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(54) SEMICONDUCTOR DEVICE

(57) Provided is a semiconductor device that is able
to prevent deterioration in breakdown voltage caused by
heat and that facilitates downsizing. A lateral semicon-
ductor device is characterized by comprising: a semicon-
ductor substrate; a buried oxide layer formed on the sem-
iconductor substrate; and an active layer formed on the
buried oxide layer, the active layer comprising: a second
conductivity type well region surrounding a first conduc-
tivity type source region; a first conductivity type well re-
gion surrounding a first conductivity type drain region; a
first conductivity type drift region interposed between the

second conductivity type well region and the first con-
ductivity type well region; and a gate electrode formed in
a part of a surface of the active layer via a gate dielectric
layer which has contact with a surface of the second con-
ductivity type well region and a surface of the first con-
ductivity type drift region, wherein the second conductiv-
ity type well region partially extends along the gate die-
lectric layer, longer in a direction in which carriers move
than a length of the gate dielectric layer, into the first
conductivity type drift region.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a semiconduc-
tor device, and more specifically to a semiconductor de-
vice that is able to prevent deterioration in forward break-
down voltage caused by heat and that facilitates down-
sizing of the semiconductor device.

BACKGROUND ART

[0002] A conventionally known lateral semiconductor
device has an SOI (Silicon On Insulator) substrate
formed of lamination of a semiconductor substrate, a bur-
ied oxide layer, and an active layer, and has a pair of
main electrodes formed on the surface of the active layer.
The lateral semiconductor device utilizing the SOI sub-
strate is characteristically less prone to malfunction
caused by a surge voltage, and is expected to be a prom-
ising semiconductor device.
[0003] An example of the above-described semicon-
ductor device is disclosed by patent literature 1. FIG. 25
schematically shows a cross-sectional view of essential
parts of a lateral n-type channel LDMOS (Laterally Dif-
fused MOS) 1000 described in patent literature 1. FIG.
26 is a cross-sectional view of the LDMOS shown in FIG.
25 taken along line A-A. It should be noted that electrodes
and field oxide layer shown in FIG. 26 are not shown in
FIG. 25.
[0004] The LDMOS 1000 includes a semiconductor
substrate 200 made of a single crystal silicon containing
a p-type impurity in a high concentration, a buried oxide
layer 300 made of silicon oxide (SiO2) and disposed on
the semiconductor substrate 200, and an active layer 140
made of a single crystal silicon and disposed on the bur-
ied oxide layer 300.
[0005] The active layer 140 includes an n-type well
semiconductor region 50, a p-type well semiconductor
region 60, a surface semiconductor layer 70, a bottom
semiconductor layer 80, an intermediate semiconductor
layer 90, and a source semiconductor region 101.
[0006] The n-type well semiconductor region 50 is a
semiconductor region surrounding an n-type drain sem-
iconductor region 102. The p-type well semiconductor
region 60 is a semiconductor region surrounding the n-
type source semiconductor region 101.
[0007] The surface semiconductor layer 70 is formed
in a part of the top surface of the active layer 140, and is
interposed between the n-type well semiconductor re-
gion 50 and the p-type well semiconductor region 60.
According to the plan view (see FIG. 25), the p-type well
semiconductor region 60 and the surface semiconductor
layer 70 are entirely isolated from each other. The surface
semiconductor layer 70 contains a p-type impurity (typi-
cally boron). The surface semiconductor layer 70 is elec-
trically connected to a source terminal S via a contact
semiconductor region 70a.

