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SEMICONDUCTOR DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from the prior Japanese Patent Application
No. 2019-168401, filed on Sep. 17, 2019; the entire contents
of which are incorporated herein by reference.

FIELD
[0002] Embodiments relate to a semiconductor device.
BACKGROUND
[0003] Technology has been proposed for a DMOS

(Double-Diffused MOSFET) in which STI (Shallow Trench
Isolation; an element separation insulator) is provided
between a drain and a channel to ensure the breakdown
voltage. On the other hand, the ON-resistance increases due
to the existence of the STI.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIG. 1 is a plan view showing a semiconductor
device according to a first embodiment;

[0005] FIG. 2 is a partially enlarged plan view showing the
semiconductor device according to the first embodiment;
[0006] FIG. 3A is a cross-sectional view along line A-A'
shown in FIG. 2;

[0007] FIG. 3B is a cross-sectional view along line B-B'
shown in FIG. 2;

[0008] FIG. 4 is a perspective cross-sectional view show-
ing the semiconductor device according to the first embodi-
ment;

[0009] FIG. 5 is a partially enlarged plan view showing a
semiconductor device according to a second embodiment;
[0010] FIG. 6A is a cross-sectional view along line A-A'
shown in FIG. 5; and FIG. 6B is a cross-sectional view along
line B-B' shown in FIG. 5;

[0011] FIG. 7 is a perspective cross-sectional view show-
ing the semiconductor device according to the second
embodiment;

[0012] FIGS. 8A and 8B are cross-sectional views show-
ing a semiconductor device according to a third embodi-
ment;

[0013] FIG. 9 is a perspective cross-sectional view show-
ing the semiconductor device according to the third embodi-
ment;

[0014] FIGS. 10A and 10B are cross-sectional views
showing a semiconductor device according to a fourth
embodiment;

[0015] FIG. 11 is a perspective cross-sectional view show-
ing the semiconductor device according to the fourth
embodiment;

[0016] FIGS. 12A and 12B are cross-sectional views
showing a semiconductor device according to a fifth
embodiment;

[0017] FIG. 13 is a perspective cross-sectional view show-
ing the semiconductor device according to the fifth embodi-
ment;

[0018] FIGS. 14A and 14B are cross-sectional views
showing a semiconductor device according to a sixth
embodiment; and
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[0019] FIG. 15 is a perspective cross-sectional view show-
ing the semiconductor device according to the sixth embodi-
ment.

DETAILED DESCRIPTION

[0020] In general, a semiconductor device according to
one embodiment includes a semiconductor substrate, an
insulating member provided on the semiconductor substrate
and an electrode disposed on the semiconductor substrate
and on the insulating member. The insulating member
includes a plurality of first portions and a plurality of second
portions thinner than the first portions. The first portions and
the second portions are arranged alternately along a first
direction, the first direction being parallel to a region of an
upper surface of the semiconductor substrate not contacting
the insulating member.

First Embodiment

[0021] A first embodiment will now be described.

[0022] FIG. 1 is a plan view showing a semiconductor
device according to the embodiment.

[0023] FIG. 2 is a partially enlarged plan view showing the
semiconductor device according to the embodiment.
[0024] FIG. 3A is a cross-sectional view along line A-A'
shown in FIG. 2; and FIG. 3B is a cross-sectional view along
line B-B' shown in FIG. 2.

[0025] FIG. 4 is a perspective cross-sectional view show-
ing the semiconductor device according to the embodiment.
[0026] The drawings are schematic and are drawn with
appropriate exaggerations or omissions. For example, in
FIGS. 3A and 3B, only a silicon substrate 10, a first portion
33 and a second portion 34 of an insulating member 32, and
a gate electrode 42 described below are shown for easier
viewing of the drawing. This is similar for FIGS. 6 A and 6B,
FIGS. 8A and 8B, FIGS. 10A and 10B, FIGS. 12A and 12B,
and FIGS. 14A and 14B as well. The vertical-horizontal
ratios of the components do not always match between the
drawings.

[0027] In the semiconductor device 1 according to the
embodiment as shown in FIG. 1, FIG. 2, FIGS. 3A and 3B,
and FIG. 4, the silicon substrate 10 is provided as a semi-
conductor substrate. For example, the silicon substrate 10 is
made of single-crystal silicon (Si). A deep n-well 11 which
is of an n-conductivity type is provided in a portion of the
upper layer portion of the silicon substrate 10. The conduc-
tivity type of the portion of the silicon substrate 10 sur-
rounding the deep n-well 11 may be a p-type.

