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(57) ABSTRACT

A semiconductor device includes a semiconductor body, and
first and second electrodes provided on front and back
surfaces of the semiconductor body, respectively. The semi-
conductor body includes a first semiconductor layer and a
second semiconductor layer selectively provided between
the first electrode and the first semiconductor layer. A
method of manufacturing the semiconductor device includes
forming a mask layer on a first insulating film provided on
the front surface of the semiconductor body, the mask layer
including an opening above the first semiconductor layer;
selectively removing the first insulating film to expose the
semiconductor body, the mask layer being entirely removed
together with the first insulative film; and forming a second
insulating film to contact the first insulating film and the
semiconductor body. The first insulative film is selectively
removed through the opening. The second insulating film is
formed to be semi-insulative and contact the first semicon-
ductor layer.
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METHOD OF MANUFACTURING
SEMICONDUCTOR DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from Japanese Patent Application No.
2019-027592, filed on Feb. 19, 2019; the entire contents of
which are incorporated herein by reference.

FIELD

[0002] Embodiments relate to a method of manufacturing
a semiconductor device.

BACKGROUND

[0003] A power control semiconductor device such as a
power MOSFET (Metal Oxide Semiconductor Field Effect
Transistor) or the like includes an active region serving as a
current path. The active region is surrounded by a terminal
region; and it is required for the power control semiconduc-
tor device to have a stable breakdown voltage in the terminal
region.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIG.1 is a schematic cross-sectional view showing
a semiconductor device according to an embodiment;
[0005] FIGS. 2A to 2D are schematic cross-sectional
views showing manufacturing processes of the semiconduc-
tor device according to the embodiment;

[0006] FIGS. 3A to 3D are schematic cross-sectional
views showing manufacturing processes of the semiconduc-
tor device according to a variation of the embodiment; and
[0007] FIG. 4 is a schematic cross-sectional view showing
a semiconductor device according to a variation of the
embodiment.

DETAILED DESCRIPTION

[0008] According to one embodiment, a semiconductor
device includes a semiconductor body; a first electrode
provided on a front surface of the semiconductor body; and
a second electrode provided on a back surface of the
semiconductor body. The semiconductor body includes a
first semiconductor layer of a first conductivity type and a
second semiconductor layer of a second conductivity type.
The second semiconductor layer is selectively provided
between the first electrode and the first semiconductor layer.
The first semiconductor layer surrounds the second semi-
conductor layer in the front surface of the semiconductor
body. The method of manufacturing the semiconductor
device includes forming a mask layer on a first insulating
film provided on the front surface of the semiconductor
body, the mask layer having an opening above the first
semiconductor layer surrounding the second semiconductor
layer in the front surface; selectively removing a portion of
the first insulating film together with the mask layer to
expose a portion of the first semiconductor layer in a space
from which the portion of the first insulating film is
removed, the mask layer being entirely removed while
removing the portion of the first insulating film; and forming
a second insulating film to contact the first insulating film
and the first semiconductor layer. The second insulating film
is formed to be semi-insulative.
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[0009] Embodiments will now be described with reference
to the drawings. The same portions inside the drawings are
marked with the same numerals; a detailed description is
omitted as appropriate; and the different portions are
described. The drawings are schematic or conceptual; and
the relationships between the thicknesses and widths of
portions, the proportions of sizes between portions, etc., are
not necessarily the same as the actual values thereof. The
dimensions and/or the proportions may be illustrated differ-
ently between the drawings, even in the case where the same
portion is illustrated. The symbols “p”, “p™, “n” and “n*”
described in the drawings each indicate conductivity such as
p-type or n-type of a portion, and a relative level of impurity
concentration thereof.

[0010] There are cases where the dispositions of the
components are described using the directions of XYZ axes
shown in the drawings. The X-axis, the Y-axis, and the
Z-axis are orthogonal to each other. Hereinbelow, the direc-
tions of the X-axis, the Y-axis, and the Z-axis are described
as an X-direction, a Y-direction, and a Z-direction. Also,
there are cases where the Z-direction is described as upward
and the direction opposite to the Z-direction is described as
downward.

