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1
SEMICONDUCTOR DEVICE

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

10

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of
priority from the prior Japanese Patent Application No.

2010-173502, filed on Aug. 2, 2010; the entire contents of
which are incorporated herein by reference.

15

FIELD

20

Embodiments described herein relate generally to a semi-
conductor device.

BACKGROUND
25

A power MOSFET (Metal Oxide Semiconductor Field
Effect Transistor) includes a device region 1n which a current
flows, and a termination region formed 1n the outer periph-
eral portion of the chip around the device region. In the
termination region ol the device, if the depletion layer
extends to the chip end portion, leakage current flows 1n the
chip end portion and results 1in device breakdown. To
prevent this, the base layer and the source layer need to be
terminated 1n the device region. To form this structure
requires extra manufacturing steps for forming masks pat-
terned 1n conformity with respective regions where the base
layer and the source layer are to be formed. To suppress the
manufacturing cost, it 1s desired to eliminate these mask
formation steps.

30
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BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A to 1C are schematic views of the main part of
a semiconductor device according to a first embodiment,
FIG. 1A 1s a sectional view of the main part, FIG. 1B 1s atop 45
view of the main part, and FIG. 1C 1s another sectional view
of the main part;

FIGS. 2A and 2B are schematic views of the main part of
a semiconductor device according to a second embodiment,
FIG. 2A 1s a sectional view of the main part, FIG. 2B 1s atop 50
view of the main part;

FIGS. 3A and 3B are schematic views of the main part of
a semiconductor device according to a second embodiment,
FIG. 3A1s a sectional view of the main part, FIG. 3B 1s a top
view ol the main part;

FIGS. 4A and 4B are schematic views of the main part of
a semiconductor device according to a second embodiment,
FIG. 4A 15 a sectional view of the main part, FIG. 4B 1s a top
view of the main part;

FIGS. 5A and 5B are schematic views of the main part ol 60
a semiconductor device according to a second embodiment,
FIG. 5A 1s a sectional view of the main part, FIG. 5B 1s a top
view of the main part; and

FIGS. 6A and 6B are schematic views of the main part of
a semiconductor device according to a second embodiment, 65
FIG. 6 A 1s a sectional view of the main part, FIG. 6B 1s a top
view of the chip.

55

2
DETAILED DESCRIPTION

In general, according to one embodiment, a semiconduc-
tor device includes a first semiconductor layer of a first
conductivity type, a second semiconductor layer of the first
conductivity type, a third semiconductor layer of a second
conductivity type, a fourth semiconductor layer of the first
conductivity type, a first mnsulating film, a gate electrode, a
second 1nsulating film, a third mnsulating film, a gate inter-
connect layer, an interlayer insulating film, a first electrode
and a second electrode. The second semiconductor layer of
the first conductivity type 1s provided on the first semicon-
ductor layer and has a lower first conductivity type impurity
concentration than the first semiconductor layer. The third
semiconductor layer of a second conductivity type 1s pro-
vided on the second semiconductor layer. The fourth semi-
conductor layer of the first conductivity type 1s provided on
the third semiconductor layer and has a higher first conduc-
tivity type impurity concentration than the second semicon-
ductor layer. The first insulating {ilm 1s provided on an 1inner
wall of each of a plurality of first trenches. The first trenches
penetrate through the fourth semiconductor layer and the
third semiconductor layer to the second semiconductor layer
and extend 1n a first direction parallel to a surface of the first
semiconductor layer. The gate electrode 1s buried 1n the each
of the plurality of first trenches via the first insulating film.
The second insulating film 1s provided on an inner wall of a
second trench having a ring-shaped structure. The second
trench penetrate through the fourth semiconductor layer and
the third semiconductor layer to the second semiconductor
layer and include a portion extending in the first direction.
The portion divides each of the third semiconductor layer
and the fourth semiconductor layer between a first region
and a second region. The first region includes a device
region inside, the device region includes the gate electrode
in a plurality, and the second region surrounds the first
region outside. The third insulating film 1s provided on the
fourth semiconductor layer 1n the first region and the second
region, connected to the first msulating film and the second
insulating film, and isulates the fourth semiconductor layer
from outside. The gate mterconnect layer 1s provided on the
third 1nsulating film 1n the first region, surrounds the device
region, and electrically connected to the gate electrode at
both ends of the each of the first trenches. The interlayer
insulating film 1s provided on the gate electrode, the gate
interconnect layer, the second trench, and the third imnsulating
film and insulates the gate electrode and the gate intercon-
nect layer from outside. The first electrode 1s provided on a
surface of the first semiconductor layer opposite to the
second semiconductor layer. The second electrode 1s elec-
trically connected to the third semiconductor layer and the
fourth semiconductor layer through a first opening and a
second opening. The first opening penetrates through the
interlayer insulating film, the third insulating film, and the
fourth semiconductor layer between adjacent ones of the
first trenches, and the second opening penetrates through the
interlayer insulating film, the third insulating film, and the
fourth semiconductor layer and extends 1n the first direction
between the gate imterconnect layer and one of the plurality
of first trenches adjacent to the gate interconnect layer 1n a
second direction orthogonal to the first direction.

In the second direction, width of the second opening 1s
wider than width of the first opening.

Various embodiments will be described herematter with
reference to the accompanying drawings. The figures used in
describing the embodiments are schematic for ease of
description. In actual practice, the shape, dimension, and




US RE48,259 E

3

s1ze relation of components 1n the figures are not necessarily
identical to those shown in the figures, and can be suitably
modified as long as the effect of the invention 1s achieved.
Although 1t 1s assumed in this description that the first
conductivity type 1s n-type and the second conductivity type
1s p-type, these conductivity types can be interchanged.
Although silicon 1s taken as an example of semiconductor,
the embodiments are also applicable to compound semicon-
ductors such as S1C and GalN. Although silicon oxide film 1s
taken as an example of insulating film, 1t 1s also possible to
use other insulators such as silicon nitride film, silicon
oxynitride film, and alumina. In the case where the conduc-
tivity type of n-type is denoted by n™, n, and n™, it is assumed
that the n-type impurity concentration decreases in this
order. Also with regard to p-type, it 1s assumed that the
p-type impurity concentration decreases 1n the order of p™,
p, and p~.

(First Embodiment)

A first embodiment 1s described with reference to FIGS.
1A to 1C. FIGS. 1A to 1C are schematic views of the main
part ol a semiconductor device 100 according to the embodi-
ment. More specifically, FIG. 1A 1s a sectional view of the
main part of the semiconductor device 100. FIG. 1B 1s a top
view ol the main part of the semiconductor device. The cross
section taken along line A-A of FIG. 1B 1s shown 1n FIG.
1A. FIG. 1C 1s a sectional view taken along line B-B of FIG.
1B. In the top view of FIG. 1B, one direction from the center
to an end portion of the semiconductor device 100 1s defined
as X direction (second direction). The direction orthogonal
thereto 1s defined as Y direction (first direction). This also
applies to the following embodiments.

As shown 1n FIGS. 1A to 1C, the semiconductor device
100 includes first to fourth semiconductor layers. In plan
view, the semiconductor device 100 includes a device region
formed from gate electrodes provided 1n first trenches, a first
region including this device region therein, and a second
region separated from this first region by a second trench.
The first to fourth semiconductor layers are made of silicon.
On an n™-type drain layer 1 (first semiconductor layer), an
n~-type drift layer 2 (second semiconductor layer) having a
lower n-type impurity concentration than the n™-type drain
layer 1 1s provided. On the n™-type driit layer 2, a p-type
base layer 3 (third semiconductor layer) 1s provided. On the
p-type base layer 3, an n’-type source layer 4 (fourth
semiconductor layer) having a higher impurity concentra-
tion than the n~ -type drift layer 2 1s provided.

