken to be 0.05 to 55% of the surface area 
of the bottom wall. This improves uniformity of film thick 
neSS of the epitaxial film. Additionally, nanotopgraphically 
degraded regions of the epitaxial wafer Surface that occur 
due to a temperature difference between the regions where 
a plurality of through-holes are formed in the bottom wall of 
the pocket and regions where the holes are not formed can 
be reduced., The Slip caused by the forming of through-holes 
in the bottom wall of the pocket can also be prevented. 
Further, with semiconductor wafers where influence is 
exerted by autodoping from the rear Surface of the wafer, it 
is possible to eliminate the influence of autodoping and to 
improve the uniformity of dopant concentration within the 
epitaxial film. 

0.030. In a second aspect of this invention, in the epitaxial 
growth Susceptor there is further provided a Support means 
at the bottom wall or Sidewall for Supporting the mounted 
Semiconductor wafer through Surface contact, line contact or 
point contact with only the outer periphery of the Semicon 
ductor wafer. 

0031. According to a susceptor structure where the entire 
rear Surface of the Semiconductor wafer is Surface-Sup 
ported, it is difficult for carrier gas Such as hydrogen gas to 
become wrapped around the entire rear Surface of the wafer. 
The effectiveness with which dopant is discharged from the 
rear Surface of the wafer and is exhausted is therefore 
reduced. To this end, it is effective to form on the susceptor 
a Support means for Supporting the wafer by making Surface 
contact, line contact or point contact with the outer periphery 
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of the wafer So that a slight gap is formed between the rear 
Surface of the wafer and the upper Surface of the Susceptor. 
0032. In a third aspect of the invention, a SiC film is 
adhered to the Surface of the Susceptor and to inner wall 
Surfaces of each of the through-holes. Exposed Surfaces of 
the Susceptor and inner Surfaces of the through-holes are 
coated with a SiC film. Contamination from the susceptor 
base material, Such as carbon contamination, etc., can there 
fore be reliably prevented. 

0033. In a fourth aspect of the invention, at least the 
portion of the Susceptor that includes the through-holes of 
the Susceptor is made of a Solid SiC material. 
0034. The reason for making the portion of the susceptor 
that includes the through-holes of a solid SiC material is 
because it is difficult to coat all of the inside Surfaces of the 
through-holes uniformly and because peeling of the SiC film 
tends to occur at parts of the inside Surfaces of the through 
holes. Contamination caused by the Susceptor base material 
can be reliably prevented by forming the Susceptor region 
where the through-holes are formed using a solid SiC 
material which is fabricated from solid SiC using a CVD 
technique, etc. It is also possible to form the entire Susceptor 
from a solid SiC material. 

0035) In a fifth aspect of the invention, the through-holes 
of the Susceptor are inclined with respect to the thickness 
direction of the bottom wall. 

0036 Namely, each of the through-holes is formed in the 
bottom wall inclined in Such a manner that a central axis of 
each through-hole is not orthogonal with respect to the 
bottom wall plane but rather has a prescribed angle. The 
angle of inclination of (the central axes of) the through-holes 
with respect to the bottom wall surface is, for example, 20 
to 70 degrees. The direction of inclination of the through 
holes is by no means limited. Inclination from the upper 
Surface of the bottom wall to the lower Surface towards the 
inside of the bottom wall or towards the outside is possible. 
0037 According to the fifth aspect of the invention, the 
radiant heat occurring at the part of the bottom wall where 
the through-holes are formed can therefore be decreased 
compared with the case where the through-holes are not 
inclined and the occurrence of uneven brightness at the rear 
Surface of the Semiconductor wafer can be Suppressed. 
0038. In a sixth aspect of this invention, there is provided 
an expitaxial growth Susceptor with a pocket formed from a 
Substantially circular bottom wall and a Sidewall encom 
passing the bottom wall, where a Semiconductor wafer is to 
be mounted within the pocket. A plurality of through-holes 
with openings that are Substantially circular or polygonal are 
provided at the bottom wall within a region or a distance of 
up to approximately /2 the radius from the outer periphery 
to the center in a radial direction, with the through-holes 
being included within at least the region of the bottom wall 
on which the semiconductor wafer is to be mounted. The 
opening Surface area of each through-hole is taken to be 0.2 
to 3.2 mm, and the density of the through-holes is taken to 
be 0.25 to 25 holes per cm’. 
0039 The reason the through-holes are not formed with 
an opening Surface area less than 0.2 mm is because of 
technical difficulties with mechanical machining precision. 
When through-holes where the opening Surface area exceeds 
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3.2 mm are formed, temperature distribution becomes 
uneven and nanotopographical degradation and the occur 
rence of Slip becomes marked due to the opening Surface 
area being too large. 
0040. On the other hand, when the density of the through 
holes is less than 0.25 holes per cm’, the amount of reactive 
gas flowing decreases and therefore a decrease of the film 
thickness at the outer periphery of the epitaxial film cannot 
be prevented, the effectiveness with which dopant dis 
charged from the rear Surface of the wafer is also Small and 
therefore the influence of autodoping cannot be eliminated. 
When through-hole density exceeds 25 per cm, the strength 
of the Susceptor itself decreases and the Susceptor may warp 
or fracture during the epitaxial growth process. 
0041 According to the sixth aspect of the invention, the 
thickneSS uniformity of the epitaxial film is improved and 
the nanotopgraphically degraded regions of the epitaxial 
wafer Surface that occur due to a temperature difference 
between the regions where a plurality of through-holes are 
formed in the bottom wall of the pocket and regions where 
the holes are not formed are reduced. The slip caused by the 
forming of through-holes in the bottom wall of the pocket 
can therefore be prevented. In the case of Semiconductor 
wafers where influence is exerted by autodoping from the 
rear Surface of the wafer, it is also possible to eliminate the 
influence of this autodoping and to improve the uniformity 
of dopant concentration within the epitaxial film Surface. 
0042. In a seventh aspect of this invention, the epitaxial 
Susceptor according to the Sixth aspect of the invention is 
further provided with a support means at the bottom wall or 
Sidewall for Supporting the mounted Semiconductor wafer 
through Surface contact, line contact or point contact with 
only the outer periphery of the Semiconductor wafer. 
0043. In an eighth aspect of the invention, a SiC film is 
adhered to the Surface of the Susceptor of the Sixth aspect of 
the invention and to inner wall Surfaces of each of the 
through-holes. 
0044) In a ninth aspect of the invention, at least the 
portion of the Susceptor of the Sixth aspect of the invention 
that includes the through-holes of the Susceptor is made of 
a Solid SiC material. 

0.045. In a tenth aspect of the invention, the through-holes 
of the Susceptor of the Sixth aspect of the invention are 
inclined with respect to the thickness direction of the bottom 
wall. 

