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Disclosed Is a manufacturing method of a SIC semiconductor device having improved performance. The disclosed manufacturing
method of a SIC semiconductor device involves the following steps. A SIC semiconductor Is prepared having a first surface at least
one part of which Is Injected with impurities (S1-S3). A second surface Is formed by cleaning the first surface of the Sic
semiconductor (S4). A film containing Si Is formed on the second surface (S5). By oxidizing the film containing Si, an oxide film Is
formed which configures the SIC semiconductor device (S6).
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ABSTRACT

There 1s provided a method for manufacturing a SiC semiconductor device
achieving improved performance. The method for manufacturing the SiC
semiconductor device includes the following steps. That is, a SiC semiconductor is
prepared which has a first surface having at least a portion into which impurities are
implanted (S1-S3). By cleaning the first surface of the SiC semiconductor, a second
surface 1s formed (S4).  On the second surface, a Si-containing film is formed (S5).

By oxidizing the Si-containing film, an oxide film constituting the SiC semiconductor

device 1s formed (S6).
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DESCRIPTION

TITLE OF INVENTION

Method for Manufacturing Silicon Carbide Semiconductor Device
TECHNICAL FIELD

The present invention relates to a method for manufacturing a silicon carbide
(SiC) semiconductor device, more particularly, a method for manufacturing a S1C

semiconductor device having an oxide film.

BACKGROUND ART

SiC has a large band gap and has larger maximum dielectric breakdown electric
field and thermal conductivity than those of silicon (Si). Moreover, S1C has a carrier
mobility as large as that of silicon, and has large electron saturation drift velocity and
large breakdown voltage. Accordingly, it is expected to apply SiC to a semiconductor
device required to achieve high efficiency, high voltage, and large capacity. An
exemplary method for manufacturing such a SiC semiconductor device 1s a techmque
disclosed in Japanese Patent Laying-Open No. 2008-294204 (Patent Literature 1).

Patent Literature 1 discloses that in a method for 'manufacturing a MOSFET
(Metal Oxide Semiconductor Field Effect Transistor) serving as a S1C semiconductor
device, thermal oxidation of approximately 1000°C is performed in each of an 10n
implantation step performed before forming a gate oxide film; a sacrificial oxidation
and sacrificial oxide film removing step of removing surface roughness resulting from
activation heating treatment; and a gate oxide film forming step. It is also disclosed
that in performing the thermal oxidation in each of the sacrificial oxidation and
sacrificial oxide film removing step and the gate oxide film forming step, rate of the
thermal oxidation greatly differs between a region having an impurity implanted therein
and a region having no impurity implanted therein.

In Patent Literature 1, in view of the problem, the following method for

manufacturing a MOSFET is disclosed. Fig. 13 and Fig. 14 are cross sectional views
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showing steps in manufacturing the MOSFET in Patent Literature 1. As shown in Fig.
13, an n epitaxial layer 202 1s epitaxially grown on a S1C substrate 201. lons are
implanted into this n” epitaxial layer 202 to form p base regions 203. On n” epitaxial
layer 202 thus including p” base regions 203, an n” channel layer 205 1s epitaxially
grown. Thereafter, ion implantation i1s performed using an LTO film 221 as a mask to
form n” source regions 204.  On this occasion, each of n* source regions 204 is formed
to have a region 204a and a region 204b containing an n type impurity at a
concentration lower than that of region 204a. In thermal oxidation for forming a gate
oxide film 207 (see Fig. 14) in a subsequent step, region 204b will be oxidized whereas
region 204a will not be oxidized and will remain as n' source region 204. Thereafter,
activation heating treatment is performed. Next, as shown in Fig. 14, LTO film 221 1s
removed, thus forming gate oxide film 207 on the surface of the epitaxial layer. Then,
on gate oxide film 207, a gate electrode 208 1s formed. Further, an insulating film 209
1s formed, and a source electrode 210 and a drain electrode 211 are formed.
CITATION LIST
PATENT LITERATURE

PTL 1: Japanese Patent Laying-Open No. 2008-294204
SUMMARY OF INVENTION
TECHNICAL PROBLEM

In Patent Literature 1, in the surface of the epitaxial layer, p base regions 203,
n' source regions 204, and n” channel layer 205 are formed. When the surface of the
epitaxial layer 1s oxidized to form the gate oxide film, the regions having the impurities
(dopants) of different types and different concentrations are oxidized all at once. In

this case, oxidizing rate differs due to the types and concentrations of the impurities,
whereby film quality can differ in the gate oxide film. Patent Literature 1 describes
that it is considered to restrain increase of the speed of oxidation in n” source regions
204. However, a portion of gate oxide film 207 on a region (n” channel layer 205)

other than n" source regions 204 and portions of gate oxide film 207 on n” source
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regions 204 are different from each other in terms of conditions of the surface
therebelow. This may result in vanied film quality. When the film quality of gate
oxide film 207 1s varied, performance of the MOSFET will be deteriorated.

In view of this, the present invention has its object to provide a method for
manufacturing a S1C semiconductor device achieving improved performance.
SOLUTION TO PROBLEM

A method for manufacturing a S1C semiconductor device in the present
invention includes the following steps. That is, a SiC semiconductor 1s prepared
which 1ncludes a first surface having at least a portion into which an impurity (dopant)
is implanted. A second surface thereof 1s formed by cleaning the first surface of the
silicon carbide semiconductor. A silicon (Si)-containing film is formed on the second
surface. An oxide film constituting the silicon carbide semiconductor device 1s
formed by oxidizing the Si-containing film.

According to the method for manufacturing the SiC semiconductor device 1n the
present invention, the Si-containing film 1s formed on the second surface formed by
cleaning the first surface of the SiC semiconductor. Accordingly, the Si-containing
film can be clean, and influence of the second surface can be reduced over the film
quality of the Si-containing film. This leads to improved uniformity of the film
quality of the Si-containing film. By oxidizing the Si-containing film thus having

improved uniformity of the film quality, variation in oxidizing rate can be reduced 1n
the depth direction at each location in the Si-containing film. Also, variation can be
reduced in film quality of the oxide film obtained by oxidizing the Si-containing film
having improved uniformity of the film quality. Thus, the quality of the oxide film
constituting the SiC semiconductor device can be improved, thereby improving
performance of the SiC semiconductor device.

Preferably in the method for manufacturing the S1C semiconductor device, the
Si-containing film is a SiC film.

Accordingly, the Si-containing film has the same crystal as that of the Si1C
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semiconductor lying therebelow, thereby facilitating formation of the Si-containing film.