The first trench 1s provided from the surface of the n*-type
source layer 4 through the n™-type source layer 4 and the
p-type base layer 3 to the n -type dnit layer 2. The first
trench 5 extends like a stripe e.g. in the Y direction 1n the
figure. A plurality of first trenches 5 are formed along the X
direction. On the inner wall of the first trench 5, a first
insulating film 7 functioning as a gate insulating film 7 1s
formed. As an example, the gate insulating film 7 1s a
thermal oxide film formed by thermal oxidation of silicon at
the inner wall of the first trench. However, the gate insulat-
ing film 7 1s not limited to thermal oxidation, but may be a
silicon oxide film formed by e.g. CVD. A gate electrode 8 1s
buried 1n the first trench 5 via the gate isulating film 7. The
gate electrode 8 1s made of e.g. polysilicon. Thus, the gate
clectrode 8 extends like a stripe in the Y direction, and a
plurality of gate electrodes 8 are provided along the X
direction. The region including the gate electrodes 8 con-
stitutes the device region described later. In this device
region, the gate electrode controls the current flowing from
a drain electrode (first electrode) toward a source electrode
(second electrode).
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A second trench 6 having a ring-shaped structure 1is
formed around the first region from the surface of the
n*-type source layer 4 through the n™-type source layer 4 and
the p-type base layer 3. The second trench 6 1s formed so that
the n™-type source layer 4 and the p-type base layer 3 are
cach separated between the first region including the device
region inside and the second region surrounding the first
region at its outer periphery. That 1s, in plan view, the first
region 1s formed inside the second trench 6, and the second
region 1s formed outside the second trench 6. Between the
first region and the second region, the n*-type source layer
4 and the p-type base layer 3 are each spaced and separated
by the second trench. Because the device region 1s formed
inside the first region, the device region can be regarded as
part of the first region. The outside of the device region 1s
referred to as termination region. The first region except the
device region, and the second region constitute the termi-
nation region. In the termination region, the p-type base
layer 3 and the n™-type source layer 4 are terminated by the
second trench 6.

The second trench 1s formed integrally with the first
trench. This can eliminate extra lithography steps and etch-
ing steps. Like the gate msulating film 7 of the first trench
5, a second 1nsulating film 9 1s formed on the 1nner wall of
the second trench 6 by thermal oxidation. This can be
performed integrally with the step of forming the gate
insulating film 7 1n the first trench 5. Thus, the process steps
can be reduced.

A third insulating film 10 1s provided over the upper
surface of the n™-type source layer 4 1n the device region, the
first region, and the second region. The third msulating film
10 1s connected to the gate msulating film 7 formed on the
inner wall of the first trench 5 and the second insulating film
9 formed on the inner wall of the second trench 6. Thus, the
third 1nsulating film 10 insulates the n*-type source layer 4
from outside. The third insulating film 10 can also be a
s1licon oxide film formed by thermal oxidation or CVD, like
the gate mnsulating film 7 and the second insulating film 9.
The third mnsulating film 10 1s formed thicker than the gate
insulating film 7 and the second insulating film 9. This can
increase the breakdown voltage for the gate interconnect
layer 11 and the channel stopper layer 19 described below.

A gate interconnect layer 11 1s provided via the third
insulating film 10 on the n™-type source layer 4 in the first
region located between the device region and the second
trench 6. The gate interconnect layer 11 1s formed around the
device region. In a portion not shown, at both ends in the Y
direction of the gate electrode 8, the gate interconnect layer
11 1s electrically connected to each gate electrode 8. In plan
view, as shown in FIG. 1B, the gate mterconnect layer 11
includes a portion extending 1n the Y direction and, although
not shown, a portion extending in the X direction. In the
portion extending in the X direction, the gate interconnect
layer 11 1s connected at least electrically to both ends of the
gate electrodes 8.

A channel stopper layer 19 1s provided via the second
insulating film 9 and the third nsulating film 10 from the
bottom of the second trench to above the n™-type source
layer 4 1n the second region. The channel stopper layer 19 1s
provided so as to cover the step difference portion (corner
portion) located at the boundary between the second trench
6 and the second region. The gate interconnect layer 11 and
the channel stopper layer 19 are made of polysilicon and
formed integrally with the gate electrode 8.

An mterlayer insulating film 12 made of silicon oxide film
1s provided on the gate electrode 8, on the third isulating
film 10, on the gate interconnect layer 11, and on the channel
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stopper layer 19. The interlayer insulating film 12 insulates
the gate electrode 8, the gate interconnect layer 11, and the
channel stopper layer 19 from outside.

A trench-shaped first opening 14 1s provided between the
adjacent gate electrodes 8 in the device region. The first
opening 14 penetrates through the interlayer mnsulating film
12, the third insulating film 10, and the n™-type source layer
4 to the p-type base layer. A p™-type contact layer 22 1s
provided on the surface of the p-type base layer exposed at
the first opening.

A trench-shaped second opening 15 1s provided adjacent
to the second region side of the gate electrode 8 located
nearest to the second region 1n the device region. The second
opening 15 penetrates through the interlayer mnsulating film
12, the third insulating film 10, and the n™-type source layer
4 to the p-type base layer 3. The second opening 15 1is
provided at the boundary between the device region and the
termination region. A p*-type contact layer 22 is provided on
the surface of the p-type base layer 3 exposed at the second
opening 15.

A trench-shaped gate interconnect opening 16 1s provided
sO as to penetrate through the interlayer insulating film 12 to
the inside of the gate interconnect layer 11. A p™-type contact
layer 22 1s provided on the surface of the gate interconnect
layer 11 exposed at the gate interconnect opening 16. A
trench-shaped opening 20 1s provided 1n the second region
so as to penetrate through the interlayer imnsulating film 12 to
the inside of the channel stopper layer 19. A p™-type contact
layer 22 1s provided on the surface of the channel stopper
layer 19 exposed at the opening 20.

An opening 25 1s provided along the end portion of the
chip of the semiconductor device 100, the end portion being
the outermost peripheral portion of the second region. The
opening 25 penetrates through the interlayer mnsulating film
12, the third insulating film 10, and the n™-type source layer
to the p-type base layer 3. At the opening 25, the end portion
of the chip of the semiconductor device 100 1s exposed. This
opening 1s used as a dicing line when forming the chip of the
semiconductor device 100. A p™-type contact layer 22 1s
provided on the surface of the p-type base layer 3 exposed
at the opening 25.

The first opening 14, the second opening 15, the gate
interconnect opening 16, and the openings 20, 25 described
above can be integrally formed. The p*-type contact layers
22 provided on the portion exposed at the respective open-
ings can be integrally formed by the same step of 1on
implantation and diffusion.

A drain electrode 13 (first electrode) 1s provided on the
surface of the n™-type drain layer 1 opposite to the n™-type
drift layer 2, and forms ohmic contact with the n*-type drain
layer 1.

A source electrode 17 (second electrode) 1s provided 1n
contact with the p™-type contact layer 22 through the first
opening and the second opening. By ochmic contact with the
pT-type contact layer 22, the source electrode 17 1s electri-
cally connected to the p™-type base layer 3. Here, the second
opening 1s provided so as to have a larger width 1 the X
direction than the first opening.