[0028] In the specification, an XYZ orthogonal coordinate
system is employed for convenience of description, Two
mutually-orthogonal directions parallel to an upper surface
10a of the silicon substrate 10 are taken as an “X-direction”
and a “Y-direction”; and a direction perpendicular to the
upper surface 10a is taken as a “Z-direction.” The Z-direc-
tion also is called the “vertical direction.” In the Z-direction,
the direction away from the silicon substrate 10 as refer-
enced to the upper surface 10a also is called “up”; and the
direction into the silicon substrate 10 as referenced to the
upper surface 10a also is called “down.”

[0029] A drift layer 12 of the p-conductivity type and a
p-well 13 of the p-conductivity type are provided in a central
portion on the deep n-well 11. The impurity concentration of
the p-well 13 is higher than the impurity concentration of the
drift layer 12. The “impurity concentration” is the concen-
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tration of an impurity used as carriers inside the silicon.
When viewed from above, for example, the drift layer 12
and the p-well 13 have rectangular configurations extending
in the Y-direction. In the example shown in FIG. 4, the
p-well 13 pierces the central portion of the drift layer 12; and
the lower surface of the p-well 13 is positioned lower than
the lower surface of the drift layer 12. However, this is not
limited thereto; and the lower surface of the p-well 13 may
be positioned higher than the lower surface of the drift layer
12. A drain contact layer 14 of the p-conductivity type is
provided on the p-well 13. The impurity concentration of the
drain contact layer 14 is higher than the impurity concen-
tration of the p-well 13. The drain contact layer 14 also
extends in the Y-direction parallel to the upper surface 10a
of the silicon substrate 10.

[0030] An n-well 15 of the n-conductivity type is provided
in a peripheral portion on the deep n-well 11. When viewed
from above, for example, the n-well 15 has a rectangular
frame-shaped configuration surrounding the drift layer 12
and the p-well 13. The n-well 15 is separated from the drift
layer 12 and separated from the outer surface of the deep
n-well 11. A portion 11a of the deep n-well 11 is disposed
between the drift layer 12 and the n-well 15.

[0031] A source layer 16 of the p-conductivity type is
provided at a portion on the n-well 15. A source contact layer
17 of the p-conductivity type is provided at a portion on the
source layer 16. The impurity concentration of the source
contact layer 17 is higher than the impurity concentration of
the source layer 16.

[0032] The source contact layer 17 extends in the Y-di-
rection parallel to the upper surface 10a of the silicon
substrate 10. A body layer 18 of the n-conductivity type is
provided in another portion on the n-well 15. The impurity
concentration of the body layer 18 is higher than the
impurity concentration of the n-well 15. The body layer 18
contacts the source layer 16. A body contact layer 19 of the
n-conductivity type is provided at a portion on the body
layer 18. The impurity concentration of the body contact
layer 19 is higher than the impurity concentration of the
body layer 18. The body contact layer 19 contacts the source
contact layer 17.

[0033] When viewed from above, for example, the source
layer 16, the source contact layer 17, the body layer 18, and
the body contact layer 19 have frame-shaped configurations
surrounded with the n-well 15. The deep n-well 11, the drift
layer 12, the p-well 13, the drain contact layer 14, the n-well
15, the source layer 16, the source contact layer 17, the body
layer 18, and the body contact layer 19 are portions of the
silicon substrate 10.

[0034] STI (Shallow Trench Isolation) 31 is provided as an
element separation insulator on the silicon substrate 10. For
example, the STI 31 is formed of silicon oxide (SiO). When
viewed from above, for example, the STI 31 has a rectan-
gular frame-shaped configuration and is disposed along the
outer edge of the deep n-well 11. The outer edge of the deep
n-well 11 contacts the bottom surface of the STI 31. Here-
inbelow, the region that is surrounded with the STI 31 is
called an “element region.”