[0011] FIG. 1 is a schematic cross-sectional view showing
a semiconductor device 1 according to an embodiment. The
semiconductor device 1 is, for example, a power MOSFET.

[0012] As shown in FIG. 1, the semiconductor device 1
includes a semiconductor body 10, a drain electrode 21, a
source electrode 22, and an EQPR (EQuivalent-Potential
Ring) electrode 23. The semiconductor body 10 is, for
example, silicon.

[0013] For example, the drain electrode 21 is provided on
the back surface of the semiconductor body 10. The source
electrode 22 and the EQPR electrode 23 are provided
selectively on the front surface of the semiconductor body
10. The EQPR electrode 23 is provided to surround the
source electrode 22 along the outer edge of the semicon-
ductor body 10. The EQPR electrode 23 is provided to be
spaced from the source electrode 22 in a direction along the
front surface of the semiconductor body 10.

[0014] The semiconductor body 10 includes an n-type
drift layer 11 (a first semiconductor layer), a p-type base
layer 12 (a second semiconductor layer), an n-type high-
concentration layer 13, p-type guard ring layers 14a, 145,
and 14¢, an n-type source layer 15, and an n-type drain layer
17.

[0015] The p-type base layer 12 is selectively provided
between the n-type drift layer 11 and the source electrode 22.
The n-type drain layer 17 is provided between the n-type
drift layer 11 and the drain electrode 21. The n-type drain
layer 17 includes n-type impurities with a higher concen-
tration than the concentration of n-type impurities in the
n-type drift layer 11. For example, the drain electrode 21
contacts the n-type drain layer 17 and is electrically con-
nected to the n-type drain layer 17. The n-type drift layer 11
is electrically connected to the drain electrode 21 via the
n-type drain layer 17.

[0016] The n-type high-concentration layer 13 is selec-
tively provided between the n-type drift layer 11 and the
EQPR electrode 23. The n-type high-concentration layer 13
includes n-type impurities with a higher concentration than
the concentration of n-type impurities in the n-type drift
layer 11. The EQPR electrode 23 contacts the n-type high-
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concentration layer 13 and is electrically connected to the
n-type high-concentration layer 13.

[0017] The p-type guard ring layers 14a to 14c¢ are pro-
vided to surround the p-type base layer 12 along the front
surface of the semiconductor body 10. The p-type guard ring
layers 14a to 14c¢ are positioned between the p-type base
layer 12 and the n-type high-concentration layer 13. The
p-type guard ring layers 14a to 14c¢ are arranged in order
along the direction from the p-type base layer 12 toward the
n-type high-concentration layer 13. For example, the p-type
guard ring layer 14a is provided so as to contact the p-type
base layer 12. The p-type guard ring layers 14a to 14c¢
include p-type impurities with a lower concentration than
the concentration of p-type impurities in the p-type base
layer 12.

[0018] The n-type source layer 15 is selectively provided
between the p-type base layer 12 and the source electrode
22. The n-type source layer 15 includes n-type impurities
with a higher concentration than the concentration of n-type
impurities in the n-type drift layer 11. The source electrode
22 is electrically connected to the n-type source layer 15.

[0019] The semiconductor device 1 further includes an
insulating film 30, an insulating film 31, an insulating film
32, an insulating film 33, a gate electrode 40, and a sealing
part 50. The sealing part 50 is provided to surround the
source electrode 22 on the front surface of the semiconduc-
tor body 10. The sealing part 50 selectively covers the EQPR
electrode 23 and the outer perimeter portion of the source
electrode 22 with the insulating film 30 and the insulating
film 31 interposed. The sealing part 50 is, for example, a
resin such as polyimide, etc.

[0020] The insulating film 30 is provided between the
semiconductor body 10 and the sealing part 50. The insu-
lating film 30 covers the EQPR electrode 23 and the outer
perimeter portion of the source electrode 22. The insulating
film 30 is provided so that a portion of the insulating film 30
contacts the semiconductor body 10. The insulating film 30
is provided to contact the source electrode 22. The insulating
film 30 is a semi-insulating film and includes, for example,
silicon nitride.