A gate metal interconnect layer 18 1s provided 1n contact
with the p™-type contact layer 22 through the gate intercon-
nect opening 16. By ohmic contact with the p™-type contact
layer 22, the gate metal interconnect layer 18 1s electrically
connected to the gate interconnect layer 11. The gate metal
interconnect layer 18 extends from the gate interconnect
opening 16 to the bottom of the second trench. The gate
metal interconnect layer 18 1s provided on the interlayer
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6

insulating film 12 so as to cover the step difference (corner
portion) at the boundary between the first region and the
second trench.

A channel stopper electrode 21 1s provided 1n contact with
the p™-type contact layer 22 through the opening 20. By
ohmic contact with the p™-type contact layer 22, the channel
stopper electrode 21 1s electrically connected to the channel
stopper layer 19. The channel stopper electrode 21 extends
on the iterlayer insulating film 12 from the opening 20 to
the second trench. The channel stopper electrode 21 1s
provided so as to cover the step difference (corner portion)
at the boundary between the second trench 6 and the second
region. Furthermore, the channel stopper electrode 21
extends on the mterlayer insulating film 12 from the opening
20 toward the chip end portion. The channel stopper elec-
trode 21 1s electrically connected to and forms ohmic contact
with the p™-type contact layer 22 exposed at the opening 25.
On the chip end portion, a fracture layer exists as a result of
dicing and 1s likely to provide electrical continuity. Thus, the
channel stopper layer 19 1s made equipotential to the drain
clectrode 13 through the channel stopper electrode 21, the
pT-type contact layer 22, and the chip end portion.

As shown in FIG. 1B, the spacing in the X direction
between the second opening 15 and the second trench 6
includes a wide portion and a narrow portion alternately
along the Y direction. In conformity therewith, the planar
shape of the gate interconnect layer 11 1s formed. The second
opening 15 1s divided 1nto a plurality along the Y direction
and composed of a plurality of divided portions. A gate
extraction portion 8a 1s formed on each of both sides 1n the
Y direction of each divided portion of the second opening
15. The gate extraction portion 8a 1s spaced and separated
from each divided portion of the second opening 15. The
gate extraction portion 8a 1s formed 1n the portion of the first
trench 5 extending from the first trench 5 adjacent to the gate
interconnect layer 11 toward the gate interconnect layer 11.
The gate extraction portion 8a 1s the gate electrode buried 1n
the portion of the first trench 5 via the gate msulating film
7. FIG. 1C shows a sectional view of the portion where the
gate extraction portion 8a 1s connected to the gate intercon-
nect layer 11. As shown in FIG. 1C, this gate extraction
portion 8a 1s electrically connected to the gate interconnect
layer 11 1n the portion of wide spacing 1n the X direction
between the second opening 15 and the second trench 6.

In the portion of narrow spacing in the X direction
between the second opening 15 and the second trench 6, the
second opening 15 includes a protrusion projected toward
the second region 1n the X direction. In plan view, the shape
of the gate interconnect layer 11 includes a depression
recessed toward the second region in the X direction. The
depression 1s opposed to the protrusion of the second

opening 15 projected toward the second region i the X
direction.

As described above, the semiconductor device 100
according to the embodiment 1s configured. Next, the opera-
tion and eflect of this semiconductor device are described.

On the gate metal interconnect layer 18, a gate electrode
pad 1s formed 1n a region not shown. This gate electrode pad
1s supplied with a gate voltage through e.g. a bonding wire.
The supplied gate voltage 1s supplied to the gate electrode 8
in the device region through the gate interconnect layer 11.
When the drain electrode 13 1s placed at a positive voltage
relative to the source electrode 17, 1f the gate voltage
exceeds a threshold (heremaiter referred to as on-state), a
current tlows from the drain electrode to the source elec-
trode.
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When the gate voltage 1s less than or equal to the
threshold (heremaiter referred to as ofl-state), the current
from the drain electrode 13 to the source electrode 17 is
blocked. At this time, by the voltage applied between the
drain and the source, a depletion layer extends from the
interface of the p-type base layer 3 and the n™-type drift layer
2 toward the n™-type drift layer 2. To prevent this depletion
layer from extending to the dicing line of the chip end
portion of the semiconductor device 100, the p-type base
layer 3 needs to be terminated at the boundary between the
first region and the second region. In general, by 1on
implantation and i1mpurity diffusion of p-type impurity
through a mask into the surface of the n™-type drift layer 2,
the p-type base layer 3 1s formed only 1n the device region
or 1ts neighborhood.

However, in the embodiment, p-type impurity i1s 1on
implanted and diflused into the entire surface of the n™-type
drift layer 2 without using a mask. Thus, the p-type base
layer 3 1s formed on the entire surface of the n™-type dnit
layer 2. Likewise, the n™-type source layer 4 is also formed
on the entire surface of the p-type base layer 3. To terminate
the p-type base layer 3 and the n*-type source layer 4 at the
periphery of the device region, the second trench 1s formed.
Thus, the p-type base layer 3 and the n*-type source layer 4
are spaced and separated 1nto the first region and the second
region. As a result, the pn junction of the n™-type drift layer
2 and the p-type base layer 3 1s reverse biased only in the
first region, and not reverse biased in the second region.
Thus, the termination region of the depletion layer 1s located
in the lower portion of the second trench. To suppress the
decrease of breakdown voltage due to electric field concen-
tration in the termination region of the depletion layer, the
gate metal interconnect layer 18 1s formed not only in the
gate mterconnect opening 16 in electrical contact with the
gate iterconnect layer 11, but also on the iterlayer insu-
lating film 12 so as to extend to the bottom of the second
trench 6. The gate metal interconnect layer 18 1s formed so
as to cover the end portion 1n the first region of the p-type
base layer 3 via the interlayer insulating film 12. Thus, the
termination region of the depletion layer 1s extended from
the end portion 1n the first region of the p-type base layer 3
along the bottom of the second trench 6 toward the chip end
portion. This increases the breakdown voltage 1n the termi-
nation region of the semiconductor device 100. To prevent
the depletion layer from extending beyond the second trench
6 toward the chip end portion, the channel stopper layer 19
and the channel stopper electrode 21 are formed as described
above 1n the chip end portion of the second region.

In the structure of the semiconductor device 100 accord-
ing to the embodiment, the p-type base layer 3 and the
n*-type source layer 4 are formed on the entire surface of the
n~-type drift layer 2. The p-type base layer 3 and the n*-typ
source layer 4 are terminated by the second trench 6 pen-
ctrating through the p-type base layer 3 and the n™-type
source layer 4 1n the termination region. This can reduce the
manufacturing steps.

If the drain-source voltage exceeds the breakdown volt-
age, avalanche breakdown occurs. Electrons generated by
avalanche breakdown are ¢jected from the drain electrode 13
through the n™-type drain layer 1. In the device region, holes
generated are carried from the p-type base layer 3 through
the first opening 14 and ejected from the source electrode 17.
In the first region outside the device region, holes are carried
from the p-type base layer 3 through the second opening 15
and ejected from the source electrode 17. In the structure of
the embodiment, the p-type base layer 3 and the n*-type
source layer 4 are formed on the entire surface of the n™-type
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drift layer 2. The p-type base layer 3 and the n™-type source
layer 4 are terminated by the second trench 6 penetrating
through the p-type base layer 3 and the n™-type source layer
4 1n the termination region. Thus, in the first region outside
the device region, 1.e., between the second trench 6 and the
second opening 13, there 1s a parasitic transistor made of the
n~-type drift layer 2, the p-type base layer 3, and the n™-type
source layer 4. On this parasitic transistor, the gate inter-
connect layer 11 1s formed via the third msulating film 10.