[0035] The insulating member 32 is provided on the
silicon substrate 10. For example, the insulating member 32
is formed of silicon oxide, Multiple first portions 33 and
multiple second portions 34 are provided in the insulating
member 32. The insulating member 32 is disposed between
the drain contact layer 14 and the source contact layer 17 or
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in the region directly above the region between the drain
contact layer 14 and the source contact layer 17; for
example, the insulating member 32 is disposed between the
drain contact layer 14 and the portion 11a of the deep n-well
11 or in the region directly above the region between the
drain contact layer 14 and the portion 11a of the deep n-well
11. The mutually-adjacent first portion 33 and second por-
tion 34 contact each other.

[0036] In the Z-direction (the vertical direction), not less
than half of the first portion 33 is disposed inside the silicon
substrate 10. For example, in the Z-direction, substantially
the entire first portion 33 is disposed inside the silicon
substrate 10. A region of an upper surface 33a of the first
portion 33 exists where the upper surface 33a is not covered
with the silicon substrate 10. For example, the entire upper
surface 33a is not covered with the silicon substrate 10. For
example, the first portion 33 is formed in the same process
as the STI 31.

[0037] In the Z-direction, not less than half of the second
portion 34 is positioned higher than a region of the upper
surface 10a of the silicon substrate 10 not contacting the
insulating member 32. For example, in the Z-direction,
substantially the entire second portion 34 is positioned
higher than the region of the upper surface 10a not contact-
ing the insulating member 32. Therefore, the upper surface
33a of the first portion 33 is positioned lower than an upper
surface 34a of the second portion 34; and a lower surface
33b of the first portion 33 is positioned lower than a lower
surface 34b of the second portion 34. For example, in the
Z-direction, the position of the upper surface 33a of the first
portion 33 is substantially the same as the position of the
lower surface 345 of the second portion 34. The second
portion 34 is, for example, a stepped oxide (STO) and is
formed in a process different from that of the STI 31.
[0038] When viewed from above, the first portion 33 and
the second portion 34 are arranged alternately along the
Y-direction. In other words, the first portion 33 and the
second portion 34 are arranged alternately along the Y-di-
rection (the first direction) parallel to the region of the upper
surface 10a of the silicon substrate 10 (the semiconductor
substrate) not contacting the insulating member 32. For
example, the first portion 33 and the second portion 34 are
arranged periodically. The mutually-adjacent first portion 33
and second portion 34 contact each other. A thickness 12 of
the second portion 34 is thinner than a thickness t1 of the
first portion 33. In other words, t2<tl. The “thickness”
means the length in the Z-direction.

[0039] A gate insulating film 41 which is made of, for
example, silicon oxide is provided on the silicon substrate
10; and the gate eclectrode 42 is provided on the gate
insulating film 41 and on the insulating member 32. The gate
electrode 42 is disposed over at least a region directly above
the n-well 15, a region directly above the portion 11a of the
deep n-well 11, a region directly above the drift layer 12, a
region directly above the first portion 33 of the insulating
member 32, and a region directly above the second portion
34 of the insulating member 32. The gate insulating film 41
is thinner than the second portion 34 of the insulating
member 32.

[0040] A sidewall is provided on the side surface of the
gate electrode 42 and on the side surface of the second
portion 34 of the insulating member 32. However, the
sidewall is not illustrated for easier viewing of the drawings.
This is similar for the other embodiments described below.
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The sidewall is made of an insulating material and is, for
example, a stacked body of a silicon oxide layer and a silicon
nitride layer. For example, the gate insulating film 41 is
disposed between the silicon substrate 10 and the gate
electrode 42, between the silicon substrate 10 and the
sidewall, and between the silicon substrate 10 and the
second portion 34. On the other hand, the gate insulating
film 41 is not disposed between the silicon substrate 10 and
the first portion 33, The gate insulating film 41 may be
disposed between the silicon substrate 10 and the first
portion 33.

[0041] When viewed from above, for example, the gate
electrode 42 has a generally frame-shaped configuration
including the region directly above the outer edge of the
insulating member 32. In other words, a pair of X-side
portions that extend in the X-direction and a pair of Y-side
portions that extend in the Y-direction are provided in the
gate electrode 42. The Y-side portions each have comb-
shaped configurations. More specifically, a base portion 42a
which has a band configuration extending in the Y-direction
and multiple tooth portions 426 which extend in the X-di-
rection from the base portion 424 toward the p-well 13 side
(the drain side) are provided in each of the Y-side portions
of the gate electrode 42. The multiple tooth portions 425 are
separated from each other along the Y-direction and are, for
example, arranged periodically.

