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(54) METHOD FOR MANUFACTURING SILICON CARBIDE SEMICONDUCTOR DEVICE

(57) Included are the steps of preparing a silicon car-
bide substrate having an epitaxial layer formed thereon
(S10); forming an upper-layer film on the epitaxial layer
(S20), and removing at least a portion of the upper-layer
film in an outer peripheral portion of the silicon carbide
substrate, and patterning the upper-layer film (S30).
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Description

TECHNICAL FIELD

[0001] The present invention relates to a method for
manufacturing a silicon carbide semiconductor device,
and in particular to a method for manufacturing a silicon
carbide semiconductor device which performs ion im-
plantation on a silicon carbide substrate having an epi-
taxial layer.

BACKGROUND ART

[0002] Silicon carbide (SiC) is a wide band gap semi-
conductor having a band gap larger than that of silicon
(Si), which has been conventionally widely used as a
material for semiconductor devices, and has a large
breakdown field strength. Further, silicon carbide has an
electron saturation speed and a heat conductivity higher
than those of silicon, and thus silicon carbide has excel-
lent characteristics as a semiconductor material for pow-
er semiconductor devices.
[0003] Regarding a silicon carbide substrate used as
a material in a method for manufacturing a silicon carbide
semiconductor device, for example, single crystal silicon
carbide obtained by a sublimation method is cut into wa-
fers, then an epitaxial layer is formed on the single crystal
silicon carbide in which a side surface portion has been
chamfered, and further, a process such as ion implanta-
tion is performed on the epitaxial layer. The ion implan-
tation on the epitaxial layer is performed, for example,
by forming a mask made of silicon dioxide (SiO2) on the
epitaxial layer, and implanting ions through the mask
[0004] Japanese Patent Laying-Open No. 2010-64918
(PTD 1) describes forming a silicon carbide epitaxial layer
on a silicon carbide single crystal wafer in which a side
surface portion of a silicon carbide substrate has been
chamfered.

CITATION LIST

PATENT DOCUMENT

[0005] PTD 1: Japanese Patent Laying-Open No.
2010-64918

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0006] However, when a silicon carbide semiconductor
device is manufactured using a silicon carbide substrate
having an epitaxial layer formed on a silicon carbide sin-
gle crystal which has been chamfered, there have been
cases where an upper-layer film such as a mask formed
on the epitaxial layer of the silicon carbide substrate be-
comes cracked. For example, when a crack occurs in a
silicon dioxide layer as an upper-layer film covering a

region where ion implantation should be prevented, un-
intended ion implantation is performed on the region
where ion implantation should be prevented. In this case,
this leads to poor electrical characteristics of the silicon
carbide semiconductor device.
[0007] The present invention has been made to solve
the aforementioned problem. The main object of the
present invention is to provide a method for manufactur-
ing a silicon carbide semiconductor device capable of
reducing a risk that a crack occurs in an upper-layer film
formed on a silicon carbide substrate.

SOLUTION TO PROBLEM

[0008] A method for manufacturing a silicon carbide
semiconductor device in accordance with the present in-
vention includes the steps of preparing a silicon carbide
substrate having an epitaxial layer formed thereon, form-
ing an upper-layer film on the epitaxial layer; and remov-
ing at least a portion of the upper-layer film in an outer
peripheral portion of the silicon carbide substrate, and
patterning the upper-layer film.

ADVANTAGEOUS EFFECTS OF INVENTION

[0009] According to the present invention, a method
for manufacturing a silicon carbide semiconductor device
capable of reducing a risk that a crack occurs in an upper-
layer film formed on a silicon carbide substrate can be
provided.

BRIEF DESCRIPTION OF DRAWINGS

[0010]

Fig. 1 is a plan view for illustrating a silicon carbide
substrate in accordance with an embodiment of the
present invention.
Fig. 2 is a cross sectional view seen from a line-
segment II-II in Fig. 1.
Fig. 3 is a cross sectional view for illustrating a silicon
carbide semiconductor device in accordance with
the embodiment of the present invention.
Fig. 4 is a flowchart of a method for manufacturing
the silicon carbide semiconductor device in accord-
ance with the embodiment of the present invention.
Fig. 5 is a plan view for illustrating the method for
manufacturing the silicon carbide semiconductor de-
vice in accordance with the embodiment of the
present invention
Fig 6 is a cross sectional view for illustrating the
method for manufacturing the silicon carbide semi-
conductor device in accordance with the embodi-
ment of the present invention.
Fig. 7 is a cross sectional view for illustrating the
method for manufacturing the silicon carbide semi-
conductor device in accordance with the embodi-
ment of the present invention.
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Fig 8 is a cross sectional view for illustrating the
method for manufacturing the silicon carbide semi-
conductor device in accordance with the embodi-
ment of the present invention.
Fig. 9 is a cross sectional view for illustrating the
method for manufacturing the silicon carbide semi-
conductor device in accordance with the embodi-
ment of the present invention.
Fig. 10 is a cross sectional view for illustrating the
method for manufacturing the silicon carbide semi-
conductor device in accordance with the embodi-
ment of the present invention
Fig. 11 is a cross sectional view for illustrating the
method for manufacturing the silicon carbide semi-
conductor device in accordance with the embodi-
ment of the present invention.
Fig. 12 is a cross sectional view for illustrating the
method for manufacturing the silicon carbide semi-
conductor device in accordance with the embodi-
ment of the present invention.
Fig. 13 is a cross sectional view for illustrating the
method for manufacturing the silicon carbide semi-
conductor device in accordance with the embodi-
ment of the present invention.
Fig. 14 is a cross sectional view for illustrating the
method for manufacturing the silicon carbide semi-
conductor device in accordance with the embodi-
ment of the present invention.
Fig. 15 is a cross sectional view for illustrating the
method for manufacturing the silicon carbide semi-
conductor device in accordance with the embodi-
ment of the present invention.
Fig. 16 is a cross sectional view for illustrating the
method for manufacturing the silicon carbide semi-
conductor device in accordance with the embodi-
ment of the present invention.
Fig. 17 is a cross sectional view for illustrating the
method for manufacturing the silicon carbide semi-
conductor device in accordance with the embodi-
ment of the present invention.
Fig. 18 is a cross sectional view for illustrating the
method for manufacturing the silicon carbide semi-
conductor device in accordance with the embodi-
ment of the present invention.
Fig. 19 is a cross sectional view for illustrating the
method for manufacturing the silicon carbide semi-
conductor device in accordance with the embodi-
ment of the present invention.
Fig. 20 is a cross sectional view for illustrating the
method for manufacturing the silicon carbide semi-
conductor device in accordance with the embodi-
ment of the present invention.
Fig. 21 is a cross sectional view for illustrating a var-
iation of the method for manufacturing the silicon car-
bide semiconductor device in accordance with the
embodiment of the present invention.
Fig. 22 is a cross sectional view for illustrating the
variation of the method for manufacturing the silicon

carbide semiconductor device in accordance with
the embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