Preferably in the method for manufacturing the SiC semiconductor device, the
Si-containing film is a Si film.

Accordingly, carbon (C) can be restrained from existing in an interface between
the SiC semiconductor layer and the oxide film and in the oxide film. This leads to
more improved performance of the S1C semiconductor device to be manufactured.

Preferably in the method for manufacturing the SiC semiconductor device, the
step of forming the Si-containing film includes the steps of: determining a thickness of
the oxide film constituting the silicon carbide semiconductor device; and controlling a
thickness of the Si-containing film to be the determined thickness of the oxide film
when the Si-containing film is entirely oxidized.

Accordingly, the oxide film can be formed to have a desired thickness by
controlling the thickness of the Si-containing film. Further, by entirely oxidizing the
Si-containing film into the oxide film, there can be formed an oxide film allowing for
reduced content of the impurities implanted into the first surface thereof.
ADVANTAGEOUS EFFECTS OF INVENTION

According to the method for manufacturing the SiC semiconductor device in the
present invention, the oxide film constituting the SiC semiconductor device 1s formed
by oxidizing the Si-containing film. Accordingly, a SiC semiconductor device
achieving improved performance can be manufactured.

BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 1s a schematic view of a manufacturing device for manufacturing a SiC
semiconductor device in an embodiment of the present invention.

Fig. 2 1s a flowchart showing a method for manufacturing the Si1C
semiconductor device in the embodiment of the present invention.

F1g. 3 1s a cross sectional view schematically showing a step in manufacturing

the S1C semiconductor device in the embodiment of the present invention.

Fi1g. 4 1s a cross sectional view schematically showing a step in manufacturing



10

15

20

CA 02781167 2012-05-17

110488: 911040

the S1C semiconductor device in the embodiment of the present invention.

Fig. 5 1s a cross sectional view schematically showing a step in manufacturing
the S1C semiconductor device in the embodiment of the present invention.

Fi1g. 6 1s a cross sectional view schematically showing a step in manufacturing
the S1C semiconductor device in the embodiment of the present invention.

Fig. 7 1s a cross sectional view schematically showing a step in manufacturing
the S1C semiconductor device in the embodiment of the present invention.

Fig. 8 1s a cross sectional view schematically showing a step in manufacturing
the S1C semiconductor device in the embodiment of the present invention.

Fig. 9 1s a cross sectional view schematically showing the SiC semiconductor
device manufactured in the embodiment of the present invention.

Fig. 10 1s a cross sectional view schematically showing an epitaxial wafer used

In an example.

Fig. 11 1s a spectrography showing a result of measuring a surface of an
epitaxial wafer 130 of a sample 2 by means of TXRF.

Fig. 12 1s a spectrography showing a result of measuring a surface of an
epitaxial wafer 130 having been washed in a sample 3, by means of the TXRF.

Fig. 13 1s a cross sectional view showing a step in manufacturing a MOSFET of

Patent Literature 1.

Fig. 14 1s a cross sectional view showing a step in manufacturing the MOSFET

of Patent Literature 1.
DESCRIPTION OF EMBODIMENTS

The following describes an embodiment of the present invention with reference

to figures. It should be noted that in the below-mentioned figures, the same or

corresponding portions are given the same reference characters and are not described

repeatedly.

Fig. 1 1s a schematic view of a manufacturing device 10 for manufacturing a

5S1C semiconductor device in an embodiment of the present invention. Referring to
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Fig. 1, manufacturing device 10 for manufacturing a SiC semiconductor device 1n one
embodiment of the present invention will be described.

As shown in Fig. 1, manufacturing device 10 for manufacturing a S1C
semiconductor device includes a cleaning unit 11, a first forming unit 12, a second
forming unit 13, a first connection portion 14, and a second connection portion 15.
Cleaning unit 11 and first forming unit 12 are connected to each other by first
connection portion 14. Each of cleaning unit 11, first forming unit 12, and first
connection portion 14 has an internal portion isolated from atmospheric air.  The
internal portions thereof can communicate with each other. First forming unit 12 and
second forming unit 13 are connected to each other by second connection portion 15.
Each of first forming unit 12, second forming unit 13, and second connection portion
15 has an internal portion isolated from atmospheric air. The internal portions thereof
can communicate with each other.

Cleaning unit 11 cleans a SiC semiconductor's first surface having at least a
portion into which an impurity is implanted, thereby forming a second surface thereot.
For cleaning unit 11, it is preferable to use, for example, an H etching device for dry-
etching (hereinafter, also referred to as "H etching") the first surface using a gas
containing hydrogen gas (H;). As the H etching device, for example, a high-frequency
heating furnace or the like can be used.

Cleaning unit 11 is not particularly limited to the H etching device, and may be
a device for forming an oxide film on the first surface of the SiC semiconductor and
removing the oxide film for the purpose of cleaning. In this case, the same device or
different devices may be employed to form the oxide film and remove the oxide film.
In the case where different devices are employed to form the oxide film and remove the
oxide film, it is preferable to further provide a connection portion isolated from
atmospheric air and connecting them to each other such that the SiC semiconductor can

be transported therethrough.

First forming unit 12 forms a Si-containing film on the second surface. For
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first forming unit 12, a CVD (Chemical Vapor Deposition) device is used, for example.

Second forming unit 13 forms an oxide film constituting the S1C semiconductor
device, by oxidizing the Si-containing film. Second forming unit 13 can employ, for
example, a dry oxidation (thermal oxidation) device, or a wet oxidation device for
heating 1n an oxygen environment containing water vapor. It is preferable to employ
the dry oxidation device.

First connection portion 14 connects cleaning unit 11 and first forming unit 12
to each other such that the SiC semiconductor can be transported therethrough. A

region (internal space) of first connection portion 14 through which an epitaxial water

100 1s transported can be 1solated from atmospheric air.

Second connection portion 15 connects first forming unit 12 and second
forming unit 13 to each other such that the SiC semiconductor having the Si-containing
film formed thereon can be transported therethrough. A region (internal space) of
second connection portion 15 through which epitaxial wafer 100 is transported can be
1solated from atmospheric air.

Here, the phrase "isolated from atmospheric air (atmosphere 1solated from
atmospheric air)" refers to an atmosphere 1n which atmospheric air 1s not mixed. An
example thereotf includes: an atmosphere including at least one of nitrogen gas,
hydrogen gas, and inert gas; or vacuum. Specifically, the example of the atmosphere
1solated from atmospheric air includes: an atmosphere filled with a gas containing
nitrogen (N), hydrogen (H), helium (He), neon (Ne), argon (Ar), krypton (Kr), xenon
(Xe), radon (Rn), or combination thereof; or vacuum.