[0042] In the vertical direction, that is, when viewed from
above, the portion of the base portion 42a of the gate
electrode 42 on the drain side overlaps both the first portion
33 and the second portion 34 of the insulating member 32.
In the vertical direction, the tooth portion 425 overlaps the
first portion 33; and the second portion 34 is positioned
between the tooth portions 426. A protruding portion 42¢
that reflects the configuration of the second portion 34 may
be formed at the portion of the base portion 42a covering the
second portion 34 of the insulating member 32. The pro-
truding portion 42¢ may not be formed.

[0043] An inter-layer insulating film (not illustrated) is
provided on the silicon substrate 10 to cover the gate
electrode 42. Multiple contacts (not illustrated) and multiple
interconnects (not illustrated) are provided inside the inter-
layer insulating film. The interconnects are connected to the
drain contact layer 14, the source contact layer 17, the body
contact layer 19, the gate electrode 42, etc., via the contacts.
[0044] By such a configuration, a p-channel DMOS 61 is
formed in the semiconductor device 1 inside the element
region partitioned by the STI 31. The DMOS 61 includes the
insulating member 32, A channel region is formed of the
n-well 15 and the portion 11a of the deep n-well 11 in the
DMOS 61. For convenience in FIG. 1, the source side of the
DMOS 61 is marked with the reference numeral “5”; and the
drain side of the DMOS 61 is marked with the reference
numeral “D.” In the DMOS 61, the direction from the source
contact layer 17 toward the drain contact layer 14 is the
X-direction.

[0045] Operations and effects of the semiconductor device
1 according to the embodiment will now be described.
[0046] Inthe DMOS 61, because the first portion 33 of the
insulating member 32 is provided between the drain contact
layer 14 and the channel region, a portion of the ON-current
flowing in the source contact layer 17 from the drain contact
layer 14 detours below the first portion 33. Therefore, in the
DMOS 61, the drain-gate distance is long; and the break-
down voltage is high.

Mar. 18, 2021

[0047] Also, because the tooth portions 425 of the gate
electrode 42 are disposed on the first portions 33, the
gate-drain distance can be ensured while relaxing the con-
centration of the electric field inside the drift layer 12 by the
field plate effect; and the breakdown voltage can be
increased.

[0048] Another portion of the ON-current flows through
the region directly under the second portion 34 of the
insulating member 32 and is not impeded by the first portion
33. Therefore, the ON-resistance of the DMOS 61 can be
reduced. In this current path, the concentration of the electric
field inside the drift layer 12 can be relaxed because the
portion of the base portion 42a of the gate electrode 42 on
the drain side is disposed on the second portion 34 of the
insulating member 32.

[0049] According to the embodiment, the concentration of
the electric field can be relaxed not only in the X7 plane but
also in three-dimensional space including the Y-direction;
and a DMOS that has excellent balance between the break-
down voltage and the ON-resistance can be realized.

Second Embodiment

[0050]

[0051] FIG. 5 is a partially enlarged plan view showing a
semiconductor device according to the embodiment.

[0052] FIG. 6A is a cross-sectional view along line A-A'
shown in FIG. 5; and FIG. 6B is a cross-sectional view along
line B-B' shown in FIG. 5.

[0053] FIG. 7 is a perspective cross-sectional view show-
ing the semiconductor device according to the embodiment.

[0054] As shown in FIG. 5, FIGS. 6A and 6B, and FIG. 7,
the semiconductor device 2 according to the embodiment
differs from the semiconductor device 1 according to the first
embodiment (referring to FIG. 1 to FIG. 4) in that a gate
electrode 43 is provided instead of the gate electrode 42.

[0055] When viewed from above, for example, the gate
electrode 43 has a frame-shaped configuration. In the gate
electrode 43, a band-shaped portion 43a is provided as a
Y-side portion extending in the Y-direction. Two side sur-
faces 434 of the band-shaped portion 43a extend in linear
configurations in the Y-direction. In other words, tooth
portions such as those of the gate electrode 42 are not
provided at the band-shaped portion 43a. A protruding
portion 43¢ that reflects the configuration of the second
portion 34 may be formed at the portion of the band-shaped
portion 43a covering the second portion 34 of the insulating
member 32. The protruding portion 43¢ may not be formed.