0046. In an eleventh aspect of the invention, there is 
provided an epitaxial growth method for growing an epi 
taxial film on a Surface of a Semiconductor wafer by mount 
ing the Semiconductor wafer within the Susceptor pocket and 
Supplying Source gas and carrier gas to an upper Surface Side 
of the Susceptor and Supplying carrier gas to a lower Surface 
Side of the Susceptor. The pocket is formed from a Substan 
tially round bottom wall and a Sidewall encompassing the 
bottom wall, and a plurality of through-holes with openings 
that are Substantially circular or polygonal are provided at 
the bottom wall within a region or a distance of up to 
approximately /2 the radius from the outer periphery to the 
center, with through-holes being included within at least the 
region of the bottom wall on which the semiconductor wafer 
is mounted. The total opening Surface area of the plurality of 
through-holes is 0.05 to 55% of the surface area of the 
bottom wall. 
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0047 A gas such as, for example, SiH, SiHCl, SiHCl 
or SiCl, etc., is adopted as the Source gas. 
0048 Hydrogen gas or an inert gas may be adopted as the 
carrier gas. 
0049 According to the eleventh aspect of the invention, 
after the Semiconductor wafer is mounted within the pocket, 
epitaxial growth is carried out while flowing Source gas and 
carrier gas on the upper Surface Side of the Susceptor and 
flowing carrier gas on the lower Surface Side. Therefore, at 
the outer periphery of the Susceptor, part of the Source gas 
flowing on the upper Surface Side of the Susceptor flows from 
a gap between the outer periphery of the Semiconductor 
wafer and the sidewall of the susceptor down to the lower 
Surface Side of the Susceptor via the through-holes as a result 
of negative pressure created by the carrier gas flowing on the 
lower Surface Side of the Susceptor. A Sufficient amount of 
Source gas can therefore be Supplied to the Surface of the 
outer periphery of the wafer. This improves the thickness 
uniformity of the epitaxial film and reduces the nanotopo 
graphically degraded regions of the epitaxial wafer Surface 
that occur due to a temperature difference between the 
regions where a plurality of through-holes are formed in the 
bottom wall of the pocket and regions where the holes are 
not formed because the through-holes are not formed in the 
region from the center of the bottom wall of the susceptor to 
a distance of at least /3 of the radius from the center. The slip 
caused by the forming of through-holes in the bottom wall 
of the pocket can therefore be prevented. 
0050. Further, dopant is diffused outwards from the rear 
Surface of a wafer during an epitaxial growth proceSS when 
a Semiconductor wafer with both front and rear Surfaces 
constituted by a Semiconductor Single crystal Surface is 
Subjected to the epitaxial growth proceSS. However, in the 
eleventh aspect of the invention dopant is discharged at the 
lower Surface Side of the Susceptor due to the action of this 
negative preSSure and it is difficult for this dopant to be 
incorporated into the epitaxial film. As a result, the influence 
of this autodoping from the rear Surface of the wafer can be 
Substantially eliminated and the uniformity of dopant con 
centration within the epitaxial film Surface can be improved. 
This epitaxial growth proceSS may also be applied to Semi 
conductor wafers with oxide films or polycrystalline films 
formed on the rear Surface thereof where the influence of 
autodoping is slight. Reduction in film thickness at the outer 
periphery of the epitaxial film can also be Suppressed in this 
CSC. 

0051. In a twelfth aspect of this invention, there is further 
provided an epitaxial growth method where the epitaxial 
growth Susceptor in the eleventh aspect of the invention is 
provided with Support means at the bottom wall or sidewall 
for Supporting the mounted Semiconductor wafer through 
Surface contact, line contact or point contact with only the 
outer periphery of the Semiconductor wafer. 
0052. In a thirteenth aspect of the invention, a SiC film is 
adhered to the surfaces of the susceptor of the eleventh 
aspect of the invention and to inner wall Surfaces of each of 
the through-holes. 
0053. In a fourteenth aspect of the invention, an epitaxial 
growth method is provided where at least the portion of the 
Susceptor of the eleventh aspect of the invention that 
includes the through-holes of the Susceptor is made of a Solid 
SiC material. 
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0054. In a fifteenth aspect of the invention, an epitaxial 
growth method is provided where the carrier gas Supplied to 
the lower Surface Side of the Susceptor of the eleventh aspect 
of the invention is hydrogen containing gas Supplied at 3 to 
100 liters per minute. 
0.055 When the amount of carrier gas flowing at the 
lower Surface Side of the Susceptor is less than 3 liters per 
minute, there is an insufficient amount of negative pressure 
generated and the dopant does not effectively flow through 
the Susceptor through-holes. In this case the autodoping is 
excessive. When a flow of 100 liters per minute flow is 
exceeded, the effectiveness of exhausting the dopant is 
increased, but the carrier gas including the dopant is not 
discharged from the gas exhausting opening in an appropri 
ate manner. Part of the carrier gas flows into the Source gas 
and the distribution of resistivity within the epitaxial film 
deteriorates. 

0056. In a sixteenth aspect of the invention, an epitaxial 
growth method is provided where the through-holes of the 
epitaxial growth Susceptor of the eleventh aspect of the 
invention are inclined with respect to the thickness direction 
of the bottom wall. 