[0021] The insulating film 31 is provided between the
insulating film 30 and the sealing part 50. The insulating film
31 is, for example, a silicon oxide film or a silicon nitride
film. For example, the insulating film 31 serves as a pro-
tective layer protecting the semi-insulative insulating film
30. Although completely blocking the influences of the
external environment such as moisture, etc., is difficult, for
example, when a resin is used for the sealing part 50, it is
possible to improve the blocking effect for the external
environment by providing the insulating film 31. Moreover,
it is also possible to block a leakage current that flows
through the sealing part 50.

[0022] The insulating film 30 has electrical resistance
lower than the electrical resistance of the insulating film 31.
For example, the resistivity of the insulating film 30 is not
less than 1.0x10® but less than 1.0x10*® (Q-cm). The resis-
tivity of the insulating film 31 is 1.0x10"* (€-cm) or more.

[0023] The gate electrode 40 is provided between the
semiconductor body 10 and the source electrode 22. For
example, the gate electrode 40 is disposed inside a gate
trench provided on the front surface side of the semicon-
ductor body 10. The gate electrode 40 is electrically insu-
lated from the semiconductor body 10 by a gate insulating
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film 41. The gate electrode 40 is provided to oppose the
p-type base layer 12 with the gate insulating film 41 inter-
posed.

[0024] The insulating film 32 is provided between the
semiconductor body 10 and the source electrode 22. The
insulating film 32 is, for example, a silicon oxide film and
electrically insulates the gate electrode 40 from the source
electrode 22. The insulating film 32 is provided also between
the n-type source layer 15 and the source electrode 22. The
n-type source layer 15 is provided on the p-type base layer
12 between the mutually-adjacent gate electrodes 40. The
source electrode 22 includes a contact portion 45 that
contacts the n-type source layer 15. The contact portion 45
extends inside a contact hole provided in the insulating film
32. The source electrode 22 is electrically connected to the
n-type source layer 15 via the contact portion 45.

[0025] The insulating film 33 is provided between the
semiconductor body 10 and the insulating film 30. For
example, the insulating film 33 covers a portion of the n-type
drift layer 11 that is positioned between the p-type guard ring
layer 14¢ and the n-type high-concentration layer 13.
[0026] The insulating film 32 further includes, for
example, a portion positioned between the p-type guard ring
layer 144 and the insulating film 30. The insulating film 30
contacts the semiconductor body 10 at a portion positioned
between the insulating film 32 and the insulating film 33.
[0027] The semiconductor device 1 includes an active
region 11a and a terminal region 115. The active region 11a
is positioned between the drain electrode 21 and the source
electrode 22. The terminal region 115 surrounds the active
region 11a. Here, although the active region 11a and the
terminal region 115 are shown inside the n-type drift layer
11 for convenience, for example, the p-type base layer 12
and the n-type source layer 15 are positioned in the active
region; and the p-type guard ring layers 14a to 14c¢ are
positioned in the terminal region. For example, when an
ON-bias is supplied to the gate electrode 40, an inversion
layer is induced at the interface between the p-type base
layer 12 and the gate insulating film 41; and thus, an
ON-current flows from the drain electrode 21 to the source
electrode 22. In other words, the active region is defined as
the region where the ON-current flows.