[0011] Hereinafter, an embodiment of the present in-
vention will be described with reference to the drawings.
It should be noted that identical or corresponding parts
will be designated by the same reference numerals, and
the description thereof will not be repeated. Further, re-
garding crystallographic indications in the present spec-
ification, an individual orientation is represented by [], a
group orientation is represented by <>, and an individual
plane is represented by (), and a group plane is repre-
sented by {}. In addition, a negative crystallographic index
is normally expressed by putting "-" (bar) above a numer-
al, but is expressed by putting the negative sign before
the numeral in the present specification.
[0012] First, a summary of the embodiment of the
present invention will be listed.

(1) A method for manufacturing a silicon carbide
semiconductor device in accordance with the em-
bodiment includes the step of preparing a silicon car-
bide substrate 10 having an epitaxial layer 81 formed
thereon (S10); forming an upper-layer film (a silicon
dioxide layer 63, an interlayer insulating film 93) on
epitaxial layer 81 (S20, S90); and removing at least
a portion of the upper-layer film (silicon dioxide layer
63, interlayer insulating film 93) in an outer peripheral
portion of silicon carbide substrate 10, and patterning
the upper-layer film (silicon dioxide layer 63, inter-
layer insulating film 93) (530, S100).
According to the method for manufacturing the sili-
con carbide semiconductor device in accordance
with the present embodiment as described above,
in the step of patterning (S30, S100), the upper-layer
film is patterned (step (S32), step (S102)) after or
simultaneously with removing the at least a portion
of the upper-layer film (silicon dioxide layer 63, in-
terlayer insulating film 93) in the outer peripheral por-
tion of silicon carbide substrate 10 (step (S31), step
(S101)). Here, "removing at least a portion" has two
meanings: it means partially removing the upper-lay-
er film within a fourth main surface 10a of silicon
carbide substrate 10, and it also means reducing the
film thickness of the upper-layer film in a thickness
direction of silicon carbide substrate 10. For exam-
ple, when an abnormality such as a stepped portion
2 partially occurs on epitaxial layer 81 in the outer
peripheral portion of silicon carbide substrate 10, the
upper-layer film formed at least on stepped portion
2 in the outer peripheral portion may be removed.
Further, on this occasion, the film thickness of the
upper-layer film formed on stepped portion 2 may be
reduced, and a portion of the upper-layer film may
remain on stepped portion 2.
In a case where the upper-layer film (silicon dioxide
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layer 63, interlayer insulating film 93) formed on
stepped portion 2 is completely removed, even when
a stress is applied to the upper-layer film formed on
a center 10p side of silicon carbide substrate 10,
occurrence of a crack resulting from stepped portion
2 can be suppressed. Further, even when the film
thickness of the upper-layer film formed on stepped
portion 2 is reduced and a portion of the upper-layer
film remains on stepped portion 2, a stress applied
to the upper-layer film formed on stepped portion 2
of silicon carbide substrate 10 can be reduced, when
compared with a conventional method for manufac-
turing a silicon carbide semiconductor device in
which an upper-layer film is patterned with being
thickly formed in an outer peripheral portion of a sil-
icon carbide substrate. Accordingly, this can sup-
press a crack starting from stepped portion 2 from
occurring in the upper-layer film.
(2) In the method for manufacturing the silicon car-
bide semiconductor device in accordance with the
embodiment, in the step of patterning (S30, S100),
the upper-layer film (silicon dioxide layer 63, inter-
layer insulating film 93) may be patterned (step
(S32), step (S102)) after removing the at least a por-
tion of the upper-layer film (silicon dioxide layer 63,
interlayer insulating film 93) in the outer peripheral
portion of silicon carbide substrate 10 (step (S31),
step (S101)). With this configuration, even when a
stress is applied to the upper-layer film during the
step of patterning (S32, S102), the upper-layer film
is not in direct contact with stepped portion 2, or,
even if the upper-layer film is in contact with stepped
portion 2, the film thickness of the upper-layer film
in contact with stepped portion 2 is smaller than the
film thickness of the upper-layer film formed on the
center 10p side of silicon carbide substrate 10. Ac-
cordingly, this can reduce a risk that a crack starting
from stepped portion 2 occurs in the upper-layer film.
(3) In the method for manufacturing the silicon car-
bide semiconductor device in accordance with the
embodiment, in the step of patterning (S30, S100),
patterning of the upper-layer film (silicon dioxide lay-
er 63, interlayer insulating film 93) and removal of
the at least a portion of the upper-layer film in the
outer peripheral portion of silicon carbide substrate
10 may be performed as one step That is, the at least
a portion of the upper-layer film may be removed in
the outer peripheral portion of silicon carbide sub-
strate 10, simultaneously with patterning the upper-
layer film. Also with this configuration, a stress ap-
plied to the upper-layer film formed in the outer pe-
ripheral portion of silicon carbide substrate 10 can
be reduced, when compared with a conventional
method for manufacturing a silicon carbide semicon-
ductor device in which an upper-layer film is pat-
terned with being thickly formed in an outer periph-
eral portion of silicon carbide substrate 10 Accord-
ingly, even when an abnormality such as a stepped