0057. In a seventeenth aspect of the invention, there is 
provided an epitaxial growth method for growing an epi 
taxial film on a Surface of a Semiconductor wafer by mount 
ing the Semiconductor wafer within the Susceptor pocket and 
Supplying Source gas and carrier gas to an upper Surface Side 
of the Susceptor and Supplying carrier gas to a lower Surface 
Side of the Susceptor. The pocket is formed from a Substan 
tially round bottom wall and a Sidewall encompassing the 
bottom wall, and a plurality of through-holes with openings 
that are Substantially circular or polygonal are provided at 
the bottom wall within a region a distance of up to approxi 
mately 72 the radius from the Outer periphery to the center, 
with the through-holes being included within at least the 
region of the bottom wall on which the semiconductor wafer 
is mounted. The opening Surface area of each through-hole 
is taken to be 0.2 to 3.2 mm, and the density of the 
through-holes is taken to be 0.25 to 25 per cm. 
0.058 According to the seventeenth aspect of the inven 
tion, after the Semiconductor wafer is mounted within the 
pocket of the Susceptor, epitaxial growth is carried out while 
flowing Source gas and carrier gas on the upper Surface side 
of the Susceptor and flowing carrier gas on the lower Surface 
Side. At this time, a negative pressure force acts at the outer 
peripheral part of the Susceptor due to carrier gas flowing on 
the lower Surface Side of the Susceptor causing part of the 
Source gas flowing on the upper Surface Side of the Susceptor 
to flow to the lower Surface side of the Susceptor via the 
through-holes. As a result, a Sufficient amount of Source gas 
can also be Supplied to the Surface of the outer periphery of 
the wafer, and the thickness of the epitaxial film can be made 
uniform. This uniformity of the epitaxial film can therefore 
be achieved regardless of whether or not a protective film for 
preventing autodoping is present at the rear Surface of the 
Silicon wafer. Nanotopographically degraded regions of the 
epitaxial wafer Surface that occur due to a temperature 
difference between the regions where a plurality of through 
holes are formed in the bottom wall of the pocket and 
regions where the holes are not formed can be reduced. The 
Slip caused by the forming of through-holes in the bottom 
wall of the pocket can be prevented. 
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0059 Further, dopant is diffused outwards from the rear 
Surface of the wafer during the epitaxial growth process in 
the case of a semiconductor wafer with both front and rear 
Surfaces constituted by a Semiconductor Single crystal Sur 
face. However, dopant diffused outwards is exhausted to the 
lower Surface Side of the Susceptor due to the action of the 
negative pressure. It is therefore difficult for the dopant to be 
taken into the epitaxial film. As a result, the influence of this 
autodoping from the rear Surface of the wafer can be 
eliminated and the uniformity of dopant concentration 
within the epitaxial film Surface can be improved. 
0060. In an eighteenth aspect of this invention, there is 
further provided an epitaxial growth method where the 
epitaxial growth Susceptor of the Seventeenth aspect of the 
invention is provided with a support unit at the bottom wall 
or Sidewall for Supporting the mounted Semiconductor wafer 
through Surface contact, line contact or point contact with 
only the outer periphery of the Semiconductor wafer. 
0061. In a nineteenth aspect of the invention, an epitaxial 
growth method is provided where a SiC film is adhered to 
the Surface of the Susceptor of the Seventeenth aspect of the 
invention and to inner wall Surfaces of each of the through 
holes in the epitaxial growth method. 
0062. In a twentieth aspect of the invention, an epitaxial 
growth method is provided where at least the portion of the 
Susceptor of the Seventeenth aspect of the invention that 
includes the through-holes of the Susceptor is made of a Solid 
SiC material. 

0063. In a twenty-first aspect of the invention, an epi 
taxial growth method is provided where the carrier gas 
Supplied to the lower Surface Side of the Susceptor of the 
Seventeenth aspect of the invention is hydrogen containing 
gas Supplied at 3 to 100 liters per minute. 
0064. In a twenty-second aspect of the invention, an 
epitaxial growth method is provided where the through 
holes of the Susceptor of the Seventeenth aspect of the 
invention are inclined with respect to the thickness direction 
of the bottom wall. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0065 FIG. 1 is a cross-sectional view schematically 
showing an epitaxial growth apparatus on which is mounted 
an epitaxial growth Susceptor of a first embodiment of this 
invention. 

0066 FIG. 2 is an enlarged cross-sectional view sche 
matically showing the essential parts of a usage State of a 
Susceptor for epitaxial growth of a first embodiment of this 
invention. 

0067 FIG. 3 is a plan view showing essential parts of a 
Susceptor for epitaxial growth of a first embodiment of this 
invention. 

0068 FIG. 4 is an enlarged cross-sectional view showing 
essential parts of a Susceptor for epitaxial growth of a first 
embodiment of this invention. 

0069 FIG. 5 is a plan view schematically showing a 
Susceptor for epitaxial growth of a further embodiment of 
this invention. 

0070 FIG. 6 is a cross-sectional view schematically 
showing the essential parts of a Susceptor for epitaxial 
growth of a further embodiment of this invention. 
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0071 FIG. 7 is a cross-sectional view schematically 
showing the essential parts of a Susceptor for epitaxial 
growth of a further embodiment of this invention. 
0.072 FIG. 8 is a cross-sectional view schematically 
showing a Susceptor for epitaxial growth of another embodi 
ment of this invention. 

0.073 FIG. 9 is a plan view schematically showing a 
Susceptor for epitaxial growth of a further embodiment of 
this invention. 

0.074 FIG. 10 is a cross-sectional view schematically 
showing essential parts of a Susceptor for epitaxial growth of 
a still further embodiment of this invention. 

0075 FIG. 11 is a plan view schematically showing a 
Susceptor for epitaxial growth of a further embodiment of 
this invention. 

0.076 FIG. 12 is a graph showing distribution of dopant 
concentration in a radial direction of epitaxial films of 
epitaxial wafers obtained in a test example and a compara 
tive example. 
0.077 FIG. 13 is a graph showing distribution of resis 
tivity in a radial direction of epitaxial films of epitaxial 
waferS obtained in a test example and a comparative 
example. 

0078 FIG. 14 is a graph showing changes in film thick 
neSS of epitaxial films of epitaxial waferS obtained in a test 
example and a comparative example. 
0079 FIG. 15 is a graph showing peak to valley (P-V) 
nanotopology occurring in the Outer parts of epitaxial wafers 
obtained in a test example and a comparative example. 
0080 FIG. 16 is a graph showing the relationship 
between the Surface area of the openings of through-holes 
and P-V nanotopography values for epitaxial wafers 
obtained in a test example and a comparative example. 
0.081 FIG. 17 is a graph showing the relationship 
between the region from the edge of a wafer where through 
holes are provided and the extent of a drop or decrease in 
thickness of an epitaxial film at the outer edge of a wafer for 
epitaxial wafers obtained in a test example and a compara 
tive example. 
0082 FIG. 18 is a graph showing the relationship 
between the Surface area of the openings of the through 
holes and the extent of Slip for epitaxial wafers obtained in 
a test example and a comparative example. 

0083 FIG. 19 is a cross-sectional view schematically 
showing an epitaxial growth apparatus of the prior art. 
0084 FIG. 20 is a plan view schematically showing a 
Susceptor for epitaxial growth of the prior art. 

0085 FIG. 21 is a further cross-sectional view schemati 
cally showing a Susceptor for epitaxial growth of the prior 
art. 

0.086 FIG.22 is a further cross-sectional view schemati 
cally showing a usage State of a Susceptor for epitaxial 
growth of the prior art. 
0087 FIG. 23 is a further plan view schematically show 
ing a usage State of a Susceptor for epitaxial growth of the 
prior art. 
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PREFERRED EMBODIMENTS OF THE 
INVENTION 

0088. The following is a description of a susceptor for 
epitaxial growth and an epitaxial growth method of embodi 
ments of this invention. The present invention is by no 
means limited by the following embodiments. FIG. 1 is a 
croSS-Sectional view Schematically showing an epitaxial 
growth apparatus in which is mounted an epitaxial growth 
susceptor of a first embodiment of this invention. FIG. 2 is 
an enlarged cross-sectional view Schematically showing 
essential parts of a usage State of a Susceptor for epitaxial 
growth of the first embodiment of this invention. FIG. 3 is 
a plan view showing essential parts of a Susceptor for 
epitaxial growth of the first embodiment of this invention. 
FIG. 4 is an enlarged cross-sectional view showing essential 
parts of a Susceptor for epitaxial growth of the first embodi 
ment of this invention. 