First connection portion 14 connects the internal portion of cleaning unit 11 and
the internal portion of first forming unit 12 to each other. First connection portion 14
has the internal space for transporting, to first forming unit 12, the S1C semiconductor
transported from cleaning unit 11. Namely, first connection portion 14 is provided to
transport the SiC semiconductor from cleaning unit 11 to first forming unit 12 so as not

to expose the S1C semiconductor to the atmospheric arr.
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Second connection portion 15 connects the internal portion of first forming unit
12 and the internal portion of second forming unit 13 to each other. Second
connection portion 15 has the internal space for transporting, to second forming unit 13,
the SiC semiconductor transported from first forming unit 12. Namely, second
connection portion 15 is provided to transport the SiC semiconductor from first forming
unit 12 to second forming unit 13 so as not to expose the SiC semiconductor to the
atmospheric air.

" First and second connection portions 14, 15 have sizes such that a S1C
semiconductor can be transported therein. In addition, first and second connection
portions 14, 15 may have sizes such that a SiC semiconductor placed on a susceptor can
be transported therein.

First connection portion 14 is, for example, a load lock chamber for connecting
the exit of cleaning unit 11 and the entrance of ﬁrsf forming unit 12 to each other.
Second connection portion 15 is, for example, a load lock chamber for connecting the
exit of first forming unit 12 and the entrance of second forming unit 13 to each other.

Further, manufacturing device 10 may further include a first transporting unit,
provided in first connection portion 14, for transporting the SiC semiconductor from
cleaning unit 11 to first forming unit 12. Manufacturing device 10 may further include
a second transporting unit, provided in second connection portion 135, for transporting
the SiC semiconductor from first forming unit 12 to second forming unit 13. The first

transporting unit and the second transporting unit may be the same unit or different

units.

Further, manufacturing device 10 may further include a first isolating unat,
provided in first connection portion 14, for isolating the internal portion of cleaning
unit 11 and the internal portion of first forming unit 12 from each other. Further,
manufacturing device 10 may further include a second isolating unit, provided 1n
second connection portion 15, for isolating the internal portion of first forming unit 12

and the internal portion of second forming unit 13 to each other. For each of the first
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and second isolating units, for example, there may be employed a valve or door capable
of closing each of the communicating portions. A plurality of valves or doors may be
provided.

Further, manufacturing device 10 may include a vacuum pump for discharging
atmospheric gas from inside manufacturing device 10, or a replacement gas container
for replacing the atmospheric gas in manufacturing device 10. The vacuum pump or
the replacement gas container may be connected to each of or at least one of cleaning
unit 11, first forming unit 12, second forming unit 13, first connection portion 14, and
second connection portion 15.

It should be noted that manufacturing device 10 may include various elements
other than those described above, but for ease of description, these elements are not
described and not shown in figures.

It should be also noted that Fig. 1 shows the form in which first connection
portion 14 only connects between cleaning unit 11 and first forming unit 12 and second
connection portion 15 only connects between first forming unit 12 and second forming
unit 13. However, the present invention is not particularly lhmited to this. For
example, as first and second connection portions 14, 15, a chamber 1solated from
atmospheric air 1s employed to accommodate cleaning unit 11, first forming unit 12,
and second forming unit 13 therein.

Referring to Fig. 1 to Fig. 9, the following describes a method for
manufacturing a S1C semiconductor device in the present embodiment. Fig. 2i1sa
flowchart showing a method for manufacturing a SiC semiconductor device in the
embodiment of the present invention. Fig. 3 to Fig. 8 are cross sectional views
schematically illustrating steps in manufacturing the SiC semiconductor device 1n the
embodiment of the present invention. Fig. 9 1s a cross sectional view schematically
showing the S1C semiconductor device manufactured in the embodiment of the present
invention. In the present embodiment, the following describes a method for

manufacturing a MOSFET 101 shown in Fig. 9 as the SiC semiconductor device, using
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manufacturing device 10 shown in Fig. 1 for manufacturing the SiC semiconductor
device.
First, as shown 1n Fig. 2 and Fig. 3, a SiC substrate 2 1s prepared (step S1).

S1C substrate 2 1s not particularly limited, and can be prepared using the following

method, for example.

Specifically, for example, a SiC ingot is prepared which has been grown by a
sublimation method, a vapor phase epitaxy such as a CVD method, or a liquid phase
epitaxy. Thereafter, the SiC ingot 1s cut to obtain a SiC substrate having a front-side
surface. A method of cutting 1s not particularly limited. The SiC substrate 1s
obtained by slicing the SiC ingot.

Next, the front-side surface of the SiC substrate thus obtained by the cutting 1s
polished. Only the front-side surface thereof may be polished, or the front-side
surface and the backside surface opposite to the front-side surface may be polished. A
method of polishing 1s not particularly Iimited. For example, CMP (Chemical
Mechanical Polishing) can be employed to planarize the front-side surface and reduce
damages such as scratches. The CMP employs colloidal silica as a polishing agent

and employs an adhesive agent or wax as a fixing agent. It should be noted that in
addition to or instead of the CMP, another polishing may be performed such as an
electropolishing method, a chemical polishing method, or a mechanical polishing
method. Further, the polishing may not be performed.

Thereafter, the surface of the S1C substrate is cleaned. A method of cleaning 1s
not particularly limited. For example, for the cleaning, an oxide film may be formed
by means of thermal oxidation or the like and the oxide film may be removed by means
of thermal decomposition, thermal etching, or the like. It should be noted that the
cleaning of the S1C substrate may not be performed.

In this way, Si1C substrate 2 shown in Fig. 3 can be prepared. As such a SiC

substrate 2, a substrate may be employed which has n type conductivity and has a

resistance of 0.02 Qcm.

- 10 -
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Next, as shown in Fig. 2 and Fig. 3, an epitaxial layer 1s formed on Si1C
substrate 2 by means of the vapor phase epitaxy, the liquid phase epitaxy, or the like
(step S2). In the present embodiment, for example, the epitaxial layer 1s formed as
follows.