portion occurs on epitaxial layer 81 in the outer pe-
ripheral portion of silicon carbide substrate 10 for
example, a risk that a crack starting from stepped
portion 2 occurs in the upper-layer film can be re-
duced.
(4) In the method for manufacturing the silicon car-
bide semiconductor device in accordance with the
embodiment, in the step of patterning (S30, S100),
the upper-layer film (silicon dioxide layer 63, inter-
layer insulating film 93) on a region where a stepped
portion is formed in epitaxial layer 81 in the outer
peripheral portion of silicon carbide substrate 10 may
be removed. With this configuration, even when a
stress is applied to the upper-layer film formed on
silicon carbide substrate 10 when the upper-layer
film is patterned (S32, S102), the upper-layer film is
not in direct contact with stepped portion 2, and thus
a risk that a crack starting from stepped portion 2
occurs in the upper-layer film can be reduced.
(5) In the method for manufacturing the silicon car-
bide semiconductor device in accordance with the
embodiment, in the step of patterning (S30, S100),
the upper-layer film (silicon dioxide layer 63, inter-
layer insulating film 93) may be removed along an
entire periphery of the outer peripheral portion of sil-
icon carbide substrate 10. With this configuration,
even when an abnormality such as stepped portion
2 occurs on epitaxial layer 81 in the outer peripheral
portion of silicon carbide substrate 10 for example,
contact between stepped portion 2 and the upper-
layer film formed on the center 10p side of silicon
carbide substrate 10 (on an element formation re-
gion) can be prevented. Further, a stress applied to
the upper-layer film formed on the center 10p side
of silicon carbide substrate 10 can be reduced, when
compared with a conventional method for manufac-
turing a silicon carbide semiconductor device in
which an upper-layer film is patterned with being
thickly formed in an outer peripheral portion of silicon
carbide substrate 10. Accordingly, a risk that a crack
occurs in the upper-layer film can be reduced.
(6) In the method for manufacturing the silicon car-
bide semiconductor device in accordance with the
embodiment, in the step of patterning (S30, S100),
the upper-layer film (silicon dioxide layer 63, inter-
layer insulating film 93) may be removed, by a width
of more than or equal to 0.3 mm and less than or
equal to 3 mm, from an outer peripheral end portion
toward the center of silicon carbide substrate 10.
With this configuration, even when an abnormality
such as a stepped portion occurs on epitaxial layer
81 in the outer peripheral portion of silicon carbide
substrate 10 for example, contact between stepped
portion 2 and the upper-layer film formed on the cent-
er 10p side of silicon carbide substrate 10 (on the
element formation region) can be prevented. As a
result, a risk that a crack occurs in the upper-layer
film can be reduced. Further, since the pattern of the
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upper-layer film can be formed in a sufficiently large
region in the silicon carbide substrate, a sufficiently
large region where the silicon carbide semiconductor
device can be formed (element formation region) can
be obtained.
(7) In the method for manufacturing the silicon car-
bide semiconductor device in accordance with the
embodiment, the upper-layer film (silicon dioxide lay-
er 63, interlayer insulating film 93) may be made of
silicon dioxide. In this case, even when an impurity
region is ion-implanted into epitaxial layer 81 using
the upper-layer film made of silicon dioxide as a mask
for example, unintended ion implantation from a lo-
cation where a crack occurs in the upper-layer film
can be prevented. As a result, reduction in the yield
of silicon carbide semiconductor devices 100 can be
suppressed.
(8) In the method for manufacturing the silicon car-
bide semiconductor device in accordance with the
embodiment, silicon carbide substrate 10 may have
an outer diameter of more than or equal to 100 mm.
Thus, even when silicon carbide substrate 10 has
an outer diameter of more than or equal to 100 mm,
the method for manufacturing the silicon carbide
semiconductor device in accordance with the em-
bodiment of the present invention can reduce a risk
that a crack occurs in the upper-layer film formed on
silicon carbide substrate 10.

[0013] As a result of earnest studies on the reason why
a crack occurs in a silicon dioxide layer as an upper-layer
film formed on a silicon carbide substrate, the inventors
have obtained the following findings and arrived at the
present invention. First, the problem that a crack occurs
in the silicon dioxide layer is dependent on the size (outer
diameter) of the silicon carbide substrate and the film
thickness of the upper-layer film (silicon dioxide layer).
Although a crack rarely occurs in the silicon dioxide layer
when the size of the silicon carbide substrate is less than
100 mm, it occurs in particular when the size of the silicon
carbide substrate is more than or equal to 100 mm, and
it significantly occurs in particular when the size of the
silicon carbide substrate is more than or equal to 150
mm. Further, when the size of the silicon carbide sub-
strate is more than or equal to 100 mm, a crack occurs
when the film thickness of the silicon dioxide layer is thick,
such as more than or equal to 0.5 mm.
[0014] On the other hand, a crack does not occur in
the silicon dioxide layer immediately after the silicon di-
oxide layer is formed on an epitaxial layer. As a result of
investigation, it has been found that a crack occurs in the
silicon dioxide layer after the silicon dioxide layer is pat-
terned and processed as a mask in order to perform ion
implantation using the silicon dioxide layer as the mask.
On this occasion, a crack in the silicon dioxide layer ex-
tends from an outer peripheral portion.
[0015] Here, in a silicon carbide epitaxial layer formed
on a silicon carbide single crystal substrate, a stepped