0089 FIG. 5 is a plan view schematically showing a 
Susceptor for epitaxial growth of a further embodiment of 
this invention. FIG. 6 is a cross-sectional view Schemati 
cally showing essential parts of a Susceptor for epitaxial 
growth of the further embodiment of this invention. FIG. 7 
is a cross-sectional view Schematically showing the essential 
parts of a Susceptor for epitaxial growth of the further 
embodiment of this invention. 

0090. As shown in FIG. 1 to FIG. 4, the epitaxial growth 
apparatus (hereinafter referred to as “apparatus”) 1 inter 
nally contains an epitaxial film forming chamber 2. This film 
forming chamber 2 is equipped with an upper dome 3, a 
lower dome 4, and a dome fitting 5. The upper dome 3 and 
the lower dome 4 are made from a transparent material Such 
as quartz, etc., with a plurality of halogen lamps 6 for 
heating, a Susceptor 10 and Silicon wafer Warranged above 
and below the apparatus 1. The silicon wafer W used is, for 
example, a P-type Silicon Single crystal wafer 200 mm in 
diameter, 740 um thick, with Surface planar orientation 
(100), a resistivity of 15 mS2cm (milli-ohm-cm) and with 
one side having a mirrored finish. There is no Silicon oxide 
film (protective film) formed on the rear side of the silicon 
wafer and both sides of the wafer are Single crystal Silicon 
Surfaces. 

0091. A gas Supply opening 12 and gas exhaust opening 
13 are located facing each other at a position of the dome 
fitting 5 that faces the Susceptor 10. Reactive gas, that has 
been formed by diluting a Source gas Such as SiHCl etc. 
with hydrogen gas (carrier gas) and mixed with a micro 
Scopic amount of dopant, is Supplied from the gas Supply 
opening 12 So as to flow parallel (in a horizontal direction) 
to the Surface of the silicon wafer W. The provided reactive 
gas is exhausted to the outside of the apparatus 1 by a gas 
exhaust outlet 13 after passing over the Surface of the Silicon 
wafer W to bring about epitaxial film growth. 
0092. Further, at the dome fitting 5, a gas supply opening 
14 for Supplying carrier gas Such as hydrogen gas, etc. is 
formed at the side of the lower Surface of the susceptor 10 
below the gas Supply opening 12. Moreover, a gas exhaust 
opening 15 for exhausting hydrogen gas Supplied from the 
gas Supply opening 14 to the outside is also provided at the 
dome fitting 5 in the vicinity below the gas exhaust outlet 13. 
It is also possible to not provide the gas exhaust opening 15 
and instead have the gas exhaust outlet 13 also exhaust the 
carrier gas etc. for epitaxial growth. 
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0093. A description is now given with reference to FIG. 
2 to FIG. 4 of a susceptor 10 of this embodiment. This 
invention is, however, by no means limited to the Susceptor 
10. 

0094. The susceptor 10 is rotated as a result of an outer 
part of the lower Surface of the Susceptor 10 engaging with 
a Support arm 8 linking with a Susceptor rotating shaft 7. 
This susceptor 10 has a pocket 1a formed from a circular 
bottom wall of a diameter of up to 215 mm, which is slightly 
larger than the diameter of the silicon wafer W, and a 
cylindrical sidewall surrounding the bottom wall. The bot 
tom wall and Sidewall are made from carbon materials with 
a SiC film adhered to the Surface. A silicon wafer is then 
housed in and mounted on this pocket 10a. The size of the 
Susceptor can be changed in an appropriate manner accord 
ing to the diameter of the silicon wafer W. To summarize, it 
is preferable for the susceptor 10 to be of a size where there 
is a gap in the order of 1 to 10 mm between the Outer edge 
of the pocket 10a and the outer edge of the silicon wafer W. 
The depth of the pocket 10a, i.e. the height from the upper 
surface of the bottom wall of the susceptor 10 to the upper 
edge Surface of the Sidewall, is Substantially the same as the 
thickness of the silicon wafer, at 800 um. Further, a total of 
three through-holes 10b for pins that support and raise the 
Silicon wafer W up and down are arranged at 120 degree 
intervals in a circumferential direction at the outer periphery 
of the bottom wall. Elevating pins 9 for raising and lowering 
the Silicon wafer Ware inserted loosely at each of the three 
through-holes 10b. Each elevating pin 9 is provided so as to 
be raised and lowered freely with respect to the Support arm 
8. The elevating pins 9 are raised and lowered by a plurality 
of lift arms 11 provided separately from the Support arm 8 
at the Susceptor rotating Shaft 7 in Such a manner as to enable 
raising and lowering. 

0.095. Further, a plurality of through-holes 10c are pro 
Vided for preventing the reduction of the epitaxial film 
grown at the outer periphery of the Surface of the wafer and 
for discharging dopant from the rear Surface of the Silicon 
wafer W that occurs at the outer periphery of the bottom 
wall. Specifically, through-holes 10c are formed in a range 
20 mm from the outer edge of the bottom wall of the pocket 
10a towards the inside in a radial direction of the wafer. 

0.096 First, a description is given of the through-holes 
10b. During epitaxial growth, the elevating pins 9 are held 
within the through-holes 10b so that the insides of the 
through-holes 10b are substantially closed over. The 
through-holes 10b therefore play little part as through-holes 
for discharging dopant. The through-holes 10b for use in 
raising and lowering the wafer are not necessary for epi 
taxial growth apparatus where the wafer is transported using 
a Bernoulli chuck method, etc. 