[0028] When the supply of the ON-bias to the gate elec-
trode 40 is stopped and the semiconductor device 1 is set to
the OFF-state, a high electric field is generated inside the
semiconductor body 10 due to the drain voltage applied
between the drain electrode 21 and the source electrode 22.
In other words, a reverse bias is applied to the p-n junction
between the n-type drift layer 11 and the p-type base layer
12. A depletion layer spreads inside the semiconductor body
10, and a high electric field is induced therein. The p-type
guard ring layers 14a to 14¢ are provided to reduce the
strength of the electric field induced along the outer perim-
eter of the p-type base layer 12. Thus, it is possible to avoid
the breakdown of the p-n junction in the terminal region 115.
[0029] However, there may be a case where, for example,
the hot carriers flow into the p-type guard ring layers 14a to
14¢ from the n-type drift layer 11 in the terminal region 115,
and are injected into the insulating film 32. Thereby, the
breakdown voltage is reduced in the terminal region. In
contrast, because the semi-insulative insulating film 30
contacts the semiconductor body 10 in the semiconductor
device 1, a carrier ejection path is provided, and the hot
carriers can move from the n-type drift layer 11 to the source
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electrode 22. Thereby, it is possible to reduce the carrier
injection into the insulating film 32, and to avoid the
decrease of breakdown voltage in the terminal region 1164.
[0030] A method of manufacturing the semiconductor
device 1 will be described here with reference to FIGS. 2A
to 2D. FIGS. 2A to 2D are schematic cross-sectional views
showing the processes of forming the insulating film 30 that
contacts the semiconductor body 10. The p-type guard ring
layers 14a to 14¢ are not illustrated in FIGS. 2A to 2D.
[0031] As shown in FIG. 2A, the insulating film 32 is
formed on the semiconductor body 10; and a resist mask 35
is formed on the insulating film 32. The insulating film 32 is,
for example, a silicon oxide film. The resist mask 35 has an
opening 35/ such that a portion of the insulating film 32 is
exposed at the bottom surface thereof.

[0032] As shown in FIG. 2B, the insulating film 32 is
selectively removed using the resist mask 35. For example,
the insulating film 32 is selectively etched using RIE (Reac-
tive Ion Etching). At this time, the etching of the insulating
film 32 is performed under a condition such that the resist
mask 35 also is etched.

[0033] For example, the resist mask 35 can be removed
chemically by exposing to plasma including oxygen atoms.
However, the insulating film 32 that includes, for example,
silicon oxide cannot be etched by plasma including oxygen.
In contrast, the insulating film 32 can be etched chemically,
for example, by exposing to plasma that includes fluorine
atoms. Moreover, the resist mask 35 may have resistance to
plasma that includes fluorine atoms, and thus, the resist
mask 35 cannot be etched chemically by plasma including
fluorine atoms. In the RIE according to the embodiment, the
etching is performed under the condition such that the
physical etching due to the collisions of excited ions is
dominant by providing the large potential difference
between the discharge electrode and the watfer. Thus, both
the insulating film 32 and the resist mask 35 can be etched
under such a condition. For example, the RIE is performed
using a kind of gas that includes fluorine atoms. Thereby, it
is possible to remove the insulating film 32 by both physical
etching and chemical etching.

[0034] As shown in FIG. 2C, the etching of the insulating
film 32 is stopped at a timing when a portion of the
semiconductor body 10 is exposed and the resist mask 35 on
the insulating film 32 is removed. For example, the insulat-
ing film 33 is separated from the insulating film 32 in this
process.

[0035] Then, as shown in FIG. 2D, the insulating film 30
is formed to cover the insulating film 32 and the insulating
film 33 and to contact the exposed portion of the semicon-
ductor body 10. For example, the insulating film 30 is
formed using plasma CVD (Plasma enhanced Chemical
Vapor Deposition). The insulating film 30 is a silicon nitride
film. The insulating film 30 is a semi-insulating film in
which the composition ratio of the silicon atoms is larger
than a silicon nitride film having a composition ratio equal
to the stoichiometric ratio (Si;N,).

[0036] It is desirable for the proportion Si/N of silicon
atoms to nitrogen atoms in the insulating film 30 to be, for
example, not less than 1.0 and not more than 1.5. For
example, when a silicon nitride film is used for the insulating
film 31, it is desirable for the proportion (Si/N) of the silicon
atoms to be not less than 0.7 and not more than 0.95.
[0037] In the embodiment recited above, the insulating
film 30 is provided to directly contact the semiconductor
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body 10. Thereby, the carriers can be ejected from the
semiconductor body 10 via the semi-insulative insulating
film 30; and it is possible to make the breakdown voltage of
the p-n junction stable in the terminal region.

[0038] For example, in a manufacturing method in which
the resist mask 35 is not removed when etching the insu-
lating film 32, the insulating film 32 is selectively removed;
and then, it is necessary to remove the resist mask 35 after
exposing a portion of the semiconductor body 10.