If the drain-source voltage applied to the termination
region exceeds the breakdown voltage and causes ava-
lanche, then between the second opening 15 1n the first
region and the second trench 6, avalanche-generated holes
travel 1n the p-type base layer 3 immediately below the
n*-type source layer 4 and are ejected from the second
opening 15 to the source electrode. By potential drop due to
the current produced by the holes, the pn junction of the
p-type base layer 3 and the n™-type source layer 4 1s forward
biased, and the parasitic transistor 1s placed in the on-state.
As a result, a large current tlows 1n the termination region of
the semiconductor device 100 through the drain electrode
13, the n"-type drain layer 1, the n™-type drft layer 2, the
p-type base layer 3, the n™-type source layer 4, and the
source electrode 17. Thus, the semiconductor device 100 1s
broken. As the distance in the p-type base layer 3 traveled by
avalanche-generated holes becomes longer, the parasitic
transistor 1s more likely to be turned on. Also 1n the device
region, the aforementioned parasitic transistor 1s formed so
as to sandwich the gate electrode 8. However, the traveling
distance of avalanche-generated holes 1s extremely shorter
than in the parasitic transistor in the termination region
described above. Hence, the parasitic transistor 1s less likely
to be turned on in the device region. To make the parasitic
transistor 1n the termination region less likely to be turned
on, the traveling distance of avalanche-generated holes to
the source electrode needs to be made shorter between the
second opening 15 and the second trench 6.

In the embodiment, by providing the following features,
the traveling distance of avalanche-generated holes to the
source electrode 1s made shorter. The second opening 15
located at the boundary between the device region and the
termination region 1s formed so that the width of the second
opening 15 in the X direction 1n the figure 1s wider than that
of the first opening 14 1n the device region. Thus, the spacing
in the X direction between the second opening 15 and the
second trench 6 1s narrowed. This reduces the distance
traveled by avalanche-generated holes in the p-type base
layer 3 between the second opening 15 and the second trench
6. Hence, turn-on of the parasitic transistor can be sup-
pressed. This improves the avalanche withstand capability in
the termination region, and can suppress device breakdown
in the termination region.

Furthermore, 1n the embodiment, the gate extraction por-
tion 8a 1s buried via the first insulating film 1n the portion
extending toward the gate interconnect layer 11 of the first
trench 5 adjacent to the gate intercommnect layer 11. A
plurality of gate extraction portions 8a are spaced and
separated along the Y direction. The second opening 15 1s
formed from a plurality of divided portions spaced and
separated along the Y direction. On each of both sides in the
Y direction (above and below 1n the figure) of each divided
portion of this second opening 15, the gate extraction portion
8a 15 spaced from the divided portion, extends toward the
gate interconnect layer 11, and 1s electrically connected to
the gate interconnect layer 11. The plurality of gate extrac-
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tion portions 8a can reduce the gate resistance between the
gate interconnect layer 11 and the first trench 5 adjacent
thereto.

Furthermore, in the embodiment, the spacing in the X
direction between the second opening 15 and the second
trench 6 includes a wide portion and a narrow portion
alternately along the Y direction. In conformity therewaith,
the gate interconnect layer 11 also includes, with regard to
the width in the X direction, a wide portion and a narrow
portion alternately along the Y direction. In this wide
portion, the gate extraction portion 8a 1s electrically con-
nected to the gate interconnect layer 11. In the portion of
narrow spacing in the X direction between the second
opening 15 and the second trench 6, each of the plurality of
divided portions divided along the Y direction of the second
opening 15 includes a protrusion toward the second region
in the X direction. In conformity with this protrusion, the
gate interconnect layer 11 includes a depression recessed
toward the second region 1n the X direction. Thus, the
second opening 15 includes a portion having a wide width
in the X direction due to the protrusion, and a portion having
a narrow width 1n the X direction other than the protrusion.
The gate interconnect layer 11 has a narrow width in the X
direction at the protrusion of the second opening 15, and has
a wide width 1n the X direction at the other portion.

If the width in the X direction of the second opening 15
1s made uniformly wide i the Y direction, then 1n confor-
mity therewith, the width in the X direction of the gate
interconnect layer 11 needs to be made uniformly narrow 1n
the Y direction. As a result, the traveling distance of ava-
lanche-generated holes 1n the p-type base layer 3 1s made
shorter, and the parasitic transistor 1s less likely to be turned
on. However, the problem 1s that the gate resistance of the
gate 1terconnect layer 11 increases. To avoid this, 1n the
embodiment, the spacing in the X direction between the
second opening 15 and the second trench 6 1s distributed 1n
the Y direction as described above so that the depression of
the gate interconnect layer 11 1s formed opposite to the
protrusion of the second opening 15. That 1s, 1n the protru-
sion of the second opening, the traveling distance of ava-
lanche-generated holes 1n the p-type base layer 3 1s made
shorter, and turn-on of the parasitic transistor 1s suppressed.
Simultaneously, 1 the portion of the second opening 15
other than the protrusion, the increase of gate resistance 1n
the Y direction of the gate mterconnect layer 1s suppressed.
Furthermore, the width 1n the Y direction of the gate
interconnect layer 11 1n the portion connected with the gate
extraction portion 8a 1s wider than the gate extraction
portion 8a. This structure reduces the gate resistance in the
Y direction of the gate interconnect layer 11, and simulta-
neously reduces the gate resistance to the gate extraction
portion 8a.

In the above description of the example of the semicon-
ductor device 100 according to the embodiment, a plurality
of first trenches extending like stripes 1n the Y direction are
formed along the X direction in the device region. A gate
clectrode 8 shaped like a stripe 1s buried in the first trench
via the gate insulating film 7. However, the adjacent ones of
the plurality of first trenches can be connected to each other
by a plurality of trenches extending 1n the X direction. Then,
the gate electrode buried in this first trench via the gate
insulating film 7 can be formed 1n a lattice or staggered
configuration. This also applies to the other embodiments
described below.

(Second Embodiment)

A semiconductor device 200 according to a second

embodiment 1s described with reference to FIGS. 2A and
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2B. FIGS. 2A and 2B are schematic views of the main part
of the semiconductor device 200 according to the embodi-
ment. More specifically, FIG. 2A 1s a sectional view of the
main part of the semiconductor device 200. FIG. 2B 1s a top
view ol the main part of the semiconductor device. The cross
section taken along line C-C of FIG. 2B 1s shown 1n FIG.
2A. The portions having the same configuration as those
described i1n the first embodiment are labeled with like
reference numerals or symbols, and the description thereof
1s omitted. Diflerences from the first embodiment are pri-
marily described.

Like the first embodiment, 1n the semiconductor device
200 according to the second embodiment, the second open-
ing 135 1s formed from a plurality of divided portions spaced
and separated along the Y direction. However, in the
embodiment, the second opening 15 does not include a
protrusion projected toward the second region in the X
direction. Furthermore, the spacing in the X direction
between the second opening 15 and the second trench 6 1s
constant along the Y direction. In conformity therewith, the
width of the gate interconnect layer 11 1s also uniform 1n the
Y direction. In these points, the semiconductor device 200
according to the embodiment 1s different from the semicon-
ductor device 100 according to the first embodiment.