0097. A combined function of through-holes 10b as 
through-holes for discharging dopant can also be achieved 
by providing recesses within the through-holes 10b used for 
raising and lowering the wafer So that gas flows through 
(FIG. 5). Specifically, as shown in FIG. 6, there are slots 
supporting both ends (in the direction of the Y axis) of the 
head part of an elevating pin 9 in a contacting manner, and, 
as shown in FIG. 7, there are slots supporting both ends (in 
the direction of the X axis) of the head part of the elevating 
pin 9 in a non-contacting manner. In this case, it is preferable 
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to Subject the bottom wall Surface layer part of the pocket 
10a to mesh processing in order to promote gas flow within 
the through-holes 10b. 
0098 Next, a description is given of the through-holes 
10c. The through-holes 10c are formed in the bottom wall 
(having a diameter of 216 mm) So as to appear as circular 
holes as viewed from above. In the embodiment shown in 
FIG. 3, there are seven rows of holes and a total of 834 
holes. Each hole has a diameter of 1 mm, and an opening 
surface area of 0.79 mm', and the density of the holes is 
7.3/cm. The total opening surface area of the through-holes 
10c is 1.8% of the Surface area of the bottom wall. The 
through-holes 10c are formed at least within the region of 
the susceptor 10 above which the susceptor 10 is positioned. 
At least one row of holes and, preferably, at least two rows 
of holes having a size and density as described above are 
provided in this region. When through-holes 10c are formed 
in the peripheral region (only outer side region of the wafer) 
of a Susceptor 10 of a size exceeding the diameter of the 
wafer, the effects of discharging the dopant gas discharged 
from the rear Surface of the wafer are reduced and the 
influence of the autodoping cannot be eliminated. 
0099. As shown in FIG. 2 and FIG. 4, a support means 
10d Supporting the outer peripheral part of the Silicon wafer 
W in a line contact state is provided at the bottom wall of the 
pocket 10a in a tapered shape inclined in a direction from the 
outside towards the inside (inclined Surface). A space of at 
least 100 um is therefore formed at a central part of the 
mounted silicon wafer W between the rear Surface of the 
wafer and the bottom wall of the pocket 10a. This promotes 
the wrapping around of hydrogen gas to the rear Surface of 
the wafer and enhances the discharging of dopant from the 
rear Surface of the wafer. 

0100 FIG. 8 is a cross-sectional view schematically 
showing a Susceptor for epitaxial growth of another embodi 
ment of this invention. FIG. 9 is a plane view schematically 
showing the Susceptor for epitaxial growth of FIG.8. FIG. 
11 is a plane View Schematically showing the Susceptor for 
epitaxial growth of another embodiment of this invention, in 
which through-holes are formed at the bottom wall of the 
pocket 10a and are connected by a shallow channel 10f 
0101 AS shown in FIG. 8, the supportunit 10d may also 
be configured so as to support the silicon wafer W. by 
making contact with the Surface at just the outer peripheral 
part of the Silicon wafer. Uneven portions may also be 
provided on the Surface of the supportunit 10d, with Support 
then being achieved by point-contact between the Surface 
and the outer peripheral part of the silicon wafer W. 
0102) The susceptor 10 of FIGS. 8 and 9 can be formed 
using different materials for the bottom wall and the side 
wall. Namely, the whole of the bottom wall of the pocket 
10a where the through-holes 10c are formed using a solid 
SiC material, and the sidewall of the pocket 10a is a carbon 
base material coated with a SiC (silicon carbide) film. 
Carbon contaminants coming from the base material of the 
Susceptor 10 can be effectively eliminated using this coating. 
0103) In order to take into consideration the temperature 
distribution of the inner surface of the susceptor 10, the 
though-holes are formed over the whole of an Outer periph 
eral region in a radial direction from the outside to the center 
of the bottom wall of the pocket 10 to a distance that is 
approximately /2 of the radius. 
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0104 FIG. 10 is an example where through-holes 10c 
formed in the outer peripheral region of the Susceptor 10 are 
inclined by 45 degrees with respect to the thickness direction 
of the bottom wall. The radiant heat can therefore be 
Suppressed in the region where the through-holes 10c are 
formed in the bottom wall by inclining the through-holes 
10c within a range of 20 degrees to 70 degrees with respect 
to the thickness direction of the bottom wall and the occur 
rence of uneven brightness at a rear Surface of the Silicon 
wafer W can be suppressed. 
0105 FIG. 11 is an embodiment of a susceptor of the 
present invention in which a row of through-holes is pro 
Vided in the outer peripheral region of the Susceptor within 
the region of the Susceptor on which the wafer is mounted, 
with the holes being connected by a shallow channel, or 
trench. The width of the trench is typically slightly greater 
than the diameter of the through-holes up to about 1.5 times 
the diameter. The trench has a depth Such that the croSS 
Sectional area of the trench is from about 50% to 100% of 
the opening Surface area of a through-hole and, preferably, 
is close to that of a through-hole. From a manufacturing 
standpoint, the bottom of the trench is typically flat. This 
embodiment of the Susceptor provides the following advan 
tages. (1) Autodoping caused by dopant diffusing out from 
the wafer backside at the periphery of the wafer can be 
effectively controlled by locating the through-holes only at 
the outer periphery of the wafer. (2) By locating the through 
holes only at the periphery there is an improvement in the 
nanotopology at the center of the wafer, i.e., a reduction in 
through-holes produces improved nanotopology. (3) The 
trench provides a gap between the wafer and Susceptor at the 
periphery of the wafer which provides a path for improved 
mobility of dopant gas to be exhausted out the through 
holes. (4) Since the trench improves the mobility of the 
dopant gas, the density of through-holes can be further 
reduced and this further improves nanotopology. (5) A 
shallow trench has a Smaller impact on nanotopology deg 
radation than a through-hole because there is still Sufficient 
Susceptor mass to maintain a uniform thermal distribution 
which is a cause of nanotopology degradation. It is noted 
that although only one row of holes is shown in FIG. 11, 
more than one row can be provided. 

TEST EXAMPLE AND COMPARATIVE 
EXAMPLE 

0106 A description will now be given of an epitaxial 
growth method for a single wafer epitaxial growth apparatus 
mounted within a susceptor 10 as illustrated in FIG. 3. 
0107 First, a CZ silicon wafer W with the surface pol 
ished to a mirrored finish in the usual manner is mounted 
within the pocket 10a of the susceptor 10. 
0108. Then, after the silicon wafer W is treated by baking 
in hydrogen at 1150 C. for twenty seconds, a mixed reactive 
gas of a silicon Source gas of SiHCl and a boron Source gas 
of BHe diluted in hydrogen gas is Supplied to the apparatus 
1 at a rate of 50 liters per minute so that a P-type epitaxial 
film of a thickness of approximately 6 um and resistivity of 
10 um is formed on the wafer Surface at an epitaxial growth 
temperature of 1070° C. 
0109 Reactive gas supplied from the reactive gas supply 
opening 12 passes through the film forming chamber 2 
where the susceptor 10 and silicon wafer Ware heated by a 
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plurality of halogen lamps 6 arranged above and below the 
apparatus 1 and is exhausted from the apparatus 1 from the 
gas exhaust outlet 13 during the formation of the epitaxial 
film on the surface of the silicon wafer W. Hydrogen gas is 
Supplied from the gas Supply opening 14 to within the film 
forming chamber 2 at a flow rate of 15 liters per minute so 
as to pass through the lower Surface Side of the Susceptor 10 
and after this, the hydrogen gas is exhausted from the gas 
exhaust opening 15. 