portion is formed in an outer peripheral end portion of the
silicon carbide epitaxial layer. The height of the stepped
portion (height from an upper surface in the central por-
tion of the silicon carbide epitaxial layer to the highest
point of the stepped portion) is more than or equal to 1
mm and less than or equal to 50 mm. That is, the silicon
dioxide layer formed on the epitaxial layer in the outer
peripheral portion is formed on the stepped portion de-
scribed above. Further, in the silicon dioxide layer, a
stress resulting from the difference in thermal expansion
coefficient between silicon dioxide and silicon carbide is
generated. Therefore, it is presumed that, by performing
the step of patterning the silicon dioxide layer or the like,
the stress within the silicon dioxide layer becomes ap-
parent, or a large stress is generated, causing a crack in
the silicon dioxide layer. Furthermore, since it is thought
that the effect of the above stress becomes significant in
proportion to the size of the silicon carbide substrate and
the thickness of the upper-layer film, it is thought that,
when the size of the silicon carbide substrate is more
than or equal to 100 mm and the film thickness of the
silicon dioxide layer is thick such as more than or equal
to 0.5 mm, a crack starting from the stepped portion is
likely to occur due to the above stress.
[0016] Based on the above findings, it is thought that
removing the silicon dioxide layer formed on the stepped
portion formed in the epitaxial layer in the outer peripheral
portion of the silicon carbide substrate as described
above, before or simultaneously with performing pattern-
ing with the silicon dioxide layer being formed, can reduce
a risk that a crack occurs in the silicon dioxide layer to
extend, starting from the stepped portion, in a direction
in which the stepped portion extends.
[0017] In addition, the material constituting the upper-
layer film is not limited to silicon dioxide, and it is thought
that the same effect can be exhibited as long as the ma-
terial has a thermal expansion coefficient different from
that of silicon carbide.
[0018] Next, details of the present embodiment will be
described.
[0019] First, a configuration of silicon carbide substrate
10 used for a method for manufacturing a silicon carbide
semiconductor device in accordance with a first embod-
iment will be described with reference to Figs. 1 and 2.
Silicon carbide substrate 10 in accordance with the first
embodiment mainly has a silicon carbide single crystal
substrate 80 and a silicon carbide epitaxial layer 81. Sil-
icon carbide single crystal substrate 80 is made of, for
example, hexagonal silicon carbide having a polytype of
4H. Silicon carbide single crystal substrate 80 contains
an impurity element such as nitrogen, for example, and
the conductivity type of silicon carbide single crystal sub-
strate 80 is n type (a first conductivity type). The impurity
such as nitrogen contained in silicon carbide single crys-
tal substrate 80 has a concentration of, for example, more
than or equal to about 131018 cm-3 and less than or equal
to about 131019 cm-3. Silicon carbide single crystal sub-
strate 80 has a first main surface 80a, a second main
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surface 80b opposite to first main surface 80a, and a first
side end portion 80e connecting first main surface 80a
and second main surface 80b. First side end portion 80e
is a chamfered surface, and is a portion having a curva-
ture projecting in an outer peripheral direction when
viewed in a cross sectional view (field of view in the di-
rection parallel to the first main surface). First main sur-
face 80a may be, for example, a {0001} plane, or a plane
having an off angle of less than or equal to about 10°
relative to the {0001} plane, or a plane having an off angle
of less than or equal to about 0.25° relative to the {0001}
plane. In other words, first main surface 80a may be, for
example, a (0001) plane or a (000-1) plane, or a plane
having an off angle of less than or equal to about 10°
relative to the (0001) plane or the (000-1) plane, or a
plane having an off angle of less than or equal to about
0.25° relative to the (0001) plane or the (000-1) plane.
[0020] Silicon carbide epitaxial layer 81 is provided on
and in contact with first main surface 80a of silicon car-
bide single crystal substrate 80. Silicon carbide epitaxial
layer 81 has a thickness of, for example, more than or
equal to about 5 mm and less than or equal to about 40
mm. Silicon carbide epitaxial layer 81 contains an impurity
element such as nitrogen, for example, and the conduc-
tivity type of silicon carbide epitaxial layer 81 is n type.
The impurity concentration of silicon carbide epitaxial lay-
er 81 may be lower than the impurity concentration of
silicon carbide single crystal substrate 80. The impurity
concentration of silicon carbide epitaxial layer 81 is, for
example, more than or equal to about 131015 cm-3 and
less than or equal to about 131016 cm-3. Silicon carbide
epitaxial layer 81 has a third main surface 10b in contact
with first main surface 80a, and fourth main surface 10a
opposite to third main surface 10b.
[0021] Referring to Fig. 1, when viewed in a plan view
(field of view in the direction of the normal to fourth main
surface 10a), the maximum value of a width D of silicon
carbide substrate 10 is more than or equal to 100 mm.
Preferably, the maximum value of width D of silicon car-
bide substrate 10 is more than or equal to 150 mm. Silicon
carbide substrate 10 is substantially circular. Silicon car-
bide substrate 10 may have an orientation flat portion OF
provided, for example, in a {10-10} plane in a <11-20>
direction.
[0022] Referring to Fig. 2, a plurality of stepped por-
tions 2 are formed in an outer peripheral portion of silicon
carbide epitaxial layer 81. Stepped portions 2 are each
formed to extend from an outer peripheral end portion
81t toward center 10p of silicon carbide substrate 10.
Stepped portion 2 has a length (L1: see Fig. 2) of, for
example, more than or equal to about 50 mm and less
than or equal to about 3000 mm, or about 300 mm in a
typical example, on fourth main surface 10a, in a direction
along a radial direction of silicon carbide single crystal
substrate 80. It should be noted that the direction in which
stepped portion 2 extends on fourth main surface 10a
(direction from outer peripheral end portion 81t toward
center 10p) is substantially equal to the radial direction