Like the semiconductor device 100 according to the first
embodiment, also 1n the semiconductor device 200 accord-
ing to the embodiment, the second opening 15 located at the
boundary between the device region and the termination
region 1s formed so that the width of the second opening 15
in the X direction in the figure 1s wider than that of the first
opening 14 1n the device region. Thus, the spacing between
the second opening 15 and the second trench 6 1s narrowed.
This reduces the distance traveled by avalanche-generated
holes 1n the p-type base layer 3 between the second opening
15 and the second trench 6. Hence, turn-on of the parasitic
transistor can be suppressed. This improves the avalanche
withstand capability in the termination region, and can
suppress device breakdown 1n the termination region. How-
ever, the width i the X direction of the second opening 1s
made uniformly wide in the Y direction. In conformity
therewith, the width 1n the X direction of the gate intercon-
nect layer 11 1s made uniformly narrow 1n the Y direction.
As a result, the traveling distance of avalanche-generated
holes 1n the p-type base layer 3 1s made shorter, and turn-on
ol the parasitic transistor 1s suppressed. However, the prob-
lem 1s that the gate resistance of the gate imnterconnect layer
11 1ncreases. In this point, the embodiment 1s inferior to the
first embodiment.

(Third Embodiment)

A semiconductor device 300 according to a third embodi-
ment 1s described with reference to FIGS. 3A and 3B. FIGS.
3A and 3B are schematic views of the main part of the
semiconductor device 300 according to the embodiment.
More specifically, FIG. 3A i1s a sectional view of the main
part of the semiconductor device 300. FIG. 3B 1s a top view
of the main part of the semiconductor device. The cross
section taken along line D-D of FIG. 3B 1s shown 1n FIG.
3A. The portions having the same configuration as those
described 1n the first embodiment are labeled with like
reference numerals or symbols, and the description thereof
1s omitted. Diflerences from the first embodiment are pri-
marily described.

Like the semiconductor device 100 according to the first
embodiment, in the semiconductor device 300 according to
the third embodiment, the spacing in the X direction
between the second opening 15 and the second trench 6
includes a wide portion and a narrow portion alternately
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along the Y direction. In conformity therewith, the gate
interconnect layer 11 also includes, with regard to the width
in the X direction, a wide portion and a narrow portion
alternately along the Y direction. In the portion of narrow
spacing in the X direction between the second opening 15
and the second trench 6, the second opening 15 includes a
protrusion toward the second region in the X direction. In
conformity with this protrusion, the gate interconnect layer
11 includes a depression recessed toward the second region
in the X direction. Thus, the second opening 15 includes a
portion having a wide width 1n the X direction due to the
protrusion, and a portion having a narrow width other than
the protrusion. The gate interconnect layer 11 has a narrow
width 1n the X direction at the protrusion of the second
opening 15, and has a wide width 1n the X direction at the
portion other than the protrusion of the second opening 15.
However, 1n the following points, the semiconductor device
300 1s different from the semiconductor device 100 accord-
ing to the first embodiment. The semiconductor device 300
according to the embodiment does not include a gate extrac-
tion portion 8a connecting the gate interconnect layer 11
with the gate electrode 8 formed 1n the first trench 3 adjacent
to the gate interconnect layer 11. That 1s, the gate electrode
8 formed 1n the first trench 3 adjacent to the gate intercon-
nect layer 11 only includes a striped shape extending 1n the
Y direction. Furthermore, in the semiconductor device 300,
the second opening 15 1s not spaced and separated into a
plurality along the Y direction, but 1s integrally formed.

Like the semiconductor device 100 according to the first
embodiment, also 1n the semiconductor device 300 accord-
ing to the embodiment, the second opening 15 located at the
boundary between the device region and the termination
region 1s formed so that the width of the second opening 15
in the X direction 1n the figure 1s wider than that of the first
opening 14 1n the device region. Thus, the spacing between
the second opening 15 and the second trench 6 1s narrowed.
This reduces the distance traveled by avalanche-generated
holes 1n the p-type base layer 3 between the second opening,
15 and the second trench 6. Hence, turn-on of the parasitic
transistor can be suppressed. This improves the avalanche
withstand capability 1in the termination region, and can
suppress device breakdown 1n the termination region. Fur-
thermore, the spacing in the X direction between the second
opening 15 and the second trench 6 1s distributed 1n the Y
direction as described above so that the depression of the
gate mterconnect layer 11 1s formed opposite to the protru-
sion of the second opening 15. As a result, in the protrusion
of the second opening, the traveling distance of avalanche-
generated holes 1 the p-type base layer 3 1s made even
shorter, and turn-on of the parasitic transistor 1s suppressed.
Simultaneously, 1n the portion of the second opening other
than the protrusion, the increase of gate resistance 1n the Y
direction of the gate interconnect layer 1s suppressed. How-
ever, the semiconductor device 300 according to the
embodiment does not include a gate extraction portion 8a
connecting the gate interconnect layer 11 with the first
trench 5 adjacent to the gate interconnect layer 11. Hence,
the gate resistance between the gate interconnect layer 11
and the first trench 5 adjacent thereto 1s made higher than 1n
the semiconductor device 100 according to the first embodi-
ment.

(Fourth Embodiment)

A semiconductor device 400 according to a fourth
embodiment 1s described with reference to FIGS. 4A and
4B. FIGS. 4A and 4B are schematic views of the main part
of the semiconductor device 400 according to the embodi-
ment. More specifically, FIG. 4A 1s a sectional view of the
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main part of the semiconductor device 400. FIG. 4B 1s a top
view ol the main part of the semiconductor device. The cross
section taken along line E-E of FI1G. 4B 1s shown 1n FIG. 4A.
The portions having the same configuration as those
described 1n the first embodiment are labeled with like
reference numerals or symbols, and the description thereof
1s omitted. Diflerences from the first embodiment are pri-
marily described.

In the semiconductor device 400 according to the embodi-
ment, the second opening 15 does not include a protrusion
projected toward the second region in the X direction. The
spacing in the X direction between the second opening 15
and the second trench 6 i1s constant along the Y direction. In
conformity therewith, the width of the gate interconnect
layer 11 1s also uniform 1in the Y direction. Furthermore, the
semiconductor device 400 does not include a gate extraction
portion 8a connecting the gate interconnect layer 11 with the
first trench 5 adjacent to the gate interconnect layer 11. In the
semiconductor device 400, the second opening 1s not spaced
and separated into a plurality along the Y direction, but 1s
integrally formed. In these points, the semiconductor device
400 according to the embodiment 1s different from the
semiconductor device 100 according to the first embodi-
ment.

Like the semiconductor device 100 according to the first
embodiment, also 1n the semiconductor device 400 accord-
ing to the embodiment, the second opening 15 located at the
boundary between the device region and the termination
region 1s formed so that the width of the second opening 15
in the X direction in the figure 1s wider than that of the first
opening 14 1n the device region. Thus, the spacing between
the second opening 15 and the second trench 6 1s narrowed.
This reduces the distance traveled by avalanche-generated
holes 1n the p-type base layer 3 between the second opening
15 and the second trench 6. Hence, turn-on of the parasitic
transistor can be suppressed. This improves the avalanche
withstand capability in the termination region, and can
suppress device breakdown in the termination region.