0110. In this case, a susceptor 10 (as shown in FIG. 3) is 
employed with a plurality of through-holes 10c provided in 
the outer peripheral region of the bottom wall so that the 
total opening surface area of the through-holes 10c is 1.8% 
of the surface area of the bottom wall. Namely, after the 
silicon wafer W is mounted within the pocket 10a, reactive 
gas is made to flow on the upper Surface Side of the Susceptor 
10 and epitaxial growth then takes place while hydrogen gas 
is made to flow on the lower Surface Side. At this time, as 
shown in FIG. 2, a negative pressure force acts at the outer 
peripheral part of the Susceptor 10 due to the hydrogen gas 
flowing at the lower surface side of the susceptor 10, and 
part of the reactive gas flowing at the upper Surface Side of 
the susceptor 10 flows to the lower surface side of the 
Susceptor 10 via the through-holes 1c. AS a result, a large 
amount of reactive gas comes into contact with the Surface 
of the outer peripheral part of the wafer. This improves the 
uniformity of the epitaxial film and reduces the nanotopo 
graphically degraded regions of the epitaxial wafer Surface 
that occur due to a temperature difference between the 
regions where a plurality of through-holes are formed in the 
bottom wall of the pocket and regions where the holes are 
not formed. The occurrence of slip to the epitaxial film 
which can occur when through-holes are formed in the 
bottom wall of the pocket can therefore be prevented. 

0111 Further, a silicon oxide film for preventing 
autodoping is not formed at the rear Surface of the Silicon 
wafer W and therefore both front and rear Surfaces of the 
wafer can be configured from Silicon Single crystal Surfaces. 
Dopant (boron) is therefore diffused outwards from the rear 
Surface of the wafer during the epitaxial growth process. 
However, dopant diffused outwards is exhausted to the 
lower side of the susceptor 10 due to the action of the 
aforementioned negative pressure force. It is therefore dif 
ficult for the dopant to be taken into the epitaxial film. AS a 
result, the dopant concentration of the epitaxial film is lower 
than the dopant concentration of the silicon wafer W. There 
fore, even in cases where the influence of autodoping from 
the rear Surface of the wafer is Substantial, this influence is 
eliminated and the uniformity of dopant concentration 
within the epitaxial film Surface is improved. 

0112 The results of comparing the test example of this 
invention based on the above-described embodiment of this 
invention and a comparative example of the prior art are 
described below. 

0113. In the comparative example, as with the test 
example of this invention, the Single wafer epitaxial growth 
apparatus shown in FIG. 1 is used and hydrogen gas is 
Supplied at a rate of 15 liters per minute from the gas Supply 
opening 14 in order to prevent Silicon from becoming 
deposited on or in furnace members below the film-forming 
chamber 2 such as the rotating shaft 7 of the Susceptor 10. 
The Susceptor 10 used is one as shown in FIG. 20. 
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0114 Dopant concentration distribution in a radial direc 
tion within the epitaxial film, with the exception of the 
region from the outer periphery to 3 mm, is measured using 
a Surface charge profiler for the epitaxial Silicon wafers 
obtained in the test example of this invention and in the 
comparative example, respectively. The results are shown in 
the graph in FIG. 12. Results obtained for resistivity distri 
bution in a radial direction within an epitaxial film based on 
these measurement results are shown in FIG. 13. FIG. 12 is 
a graph showing distribution of dopant concentration in a 
radial direction of epitaxial films obtained in the test 
example and the comparative example, and FIG. 13 is a 
graph showing distribution of resistivity in a radial direction 
of epitaxial films obtained in the test example and the 
comparative example. 

0115. As is clear from FIG. 12 and FIG. 13, in the 
example of this invention, dopant is taken in in Such a 
manner that dopant concentration within the epitaxial film is 
uniform in a radial direction and a p-type epitaxial film with 
a targeted resistivity of 10 S.2cm is obtained uniformly within 
the Surface. On the other hand, dopant concentration is high 
at the Outer periphery in the comparative example. It can 
also be understood that resistivity distribution falls accord 
ingly by a Substantial amount at the outer periphery. 
0116 Further, as shown in the graph in FIG. 14, the film 
thickness of the epitaxial film decreases at the outer periph 
ery of the wafer and particularly in the region from 2 to 3 
mm from the outer edge. The deterioration Substantially 
relates to deterioration in flatness in the film forming Step for 
epitaxial film forming. FIG. 14 is a graph showing changes 
in film thickness of epitaxial films of epitaxial wafers 
obtained in the test example and the comparative example. 
0117. With prior art susceptors, in the region from 2 to 10 
mm from the outer edge of the wafer and more particularly 
in the region from 2 to 5 mm from the outer edge, the 
uniformity of film thickness of the epitaxial film deteriorates 
and the epitaxial film becomes dramatically thinner. The 
effect of this is that flatness (SFQR, etc.) after epitaxial 
growth is deteriorated Substantially compared with flatneSS 
of the silicon wafer before epitaxial growth. With regards to 
this, the Susceptor of this invention is capable of dramati 
cally reducing the decrease in film thickness of the epitaxial 
film that otherwise occurs at the outer periphery of the wafer 
becauSe using the Susceptor of the present invention a 
Sufficient amount of reactive gas is Supplied to the edge 
regions. 

0118) Next, a description is given based on FIG. 15 of 
how nanotopographical degradation of the wafer Surface is 
improved by forming a plurality of through-holes in only the 
outer peripheral region of the Susceptor. 
0119 FIG. 15 is a graph showing nanotopography occur 
ring in the outer parts of epitaxial waferS obtained in the test 
example and the comparative example. The nanotopology 
was measured by laser reflection angle from the wafer 
surface (as described in SEMI standard m43). In FIG. 15, 
the line graph for S=0 shows nanotopography for the case 
when a Susceptor with a through-hole opening Surface area 
of 0 mm is used, i.e., when there are no through-holes 
formed in the outer periphery of the bottom wall, and the line 
graph for S=3.14 shows nanotopography for when a Sus 
ceptor with through-holes of an opening Surface area of 3.14 
mm (diameter 2 mm) formed in the outer periphery of the 
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bottom wall is used. When, for example, through-holes are 
dispersed over the whole area of the bottom wall of the 
pocket, nanotopographical deterioration occurring due to 
temperature differences between regions where through 
holes are formed and regions where through-holes are not 
formed occurs over the whole Surface of the epitaxial wafer. 
However, in the present invention, through-holes are only 
formed in a region Starting from the outside of the bottom 
wall to the center in a radial direction for a distance of up to 
% the radius. The portion of regions where there is no 
nanotopographical deterioration within the epitaxial wafer 
Surface is therefore enlarged and a high-quality epitaxial 
wafer where the number of nanotopographically degraded 
regions has been reduced is obtained. A region from the 
center of the bottom wall of the susceptor to a radius of /2 
is a region for measuring process temperature of the epi 
taxial growth apparatus. The through-holes are formed out 
Side this region in this invention and the occurrence of Slip 
to the epitaxial film can therefore be Suppressed. 
0120 Next, the relationship between opening surface 
area of through-holes and P-V values for through-hole 
forming parts for the Susceptor of the present invention and 
a prior art Susceptor is shown in FIG. 16. As is clear from 
the relationship between the opening Surface area and the 
P-V value for the through-hole forming part, it is preferable 
for the opening Surface area of the through-holes to be as 
Small as possible So as to minimize the risk of nanotopo 
graphical degradation. 