[0039] The resist mask 35 may be removed, for example,
using dry etching such as plasma ashing, etc., or a method
of dissolving using a chemical liquid. Considering the
manufacturing efficiency and the environmental impact of
waste liquid processing, it is desirable to remove the resist
mask 35 using dry etching. However, when the dry etching
is used, for example, the exposed portion of the semicon-
ductor body 10 is oxidized while the resist mask 35 is ashed
and removed by reactive oxygen inside plasma. As a result,
for example, a silicon oxide film is formed at the front
surface of the semiconductor body 10. That is, a terminal
structure is formed in which a silicon oxide film is inter-
posed between the semiconductor body 10 and the insulating
film 30. Thus, the carrier ejection path from the semicon-
ductor body 10 to the source electrode 22 via the insulating
film may be blocked by the silicon oxide film, making the
breakdown voltage of the p-n junction degrade in the
terminal region 115.

[0040] In the manufacturing method according to the
embodiment, as the resist mask 35 is removed in the etching
process of the insulating film 32, the insulating film 30 can
be directly formed on the semiconductor body 10. For
example, when removing the insulating film 32 using RIE,
the etching rate of the resist mask 35 can be increased by
increasing the potential energy of the active ions inside the
plasma. That is, the etching rate of the resist mask 35 can be
faster under a condition in which the physical etching
process due to the ion bombardment is more dominant than
the etching process due to the chemical reaction. Thus, it is
possible to set the etching condition, for example, so that the
resist mask 35 is vanished simultaneously when the etching
of the insulating film 32 is completed.

[0041] In the etching process of the insulating film 32, for
example, it is preferable to monitor the signals of reaction
products that include the silicon atoms of the insulating film
32 and reaction products including the carbon atoms of the
resist mask 35. For example, this can be performed by
spectroscopy of the plasma light emission and by monitoring
the signals of the spectroscopy. For example, the end point
of the etching of the insulating film 32 may be found at the
timing when the light emission of reaction products includ-
ing silicon reaches a minimum level or the timing when the
light emission level of the reaction products including
silicon starts to increase due to the effects of the silicon
atoms of the semiconductor body 10. The end point of the
etching of the resist mask 35 may be found at the timing
when the light emission of reaction products including
carbon reaches a minimum level. Thus, it is possible to stop
the etching of the insulating film 32 at the timing when both
end points are confirmed.

[0042] For example, when the end point of the etching of
the insulating film 32 is confirmed first, the etching is
stopped at the timing when the end point of the etching of
the resist mask 35 is confirmed. When the end point of the
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etching of the resist mask 35 is confirmed first, the etching
of the insulating film 32 is stopped using time control based
on the etching rate thereof.

[0043] A method of manufacturing the semiconductor
device 1 according to a modification of the embodiment will
be described here with reference to FIGS. 3A to 3D. FIGS.
3A to 3D are schematic cross-sectional views showing the
processes of forming the insulating film 30 that contacts the
semiconductor body 10.

[0044] In the example, the insulating film 32 has a stacked
structure including a first layer 32a, a second layer 3254, and
a third layer 32¢. The first layer 32a is, for example, a silicon
oxide film formed by thermal oxidation of the semiconduc-
tor body 10. The second layer 325 is, for example, a silicon
oxide layer formed using CVD. The third layer 32c¢ is, for
example, a BPSG layer that is a silica glass including boron
(B) and phosphorus (P) and is formed using CVD.

[0045] As shown in FIG. 3A, the insulating film 32 is
selectively removed using the resist mask 35. The insulating
film 32 is removed under a condition in which the insulating
film 32 is etched together with the resist mask 35.

[0046] As shown in FIG. 3B, the etching of the insulating
film 32 is paused at the timing when the resist mask 35 is
removed. For example, the etching condition is set to a first
condition in which the etching rate of the resist mask 35 is
adjusted so that the resist mask 35 is completely removed at
the timing when the third layer 32c¢ is selectively removed
and the second layer 325 is exposed, or at the timing when
the third layer 32¢ and a portion of the second layer 325 are
selectively removed.