First, as shown in Fig. 3, a buffer layer 121 1s formed on S1C substrate 2.
Buffer layer 121 is an epitaxial layer made of SiC of n type conductivity and having a
thickness of 0.5 um, for example. Further, buffer layer 121 contains an impurity of n
type conductivity at a concentration of, for example, 5 x 10'" ¢cm™. Thereafter, a drift
layer 122 1s formed on buffer layer 121. As drift layer 122, a layer made of SiC
having n type conductivity is formed by means of the vapor phase epitaxy, the liquid
phase epitaxy, or the like. Drift layer 122 has a thickness of, for example, 10 pum.

Further, drift layer 122 contains an impurity of n type conductivity at a concentration of,

for example, 5 x 10" cm™.

Next, impurities are implanted into. the epitaxial layer (step S3). In the present
embodiment, p body regions 123, n” source regions 124, and p” region 125 shown in
Fig. 4 are formed as follows. First, an impurity of p type conductivity 1s selectively
implanted into portions of drift layer 122, thereby forming body regions 123. Then, an
impurity of n type conductivity is selectively implanted into predetermined regions to
form source regions 124, and an impurity of p type conductivity is selectively implanted
into predetermined regions to form p~ regions 125. It should be noted that such
selective implantation of each of the conductive impurities is performed using a mask
formed of, for example, an oxide film, which will be removed after the implantation.

In the above-described ion implantation step (step S3), each of implantation
profiles i1s determined in consideration of a thickness to be removed by cleaning in a
below-described step S4. In other words, the ion implantation is controlled to achieve
desired arrangement of the above-described impurity diffusion regions when the first

surface of the epitaxial layer 1s removed in step S4 of cleaning.

Atter step S3 of performing the ion implantation, activation annealing treatment

-11 -
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may be performed. For example, the annealing is performed in argon atmosphere at a
heating temperature of 1700°C for 30 minutes.

As a results of the steps (steps S1-S3), epitaxial wafer 100 1s prepared which
includes Si1C substrate 2 and epitaxial layer 120 formed on SiC substrate 2 and
including first surface 120a having at least a portion in which the impurities are
implanted, as shown in Fig. 4. In the present embodiment, first surface 120a of
epitaxial layer 120 has regions different in at least one of the types of impurities and the
concentrations thereof.

Next, as shown in Fig. 2, Fig. 4, and Fig. 5, second surface 120b 1s formed by
cleaning first surface 120a of epitaxial wafer 100 (step S4). A method of cleaning 1s
not particularly limited. For example, there can be employed a method of performing
dry etching (H etching) using a gas containing hydrogen gas, a method of forming an
oxide film and then removing the oxide film, or the like. It is preferable to employ the
H etching.

In the cleaning employing the H etching, first surface 120a of epitaxial layer 120
1s dry-etched by the hydrogen gas, thereby removing first surface 120a together with
impurities and particles adhered to first surface 120a. In epitaxial wafer 100, the
removal of first surface 120a leads to formation of clean second surface 120b shown 1n
Fig. 3.

It is preferable to perform the H etching in a temperature range of not less than

1300°C and not more than 1650°C. By performing the H etching at a temperature
equal to or greater than 1300°C, the etching rate can be increased. By performing the
H etching at a temperature equal to or smaller than 1650°C, the etching rate can be
suppressed from being too high. In this way, an amount of etching can be readily
controlled. Hence, by adjusting the temperature condition of the H etching in a range
of not less than 1300°C and not more than 1650°C, the etching rate can be controlled at

a suitable etching rate. Accordingly, first surface 120a can be H-etched with higher
precision, which leads to more improved quality of MOSET 101 (see Fig. 9) to be

- 12 -
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manufactured and serving as the SiC semiconductor device. Such a temperature
setting can be attained by, for example, heating epitaxial wafer 100 placed 1n the H
etching device to fall within a range of not less than 1300°C and not more than 1650°C;
introducing, into cleaning unit 11 of manufacturing device 10, a gas for etching
(hereinafter, also referred to as "etching gas") at not less than 1300°C and not more than
1650°C; or maintaining the internal portion of cleaning unit 11 of manufacturing device
10 at not less than 1300°C and not more than 1650°C. It should be noted that these
may be combined.

Further, a flow rate of the hydrogen gas during the H etching is not particularly
limited, but may be approximately several hundred slm (standard liter per minute). A
pressure during the H etching is preferably approximately several ten hPa to
approximately several hundred hPa. In this case, the H etching can be performed at a
preferable speed.

Further, as the etching gas, only hydrogen gas may be used or a mixed gas of
hydrogen gas and another gas may be used. In particular, it is preterable to use a
mixed gas of hydrogen gas and hydrogen chloride (HCI) gas. The use of such a mixed
oas can lead to increased etching rate. When the content of the hydrogen chloride gas
in the mixed gas is too high, the etching rate becomes too large, which makes 1t
difficult to control the etching. Hence, the content of the hydrogen chloride gas in the
mixed gas is preferably equal to or smaller than 10%. More preferably, the content of
the hydrogen chloride gas in the mixed gas including the hydrogen chloride gas and the
hydrogen gas (hydrogen chloride gas / (hydrogen chloride gas + hydrogen gas) x 100) 1s
equal to or smaller than 10%.

Further, a mixed gas of hydrogen gas and hydrocarbon gas may be used. The
use of such a mixed gas provides good surface morphology of epitaxial water 100 1n the
etching, thus forming second surface 120b having a good surface condition. As the

hydrocarbon, a low-grade hydrocarbon such as alkane or alkene can be used. For

example, acetylene (C,H;) or propane (C3;Hg) can be used therefor. Such a

_13 -
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hydrocarbon gas 1s preferably mixed at 1000 ppm or smaller to effectively exhibit an
etfect of restraining generation of droplets of Si.  Further, a mixed gas of hydrogen gas,
hydrogen chloride gas, and hydrocarbon gas may be used as the etching gas.

When performing the H etching, manufacturing device 10 shown in Fig. 1 can
be employed to perform step S5 of forming a below-described Si-containing film 128
without washing that uses a liquid phase after the step (step S4) of forming second
surface 120b. Accordingly, adhesion of impurities (in particular, heavy metal ions and
alkali 10ns) resulting from the washing that uses a liquid phase can be restrained. It
should be noted that the washing that uses a liquid phase refers to washing the epitaxial
water, which serves as the SiC semiconductor, in a liquid phase, and it may contain an
unintended vapor phase component.

In the method of forming an oxide film and then removing the oxide film, an
oxide film 1s formed on first surface 120a to absorb therein impurities, particles, and the
like adhered to first surface 120a, and then this oxide film is removed, thereby
removing the impurities, particles, and the like adhered to first surface 120a. In this
way, clean second surface 120b can be formed.