However, the width in the X direction of the second
opening 135 1s made uniformly wide 1 the Y direction. In
conformity therewith, the width 1n the X direction of the gate
interconnect layer 11 1s made uniformly narrow in the Y
direction. As a result, the traveling distance of avalanche-
generated holes 1n the p-type base layer 3 1s made shorter,
and turn-on of the parasitic transistor 1s suppressed. How-
ever, the problem 1s that the gate resistance of the gate
interconnect layer 11 increases. In this point, the embodi-
ment 1s inferior to the first embodiment. ps (Fifth Embodi-
ment)

A semiconductor device 500 according to a fifth embodi-
ment 1s described with reference to FIGS. 5A and 513. FIGS.
5A and 5B are schematic views of the main part of the
semiconductor device 300 according to the embodiment.
More specifically, FIG. 5A 1s a sectional view of the main
part of the semiconductor device 500. FIG. 5B 1s a top view
of the main part of the semiconductor device. The cross
section taken along line F-F of FIG. 5B 1s shown in FIG. 5A.
The portions having the same configuration as those
described 1n the first embodiment are labeled with like
reference numerals or symbols, and the description thereof
1s omitted. Diflerences from the first embodiment are pri-
marily described.

Like the semiconductor device 100 according to the first
embodiment, in the semiconductor device 500 according to
the fifth embodiment, the spacing in the X direction between
the second opening 15 and the second trench 6 includes a
wide portion and a narrow portion alternately along the Y
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direction. In conformity therewith, the gate interconnect
layer 11 also includes, with regard to the width in the X
direction, a wide portion and a narrow portion alternately
along the Y direction. However, 1n the following points, the
semiconductor device 500 1s diflerent from the semiconduc-
tor device 100 according to the first embodiment. In the
portion of narrow spacing between the second opening 15
and the second trench 6 1n the X direction, the second trench
6 includes a protrusion toward the device region in the X
direction. In conformity with this protrusion, the gate inter-
connect layer 11 includes a depression recessed toward the
device region in the X direction. Thus, the second trench 6
includes a portion having a wide width 1n the X direction of
the protrusion, and a portion having a narrow width 1n the X
direction other than the protrusion. The gate interconnect
layer 11 has a narrow width 1n X direction at the protrusion
of the second trench 6, and has a wide width 1n the X
direction at the portion other than the protrusion of the
second trench 6. Furthermore, as 1n the semiconductor
device 100 according to the first embodiment, the second
opening 15 1s divided into a plurality along the Y direction,
and the width in the X direction 1s made wider than that of
the first opening 14 1n the device region. However, the
semiconductor device 500 1s different from the semiconduc-
tor device 100 1n that the width 1n the X direction 1s uniform
along the Y direction.

Like the semiconductor device 100 according to the first
embodiment, also 1n the semiconductor device 500 accord-
ing to the embodiment, the second opening 15 located at the
boundary between the device region and the termination
region 1s formed so that the width of the second opening 15
in the X direction 1n the figure 1s wider than that of the first
opening 14 1n the device region. Thus, the spacing between
the second opening 15 and the second trench 6 1s narrowed.
This reduces the distance traveled by avalanche-generated
holes 1n the p-type base layer 3 between the second opening,
15 and the second trench 6. Hence, turn-on of the parasitic
transistor can he suppressed. This improves the avalanche
withstand capability in the termination region, and can
suppress device breakdown 1n the termination region. Fur-
thermore, the spacing in the X direction between the second
opening 15 and the second trench 6 1s distributed 1n the Y
direction as described above so that the depression of the
gate interconnect layer 11 1s formed opposite to the protru-
sion of the second trench 6. As a result, in the protrusion of
the second trench 6, the traveling distance of avalanche-
generated holes i the p-type base layer 3 1s made even
shorter, and turn-on of the parasitic transistor 1s suppressed.
Simultaneously, 1n the portion of the second trench 6 other
than the protrusion, the increase of gate resistance 1in the Y
direction of the gate interconnect layer 1s suppressed.
(Sixth Embodiment)

A semiconductor device 600 according to a sixth embodi-
ment 1s described with reference to FIGS. 6A and 6B. FIGS.
6A and 6B are schematic views of the main part of the
semiconductor device 600 according to the embodiment.
More specifically, FIG. 6A 1s a sectional view of the main
part of the semiconductor device 600. FIG. 6B 1s a top view
of the chip of the semiconductor device 600. The cross
section taken along line G-G of FIG. 6B 1s shown in FIG.
6A. The portions having the same configuration as those
described 1n the first embodiment are labeled with like
reference numerals or symbols, and the description thereof
1s omitted. Unless otherwise specified, the structure 1s the
same as that of the semiconductor device 100 according to
the first embodiment. The semiconductor device 600 of the
embodiment described below also includes the gate elec-
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trode 8, first opening 14, second opening 15, gate intercon-
nect layer 11, and second trench 6 having the same structure
as those 1n the semiconductor device 100. Hence, the top
view ol the main part as shown m FIG. 1B i1s omitted.
Differences from the first embodiment are primarily
described.

In the following points, the semiconductor device 600
according to the embodiment 1s different from the semicon-
ductor device 100 according to the first embodiment. In the
first region, the semiconductor device 600 further includes a
trench-shaped third opening 23 between the second trench 6
and the gate interconnect layer 11. The third opening 23
penetrates through the interlayer insulating film 12, the third
insulating film 10, and the n™-type source layer 4 to the
p-type base layer 3. As 1n the first opening 14 and the second
opening 135, a p™-type contact layer 22 1s provided on the
surface of the p-type base layer 3 exposed at the third
opening 23.

The gate metal interconnect layer 18 does not extend to
the second trench, but 1s located on the device region side of
the aforementioned third opening. A field plate electrode 24
made of the same metal maternial as the source electrode 17
forms ohmic contact with the p™-type contact layer 22
through the third opening 23, and 1s electrically connected to
the p-type base layer 3. Furthermore the field plate electrode
24 1s formed on the 1nterlayer 1nsulating film 12 so as to be
connected to the source electrode 17 and to extend from the
third opening 23 to the second trench 6. The field plate
clectrode 24 can be formed integrally with the source
clectrode 17. Thus, the field plate electrode 24 1s formed on
the interlayer insulating film 12 from the third opeming 23 to
the second trench 6 so as to cover the step difference at the
boundary between the first region and the second trench 6.
Hence, the end portion of the depletion layer 1s extended
from the step difference at the boundary between the first
region and the second trench 6 toward the second region.
This improves the breakdown voltage in the termination
region.

The third opening 23 only needs to be formed like a stripe
along the gate interconnect layer 11 or the gate metal
interconnect layer 18 in the Y direction in the figure.
However, the third opening 23 may be formed not only 1n
the Y direction, but also in the X direction along the gate
metal interconnect layer 18 formed along the X direction at
the upper and lower end of the chip. That i1s, the third
opening 23 may be formed continuously i the X and Y
direction while being spaced along the gate metal intercon-
nect layer 18.

Except the foregoing, the semiconductor device 600 has
the same structure as the semiconductor device 100. Here,
the plan view of FIG. 6B shows a planar pattern of the
source electrode 17, the gate metal interconnect layer 18, the
field plate electrode 24, and the channel stopper electrode
21. However, this 1s illustrative only, and other planar
patterns can be used as necessary.