[0047] For example, the contribution ratio of the physical
etching in the RIE can be changed by appropriately setting
the potential difference between the discharge electrode and
the wafer; and the etching rate of the resist mask 35 can be
set to the preferable value. In contrast, as the chemical
etching due to the chemical reaction is performed together
with the physical etching in the etching process of the
second layer 325 and the third layer 32c, the etching rate of
the second layer 326 and the third layer 32¢ changes less
depending on the potential difference. Accordingly, it is
possible to appropriately set the etching rate of the second
layer 324, the third layer 32¢, and the resist mask 35.
[0048] As shown in FIG. 3C, the semiconductor body 10
has a portion exposed by selectively removing a portion of
the second layer 325 and a portion of the first layer 32a. At
this time, the third layer 32¢ also is etched because the resist
mask 35 does not remain on the third layer 32¢. Thus, the
third layer 32c¢ is formed to have an initial film thickness
such that the third layer 32¢ having a desired film thickness
surely remains after selectively removing the second layer
32b and the first layer 32a.

[0049] For example, the etching condition of the second
layer 3256 and the first layer 32qa is set such that when the
resist mask 35 is provided, the resist mask 35 would not be
etched or the etching rate of the resist mask 35 would be
slower than that of the first condition.

[0050] When RIE is used, for example, the small potential
difference is set between the discharge electrode and the
wafer so that the physical etching is suppressed; and the
etching is performed under the condition in which the
chemical etching due to the excited ions is dominant (a
second condition). Here, for example, a kind of gas that is
used for plasma-exciting is of high reactivity to the materials
of the first layer 32a and the second layer 324, and has low
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or substantially no reactivity to the material of the resist
mask 35. Accordingly, when the first layer 32¢ and the
second layer 326 are chemically etched under the second
condition, it is possible to suppress the physical damage in
the semiconductor body 10 that serves as the foundation
layer. The resist mask 35 is removed before the process
shown in FIG. 3C. When a portion of the resist mask 35
remains, the etching rate of the resist mask 35 would be
slower than the etching rate under the first condition,
because the physical etching is suppressed when using the
second condition.

[0051] The etching of the second layer 325 and the first
layer 32a may be performed using CDE (Chemical Dry
Etching). Thereby, while etching the second layer 325 and
the first layer 324, the physical damage may be reduced in
the semiconductor body 10.

[0052] The insulating film 33 is separated from the insu-
lating film 32 through this process. The insulating film 33
has a stacked structure including a first layer 33a, a second
layer 334, and a third layer 33c.

[0053] Then, as shown in FIG. 3D, the insulating film 30
is formed to cover the insulating film 32 and the insulating
film 33 and directly contacts the semiconductor body 10.
The insulating film 30 is formed to be a semi-insulating film.
[0054] In the manufacturing method recited above, for
example, the end point of the etching is detected at the initial
etching process by monitoring the light emission from the
reaction products that include the carbon atoms of the resist
mask 35. Also, it may be possible to monitor the light
emission of the reaction products that the boron or phos-
phorus of the third layer 32c¢. That is, when the light
emission of the reaction products including boron and
phosphorus decreases under the minimum level thereof, the
end point of removing the third layer 32¢ is detected. Thus,
it is possible to stop the initial etching when the resist mask
35 is confirmed to be removed after the third layer 32c¢ is
removed. In contrast, the etching of the second layer 325 and
the first layer 32a is stopped using time control based on the
etching rate of the second layer 325 and the first layer 32a.
[0055] The manufacturing method according to the
embodiment is not limited to the example recited above. For
example, in the manufacturing processes shown in FIGS. 2A
to 2D, the insulating film 32 may have the stacked structure
including the first layer 324, the second layer 325, and the
third layer 32¢ or a two-layer structure including the first
layer 32a and the third layer 32c.

[0056] FIG. 4 is a schematic cross-sectional view showing
a semiconductor device 2 according to a modification of the
embodiment. The semiconductor device 2 is, for example, a
PIN diode.

[0057] The semiconductor device 2 includes a semicon-
ductor body 60, a cathode electrode 71, and an anode
electrode 73. The cathode electrode 71 is provided on the
back surface of the semiconductor body 60. The anode
electrode 73 is provided on the front surface of the semi-
conductor body 60.