of silicon carbide single crystal substrate 80 (direction
from outer peripheral end portion 81t toward center 10p).
Referring to Fig. 1, typically, stepped portions 2 are main-
ly formed on the orientation flat portion OF side, which
is a lower side in the drawing of fourth main surface 10a,
and on a first portion P1 side, which is a left side in the
drawing of fourth main surface 10a, and are rarely formed
on a second portion P2 side opposite to the first portion
P1 side. Stepped portion 2 has a height (h1: see Fig. 2)
of, for example, more than or equal to about 1 mm and
less than or equal to about 50 mm, with respect to fourth
main surface 10a, in a thickness direction of silicon car-
bide substrate 10 (direction perpendicular to fourth main
surface 10a). It should be noted that, when observed in
a scanning electron microscope (SEM) image, stepped
portions 2 are observed as irregularities.
[0023] Next, silicon carbide semiconductor device 100
in accordance with the first embodiment will be described
with reference to Fig. 3. In the present embodiment, sil-
icon carbide semiconductor device 100 is a MOSFET.
Silicon carbide semiconductor device 100 mainly in-
cludes silicon carbide substrate 10 in accordance with
the present embodiment described above, a gate insu-
lating film 91, a gate electrode 92, a source electrode 94,
and a drain electrode 98. Silicon carbide substrate 10
includes silicon carbide single crystal substrate 80 and
silicon carbide epitaxial layer 81 as described above, and
silicon carbide epitaxial layer 81 mainly has a p type body
region 82, an n type source region 83, and a p type con-
tact region 84. Epitaxial layer 81 (an n type drift region
85) is an epitaxial layer having n type conductivity type,
and is formed on main surface 80a of silicon carbide sin-
gle crystal substrate 80. P type body region 82 has p type
conductivity type, and is provided on n type drift region
85. N type source region 83 has n type conductivity type,
and is provided on p type body region 82 to be separated
from n type drift region 85 by p type body region 82. P
type contact region 84 has p type conductivity type, and
is connected to p type body region 82 and source elec-
trode 94.
[0024] Gate insulating film 91 covers each of a wall
surface SW and a bottom portion BT of a trench TR. Gate
electrode 92 is provided on gate insulating film 91. Source
electrode 94 is in contact with each of n type source re-
gion 83 and p type contact region 84. A source wire 95
is in contact with source electrode 94. Source wire 95 is
an aluminum layer, for example. Interlayer insulating film
93 insulates gate electrode 92 from source wire 95. Drain
electrode 98 (back surface electrode) is arranged in con-
tact with silicon carbide single crystal substrate 80.
[0025] Next, a method for manufacturing the silicon
carbide semiconductor device in accordance with the first
embodiment will be described with reference to Fig. 4.
First, the step of preparing a silicon carbide substrate
having an epitaxial layer (S10) is performed. Specifically,
referring to Figs. 5 and 6, first, silicon carbide single crys-
tal substrate 80 having n type conductivity type is pre-
pared by slicing an ingot (not shown) made of, for exam-
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ple, single crystal silicon carbide having a polytype of 4H.
Silicon carbide single crystal substrate 80 contains an
impurity such as nitrogen, for example. The impurity such
as nitrogen contained in silicon carbide single crystal sub-
strate 80 has a concentration of, for example, more than
or equal to about 131018 cm-3 and less than or equal to
about 131019 cm-3. Silicon carbide single crystal sub-
strate 80 has first main surface 80a, second main surface
80b opposite to first main surface 80a, and first side end
portion 80e connecting first main surface 80a and second
main surface 80b.
[0026] Referring to Fig. 5, when viewed in a plan view,
silicon carbide single crystal substrate 80 has a center
80p of first main surface 80a. When first main surface
80a is a circle, center 80p is the center of the circle. When
the first main surface is not a circle, center 80p is an
intersection of a line which passes through the center of
gravity of silicon carbide single crystal substrate 80 and
is parallel to the normal to first main surface 80a, and
first main surface 80a. First main surface 80a may be,
for example, a {0001} plane, or a plane having an off
angle of less than or equal to about 10° relative to the
{0001} plane, or a plane having an off angle of less than
or equal to about 0.25° relative to the {0001} plane. The
maximum value of width D of first main surface 80a of
silicon carbide single crystal substrate 80 is more than
or equal to 100 mm. Preferably, the maximum value of
width D of first main surface 80a is more than or equal
to 150 mm.
[0027] Next, silicon carbide epitaxial layer 81 is formed
Specifically, referring to Fig. 7, silicon carbide epitaxial
layer 81 is formed in contact with first main surface 80a
and first side end portion 80e of silicon carbide single
crystal substrate 80, for example by a CVD (Chemical
Vapor Deposition) method. Silicon carbide epitaxial layer
81 has third main surface 10b in contact with first main
surface 80a, fourth main surface 10a opposite to third
main surface 10b, and a second side end portion 81e
connecting third main surface 10b and fourth main sur-
face 10a.
[0028] More specifically, first, silicon carbide single
crystal substrate 80 is placed within a chamber, and then
the silicon carbide single crystal substrate is heated to a
temperature of, for example, more than or equal to
1500°C and less than or equal to 1700°C. Thereafter, a
silicon carbide source material gas is introduced into the
chamber. The silicon carbide source material gas is a
gas which contains, for example, silane, propane, nitro-
gen, and ammonia. Thereby, silicon carbide epitaxial lay-
er 81 is formed on first main surface 80a of silicon carbide
single crystal substrate 80. On this occasion, referring to
Fig. 1, when viewed in a plan view, the plurality of stepped
portions 2 are formed in the vicinity of second side end
portion 81 e of fourth main surface 10a of epitaxial layer
81. Referring to Fig. 2, stepped portion 2 has a length of,
for example, more than or equal to about 50 mm and less
than or equal to about 3000 mm, or about 300 mm in a
typical example, on fourth main surface 10a, in the direc-