As described above, the semiconductor device 600
according to the embodiment further includes, besides the
second opemng 15, a third opening 23 1n the first region. The
third opening 23 1s opposed to the second opening 15 across
the gate interconnect layer 11. Like the second opening 15,
the third openming 23 has the function of ¢jecting, when
avalanche occurs, avalanche-generated holes from the third
opening 23 through the field plate electrode 24 to the source
clectrode 17. In the semiconductor device 100 according to
the first embodiment, holes generated by avalanche imme-
diately below the gate interconnect layer 11 are ejected only
from the second opening 15. Thus, the distance 1n the p-type
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base layer 3 traveled by holes 1n the X direction 1s, at the
maximum, nearly equal to the spacing in the X direction
between the second opening 15 and the second trench 6. In
contrast, in the semiconductor device 600 according to the
embodiment, avalanche-generated holes can be ejected from
the second opening 15 on the device region side of the gate
interconnect layer 11, and from the third opening on the
second region side. Hence, 1n the semiconductor device 600,
the distance 1n the p-type base layer 3 traveled by holes in
the X direction 1s, even at the maximum, nearly equal to half
the spacing 1n the X direction between the second opening,
15 and the second trench 6. Thus, the semiconductor device
600 can further suppress turn-on of the parasitic transistor
relative to the semiconductor device 100. Hence, the semi-
conductor device 600 achieves high avalanche withstand
capability 1n the termination region, and high reliability.

The embodiment has been described in the case where the
semiconductor device 600 includes the gate electrode 8, first
opening 14, second opening 15, gate mterconnect layer 11,
and second trench 6 of the first embodiment. However, the
embodiment 1s not lmmited thereto. Naturally, the third
opening 23 of the embodiment can be combined with the
semiconductor device of the second to fifth embodiments.

Furthermore, the first to fourth embodiments can be
combined with the fifth embodiment. The first to sixth
embodiments described above can be practiced in combi-
nation with each other as necessary.

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 mventions.
Indeed, the novel embodiments described herein may be
embodied 1n a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claiams and their equivalents are intended to cover such
forms or modifications as would fall within the scope and
spirit of the invention.

What 1s claimed 1s:

1. A semiconductor device comprising:

a first semiconductor layer of a first conductivity type;

a second semiconductor layer of the first conductivity
type provided on the first semiconductor layer and
having a lower first conductivity type impurity concen-
tration than the first semiconductor layer;

a third semiconductor layer of a second conductivity type
provided on the second semiconductor layer;

a Tourth semiconductor layer of the first conductivity type
provided on the third semiconductor layer and having
a higher first conductivity type impurity concentration
than the second semiconductor layer;

a first isulating film provided on an inner wall of each of
a plurality of first trenches, the first trenches penetrat-
ing through the fourth semiconductor layer and the
third semiconductor layer to the second semiconductor
layer and extending 1n a first direction parallel to a
surface of the first semiconductor layer;

a gate electrode buried in the each of the plurality of first
trenches via the first msulating film;

a second isulating film provided on an inner wall of a
second trench having a ring-shaped structure, the sec-
ond trench penetrating through the fourth semiconduc-
tor layer and the third semiconductor layer to the
second semiconductor layer and including a portion
extending in the first direction, the portion dividing
cach of the third semiconductor layer and the fourth
semiconductor layer between a {irst region and a sec-
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ond region, the first region including a device region
inside, the device region including the gate electrode 1n
a plurality, and the second region surrounding the first
region outside;

a third msulating film provided on the fourth semicon-
ductor layer in the first region and the second region,
connected to the first msulating film and the second
insulating film, and msulating the fourth semiconductor
layer from outside;

a gate 1mterconnect layer provided on the third insulating
film 1n the first region, surrounding the device region,
and electrically connected to the gate electrode at both
ends of the each of the first trenches:

an interlayer insulating film provided on the gate elec-
trode, the gate interconnect layer, the second trench,
and the third msulating film and insulating the gate
clectrode and the gate interconnect layer from outside;

a first electrode provided on a surface of the first semi-
conductor layer opposite to the second semiconductor
layer; and

a second electrode electrically connected to the third
semiconductor layer and the fourth semiconductor
layer through a first opening and a second opening, the
first opening penetrating through the interlayer isulat-
ing film, the third insulating film, and the fourth semi-
conductor layer between adjacent ones of the first
trenches, and the second opening penetrating through
the interlayer insulating film, the third insulating film,
and the fourth semiconductor layer and extending in the
first direction between the gate interconnect layer and
one of the plurality of first trenches adjacent to the gate
interconnect layer in a second direction orthogonal to
the first direction,

in the second direction, width of the second opeming being,
wider than width of the first opening.

2. The device according to claim 1, wherein

the second opening includes a plurality of divided por-
tions spaced and separated along the first direction,

the gate electrode further includes a gate extraction por-
tion spaced from one of the divided portions of the
second opening on each of both sides of the one of the
divided portions 1n the first direction and buried via the
first msulating film 1n a portion of the one of the
plurality of first trenches adjacent to the gate intercon-
nect layer, the portion extending toward the gate inter-
connect layer, and

the gate extraction portion 1s electrically connected to the
gate interconnect layer.

3. The device according to claim 2, wherein spacing
between the second opening and the second trench in the
second direction includes a wide portion and a narrow
portion alternately along the first direction, and the gate
extraction portion 1s electrically connected to the gate inter-
connect layer 1n the wide portion.

4. The device according to claim 3, wherein 1n the narrow
portion of the spacing between the second opening and the
second trench in the second direction, the second opening
includes a protrusion projected toward the second region,
and the gate interconnect layer includes a depression
recessed toward the second region.

5. The device according to claim 4, wherein a tip of the
protrusion of the second opening projected toward the
second region 1s provided nearer to the second region than
an end portion of the gate interconnect layer on a side of the
device region 1n the second direction.

6. The device according to claim 3, wherein 1n the narrow
portion of the spacing between the second opeming and the
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second trench in the second direction, the second trench
includes a protrusion projected toward the device region,
and the gate interconnect layer includes a depression
recessed toward the device region.

7. The device according to claim 6, wherein a tip of the
protrusion of the second trench projected toward the device
region 1s provided nearer to the device region than an end
portion of the gate interconnect layer on a side of the second
region 1n the second direction.

8. The device according to claim 1, wherein spacing
between the second opening and the second trench in the
second direction includes a wide portion and a narrow
portion alternately along the first direction.

9. The device according to claim 8, wherein 1n the narrow
portion of the spacing between the second opening and the
second trench 1n the second direction, the second opening
includes a protrusion projected toward the second region,
and the gale interconnect layer includes a depression
recessed toward the second region.

10. The device according to claim 9, wherein a tip of the
protrusion of the second opening projected toward the
second region 1s provided nearer to the second region than
an end portion of the gate interconnect layer on a side of the
device region 1n the second direction.

11. The device according to claim 8, wherein in the
narrow portion of the spacing between the second opening
and the second trench i1n the second direction, the second
trench includes a protrusion projected toward the device
region, and the gate interconnect layer includes a depression
recessed toward the device region.

12. The device according to claim 11, wherein a tip of the
protrusion of the second trench projected toward the device
region 1s provided nearer to the device region than an end
portion of the gate interconnect layer on a side of the second
region 1n the second direction.

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

a field plate electrode electrically connected to the third

semiconductor layer and the fourth semiconductor
layer through a third opening, the third opening pen-
ctrating through the interlayer msulating film, the third
insulating film, and the fourth semiconductor layer in
the first region on a side of the second region of the gate
interconnect layer, and the field plate electrode being
clectrically connected to the second electrode.

14. The device according to claim 13, wherein the third
opening 1s formed continuously along the gate interconnect
layer.

15. The device according to claim 13, wherein the field
plate electrode covers the third insulating film and the
second insulating film from the third opening to bottom of
the second trench.