The method of oxidizing first surface 120a is not particularly limited, but may
be utilization of a solution containing O, utilization of thermal oxidation in an
atmosphere containing O gas, utilization of O plasma, or the like, for example.

The solution containing O is intended to mean a solution containing oxygen (O),
such as ozone water. Because S1C 1s a stable compound, it 1s preferable to use ozone
water having a concentration of 30 ppm or greater, for example. In this case,
decomposition of ozone can be restrained and speed of reaction between first surface

120a ot epitaxial wafer 100 and ozone can be increased, thereby readily forming an

oxide film on first surface 120a.

Further, the O gas refers to a gas containing oxygen. Because SiC is a stable
compound, 1t 1s preferable to perform thermal oxidation in a dry atmosphere containing

such O gas, at a temperature of 700°C or greater, for example. It should be noted that
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the dry atmosphere is intended to indicate one allowing an oxide film to be formed in a
gaseous phase, and it may contain an unintended liquid phase component.

Further, the O plasma refers to plasma generated from a gas containing oxygen,
and can be generated by, for example, supplying oxygen gas (O,) to a plasma
generating device. The phrase "oxide film is formed using O plasma" is intended to
indicate that an oxide film is formed using plasma resulting from a gas containing
oxygen. In other words, it 1s intended to indicate that an oxide film 1s formed through
a process that uses the plasma generated from the gas containing oxygen.

The method of removing the oxide film thus formed on first surface 120a is not
particularly limited, but may employ wet etching, dry etching, thermal decomposition, F
plasma, and the like, for example.

The wet etching uses a solution of, for example, HF, NHsF (ammonium
fluoride), or the like so as to remove the oxide film.

The dry etching preferably uses at least one of hydrogen gas and hydrogen
chloride gas at not less than 1000°C and not more than the sublimation temperature of
S1C, so as to remove the oxide film. The hydrogen gas and hydrogen chloride gas at
1000°C or higher provide an effect of highly reducing the oxide film. In the case
where the oxide film is made of SiOy, the hydrogen gas decomposes SiOy into H,O and
S1Hy, and the hydrogen chloride gas decomposes SiOyinto H,0 and SiCl,.  With the
temperature being not more than the sublimation temperature of SiC, epitaxial wafer
100 can be restrained from being deteriorated. Further, it is preferable to perform the
dry etching under a reduced pressure in order to facilitate the reaction.

The thermal decomposition of the oxide film is preferably performed in an
atmosphere not containing oxygen, at a temperature of not less than 1200°C and not
more than the sublimation temperature of SiC. When heating the oxide film formed
on first surface 120a of epitaxial wafer 100 in the atmosphere containing oxygen at
1200°C or greater, the oxide film can be thermally decomposed readily. With the

temperature being not more than the sublimation temperature of SiC, epitaxial wafer

- 15 -



10

15

20

20

CA 02781167 2012-05-17

110488: 911040

100 can be restrained from being deteriorated. Further, it is preferable to perform the
thermal decomposition under a reduced pressure in order to facilitate the reaction.

The I plasma refers to plasma generated from a gas containing fluorine (F), and
can be generated by supplying a plasma generating device with a single gas or a mixed
gas of carbon tetrafluoride gas (CF,), trifluoromethane gas (CHF3), chlorofluocarbon
gas (C,F¢), sulfur hexafluoride gas (SF¢), nitrogen trifluoride gas (NF3), xenon
difluoride gas (XeF,), fluorine gas (F;), and chlorine trifluoride gas (CIF;). The
phrase "removing the oxide film by means of F plasma" refers to removing the oxide
film by means of plasma using a gas containing fluorine. In other words, it is intended
to indicate that the oxide film is removed by means of the process that uses the plasma
generated from the gas containing fluorine.

In this step S4, in order to remove the impurities and particles adhered to first
surface 120a, the etching depth (amount of etching in a direction from first surface 120a
toward SiC substrate 2) in the case of cleaning that employs the H etching, and the
thickness (thickness in the direction from first surface 120a toward SiC substrate 2) of
the oxide film formed in the case of cleaning that employs the formation and removal
of the oxide film are, for example, not less than one molecular layer and not more than
10 nom. In this way, the impurities, particles, and the like adhered to first surface 120a
are removed, thereby forming clean second surface 120b.

It first surface 120a is damaged due to ion implantation or activation annealing

treatment for epitaxial wafer 100, it is preferable to remove the damage layer formed on

first surface 120a. In order to attain this, the etching depth in the case of the cleaning
that employs the H etching, and the thickness of the oxide film (sacrificial oxide film)
in the case of the cleaning that employs the formation (sacrificial oxide film forming

step) and removal (sacrificial oxide film removing step) of the oxide film are, for
example, greater than 10 nm and equal to or smaller than 500 nm. In this way, the
rough region can be removed while removing the impurities, particles, and the like

adhered to first surface 120a, thereby forming second surface 120b excellent in surface
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characteristics.

Next, reterring to Fig. 1, epitaxial wafer 100 thus provided with second surface
120b formed by cleaning unit 11 is transported to first forming unit 12. On this
occaslion, epitaxial wafer 100 1s transported within first connection portion 14 which
has atmosphere isolated from atmospheric air. In other words, between step S4 of
forming second surface 120b and step S5 of forming Si-containing film 128, epitaxial
water 100 1s in the atmosphere isolated from the atmospheric air. In this way,
impurities in the atmospheric air can be prevented from being adhered to clean second
surtace 120b after the formation of second surface 120b.

Next, as shown in Fig. 2 and Fig. 6, Si-containing film 128 is formed on clean
second surface 120b of epitaxial wafer 100 (step S5). Because second surface 120b is
clean, a degree of cleanliness of film 128 to be formed thereon can be improved.
Further, film 128 formed on second surface 120b can reduce influences of the types and
concentrations of the impurities formed in second surface 120b. Hence, film 128 thus
formed attains improved uniformity of quality.

A method of forming Si-containing film 128 on second surface 120b is not
particularly mited. For example, a known epitaxy method can be used. The CVD
method 1s preferably used. In the CVD method, film 128 is deposited from above
onto second surface 120b, thereby reducing the influences of doping states in

underlying second surface 120b of epitaxial wafer 100, such as the types,

concentrations, and the like of the impurities therein.