0121 Next, a description is given using FIG. 17 of the 
relationship between the region where the through-holes 
exist and the extent to which film thickness of the epitaxial 
film decreases at the wafer edge region. FIG. 17 is a graph 
showing the relationship between through-hole forming 
regions and an extent of a drop in film thickness of an 
epitaxial film at Outer parts of a wafer. 

0122) It can be understood from the graph of FIG. 17 that 
the dropping of film thickness can be prevented when 
through-holes are provided in the vicinity from the outer 
peripheral edge of the pocket of the Susceptor up to at least 
50 mm inwards (i.e., up to approximately half the length of 
the radius from the outside of the bottom wall of the 
Susceptor to the center). 
0123) Next, a description is given of the through-hole 
opening Surface area and the amount of Slip using the graph 
showing the relationship between opening Surface area of 
through-holes and the extent of Slip for epitaxial wafers as 
shown in FIG. 18. 

0.124 Regarding the opening Surface area of the through 
holes, considering cylindrical through-holes because of the 
limits of mechanical machining precision when forming the 
through-holes, it is considered not to be possible to form 
through-holes of less than 0.2 mm. Problems with nanoto 
pographical degradation and the occurrence of Slip also 
place constraints on through-holes of 3.2 mm or greater. An 
opening Surface area for the through-holes of 3.2 mm or 
leSS is therefore necessary to give nanotopographical deg 
radation of 10 nm or leSS and to prevent the occurrence of 
slip. 

0.125 The rate of supplying reactive gas to the outer 
periphery of the wafer is also Substantially changed due to 
the relationship between the through-hole opening Surface 
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area and the through-hole density. It is therefore preferable 
to arrange the through-holes as densely as possible in order 
that the influence of the flow of reactive gas to the lower side 
of the susceptor shown in FIG. 1 is uniformly high with 
respect to the circumferential direction of the wafer and in 
order to dramatically SuppreSS the influence of autodoping 
and Suppress reduction in epitaxial film thickness at the 
outer periphery of the wafer. The optimum range for the 
density of the through-holes is therefore 0.25 to 25 per cm 
in order to take into consideration problems with the 
Strength of the Susceptor and through-hole machining pre 
cision. 

0126. A description has been given in the experimental 
example of a Single wafer epitaxial growth apparatus but this 
invention is by no means limited in this respect and may also 
be applied to batch method epitaxial growth apparatus for 
treating a plurality of wafers at one time as implemented in 
the related art. Additionally, the method of the invention can 
also be applied to a Bernoulli chuck transfer apparatus. 
0127. As described above, according to this invention, 
the plurality of through-holes is provided within an outer 
periphery region in a radial direction from the outside of the 
bottom wall to the center over a distance that is up to about 
% of the radius, with the through-holes being included 
within at least the region of the bottom wall on which the 
Semiconductor wafer is mounted. The total Surface area of 
the openings of the through-holes is 0.05 to 55% of the 
Surface area of the bottom wall, the opening area of each 
through-hole is 0.2 to 3.2 mm and the opening density of 
through-holes is 0.25 to 25 per cm. Therefore, as a result, 
uniformity of thickness of the epitaxial film can be improved 
and nanotopographically degraded regions of the epitaxial 
wafer Surface that occur due to a temperature difference 
between the regions where a plurality of through-holes are 
formed in the bottom wall of the pocket and regions where 
the holes are not formed can be reduced. Additionally, Slip 
to the epitaxial film caused by the forming of through-holes 
in the bottom wall of the pocket can be prevented and the 
influence of autodoping from the rear Surface of the wafer 
can be eliminated. Therefore, uniformity of dopant concen 
tration within the epitaxial film Surface can be improved. 
0128. In this invention, a support unit for supporting the 
mounted Semiconductor wafer through Surface contact, line 
contact or point contact with only the Outer periphery of the 
semiconductor wafer is provided at the sidewall of the 
Susceptor. Through-holes are provided in the Susceptor 
within a region from this contact toward the center. This 
provides a Substantial Seal at the wafer edge and dopant, that 
is outgassing from the wafer rear Surface, diffuses out the 
through-holes. As a result, the influence of autodoping from 
the rear Surface can be minimized. 

0129. Further, SiC films are adhered to the surface of the 
Susceptor and the inner wall Surfaces of each through-hole or 
at least the inner walls of each through-hole of the Susceptor 
are made from an SiC material. Wafer contamination caused 
by the Susceptor base material can therefore be prevented. 
0130 Moreover, in this invention an epitaxial wafer can 
be made that is not influenced by autodoping even without 
forming a protective film for preventing autodoping at the 
rear Surface of the wafer and, even in cases where a 
Semiconductor wafer with dopant added to a high concen 
tration is Subjected to an epitaxial growth process, the cost 
of producing the epitaxial wafer can therefore be reduced. 
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0131 According to the epitaxial growth method of this 
invention, dopant is discharged to the outside from the rear 
Surface of the wafer during an epitaxial reaction and it is 
therefore possible to provide an epitaxial wafer with 
extremely low dopant concentration at the rear Surface of the 
wafer. This depleted rear surface may be beneficial for 
Subsequent processing by device manufacturers. When the 
epitaxial growth Susceptor of this invention is used, prob 
lems with autodoping and problems with impurity contami 
nation traceable to the Susceptor Structure are Substantially 
resolved. 

0.132. According to this invention, the through-holes may 
be inclined with respect to the thickness direction of the 
bottom wall. Radiant heat occurring at the part of the bottom 
wall where the through-holes are formed can therefore be 
Suppressed, as can the occurrence of uneven brightness at 
the rear Surface of the Semiconductor wafer. 

What is claimed is: 
1. An epitaxial growth Susceptor comprising a Substan 

tially circular bottom wall and a Sidewall encompassing the 
bottom wall to form a pocket for mounting a Semiconductor 
wafer, wherein a plurality of through-holes having a Sub 
Stantially circular or polygonal opening are provided in the 
bottom wall within a region of up to approximately half the 
radius of the bottom wall from the outer periphery to the 
center, in a radial direction, with the through-holes being 
included within at least the region of the bottom wall on 
which the Semiconductor wafer is mounted; and a total 
opening Surface area of the plurality of through-holes is 
between 0.05 to 55% of the Surface area of the bottom wall. 