16. The device according to claim 13, wherein

the second opening includes a plurality of divided por-

tions spaced and separated along the first direction,
the gate electrode further includes a gate extraction por-
tion spaced from one of the divided portions of the
second opening on each of both sides of the one of the
divided portions 1n the first direction and buried via the
first msulating film 1 a portion of the one of the
plurality of first trenches adjacent to the gate intercon-

nect layer, the portion extending toward the gate inter-
connect layer, and

the gate extraction portion is electrically connected to the
gate interconnect layer.
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17. The device according to claim 16, wherein

spacing between the second opening and the second
trench 1n the second direction includes a wide portion
and a narrow portion alternately along the first direc-
tion,

in the wide portion, the gate extraction portion 1s electri-
cally connected to the gate interconnect layer, and

in the narrow portion, the second opening includes a
protrusion projected toward the second region, and the
gate mterconnect layer includes a depression recessed
toward the second region.

18. The device according to claim 13, wherein spacing
between the second opening and the second trench in the
second direction includes a wide portion and a narrow
portion alternately along the first direction.

19. The device according to claim 18, wherein in the
narrow portion of the spacing between the second opening
and the second trench in the second direction, the second
opening includes a protrusion projected toward the second
region, and the gate interconnect layer includes a depression
recessed toward the second region.

20. The device according to claim 1, wherein

adjacent ones of the plurality of first trenches are con-
nected by a plurality of trenches extending in the
second direction, and

the gate electrode 1s provided i a lattice or staggered
configuration.

21. A semiconductor device comprising:

a first electrode;

a first semiconductor layver of a first conductivity type
provided on the first electrode;

a second semiconductor laver of a second conductivity
tvpe provided on the first semiconductor layer,

a third semiconductor layver of the first conductivity type
provided on the second semiconductor layver, the third
semiconductor layer having a higher first conductivity
type impurity concentration than the first semicondic-
tor layer;

a plurality of gate electrodes provided on the thivd semi-
conductor laver via a first insulating film;

a second electrode electrically connected to the second
semiconductor layer and the third semiconductor
layver; and

a first contact region and a second contact region
arranged in a first direction and comprising portions of
the second and third semiconductor layers,

the first contact region being provided at a location
between gate electrodes,

the second contact region being provided outside an
outermost gate electrode among the gate electrodes,

the second electrode being electrically connected to the
second and thivd semiconductor lavers at the first
contact vegion and the second contact rvegion,

the second contact vegion having a first contact portion
and a second contact portion arranged in a second
dirvection perpendicular to the first dirvection, the first
contact portion having a first width along the first
dirvection, the second contact portion having a second
width along the first direction, the first width being
lavger than the second width, and

the first width and the second width being larger than a
width of the first contact region along the first direction,
wherein

the second contact region includes a plurality of isolated
portions arranged in the second divection,

the plurality of isolated portions are electrically con-
nected to each other only through the second electrode,
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each isolated portion includes the first and second contact
portions,

the width of each isolated portion of the second contact
region is not constant in the second direction, and

the second comntact region includes a protrusion that 5
protrudes in the first direction and is positioned on a
side opposite the outermost gate electrode.

22. The device according to claim 21, wherein

each isolated portion of the second contact region
includes a protrusion that protrudes in the first direc- 10
tion.

23. The device according to claim 21, further comprising:

a second insulating film dividing the second semiconduc-
tor laver and the third semiconductor layer between a
first vegion including the gate electrodes and a second 15
region surrvounding the first region.

24. The device according to claim 21, further comprising:

a first interconnect laver extending along the outermost
gate electrode above the second semiconductor layer,
the outermost gate electrode being electrically con- 20
nected to the first interconnect layer.

25. The device according to claim 24, further comprising:

a third electrode provided on the first interconnect layer
and electrically comnnected to the first interconnect
layer. 25

26. The device accovding to claim 25, wherein

the thivd electrode is provided on a second insulating film
dividing the second semiconductor layver and the third
semiconductor layver between a first region including
the gate electrodes and a second region surrounding 30
the first vegion.

27. A semiconductor device comprising:

a first electrode;

a first semiconductor laver of a first conductivity type
provided on the first electrode; 35

a second semiconductor layer of a second conductivity
tvpe provided on the first semiconductor layer,

a third semiconductor layer of the first conductivity type
provided on the second semiconductor laver, the third
semiconductor layer having a higher first conductivity 40
type impurity concentration than the first semiconduc-
tor layer;

a plurality of gate electrodes provided on the third semi-
conductor layer via a first insulating film;

a second electrode electrically connected to the second 45
semiconductor laver and the third semiconductor
layer; and

a first contact region and a second contact vegion
arranged in a first direction and comprising portions of
the second and third semiconductor layers; 50

a first interconnect laver extending along the outermost
gate electrode above the second semiconductor layer,
and

a plurality of second interconnect layers electrically con-
necting the first interconnect layer and the outermost 55
gate electrode,

the first comntact rvegion being provided at a location
between gate electrodes,

the second contact region being provided outside an
outermost gate electrode among the gate electrodes, 60

the second electrode being electrically connected to the
second and thivd semiconductor lavers at the first
contact vegion and the second contact rvegion,

the second contact vegion having a first contact portion
and a second contact portion arranged in a second 65
dirvection perpendicular to the first divection, the first
contact portion having a first width along the first
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divection, the second contact portion having a second
width along the first direction, the first width being
lavger than the second width, and

the first width and the second width being larger than a
width of the first contact region along the first divection,
wherein

the second contact region includes a plurality of isolated
portions arranged in the second divection,

the plurality of isolated portions are electrically con-

nected to each other only through the second electrode,
and

each of the second interconnect layers is provided
between the isolated portions of the second contact
region.

28. The device according to claim 27, wherein

a width of the first interconnect layer is not constant in the
second direction.

29. The device according to claim 28, wherein

the first interconnect layer includes a protrusion that
protrudes in the first dirvection.

30. The device according to claim 29, wherein

the protrusion is positioned on a side of the second
electrode.

31. The device according to claim 28, wherein

the first intevconnect layer has a thivd width and a fourth
width less than the third width, and the third width and
the fourth width ave provided alternately in the second
direction.

32. A semiconductor device comprising:

a first electrode;

a first semiconductor layver of a first conductivity type
provided on the first electrode;

a second semiconductor laver of a second conductivity
tvpe provided on the first semiconductor layer;

a third semiconductor laver of the first conductivity type
provided on the second semiconductor layver, the third
semiconductor layer having a higher first conductivity
type impurity concentration than the first semiconduc-
tor layer;

a plurality of gate electrodes provided on the third semi-
conductor layer via a first insulating film;

a second electrode electrically connected to the second
semiconductor layer and the third semiconductor
layer,

a thivd electrode provided on the first interconnect layer
and electrically connected to the first interconnect
layer;

a fourth electrode provided outside the thivd electrode and
electrically connected to the second semiconductor
laver, the thivd semiconductor layver, and the second
electrode; and

a first contact region and a second contact rvegion
arranged in a first divection and comprising portions of
the second and thivd semiconductor layers,

the first contact rvegion being provided at a location
between gate electrodes,

the second contact region being provided outside an
outermost gate electrode among the gate electrodes,

the second electrode being electrically connected to the
second and thivd semiconductor lavers at the first
contact vegion and the second contact rvegion,

the second contact rvegion having a first contact portion
and a second contact portion arranged in a second
dirvection perpendicular to the first direction, the first
contact portion having a first width along the first
divection, the second contact portion having a second
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width along the first direction, the first width being
larger than the second width, and
the first width and the second width being larger than a
width of the first contact region along the first divection.
33. The device according to claim 32, wherein

the fourth electrode is provided on a second insulating
film dividing the second semiconductor laver and the

thivd semiconductor layer between a first region includ-
ing the gate electrodes and a second vegion surround-

ing the first region.
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