In this step S35, it is preferable to form a Si film or a SiC film as film 128. The
S1 film contains Si as its main component and contains an inevitable impurity as its
remaining component, for example. The SiC film contains SiC as its main component
and contains an inevitable impurity as its remaining component, for example. In the
case where the Si film is formed as film 128, C can be restrained from existing in an

interface between epitaxial wafer 100 and gate oxide film 126 and in gate oxide film

126. This leads to improved quality of MOSFET 101 (Fig. 9) to be manufactured. In
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the case where film 128 is made of SiC, film 128 has the same crystal as that of

underlying epitaxial layer 120 (i.e., epitaxial layer 120 and film 128 have the same
lattice constant). This facilitates formation of film 128.

In this step S5, 1t 1s preferable to determine the thickness of gate oxide film 126
(see F1g. 7) to be formed in a below-described step S6 and to control the thickness of
film 128 to be the determined thickness of gate oxide film 126 when film 128 is
ox1idized entirely (without oxidizing epitaxial layer 120 disposed below film 128). In
other words, the thickness of film 128 is preferably determined in accordance with the
thickness of gate oxide film 126 to be formed by entirely oxidizing film 128. This can
be implemented by controlling the thickness of film 128 by means of calculation or the
like in consideration of increased film thickness resulting from absorption of oxygen
when oxidizing film 128 into gate oxide film 126.

The thickness of film 128 is, for example, approximately 0.44 times as large as
the thickness of gate oxide film 126 (see Fig. 7) to be formed, in the case where film
128 1s a S1 film.  In other words, in this step S5, a Si film serving as film 128 is
formed to have a thickness 0.44 times as large as the thickness of gate oxide film 126 to
be formed in step S6. By designing film 128 to have such a thickness, gate oxide film
126 will be able to have its thickness as designed even when the film thickness of film

128 1s increased due to absorption of oxygen when film 128 is oxidized into the gate

oxtde film.
Next, referring to Fig. 1, epitaxial wafer 100 thus provided with Si-containing
f1lm 128 formed by first forming unit 12 is transported to second forming unit 13. On

this occasion, epitaxial wafer 100 is transported within second connection portion 15

which has atmosphere isolated from atmospheric air. In other words, between step S5
of forming Si-containing film 128 and step S6 of forming gate insulating film 126,
epitaxial water 100 is in the atmosphere isolated from the atmospheric air. In this way,

impurities in the atmospheric air can be prevented from being adhered to film 128.

As shown in Fig. 2 and Fig. 7, gate oxide film 126 serving as the oxide film
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constituting the SiC semiconductor device is formed by oxidizing film 128 (step S6).
Grate oxide film 126 is made of silicon oxide (Si10y).

A method of oxidizing film 128 is not particularly limited, but is performed in,
for example, an oxygen-containing atmosphere such as dry oxidation or wet oxidation.
The dry oxidation is preferable. Conditions for the dry oxidation are, for example, as
follows: the heating temperature is 1200°C and the heating time is 30 minutes. Such
ox1dation can be done by introducing it into an oxidation furnace after step S5 of
forming film 128 and by adjusting the heating temperature and heating time, for

example.

In this step S6, it 1s preferable to form gate oxide film 126 by entirely oxidizing

film 128 formed in step S5. In this way, remaining film 128 can be reduced. Further,
in step S6, gate oxide film 126 is preferably formed in such a manner that only film 128
formed in step S5 is oxidized (without oxidizing epitaxial wafer 100). In this case.
gate oxide film 126 can be formed so as not to include the impurities introduced into
epitaxial wafer 100 by the ion implantation in step S3.  This leads to improved quality
of gate oxide film 126. This also leads to reduced influence over the ion implantation
profiles of epitaxial layer 120.

Next, as shown in Fig. 2, gate oxide film 126 is subjected to annealing treatment
(step S7). In this step S7, for example, gate oxide film 126 can be subjected to at least
one of nitriding treatment and inert gas annealing treatment.

In the nitriding treatment, heat treatment is performed in an atmosphere
containing nitrogen.  As the nitriding treatment, for example, annealing is performed

In a nitrogen monoxide (NO) atmosphere or a dinitride oxygen (N,O) atmosphere at a

heating temperature of 1200°C for 120 minutes. In this way, a high-concentration
nitrogen region (not shown) is formed at a region including the interface between
epitaxial layer 120 and gate oxide film 126, so as to have a nitrogen concentration

greater than that of a region adjacent to this high-concentration nitrogen region.

In the 1nert gas annealing treatment, heat treatment is performed in an
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atmosphere containing inert gas.  As the inert gas annealing treatment, for example,
annealing can be performed in an inert gas atmosphere such as argon (Ar) at a heating
temperature of 1100°C for 60 minutes.

[n the case where the above-described nitriding treatment and inert gas
annealing treatment are performed, high channel mobility can be reproduced more
highly in MOSFETs 101. It should be noted that either one of the nitriding treatment
and the inert gas annealing treatment may be performed or step S7 may not be
performed. In the case where the nitriding treatment and the inert gas annealing
treatment are performed, it 1s preferable to perform the inert gas annealing treatment
after the nitriding treatment.

After the annealing treatment (step S7), surface cleaning may be performed,
such as organic cleaning, acid cleaning, or RCA cleaning.

Next, as shown in Fig. 2, Fig. 8, and Fig. 9, electrodes are formed on the
epitaxial wafer having gate oxide film 126 formed thereon (step S8).

Specifically, first, source electrodes 111 shown in Fig. 8 are formed as follows.
Specifically, a resist film having a pattern is formed on gate oxide film 126 using a
photolithography method.  Using the resist film as a mask, portions above n” regions
124 and p” regions 125 in gate oxide film 126 are removed by etching. In this way,
openings are formed in gate oxide film 126. Next, in each of the openings, a
conductive film is formed in contact with each of n” regions 124 and p* regions 125 by
means of the deposition method, for example. Then, the resist film is removed, thus
removing (lifting off) the conductive film's portions located on the resist film. This
conductive film may be a metal film, for example, may be made of nickel (Ni). As a
result of the lift-off, source electrodes 111 are formed.

It should be noted that on this occasion, heat treatment for alloying is preferably
performed. For example, the heat treatment is performed in an atmosphere of argon
(Ar) gas, which is an inert gas, at a heating temperature of 950°C for two minutes.

Thereafter, as shown in Fig. 9, for example, upper source electrodes 127 are
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formed on source electrodes 111 by means of the deposition method. Further, for
example, drain electrode 112 i1s formed on the backside surface of SiC substrate 2 by
means of the deposition method.