[0008] The bottom semiconductor layer 80 is formed
in a part of the bottom surface side of the active layer
140, interposed between the n-type well semiconductor
region 50 and the p-type well semiconductor region 60,
and isolated by the intermediate semiconductor layer 90
from the surface semiconductor layer 70. The bottom
semiconductor layer 80 has contact with the n-type well
semiconductor region 50, and is isolated from the p-type
well semiconductor region 60. The bottom semiconduc-
tor layer 80 contains an n-type impurity (typically phos-
phorus). The impurity concentration in the bottom semi-
conductor layer 80 decreases from its surface joining the
buried oxide layer 300 toward its top surface.
[0009] The LDMOS 1000 includes the surface semi-
conductor layer 70, the intermediate semiconductor layer
90, and the bottom semiconductor layer 80, and accord-
ingly, the critical voltage at an interface between the ac-
tive layer 140 and the buried oxide layer 300 can be in-
creased, and the breakdown voltage per unit thickness
of the buried oxide layer 300 can be improved. The sur-
face semiconductor layer 70, the intermediate semicon-
ductor layer 90, and the bottom semiconductor layer 80
form a so-called RESURF (Reduced Surface Field) struc-
ture.
[0010] However, the semiconductor devices described
in above patent literature 1 pose the following problems.
That is, since the p-type well semiconductor region 60
and the surface semiconductor layer 70 are entirely iso-
lated from each other as viewed in the plan view, current
flows in the entire area between the p-type well semicon-
ductor region 60 and the n-type well semiconductor re-
gion 50 in the plan view. Thus, in the n-type drain semi-
conductor region 102, a current amount per unit area
increases (causing current crowding), and consequently
the n-type drain semiconductor region 102 produces a
high-temperature heat. As a result, a problem of deteri-
oration in forward breakdown voltage of LDMOS 1000
has been posed. In particular, in the case of designing
the LDMOS 1000 as a level-shifting device, the drain side
is set as a high potential side, and thus a large amount
of saturation current flows to the drain side. If such a large
amount of saturation current flows, the current concen-
trates at the drain region, of which temperature is rising,
and consequently the problem of deterioration in forward
breakdown voltage is caused.
[0011] In addition, in order to set the surface semicon-
ductor layer 70 and the source semiconductor region 101
to have the same electric potential, the contact semicon-
ductor region 70a needs to be formed in the surface sem-
iconductor layer 70. With this formation of the contact
semiconductor region 70a, the dimensions of the LDMOS
1000 are increased, resulting in a problem of having dif-
ficulty in downsizing the LDMOS 1000.
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CITATION LIST

[PATENT LITERATURE]

[0012] [PTL 1] Japanese laid-open application publi-
cation No. 2007-173422

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0013] The present invention has been made in view
of the above-described circumstances, and is directed
to provide a semiconductor device that is able to prevent
deterioration in forward breakdown voltage caused by
heat and that facilitates downsizing.

SOLUTION TO THE PROBLEMS

[0014] In order to solve the above-described problems,
the present invention adopts the following configuration.
[0015] A first aspect is a lateral semiconductor device,
comprising:

a semiconductor substrate;
a buried oxide layer formed on the semiconductor
substrate; and
an active layer formed on the buried oxide layer,
the active layer comprising:

a second conductivity type well region surround-
ing a first conductivity type source region;
a first conductivity type well region surrounding
a first conductivity type drain region;
a first conductivity type drift region interposed
between the second conductivity type well re-
gion and the first conductivity type well region;
and
a gate electrode formed in a part of a surface of
the active layer via a gate dielectric layer which
has contact with a surface of the second con-
ductivity type well region and a surface of the
first conductivity type drift region, wherein
the second conductivity type well region partially
extends along the gate dielectric layer, longer in
a direction in which carriers move than a length
of the gate dielectric layer, into the first conduc-
tivity type drift region.

[0016] According to the first aspect of the present in-
vention, it is possible to prevent deterioration in break-
down voltage of the semiconductor device. In addition,
downsizing of the semiconductor device can be realized.
[0017] More specifically, no carrier flows from the first
conductivity type source region to the first conductivity
type drain region through a part where the second con-
ductivity type well region extends (see FIGS. 10 and 12),
whereas carriers flow from the first conductivity type

source region to the first conductivity type drain region
through a part where the second conductivity type well
region does not extend (see FIGS. 10 and 11). Accord-
ingly, a part where current flows and a part where no
current flows are formed between the first conductivity
type source region and the first conductivity type drain
region, and consequently, a current amount per unit area
of the first conductivity type drain region can be reduced.
Accordingly, a heating value per unit area of the first con-
ductivity type drain region can be reduced, and it is pos-
sible to prevent the temperature of the first conductivity
type drain region from rising excessively. And it is also
possible to prevent deterioration in breakdown voltage
of the semiconductor device.
[0018] Further, since no surface semiconductor layer
is provided, it is unnecessary to form a contact semicon-
ductor region in the surface semiconductor layer, and
thus the semiconductor device can be downsized.
[0019] A second aspect of the present invention is a
lateral semiconductor device, comprising:

a semiconductor substrate;
a buried oxide layer formed on the semiconductor
substrate; and
an active layer formed on the buried oxide layer,
the active layer comprising:

a second conductivity type well region surround-
ing a first conductivity type emitter region;
a first conductivity type well region surrounding
a second conductivity type collector region;
a first conductivity type drift region interposed
between the second conductivity type well re-
gion and the first conductivity type well region;
and
a gate electrode formed in a part of a surface of
the active layer via a gate dielectric layer which
has contact with a surface of the second con-
ductivity type well region and a surface of the
first conductivity type drift region, wherein

the second conductivity type well region partially ex-
tends along the gate dielectric layer, longer in a di-
rection in which carriers move than a length of the
gate dielectric layer, into the first conductivity type
drift region.