[0056] If the thickness t2 of the second portion 34 of the
insulating member 32 is sufficiently thick, the necessary
breakdown voltage can be ensured even without providing
the tooth portions in the gate electrode 43. Otherwise, the
configuration, the operations, and the effects of the embodi-
ment are similar to those of the first embodiment. For
example, the thickness t2 of the second portion 34 is thinner
than the thickness t1 of the first portion 33. In other words,
12<tl. However, when the gate clectrode 43 has a band
configuration as in the embodiment, the thickness t2 of the
second portion 34 may be thick and may be the same as the
thickness t1 of the first portion 33. In other words, t2=t1 is
possible.

A second embodiment will now be described.
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Third Embodiment

[0057] A third embodiment will now be described.
[0058] FIGS. 8A and 8B are cross-sectional views show-
ing a semiconductor device according to the embodiment.
[0059] FIG. 9 is a perspective cross-sectional view show-
ing the semiconductor device according to the embodiment.
[0060] The position of the cross section shown in FIG. 8A
corresponds to line A-A' shown in FIG. 5; and the position
of the cross section shown in FIG. 8B corresponds to line
B-B' shown in FIG. 5.

[0061] As shown in FIGS. 8A and 8B and FIG. 9, the
semiconductor device 3 according to the embodiment differs
from the semiconductor device 2 according to the second
embodiment (referring to FIG. 5, FIGS. 6 A and 6B, and FIG.
7) in that an insulating member 35 is provided instead of the
insulating member 32.

[0062] The multiple first portions 33 and multiple second
portions 36 are provided in the insulating member 35. In the
Z-direction, not less than half of the second portion 36 is
disposed inside the silicon substrate 10. For example, in the
Z-direction, substantially the entire second portion 36 is
disposed inside the silicon substrate 10. Also, a region of an
upper surface 36a of the second portion 36 may exist where
the upper surface 36a is not covered with the silicon
substrate 10. For example, the entire upper surface 36a is not
covered with the silicon substrate 10. The position and the
configuration of the first portion 33 are similar to those of the
second embodiment.

[0063] Accordingly, in the Z-direction, not less than half
of the insulating member 35, e.g., substantially the entirety,
is disposed inside the silicon substrate 10. Also, a region of
the upper surface of the insulating member 35 exists where
the upper surface is not covered with the silicon substrate 10;
for example, the entire upper surface of the insulating
member 35 is not covered with the silicon substrate 10. For
example, the second portion 36 is formed in the same
process as one of the STIs provided in the semiconductor
device 3. The multiple first portions 33 and the multiple
second portions 36 are arranged alternately in the Y-direc-
tion. The mutually-adjacent first portion 33 and second
portion 36 contact each other. A thickness t3 of the second
portion 36 is thinner than the thickness t1 of the first portion
33. In other words, t3<t1 The gate insulating film 41 is
thinner than the second portion 36.

[0064] Similarly to the second embodiment, the band-
shaped portion 43a that extends in the Y-direction is pro-
vided in the gate electrode 43. The two side surfaces 4356 of
the band-shaped portion 43a extend in linear configurations
in the Y-direction. However, the protruding portion 43¢
(referring to FIG. 7) is not formed at the band-shaped
portion 43a. Otherwise, the configuration, the operations,
and the effects of the embodiment are similar to those of the
first embodiment.

Fourth Embodiment

[0065] A fourth embodiment will now be described.
[0066] FIGS. 10A and 10B are cross-sectional views
showing a semiconductor device according to the embodi-
ment,

[0067] FIG. 11 is a perspective cross-sectional view show-
ing the semiconductor device according to the embodiment.
[0068] The position of the cross section shown in FIG.
10A corresponds to line A-A' shown in FIG. 2; and the
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position of the cross section shown in FIG. 10B corresponds
to line B-B' shown in FIG. 2.

[0069] As shown in FIGS. 10A and 10B and FIG. 11, the
semiconductor device 4 according to the embodiment differs
from the semiconductor device 1 according to the first
embodiment (referring to FIG. 1 to FIG. 4) in that an
insulating member 37 is provided instead of the insulating
member 32. In the Z-direction, not less than half of the
insulating member 37, e.g., substantially the entirety, is
positioned higher than a region of the upper surface 10a of
the silicon substrate 10 not contacting the insulating member
37. The insulating member 37 is formed of, for example,
silicon oxide.