Further, gate electrode 110 is formed, for example, as follows. That is, a resist
film having an opening pattern is formed in advance at a region on gate oxide film 126,
and 1s then used to form a conductive film so as to cover the resist film entirely and

constitute the gate electrode. Then, the resist film is removed, thereby removing
(hifting off) portions of the conductive film other than its portion to serve as the gate

electrode. As aresult, as shown in Fig. 9, gate electrode 110 can be formed on gate

oxide film 126.

When required, additional steps may be performed after step S3, such as a wet
cleaning step employing a chemical solution, a pure water rinsing step, a drying step,
and the like. An exemplary chemical solution is a SPM containing sulfuric acid and
hydrogen peroxide water. In the case of cleaning with the SPM before step S4,

organic substances can be removed. Further, RCA cleaning or the like may be

performed before step S4.

As described above, the method for manufacturing MOSFET 101 serving as one
exemplary S1C semiconductor device in the present embodiment includes: the step
(steps S1-83) of preparing epitaxial wafer 100 that includes first surface 120a having at
least a portion in which an impurity is implanted and that serves as a Si1C
semiconductor; the step (step S4) of forming second surface 120b by cleaning first
surface 120a of epitaxial wafer 100; and the step (step S5) of forming Si-containing
film 128 on second surface 120b; and the step (step S7) of forming gate oxide film 126
as the oxide film constituting MOSFET 101 serving as the SiC semiconductor device,
by oxidizing Si-containing fiim 128.

According to the method for manufacturing MOSFET 101 1in the present

embodiment, Si-containing film 128 is formed on second surface 120b of epitaxial

wafer 100. Accordingly, even when second surface 120b has regions different in
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doping concentrations and having different types of dopants, influence of second
surface 120b can be reduced over the film quality of Si-containing film 128. In other
words, the quality of film 128 1s less dependent on second surface 120b even when the
state of second surface 120b 1s not uniform due to presence/absence of implanted 1ons
and the doping amounts and types of the impurities. This leads to improved
uniformity of the film quality of Si-containing film 128. When Si-containing film 128
thus having the improved uniformity of the film quality is oxidized, variation in
oxidizing rate in the depth direction and variation in film quality can be reduced in each
location within Si-containing film 128. Namely, the manufacturing method of the
present embodiment can provide reduced difference between a region likely to be
oxidized and a region less likely to be oxidized, as compared with the case where no Si-
containing film 128 1s formed and second surface 120b of epitaxial wafer 100 is
theretore directly subjected to thermal oxidation. In this way, the quality of gate oxide
film 126 can be improved.

Further, because Si-containing film 128 is formed on second surface 120b
formed by cleaning first surface 120a of epitaxial wafer 100, cleanliness of film 128 can
be improved. This leads to improved cleanliness of gate oxide film 126 to be formed
from film 128. In particular, this leads to reduced impurities, particles, and the like at
the interface between epitaxial wafer 100 and gate oxide film 126. Further, the
impurities, particles, and the like in gate oxide film 126 can be reduced, thereby
improving the film quality of gate oxide film 126. Accordingly, MOSFET 102 having
such a gate oxide film 126 attains improved breakdown voltage when applying a

reverse voltage, and attains improved stability and long-term reliability of operations

when applying a forward voltage.
Thus, by oxidizing such a uniform Si-containing film 128 formed on clean
second surface 120b, gate oxide film 126 can be formed to have uniform film quality

with cleanliness. Accordingly, MOSFET 101 achieving improved performance can be

manufactured.
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In the method for manufacturing MOSFET 101 serving as one exemplary SiC
semiconductor device in the present embodiment, dry etching is preferably performed
in step S4 of cleaning, using a gas containing hydrogen gas.

In step S4, first surface 120a of epitaxial wafer 100 is H-etched, thereby
removing first surface 120a. The impurities, particles, and the like adhered to first
surface 120a are removed together with first surface 120a, thereby forming second
surface 120b with improved cleanliness. Further, even though the H etching, which
causes damage on Si, is employed, epitaxial wafer 100 is less damaged because SiC 1s a
stable compound. Hence, second surface 120b having good surface characteristics can
be formed. Accordingly, a SiC semiconductor device having more improved quality

can be manufactured.

In the method for manufacturing MOSFET 101 serving as one exemplary SiC
semiconductor device in the present embodimeht, the H etching is performed in the step
of cleaning (step S4), and the step of forming film 128 (step S5) is performed without
washing that uses a liquid phase after the step (step S4) of forming second surface 120b.

The present inventors have diligently conducted studies and accordingly have
found that when epitaxial wafer 100 is washed using a liquid phase, the cleaning for
epitaxial wafer 100 is not only insufficient but also provides epitaxial wafer 100 with
impurities resulting from the liquid phase. In view of this, film 128 is formed without
washing that uses a liquid phase after the formation of second surface 120b, thereby
preventing adhesion of the impurities resulting from the washing that uses a liquid

phase, such as alkali ions and heavy metal ions. By reducing the alkali ions, heavy

metal ions, and the like, MOSFET 101 with higher quality can be manufactured.
Further, in the case where a liquid phase is used in the sacrificial oxidation and
sacrificial oxide film removing step disclosed in Patent Literature 1 described above,
time required for the cleaning is approximately 15 hours. In contrast, in the H etching
involving no washing that uses a liquid phase, first surface 120a of epitaxial wafer 100

can be cleaned for approximately 4 hours. Thus, the time required in manufacturing
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the S1C semiconductor device can be reduced by performing no washing that uses a
liquid phase and no sacrificial oxidation and sacrificial oxide film removal between the
cleaning that uses the H etching (step S2) and the formation of film 128 (step S5) in the
method for manufacturing the S1C semiconductor device according to the present
embodiment.

It should be noted that the phrase "performing the step (step S5) of forming Si-
containing film 128 after the step (step S4) of forming second surface 120b, without
washing that uses a liquid phase" indicates that no washing that uses a liquid phase 1s
involved between step S4 and step S5.  Step S4 and step S5 may be performed
intermittently (there may be passage of time between step S4 and S5). Alternatively,
step 54 and step S5 may be performed continuously.