[0058] As shown in FIG. 4, the semiconductor body 60
includes a low-concentration n-type semiconductor layer
(hereinbelow, an I-layer 61), a p-type anode layer 63, and an
n-type cathode layer 65. The p-type anode layer 63 is
provided between the I-layer 61 and the anode electrode 73.
The anode electrode 73 contacts the p-type anode layer 63
and is electrically connected to the p-type anode layer 63.
The n-type cathode layer 65 is provided between the I-layer
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61 and the cathode electrode 71. The n-type cathode layer 65
includes n-type impurities with a higher concentration than
the concentration of n-type impurities in the I-layer 61. The
cathode electrode 71 contacts the n-type cathode layer 65
and is electrically connected to the n-type cathode layer 65.

[0059] The semiconductor device 2 includes an active
region 6la a terminal region 61b. The active region 61a is
positioned between the cathode electrode 71 and the anode
electrode 73. The terminal region 6156 is positioned around
the active region 61a. The p-type anode layer 63 is provided
in the active region. Here as well, the active region 61a and
the terminal region 616 of the I-layer 61 are shown for
convenience, and the p-type anode layer 63 is positioned in
the active region.

[0060] The semiconductor body 60 further includes the
p-type guard ring layers 14a to 14c¢ and the n-type high-
concentration layer 13. The p-type guard ring layers 14a to
14¢ are provided to surround the p-type anode layer 63 along
the front surface of the semiconductor body 60. The n-type
high-concentration layer 13 is provided to surround the
p-type anode layer 63 along the outer edge of the semicon-
ductor body 60 on the front surface side. The p-type guard
ring layers 14a to 14¢ are provided between the p-type anode
layer 63 and the n-type high-concentration layer 13. The
n-type high-concentration layer 13 includes n-type impuri-
ties with a higher concentration than the concentration of
n-type impurities in the I-layer 61.

[0061] The semiconductor device 2 further includes the
EPQR electrode 23, the insulating film 30, the insulating
film 31, the insulating film 32, the insulating film 33 and the
sealing part 50. The EPQR electrode 23 is provided above
the n-type high-concentration layer 13. The EPQR electrode
23 contacts the n-type high-concentration layer 13 and is
electrically connected to the n-type high-concentration layer
13. The sealing part 50 is provided to surround the anode
electrode 73 on the front surface side of the semiconductor
body 60. The sealing part 50 covers the EQPR electrode 23
and the outer perimeter portion of the anode electrode 73.

[0062] The insulating film 30 is provided between the
semiconductor body 60 and the sealing part 50. The insu-
lating film 30 covers the EQPR electrode 23 and the outer
perimeter portion of the anode electrode 73. The insulating
film 30 is provided to have a portion that contacts the
semiconductor body 60. The insulating film 30 is provided
also to contact the anode electrode 73. The insulating film 30
is a semi-insulating film and includes, for example, silicon
nitride.

[0063] The insulating film 31 is provided between the
insulating film 30 and the sealing part 50. The insulating film
31 is, for example, a silicon oxide film or a silicon nitride
film. For example, the insulating film 31 serves as a pro-
tective layer which protects the semi-insulative insulating
film 30.

[0064] The insulating film 32 is provided between the
p-type guard ring layer 14a and the insulating film 30. The
insulating film 32 is, for example, a silicon oxide film. The
insulating film 33, for example, is provided between the
semiconductor body 60 and the insulating film 30 to cover
a portion of the I-layer 61 that is positioned between the
p-type guard ring layer 14¢ and the n-type high-concentra-
tion layer 13. The insulating film 30 contacts the semicon-
ductor body 10 at a portion positioned between the insulat-
ing film 32 and the insulating film 33.

Aug. 20, 2020

[0065] In the semiconductor device 2 as well, the insulat-
ing film 30 is formed by the manufacturing method shown
in FIGS. 2A to 2D or FIGS. 3A to 3D. Thereby, the
insulating film 30 directly contacts the semiconductor body
60; and thus, it is possible to prevent the p-n junction in the
terminal region 615 from the breakdown at the lower
voltage.