[0070] In the insulating member 37, multiple first portions
38 and multiple second portions 39 are arranged alternately
and, for example, periodically along the Y-direction. The
mutually-adjacent first portion 38 and second portion 39
contact each other. The first portion 38 and the second
portion 39 of the insulating member 37 each is, for example,
a stepped oxide. A thickness t5 of the second portion 39 is
thinner than a thickness t4 of the first portion 38. In other
words, t5<t4. The gate insulating film 41 is thinner than the
second portion 39. An upper surface 38a of the first portion
38 is positioned higher than an upper surface 39a of the
second portion 39. In the Z-direction, the position of a lower
surface 385 of the first portion 38 is substantially the same
as the position of a lower surface 395 of the second portion
39.

[0071] The gate electrode 42 is provided in the semicon-
ductor device 4. When viewed from above, the configuration
of the gate electrode 42 is similar to the configuration of the
gate electrode 42 of the semiconductor device 1 according to
the first embodiment. In other words, the Y-side portion of
the gate electrode 42 has a comb-shaped configuration; and
one base portion 42a extending in the Y-direction and
multiple tooth portions 426 extending from the base portion
42a toward the X-direction drain side are provided.

[0072] The portion of the base portion 42a on the side
opposite to the tooth portions 425 is disposed on the silicon
substrate 10 with the gate insulating film 41 interposed. The
portion of the base portion 42a at the tooth portion 425 side
extends onto both the first portion 38 and the second portion
39 of the insulating member 37. The tooth portion 425 is
disposed on the first portion 38 of the insulating member 37.
Therefore, in the vertical direction, the tooth portion 425
overlaps the first portion 38; and the second portion 39 is
positioned between the tooth portions 426. An unevenness
that reflects the configuration of the insulating member 37
may be formed in the upper surface of the gate electrode 42.
[0073] In the embodiment, the concentration of the elec-
tric field inside the silicon substrate 10 can be suppressed
because the tooth portion 4256 of the gate electrode 42
extends toward the drain side. Also, the drain-gate break-
down voltage can be ensured because the tooth portion 425
is disposed on the first portion 38 of the insulating member
37. Also, because the portion of the base portion 42a of the
gate electrode 42 at the tooth portion 425 side is disposed on
the first portion 38 and on the second portion 39 of the
insulating member 37, the concentration of the electric field
inside the silicon substrate 10 can be suppressed; and the
breakdown voltage can be ensured.

[0074] Inthe embodiment, because the first portion 38 and
the second portion 39 of the insulating member 37 are
arranged alternately along the Y-direction, the electric field
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distribution inside the silicon substrate 10 can be controlled
three-dimensionally. Otherwise, the configuration, the
operations, and the effects of the embodiment are similar to
those of the first embodiment.

Fifth Embodiment

[0075] A fifth embodiment will now be described.
[0076] FIGS. 12A and 12B are cross-sectional views
showing a semiconductor device according to the embodi-
ment.

[0077] FIG. 13 is a perspective cross-sectional view show-
ing the semiconductor device according to the embodiment.
[0078] The position of the cross section shown in FIG.
12A corresponds to line A-A' shown in FIG. 5; and the
position of the cross section shown in FIG. 12B corresponds
to line B-B' shown in FIG. 5.

[0079] The embodiment is an example in which the sec-
ond embodiment and the fourth embodiment described
above are combined. In other words, in the semiconductor
device 5 according to the embodiment as shown in FIGS.
12A and 12B and FIG. 13, the insulating member 37
described in the fourth embodiment and the gate electrode
43 described in the second embodiment are provided.
[0080] Similarly to the fourth embodiment, the first por-
tion 38 and the second portion 39, which is thinner than the
first portion 38, are arranged alternately along the Y-direc-
tion in the insulating member 37. For each of the first portion
38 and the second portion 39, not less than half in the
Z-direction, e.g., substantially the entirety, is disposed
higher than the region of the upper surface 10a of the silicon
substrate 10 not contacting the insulating member 37.
[0081] Similarly to the second embodiment, the band-
shaped portion 43a that extends in the Y-direction is pro-
vided in the gate electrode 43. The portion of the band-
shaped portion 43a at the source side is disposed on the
silicon substrate 10 with the gate insulating film 41 inter-
posed. The portion of the band-shaped portion 43a at the
drain side extends onto the first portion 38 and onto the
second portion 39 of the insulating member 37. An uneven-
ness that reflects the configuration of the insulating member
37 may be formed in the upper surface of the gate electrode
43. Otherwise, the configuration, the operations, and the
effects of the embodiment are similar to those of the first
embodiment.