In the present embodiment, the method for manufacturing the MOSFET serving
as the S1C semiconductor device has been exemplified and illustrated. However, the
present invention 1s applicable to a method for manufacturing a S1C semiconductor
device configured to include an oxide film obtained by cleaning a SiC epitaxial wafer
including a first surface 120a having at least a portion to which an impurity is
implanted, so as to clean first surface 120a to obtain a second surface 120b; forming a
St-containing film 128 on second surface 120b; and oxidizing film 128 (a SiC
semiconductor device including the remaining oxide film). The present invention 1s

generally applicable to SiC semiconductor devices each having an insulated gate type

electric field effect portion such as a MOSFET or an IGBT (Insulated Gate Bipolar

Transistor), as well as S1C semiconductor devices each including an oxide film, such as

a JFET (Junction Field-Effect Transistor).

| Exampie]

In the present example, as a SiC semiconductor, an epitaxial wafer 130 shown
1in F1g. 10 was used to examine the effect provided by the cleaning that uses the H

etching to first surface 130a of epitaxial wafer 130. Fig. 10 is a cross sectional view

schematically showing an epitaxial wafer used in each of samples 1 to 3 in the example.
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(Sample 1)

Specitically, first, a 4H-SiC substrate was prepared as SiC substrate 2 (step S1).
Next, as a layer constituting epitaxial layer 120, an n type SiC layer 131 was grown by
means of the CVD method to have a thickness of 10 um and an impurity concentration
of 1 x 10'°cm™ (step S2).

Next, using S10; as a mask, p body regions 123 were formed to contain
aluminum (Al) as a p type impurity at a conductive impurity concentration of 2 x
10'°cm™. In addition, n* source regions 124 were formed to contain phosphorus (P) as

an n type impurity at a conductive impurity concentration of 1 x 10”cm™.

Further, a
p region 125 was formed to contain Al as a p type impurity at a conductive impurity
concentration of 1 x 10"”cm™ (step S3). It should be noted that after each ion
implantation, the mask was removed.

Next, activation annealing treatment was performed. This activation annealing
treatment was performed under conditions that Ar gas (Ar,) was used as an atmospheric
gas, heating temperature was 1700°C-1800°C, and heating time was 30 minutes. In
this way, an epitaxial wafer 130 was prepared which had first surface 130a having at
least a portion in which the impurities were implanted.

Next, first surface 130a of epitaxial wafer 100 thus prepared was removed by
means of H etching (step S4). Specifically, epitaxial wafer 130 was placed in a reactor
and first surface 130a thereof was H-etched while heating epitaxial wafer 130 by a base
on which epitaxial wafer 130 was placed and which was controlled at not less than
1300°C and not more than 1650°C. The H etching was performed under conditions

that hydrogen gas was introduced into the reactor at a flow rate of 50-200 sim, pressure

in the reactor was 20-150 hPa, and reaction time was 1 hour.

(Sample 2)

A sample 2 was basically the same as sample 1, but was different therefrom in
that the H etching of step S2 was not performed. In other words, in sample 2,

epitaxial wafer 130 prepared by steps S1-3 was not cleaned.
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(Sample 3)

Sample 3 was basically the same as sample 1 but was different therefrom 1n that
first surface 130a of epitaxial wafer 130 was washed using liquid phases instead of the
H etching in step S2.  As the liquid phases, the following were employed: a mixed
solution 1 containing sulfuric acid and hydrogen peroxide water at a volume ratio of
5>:1; a mixed solution 2 containing aqueous ammonia, hydrogen peroxide water, and
pure water at a volume ratio of 1:1:5; a mixed solution 3 containing hydrogen chloride
(HCI), hydrogen peroxide (H,0,), and pure water at a volume ratio of 1:1:6; and a 10%
hydrogen fluoride (HF) solution. Specifically, in sample 3, epitaxial wafer 130
prepared was chemically washed by soaking it in mixed solution 1 for 0.5 hour, soaking
1t in mixed solution 2 for 10 minutes, soaking it in the HF solution for 10 minutes,
soaking it in mixed solution 3 for 10 minutes, soaking it in mixed solution 2 for 10
minutes, and soaking it in the HF solution for 10 minutes. It should be noted that
epitaxial wafer 130 thus chemically washed was dried by blowing with Ar gas or N> gas
using an Ar gun or a N, gun.

(Measurement of Impurities at Surface)

The surface of epitaxial wafer 130 of each of samples 1-3 was subjected to
T'XRF (total reflection fluorescent X-ray analysis). Inthe TXRF, W (tungsten)-L
rays were employed as an excitation source.

By means of the TXRF, impurities on the surface of epitaxial wafer 130 of each
of samples 1-3 were measured. The surface of epitaxial wafer 130 having been
through the H etching in sample 1 had reduced impurities as compared with those on

the surtace of sample 2 not having been through the H etching. Thus, it can be

understood that a S1C semiconductor device with improved quality can be
manufactured by forming a Si-containing film on epitaxial wafer 130 having been
through the H etching, and oxidizing this film so as to form an oxide film constituting

the S1C semiconductor device.

Further, 1t was found that the surface of epitaxial wafer 130 having been washed

26 -



10

20

CA 02781167 2012-05-17 110488: 911040

using the liquid phases in sample 3 had more impurities than those in sample 2. These
results are shown in Fig. 11 and Fig. 12.

Fig. 11 is a spectrography showing the result of measuring the surface of
epitaxial wafer 130 of sample 2 by means of the TXRF. Fig. 12 1s a spectrography
showing the result of measuring the surface of epitaxial wafer 130 having been washed
in sample 3, by means of the TXRF. Ineach of Fig. 11 and Fig. 12, the horizontal axis
represents energy intensity and the vertical axis represents spectral intensity. As the
height of a peak is higher, a larger amount of corresponding rays are detected. Further,
for example, an indication "Cl, Ka" in Fig. 11 indicates that Cl-Ka-rays were detected.
The same holds true for other indications. Further, a peak of energy intensity at
approximately 9.67¢V 1s a peak of the W-LJ3 rays serving as an excitation ray source.

Comparing Fig. 11 with Fig. 12, only chloriné (Cl) was detected 1n sample 2,
whereas Cl, calcium (Ca), nickel (N1), and iron (Fe) were detected in sample 3. Thus,
it was found that in the case where the surface of epitaxial wafer 130 1s washed using a
liquid phase, the surface is not cleaned and is given impurities adhered thereto.

Accordingly, 1t was found that a SiC semiconductor device with more improved
quality can be manufactured when manufacturing a ssmiconductor device configured to
include an oxide film obtained by forming a Si-containing film on epitaxial water 130
having been through the H etching in sample 1 without washing epitaxial wafer 130
with a liquid phase, and oxidizing the film.

Heretofore, the embodiments and examples of the present invention have been
illustrated, but it has been initially expected to appropriately combine features of the
embodiments and examples. The embodiments and examples disclosed herein are<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>