2. The epitaxial growth Susceptor of claim 1, further 
provided with a Support means at the bottom wall or the 
Sidewall for Supporting the Semiconductor wafer through 
Surface contact, line contact or point contact with only the 
outer periphery of the Semiconductor wafer. 

3. The epitaxial growth Susceptor of claim 1, wherein a 
SiC film is adhered to a surface of the susceptor and to inner 
wall Surfaces of each of the through-holes. 

4. The epitaxial growth Susceptor of claim 1, wherein at 
least a portion of the bottom wall that includes the through 
holes is made of a Solid SiC material. 

5. The epitaxial growth Susceptor of claim 1, wherein the 
through-holes are inclined with respect to the thickness 
direction of the bottom wall. 

6. An epitaxial growth Susceptor comprising a Substan 
tially circular bottom wall and a Sidewall encompassing the 
bottom wall to form a pocket for mounting a Semiconductor 
wafer, wherein a plurality of through-holes having a Sub 
Stantially circular or polygonal opening are provided in the 
bottom wall within a region of up to approximately half the 
radius of the bottom wall from the outer periphery to the 
center, in a radial direction, with the through-holes being 
included within at least the region of the bottom wall on 
which the Semiconductor wafer is mounted; and the opening 
Surface area of each through-hole is taken to be between 0.2 
to 3.2 mm', and the density of the through-holes is taken to 
be between 0.25 to 25 per cm’. 

7. The epitaxial growth susceptor of claim 6, further 
provided with a support means at the bottom wall or sidewall 
for Supporting the Semiconductor wafer through Surface 
contact, line contact or point contact with only the outer 
periphery of the Semiconductor wafer. 
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8. The epitaxial growth Susceptor of claim 6, wherein a 
SiC film is adhered to a surface of the susceptor and to inner 
wall Surfaces of each of the through-holes. 

9. The epitaxial growth susceptor of claim 6, wherein at 
least a portion of the bottom wall that includes through-holes 
is made of a Solid SiC material. 

10. The epitaxial growth susceptor of claim 6, wherein the 
through-holes are inclined with respect to the thickneSS 
direction of the bottom wall. 

11. An epitaxial growth method for growing an epitaxial 
film on a Surface of a Semiconductor wafer by mounting the 
Semiconductor wafer within a Susceptor pocket and Supply 
ing Source gas and carrier gas to the upper Surface Side of the 
Susceptor and Supplying carrier gas to the lower Surface side 
of the Susceptor, wherein the Susceptor comprises a Substan 
tially circular bottom wall and a Sidewall encompassing the 
bottom wall to form a pocket for mounting the Semiconduc 
tor wafer, wherein a plurality of through-holes having a 
Substantially circular or polygonal opening are provided in 
the bottom wall within a region of up to approximately half 
the radius of the bottom wall from the outer periphery to the 
center, in a radial direction, with the through-holes being 
included within at least the region of the bottom wall on 
which the Semiconductor wafer is mounted. 

12. The epitaxial growth method of claim 11, further 
provided with a support means at the bottom wall or sidewall 
for Supporting the Semiconductor wafer through Surface 
contact, line contact or point contact with only the outer 
periphery of the Semiconductor wafer. 

13. The epitaxial growth method of claim 11, wherein a 
SiC film is adhered to a surface of the Susceptor and to the 
inner wall Surfaces of each of the through-holes. 

14. The epitaxial growth method of claim 11, wherein at 
least a portion of the bottom wall that includes the through 
holes is made of a Solid SiC material. 

15. The epitaxial growth method of claim 11, wherein the 
carrier gas Supplied to the lower Surface Side of the Susceptor 
is hydrogen-containing gas Supplied at between 3 to 100 
liters per minute. 

16. The epitaxial growth method of claim 11, wherein the 
through-holes are inclined with respect to the thickneSS 
direction of the bottom wall. 

17. An epitaxial growth method for growing an epitaxial 
film on a Surface of a Semiconductor wafer by mounting the 
Semiconductor wafer within a pocket of a Susceptor and 
Supplying Source gas and carrier gas to the upper Surface 
Side of the Susceptor and Supplying carrier gas to the lower 
Surface Side of the Susceptor, wherein the Susceptor com 
prises a Substantially circular bottom wall and a Sidewall 

Jan. 6, 2005 

encompassing the bottom wall to form a pocket for mount 
ing the Semiconductor wafer, wherein a plurality of through 
holes having a Substantially circular or polygonal pattern are 
provided in the bottom wall within a region of up to 
approximately half the radius of the bottom wall from the 
outer periphery to the center, in a radial direction, with the 
through-holes being included within at least the region of the 
bottom wall on which the semiconductor wafer is mounted; 
and the opening Surface area of each through-hole is taken 
to be between 0.2 to 3.2 mm, and the density of the 
through-holes is taken to be between 0.25 to 25 per cm’. 

18. The epitaxial growth method of claim 17, further 
provided with a support means at the bottom wall or sidewall 
for Supporting the Semiconductor wafer through Surface 
contact, line contact or point contact with only the outer 
periphery of the Semiconductor wafer. 

19. The epitaxial growth method of claim 17, wherein a 
SiC film is adhered to a surface of the Susceptor and to the 
inner wall Surfaces of each of the through-holes. 

20. The epitaxial growth method of claim 17, wherein at 
least a portion of the bottom wall that includes the through 
holes is made of a Solid SiC material. 

21. The epitaxial growth method of claim 17, wherein the 
carrier gas Supplied to the lower Surface Side of the Susceptor 
is hydrogen-containing gas Supplied at between 3 to 100 
liters per minute. 

22. The epitaxial growth method of claim 17, wherein the 
through-holes are inclined with respect to the thickness 
direction of the bottom wall. 

23. An epitaxial growth Susceptor comprising a Substan 
tially circular bottom wall and a Sidewall encompassing the 
bottom wall to form a pocket for mounting a Semiconductor 
wafer, wherein a plurality of through-holes having a Sub 
Stantially circular or polygonal opening are provided in the 
bottom wall within a region of up to approximately half the 
radius of the bottom wall from the outer periphery to the 
center, in a radial direction, wherein at least one row of 
through-holes is included within at least the region of the 
bottom wall on which the semiconductor wafer is mounted, 
adjacent holes in a row of Said at least one row of through 
holes being connected by a channel. 

24. The epitaxial growth Susceptor of claim 23, wherein 
Said channel has a width that is up to 1.5 times the diameter 
of a through-hole and a depth Such that a croSS-Sectional area 
of a channel is from about 50% to about 100% an opening 
Surface area of a through-hole. 

k k k k k 