tion from outer peripheral end portion 81t toward center
10p. Stepped portion 2 has a height of, for example, more
than or equal to about 1 mm and less than or equal to
about 50 mm, with respect to fourth main surface 10a, in
the thickness direction of silicon carbide substrate 10 (di-
rection perpendicular to fourth main surface 10a).
[0029] Next, the step of forming a p type body region
and an n type source region in epitaxial layer 81 is per-
formed. Specifically, in order to form p type body region
82 (see Fig. 3), ions of an impurity for imparting p type,
for example such as aluminum (Al), are implanted into
the entire fourth main surface 10a of n type drift region
85 (see Fig. 3). Further, in order to form n type source
region 83, ions of an impurity for imparting n type, for
example such as phosphorus (P), are implanted into the
entire fourth main surface 10a. It should be noted that,
instead of ion implantation, epitaxial growth accompa-
nied by addition of impurities may be used.
[0030] Next, referring to Fig. 8, the step of forming sil-
icon dioxide layer 63 on epitaxial layer 81 (S20) is per-
formed. The material constituting silicon dioxide layer 63
is, for example, silicon dioxide. Silicon dioxide layer 63
is provided to be laminated on epitaxial layer 81, for ex-
ample, with a silicon dioxide layer 61 and a polysilicon
layer 62 interposed therebetween. Specifically, silicon di-
oxide layer 61 is formed in contact with fourth main sur-
face 10a and second side end portion 81e of silicon car-
bide epitaxial layer 81, and stepped portion 2. Next, poly-
silicon layer 62 is formed on silicon dioxide layer 61, and
thereafter silicon dioxide layer 63 is formed on polysilicon
layer 62. Silicon dioxide layers 61, 63 and polysilicon
layer 62 are formed, for example, by the CVD method.
Silicon dioxide layer 63 on a region located on the center
80p side of silicon carbide single crystal substrate 80 has
a thickness of, for example, more than or equal to 0.8
mm and less than or equal to 20 mm. Preferably, silicon
dioxide layer 63 has a thickness of, for example, more
than or equal to 1.0 mm and less than or equal to 2.2 mm.
On this occasion, polysilicon layer 62 may have a thick-
ness of, for example, more than or equal to 0.01 mm and
less than or equal to 0.5 mm, and silicon dioxide layer 61
may have a thickness of, for example, more than or equal
to 0.01 mm and less than or equal to 0.2 mm.
[0031] Next, referring to Figs. 9 to 11, the step of re-
moving at least a portion of silicon dioxide layer 63 in the
outer peripheral portion of silicon carbide substrate 10,
and patterning silicon dioxide layer 63 (S30) is per-
formed. In this step (S30), first, the step of removing sil-
icon dioxide layer 63 in the outer peripheral portion of
silicon carbide substrate 10 (S31) is performed. Specif-
ically, a mask layer 40 is formed by photolithography such
that silicon dioxide layer 63 is exposed in a region from
outer peripheral end portion 81t to a position located in-
side by a distance L2 toward center 10p, along the entire
periphery of the outer peripheral portion of silicon carbide
substrate 10 except for OF. Distance L2 is preferably
longer than length L1 of stepped portion 2, and is, for
example, more than or equal to 0.3 mm and less than or
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equal to 3 mm. Next, silicon dioxide layer 63 which is not
covered with mask layer 40 and is formed in the region
from outer peripheral end portion 81t to the position lo-
cated inside by distance L2 toward center 10p is etched.
As a method for etching, for example, dry etching can be
used, and more specifically, inductively coupled plasma
reactive ion etching (ICP-RIE) can be used. Thereby, sil-
icon dioxide layer 63 formed on stepped portion 2 is re-
moved. On this occasion, in the region from outer periph-
eral end portion 81t to the position located inside by dis-
tance L2 toward center 10p, a portion of polysilicon layer
62 may be removed. Further, polysilicon layer 62 and
silicon dioxide layer 61 may be completely removed. It
should be noted that Fig. 12 is a cross sectional view of
a region where a semiconductor device is formed (ele-
ment formation region) on the center 10p side of silicon
carbide substrate 10 on this occasion. Silicon dioxide lay-
er 63 formed on the element formation region is not proc-
essed in this step (S31).
[0032] Next, referring to Fig. 13, the step of patterning
silicon dioxide layer 63 and polysilicon layer 62 to have
an opening corresponding to a position where p type con-
tact region 84 is to be formed (S32) is performed. Spe-
cifically, first, a resist layer (not shown) having an opening
corresponding to the position where p type contact region
84 is to be formed is formed on silicon dioxide layer 63
by photolithography. Next, silicon dioxide layer 63 and
polysilicon layer 62 are etched to form a mask for ion
implantation made of silicon dioxide layer 63. As a meth-
od for etching, for example, dry etching, and more spe-
cifically, inductively coupled plasma reactive ion etching
(ICP-RIE) can be used. On this occasion, this step (S32)
may be performed in two stages. Specifically, silicon di-
oxide layer 63 and polysilicon layer 62 may be dry-etched
such that a portion of polysilicon layer 62 remains at the
position where p type contact region 84 is to be formed.
Thereafter, remaining polysilicon layer 62 is removed for
example by dry etching, and thus silicon dioxide layer 61
is exposed at that position. At the time when this step
(S32) is finished, occurrence of a crack in silicon dioxide
layer 63 resulting from stepped portion 2 is suppressed.
Here, heat treatment for densifying silicon dioxide layer
63 may be performed. The heat treatment for densifying
silicon dioxide layer 63 is performed by holding silicon
dioxide layer 63 in a nitrogen atmosphere at a tempera-
ture of 850°C for 30 minutes. Even after the heat treat-
ment is performed, occurrence of a crack in silicon diox-
ide layer 63 resulting from stepped portion 2 is sup-
pressed.
[0033] Next, the step of implanting ions (S40) is per-
formed. Referring to Fig. 14, p type contact region 84 is
formed by ion implantation using silicon dioxide layer 63
described above. Specifically, using silicon dioxide layer
63 patterned in the previous step (S32) as an ion implan-
tation mask, ions of an impurity for imparting p type, for
example such as aluminum (Al), are implanted into fourth
main surface 10a. After the ion implantation, silicon di-
oxide layer 63 (see Fig. 13) is removed. Thus, p type

contact region 84 of silicon carbide substrate 10 is formed
by the photolithographic method and the ion implantation.
Since an abnormality such as a crack does not occur in
silicon dioxide layer 63 used as the ion implantation
mask, an impurity-implanted region formed by the ion
implantation in this step (S40) is formed only at a prede-
termined region, as p type contact region 84.
[0034] Next, heat treatment for activating the impurity
is performed. This heat treatment is preferably performed
at a temperature of more than or equal to 1500°C and
less than or equal to 1900°C, and is performed at about
1700°C, for example. The heat treatment is performed
for about 30 minutes, for example. The atmosphere for
the heat treatment is preferably an inert gas atmosphere,
and is an Ar atmosphere, for example.
[0035] Referring to Fig. 15, a mask layer 41 having an
opening is formed on a surface made of n type source
region 83 and p type contact region 84, by the photoli-
thography method. As mask layer 41, for example, silicon
dioxide or the like can be used. The opening is formed
corresponding to a position where trench TR is to be
formed.
[0036] Next, the step of forming a recessed portion
(S50) is performed. Specifically, referring to Fig. 16, a
recessed portion TQ is formed in fourth main surface 10a
of silicon carbide substrate 10, by performing plasma
etching on silicon carbide substrate 10 having mask layer
41 formed thereon. Recessed portion TQ is formed by
removing n type source region 83, p type body region
82, and a portion of n type drift region 85 of silicon carbide
substrate 10 by etching, through the opening in mask
layer 41. As a method for the etching, for example, dry
etching, and more specifically, inductively coupled plas-
ma reactive ion etching (ICP-RIE) can be used. By per-
forming ICP-RIE on fourth main surface 10a of silicon
carbide substrate 10 using SF6 or a mixed gas of SF6
and O2 as a reactive gas, for example, recessed portion
TQ having a wall surface A substantially along the thick-
ness direction of silicon carbide substrate 10 (a vertical
direction in the drawing) as well as a bottom portion B is
formed in a region where trench TR is to be formed.
[0037] Next, a thermal etching step (S60) is performed.
Specifically, thermal etching is performed on recessed
portion TQ formed in silicon carbide substrate 10. In the
thermal etching step, wall surface A of recessed portion
TQ in silicon carbide substrate 10 is thermally etched
within a furnace, while supplying a gas containing chlo-
rine into the furnace. Silicon carbide substrate 10 is heat-
ed within the furnace, for example at more than or equal
to 1000°C and less than or equal to 1800°C for about 20
minutes, and thereby wall surface A of recessed portion
TQ in silicon carbide substrate 10 is etched. The temper-
ature for the thermal etching of silicon carbide substrate
10 is preferably more than or equal to 800°C, more pref-
erably more than or equal to 1300°C, and further prefer-
ably more than or equal to 1500°C. It should be noted
that mask layer 41 made of silicon dioxide is not substan-
tially etched during the thermal etching of silicon carbide,
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because it has an extremely high selectivity with respect
to silicon carbide.
[0038] By performing the thermal etching step de-
scribed above, wall surface A and bottom portion B of
recessed portion TQ are etched by about more than or
equal to 2 nm and less than or equal to 0.1 mm, for ex-
ample, as shown in Fig. 17. As a result, trench TR formed
of wall surface SW and bottom portion BT is formed in
silicon carbide substrate 10. Wall surface SW includes a
plane having a plane orientation {0-33-8} (a special
plane). Next, mask layer 41 is removed by any method
such as etching. Trench TR is formed of wall surface SW
serving as a side surface, and bottom portion BT con-
nected with wall surface SW. Bottom portion BT may be
a surface, or may be a line. When bottom portion BT is
a line, trench TR has a V shape when viewed in a cross
sectional view.
[0039] Next, the step of forming a gate insulating film
(S70) is performed. Specifically, referring to Fig. 18, after
trench TR is formed by thermally etching wall surface A
of recessed portion TQ described above, gate insulating
film 91 is formed in contact with wall surface SW of trench
TR. Gate insulating film 91, which further covers each of
wall surface SW and bottom portion BT of trench TR and
is in contact with n type drift region 85, p type body region
82, n type source region 83, and p type contact region
84, is formed. Gate insulating film 91 is made of silicon
dioxide, and can be formed, for example, by thermal ox-
idation.
[0040] After gate insulating film 91 is formed, NO an-
nealing using nitric oxide (NO) gas as an atmospheric
gas may be performed. Specifically, for example, silicon
carbide substrate 10 having gate insulating film 91
formed thereon is held in a nitric oxide atmosphere, at a
temperature of more than or equal to 1100°C and less
than or equal to 1300°C, for about one hour.
[0041] Next, the step of forming a gate electrode (S80)
is performed. Specifically, referring to Fig. 19, gate elec-
trode 92 is formed on gate insulating film 91. Specifically,
gate electrode 92 is formed on gate insulating film 91 to
fill a region inside trench TR, with gate insulating film 91
interposed therebetween. Gate electrode 92 can be
formed, for example, by formation of a film of a conductor
or doped polysilicon and CMP.
[0042] Next, the step of forming an interlayer insulating
film (S90) is performed. Specifically, referring to Fig. 20,
interlayer insulating film 93 is formed on gate insulating
film 91 and gate electrode 92 to cover an exposed surface
of gate electrode 92. Interlayer insulating film 93 has a
thickness of, for example, more than or equal to 0.1 mm
and less than or equal to 20 mm, and preferably more
than or equal to 0.3 mm and less than or equal to 2.0 mm
[0043] Next, the step of patterning interlayer insulating
film 93 (S100) is performed Specifically, interlayer insu-
lating film 93 formed on stepped portion 2 is removed
(step (S101)), by the same procedure as that for remov-
ing silicon dioxide layer 63 in the outer peripheral portion
of silicon carbide substrate 10 in the step (S31) described