Sixth Embodiment

[0082] A sixth embodiment will now be described.
[0083] FIGS. 14A and 14B are cross-sectional views
showing a semiconductor device according to the embodi-
ment.

[0084] FIG. 15 is a perspective cross-sectional view show-
ing the semiconductor device according to the embodiment.
[0085] The position of the cross section shown in FIG.
14A corresponds to line A-A' shown in FIG. 2; and the
position of the cross section shown in FIG. 14B corresponds
to line B-B' shown in FIG. 2.

[0086] As shown in FIGS. 14A and 14B and FIG. 15, the
semiconductor device 6 according to the embodiment differs
from the semiconductor device 4 according to the fourth
embodiment (referring to FIGS. 10A and 10B and FIG. 11)
in that the second portion 39 of the insulating member 37 is
not provided. In other words, in the semiconductor device 4,
only the first portions 38 of the insulating member 37 are
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arranged to be separated from each other along the Y-direc-
tion. The gate insulating film 41 is provided between the
silicon substrate 10 and the first portion 38. Also, the gate
insulating film 41 is provided between the silicon substrate
10 and the gate electrode 42 in the region between the first
portions 38.

[0087] In other words, the silicon substrate 10, multiple
insulating members (the first portions 38) provided on the
silicon substrate 10 and arranged to be separated from each
other along the Y-direction, and the gate electrode 42 dis-
posed on the silicon substrate 10 and on the multiple
insulating members (the first portions 38) are provided in the
semiconductor device 6. Similarly to the fourth embodiment
the base portion 42qa that extends in the Y-direction and the
multiple tooth portions 425 that extend from the base portion
42a toward the X-direction drain side are provided at the
Y-side portion of the gate electrode 42. In the vertical
direction, the first portion 38 overlaps the tooth portion 425;
and the region between the first portions 38 overlaps the
region between the tooth portions 42b.

[0088] According to the necessary breakdown voltage of
the semiconductor device 6, the necessary ON-resistance
and breakdown voltage can be realized even without pro-
viding the second portion 39 of the insulating member 37.
Otherwise, the configuration, the operations, and the effects
of the embodiment are similar to those of the first embodi-
ment.

[0089] According to the embodiments described above, a
semiconductor device that has excellent balance between the
breakdown voltage and the ON-resistance can be realized.
[0090] 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. In deed, 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 embodiment s 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 inventions.

[0091] Although an example is shown in the embodiments
described above in which a DMOS is provided in the
semiconductor device, this is not limited thereto. For
example, a LDMOS (Laterally Diffused MOS), a DEMOS
(Drain Extended MOS), an EDMOS (Extended Drain MOS;
an orthogonal gate extended drain MOS), or a high break-
down-voltage MOSFET (Metal-Oxide-Semiconductor
Field-Effect Transistor) may be provided.

[0092] Although an example is shown in the embodiments
described above in which a silicon substrate is used as the
semiconductor substrate, this is not limited thereto. The
semiconductor substrate may be, for example, a SiC sub-
strate, a SiGe substrate, or a compound semiconductor
substrate. Also, the conductivity types of the components
may be reversed.

[0093] The invention includes the following aspects.
Note 1

[0094] A semiconductor device, comprising:

[0095] a semiconductor substrate;

[0096] a plurality of first insulating members disposed

inside the semiconductor substrate, upper surfaces of a
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plurality of first insulating members being exposed at an
upper surface of the semiconductor substrate;

[0097] a plurality of second insulating members provided
on the semiconductor substrate; and

[0098] an electrode provided on the semiconductor sub-
strate, on the first insulating members, and on the second
insulating members,

[0099] the first insulating members and the second insu-
lating members being arranged alternately along a first
direction parallel to the upper surface of the semiconductor
substrate.

Note 2

[0100] The semiconductor device according to Note 1,
wherein the second insulating member is thinner than the
first insulating member.

Note 3

[0101] A semiconductor device, comprising:

[0102] a semiconductor substrate;

[0103] an insulating member disposed inside the semicon-

ductor substrate, an upper surface of the insulating member
being exposed at an upper surface of the semiconductor
substrate; and

[0104] an electrode provided on the semiconductor sub-
strate and on the insulating member,

[0105] the insulating member including
[0106] a plurality of first portions, and
[0107] a plurality of second portions thinner than the

first portions,
[0108] the first portions and the second portions being
arranged alternately along a first direction parallel to the
upper surface of the semiconductor substrate.