[0066] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inven-
tions. Indeed, the novel embodiments described herein may
be embodied in a variety of other forms; furthermore,
various omissions, substitutions and changes in the form of
the embodiments described herein may be made without
departing from the spirit of the inventions. The accompa-
nying claims and their equivalents are intended to cover
such forms or modifications as would fall within the scope
and spirit of the invention.

What is claimed is:

1. A method of manufacturing a semiconductor device,

the semiconductor device comprising:

a semiconductor body including a first semiconductor
layer of a first conductivity type;

a first electrode provided on a front surface of the
semiconductor body; and

a second electrode provided on a back surface of the
semiconductor body,

the semiconductor body further including a second semi-

conductor layer of a second conductivity type selec-
tively provided between the first electrode and the first
semiconductor layer, the first semiconductor layer sur-
rounding the second semiconductor layer in the front
surface of the semiconductor body,

the method comprising:

forming a mask layer on a first insulating film provided
on the front surface of the semiconductor body, the
mask layer having an opening above the first semi-
conductor layer surrounding the second semiconduc-
tor layer in the front surface;

selectively removing a portion of the first insulating
film together with the mask layer to expose a portion
of the first semiconductor layer in a space from
which the portion of the first insulating film is
removed, the mask layer being entirely removed
while removing the portion of the first insulating
film; and

forming a second insulating film to contact the first
insulating film and the first semiconductor layer, the
second insulating film being formed to be semi-
insulative.

2. The method according to claim 1, wherein the portion
of the first semiconductor layer is exposed after the mask
layer is entirely removed.

3. The method according to claim 2, wherein

the portion of the first insulating film is removed using dry

etching, and

the portion of the first semiconductor layer is exposed

through a first step and a second step,

the first portion of the first insulating film being selec-

tively removed together with the mask layer in the first
step, the mask layer being entirely removed through the
first step,

an entire surface of the first insulating film being etched

in the second step,
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the mask layer and the first insulating film being etched
under a first condition of the dry etching in the first step,

the first insulating film being etched under a second
condition of the dry etching in the second step,

the dry etching includes physical etching and chemical

etching, the physical etching being simultaneously per-
formed with the chemical etching, a contribution ratio
of the physical etching being suppressed in the second
condition comparing to the first condition.

4. The method according to claim 3, wherein the dry
etching is performed while monitoring a signal of a reaction
product including a major component of the mask layer and
a signal of a reaction product including a major component
of the first insulating film.

5. The method according to claim 1, wherein the second
insulating film includes silicon nitride.

6. The method according to claim 5, wherein the second
insulative film is formed to have a non-stoichiometric com-
position having a silicon atom ratio larger than the silicon
atom ratio of the stoichiometric composition.

7. The method according to claim 1, wherein the first
insulative film has a stacked structure including a first layer,
a second layer and a third layer, the first and second layers
being positioned between the third layer and the semicon-
ductor body, the second layer being positioned between the
first layer and the third layer, and

the mask layer is entirely removed while the second layer

and the third layer are selectively removed.
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8. The method according to claim 7, wherein the third
layer is a silica glass layer including boron atoms and
phosphorus atoms.

9. The method according to claim 8, wherein

the mask layer includes carbon atoms, and

the dry etching is performed while monitoring a signal of

a reaction product including a carbon atom of the mask
layer and a signal of a reaction product including boron
and phosphorus atoms of the third layer.

10. The method according to claim 9, wherein

the portion of the first insulating film is removed through

a first step and a second step,
the second and third layers of the first insulating film
being selectively removed in the first step, the mask
layer being entirely removed through the first step,
the first layer of the first insulating film being selectively
removed using the third layer as an etching mask in the
second step.

11. The method according to claim 9, wherein the end of
the first step is detected based on the signal of the reaction
product including a carbon atom of the mask layer.

12. The method according to claim 9, wherein the end of
removing the third layer of the first insulative film is
detected based on the signal of the reaction product includ-
ing boron and phosphorus atoms of the third layer.
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