above.
[0044] Next, interlayer insulating film 93 is patterned
(step (S102)) to have an opening corresponding to a po-
sition where source electrode 94 is to be formed. Spe-
cifically, a resist layer (not shown) having an opening
corresponding to the position where source electrode 94
is to be formed is formed on interlayer insulating film 93
by photolithography. Next, interlayer insulating film 93
and gate insulating film 91 are etched to form an opening
corresponding to the position where source electrode 94
is to be formed, in interlayer insulating film 93 and gate
insulating film 91. Through this opening, each of n type
source region 83 and p type contact region 84 is exposed
on fourth main surface 10a. As a method for etching, for
example, dry etching can be used, and more specifically,
inductively coupled plasma reactive ion etching (ICP-
RIE) can be used.
[0045] Next, the step of forming a source electrode
(S110) is performed. Source electrode 94 which is in con-
tact with each of n type source region 83 and p type con-
tact region 84 is formed on fourth main surface 10a. Spe-
cifically, a metal film containing Ti, Al, and Si, for example,
is formed in contact with each of n type source region 83
and p type contact region 84, by sputtering. Next, by an-
nealing silicon carbide substrate 10 having the metal film
formed thereon at about 1000°C, the metal film is alloyed,
and thus source electrode 94 which is in ohmic contact
with silicon carbide substrate 10 is formed. Similarly,
drain electrode 98 may be formed on second main sur-
face 80b of silicon carbide single crystal substrate 80.
[0046] Referring to Fig. 3 again, source wire 95 is
formed to be in contact with source electrode 94 and
interlayer insulating film 93. As source wire 95, for exam-
ple, a Ti/Al layer is used. Thus, silicon carbide semicon-
ductor device 100 is completed.
[0047] Next, the function and effect of the method for
manufacturing the silicon carbide semiconductor device
in accordance with the present embodiment will be de-
scribed.
[0048] According to the method for manufacturing the
silicon carbide substrate in accordance with the embod-
iment, silicon dioxide layer 63 formed on silicon carbide
epitaxial layer 81 in the outer peripheral portion of the
silicon carbide substrate is removed before being pat-
terned as an ion implantation mask. That is, even when
stepped portion 2 is formed on epitaxial layer 81, silicon
dioxide layer 63 formed on stepped portion 2 is removed
before being patterned as an ion implantation mask. Ac-
cordingly, this can suppress a crack starting from the
stepped portion from occurring in silicon dioxide layer 63
due to a stress generated within silicon dioxide layer 63
when silicon dioxide layer 63 is patterned.
[0049] Further, stepped portion 2 has a length of, for
example, more than or equal to about 50 mm and less
than or equal to about 3000 mm, or about 300 mm in a
typical example, on fourth main surface 10a, in the direc-
tion from outer peripheral end portion 81t toward center
10p. Accordingly, by removing silicon dioxide layer 63
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formed at a position of more than or equal to 0.3 mm and
less than or equal to 3.0 mm in the direction from outer
peripheral end portion 81t toward center 10p in the step
(S31), silicon dioxide layer 63 formed on stepped portion
2 can be removed. Therefore, silicon dioxide layer 63
formed on epitaxial layer 81 of the silicon carbide sub-
strate in the step (S30) is completely independent of
stepped portion 2, and thus a crack in silicon dioxide layer
63 starting from stepped portion 2 can be suppressed.
[0050] Further, interlayer insulating film 93 formed on
silicon carbide epitaxial layer 81 in the outer peripheral
portion of the silicon carbide substrate is also removed
before being patterned, as with silicon dioxide layer 63.
Accordingly, this can suppress a crack starting from the
stepped portion from occurring in interlayer insulating film
93 due to a stress generated within interlayer insulating
film 93 when interlayer insulating film 93 is patterned.
[0051] Although silicon dioxide layer 63 and interlayer
insulating film 93 formed on the outer peripheral portion
of silicon carbide single crystal substrate 80 are com-
pletely removed in the present embodiment, the present
invention is not limited thereto. The film thickness of sil-
icon dioxide layer 63 may be reduced to a film thickness
of, for example, more than or equal to about 1 nm and
less than or equal to about 800 nm, before silicon dioxide
layer 63 is patterned. This can also reduce a risk that a
crack occurs in silicon dioxide layer 63 after silicon diox-
ide layer 63 is patterned, in a case where stepped portion
2 is formed in epitaxial layer 81 in the outer peripheral
portion of silicon carbide substrate 10. Similarly, the film
thickness of interlayer insulating film 93 may be reduced
to a film thickness of, for example, more than or equal to
about 1 nm and less than or equal to about 800 nm, before
interlayer insulating film 93 is patterned. This can also
reduce a risk that a crack occurs in interlayer insulating
film 93, in the case where stepped portion 2 is formed in
epitaxial layer 81 in the outer peripheral portion of silicon
carbide substrate 10.
[0052] Further, although silicon dioxide layer 63 and
interlayer insulating film 93 formed on silicon carbide epi-
taxial layer 81 in the outer peripheral portion of silicon
carbide substrate 10 are removed before being patterned
as an ion implantation mask or an interlayer insulating
film in the present embodiment, they may be removed
simultaneously when being patterned. For example, re-
ferring to Fig. 21, first, a mask is formed by photolithog-
raphy so as to expose silicon dioxide layer 63 in a region
from outer peripheral end portion 81t to a position located
inside by distance L2 toward center 10p, along the entire
periphery of the outer peripheral portion of silicon carbide
substrate 10 except for OF, and to have an opening cor-
responding to a position where p type contact region 84
is to be formed. Next, referring to Fig. 22, silicon dioxide
layer 63 exposed from the mask is removed for example
by dry etching. This can also reduce a stress applied to
silicon dioxide layer 63 formed on the center 10p side of
silicon carbide substrate 10, when compared with a con-
ventional method for manufacturing a silicon carbide