Note 4

[0109] A semiconductor device, comprising:

[0110] a semiconductor substrate;

[0111] an insulating member provided on the semiconduc-

tor substrate; and
[0112] an electrode disposed on the semiconductor sub-
strate and on the insulating member,

[0113] the insulating member including
[0114] a plurality of first portions, and
[0115] a plurality of second portions thinner than the

first portions,
[0116] the first portions and the second portions being
arranged alternately along a first direction parallel to an
upper surface of the semiconductor substrate.
What is claimed is:
1. A semiconductor device, comprising:
a semiconductor substrate;
an insulating member provided on the semiconductor
substrate; and
an electrode provided on the semiconductor substrate and
on the insulating member,
the insulating member including
a plurality of first portions, and
a plurality of second portions thinner than the first
portions,
the first portions and the second portions being arranged
alternately along a first direction, the first direction
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being parallel to a region of an upper surface of the
semiconductor substrate not contacting the insulating
member.

2. The device according to claim 1, wherein

an upper surface of the first portion is positioned lower
than an upper surface of the second portion, and

a lower surface of the first portion is positioned lower than
a lower surface of the second portion.

3. The device according to claim 1, wherein

not less than half of the insulating member in a vertical
direction is disposed inside the semiconductor sub-
strate, and

a region of an upper surface of the insulating member is
not covered with the semiconductor substrate.

4. The device according to claim 1, wherein not less than
half of the insulating member in a vertical direction is
positioned higher than the region of the upper surface of the
semiconductor substrate not contacting the insulating mem-
ber.

5. The device according to claim 1, wherein the electrode
includes a band-shaped portion, two side surfaces of the
band-shaped portion extending in linear configurations in
the first direction.

6. The device according to claim 1, wherein

the electrode includes:

a base portion extending in the first direction, and

a plurality of tooth portions extending from the base
portion in a second direction crossing the first direc-
tion, and

in a vertical direction, the tooth portions overlap the first
portions, and the second portion is positioned between
the tooth portions.

7. The device according to claim 1, further comprising a
gate insulating film provided between the semiconductor
substrate and the electrode, the gate insulating film being
thinner than the second portion.

8. The device according to claim 1, further comprising:

a source layer provided on the semiconductor substrate,
the source layer being of a first conductivity type; and

a drain layer provided on the semiconductor substrate, the
drain layer being of the first conductivity type,

at least an upper layer portion of the semiconductor
substrate being of a second conductivity type,

the insulating member being disposed between the drain
layer and the source layer or in a region directly above
a region between the drain layer and the source layer.

9. The device according to claim 8, wherein a direction
from the source layer toward the drain layer is a second
direction crossing the first direction.

10. A semiconductor device, comprising:

a semiconductor substrate;

a plurality of insulating members provided on the semi-
conductor substrate and arranged to be separated from
each other along a first direction; and

an electrode disposed on the semiconductor substrate and
on the plurality of insulating members,

the electrode including
a base portion extending in the first direction, and
a plurality of tooth portions extending from the base

portion in a second direction crossing the first direc-
tion,
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in a vertical direction, the insulating members overlap-
ping the tooth portions, and a region between the
insulating members overlapping a region between the
tooth portions.

11. The device according to claim 10, wherein not less
than half of the insulating member in the vertical direction
is positioned higher than a region of an upper surface of the
semiconductor substrate not contacting the insulating mem-
ber.

12. The device according to claim 10, further comprising
a gate insulating film provided between the semiconductor
substrate and the electrode, the gate insulating film being
thinner than the insulating member.

13. The device according to claim 10, further comprising:

a source layer provided on the semiconductor substrate,

the source layer being of a first conductivity type; and

a drain layer provided on the semiconductor substrate, the

drain layer being of the first conductivity type,

at least an upper layer portion of the semiconductor

substrate being of a second conductivity type,

the insulating member being disposed between the drain

layer and the source layer or in a region directly above
a region between the drain layer and the source layer.

14. The device according to claim 13, wherein a direction
from the source layer toward the drain layer is a second
direction crossing the first direction.

#* #* #* #* #*
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