semiconductor device in which silicon dioxide layer 63 is
patterned with being thickly formed in the outer peripheral
portion of silicon carbide substrate 10. Accordingly, this
can reduce a risk that a crack occurs in silicon dioxide
layer 63.
[0053] Furthermore, although silicon carbide semicon-
ductor device 100 is constituted as a vertical MOSFET
in the present embodiment, the present invention is not
limited thereto. The silicon carbide semiconductor device
may be, for example, a lateral MOSFET. In this case, for
example, the step (S20) to the step (S40) in the present
embodiment may be repeatedly performed when forming
each impurity-implanted region. Moreover, the silicon
carbide semiconductor device may be a trench-type
MOSFET, or a planar-type MOSFET. The silicon carbide
semiconductor device may be an IGBT (Insulated Gate
Bipolar Transistor), an SBD (Schottky Barrier Diode), or
the like.
[0054] Although the embodiment of the present inven-
tion has been described above, the embodiment de-
scribed above can be modified variously. Further, the
scope of the present invention is not limited to the em-
bodiment described above. The scope of the present in-
vention is defined by the scope of the claims, and is in-
tended to include any modifications within the scope and
meaning equivalent to the scope of the claims.

INDUSTRIAL APPLICABILITY

[0055] The present invention is particularly advanta-
geously applied to a method for manufacturing a silicon
carbide semiconductor device using a large-diameter sil-
icon carbide substrate having a silicon carbide epitaxial
layer.

REFERENCE SIGNS LIST

[0056] 2: stepped portion; 10: silicon carbide substrate;
10a: fourth main surface; 10b: third main surface; 10p,
80p: center; 40, 41: mask layer; 61, 63: silicon dioxide
layer; 62: polysilicon layer; 80: single crystal substrate;
80a: first main surface; 80b: second main surface; 80e:
first side end portion; 81: epitaxial layer; 81e: second side
end portion; 81t: outer peripheral end portion; 82: p type
body region; 83: n type source region; 84: p type contact
region; 85: n type drift region; 91: gate insulating film; 92:
gate electrode; 93: interlayer insulating film; 94: source
electrode; 95: source wire; 98: drain electrode; 100: sil-
icon carbide semiconductor device.

Claims

1. A method for manufacturing a silicon carbide semi-
conductor device, comprising the steps of:

preparing a silicon carbide substrate having an
epitaxial layer formed thereon;
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forming an upper-layer film on said epitaxial lay-
er; and
removing at least a portion of said upper-layer
film in an outer peripheral portion of said silicon
carbide substrate, and patterning said upper-
layer film.

2. The method for manufacturing the silicon carbide
semiconductor device according to claim 1, wherein,
in said step of patterning, said upper-layer film is
patterned after removing the at least a portion of said
upper-layer film in the outer peripheral portion of said
silicon carbide substrate.

3. The method for manufacturing the silicon carbide
semiconductor device according to claim 1, wherein,
in said step of patterning, patterning of said upper-
layer film and removal of the at least a portion of said
upper-layer film in the outer peripheral portion of said
silicon carbide substrate are performed as one step

4. The method for manufacturing the silicon carbide
semiconductor device according to any one of claims
1 to 3, wherein, in said step of patterning, the at least
a portion of said upper-layer film on a region where
a stepped portion is formed in said epitaxial layer in
said outer peripheral portion is removed.

5. The method for manufacturing the silicon carbide
semiconductor device according to any one of claims
1 to 4, wherein, in said step of patterning, said upper-
layer film is removed along an entire periphery of
said outer peripheral portion.

6. The method for manufacturing the silicon carbide
semiconductor device according to any one of claims
1 to 5, wherein, in said step of patterning, a region
where the at least a portion of said upper-layer film
is removed is a belt-like region having a width of more
than or equal to 0.3 mm and less than or equal to 3
mm in a direction from an outer peripheral end por-
tion toward a center of said silicon carbide substrate.

7. The method for manufacturing the silicon carbide
semiconductor device according to any one of claims
1 to 6, wherein said upper-layer film is made of silicon
dioxide.

8. The method for manufacturing the silicon carbide
semiconductor device according to any one of claims
1 to 7, wherein said silicon carbide substrate has an
outer diameter of more than or equal to 100 mm.
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