[0020] According to the second aspect of the present
invention, it is possible to prevent deterioration in break-
down voltage of the semiconductor device. In addition,
downsizing of the semiconductor device can be realized.
[0021] More specifically, no carrier flows from the first
conductivity type emitter region to the second conductiv-
ity type collector region through a part where the second
conductivity type well region extends (see FIGS. 13 and
15), whereas carriers flow from the first conductivity type
emitter region to the second conductivity type collector
region through a part where the second conductivity type
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well region does not extend (see FIGS. 13 and 14). Ac-
cordingly, a part where current flows and a part where
no current flows are formed between the first conductivity
type emitter region and the second conductivity type col-
lector region, and consequently, a current amount per
unit area of the second conductivity type collector region
can be reduced. Accordingly, a heating value per unit
area of the second conductivity type collector region can
be reduced, and it is possible to prevent the temperature
of the second conductivity type collector region from ris-
ing excessively. And it is also possible to prevent dete-
rioration in breakdown voltage of the semiconductor de-
vice.
[0022] Further, since no surface semiconductor layer
is provided, it is unnecessary to form a contact semicon-
ductor region in the surface semiconductor layer, and
thus the semiconductor device can be downsized.
[0023] A third aspect of the present invention is a lateral
semiconductor device, comprising:

a semiconductor substrate;
a buried oxide layer formed on the semiconductor
substrate; and
an active layer formed on the buried oxide layer,
the active layer comprising:

a second conductivity type well region surround-
ing a first conductivity type source region;
a first conductivity type well region surrounding
a first conductivity type drain region;
a first conductivity type drift region interposed
between the second conductivity type well re-
gion and the first conductivity type well region;
and
a gate electrode formed in a part of a surface of
the active layer via a gate dielectric layer which
has contact with a surface of the second con-
ductivity type well region and a surface of the
first conductivity type drift region, wherein

in a surface part of the first conductivity type drift
region, a second conductivity type surface layer hav-
ing contact with the gate dielectric layer is laminated,
and
a part of the second conductivity type surface layer
and a part of the second conductivity type well region
have contact with each other.

[0024] According to the third aspect of the present in-
vention, it is possible to prevent deterioration in break-
down voltage of the semiconductor device. In addition,
downsizing of the semiconductor device can be realized.
[0025] More specifically, no carrier flows from the first
conductivity type source region to the first conductivity
type drain region through a part where the second con-
ductivity type surface layer has contact with the second
conductivity type well region (see FIG. 1 and 3), whereas
carriers flow from the first conductivity type source region

to the first conductivity type drain region through a part
where the second conductivity type surface layer has no
contact with the second conductivity type well region (see
FIG. 1 and 2). Accordingly, a part where current flows
and a part where no current flows are formed between
the first conductivity type source region and the first con-
ductivity type drain region, and consequently, a current
amount per unit area of the first conductivity type drain
region can be reduced. Accordingly, a heating value per
unit area of the first conductivity type drain region can be
reduced, and it is possible to prevent the temperature of
the first conductivity type drain region from rising exces-
sively. And it is possible to prevent deterioration in break-
down voltage of the semiconductor device.
[0026] Further, since a part of the second conductivity
type surface layer and a part of the second conductivity
type well region have contact with each other, the second
conductivity type surface layer and the first conductivity
type source region have the same electric potential with-
out having a contact semiconductor region in the surface
semiconductor layer, and thus, the semiconductor device
can be downsized.
[0027] A fourth aspect of the present invention is a lat-
eral semiconductor device, comprising:

a semiconductor substrate;
a buried oxide layer formed on the semiconductor
substrate; and
an active layer formed on the buried oxide layer,
the active layer comprising:

a second conductivity type well region surround-
ing a first conductivity type emitter region;
a first conductivity type well region surrounding
a second conductivity type collector region;
a first conductivity type drift region interposed
between the second conductivity type well re-
gion and the first conductivity type well region;
and
a gate electrode formed in a part of a surface of
the active layer via a gate dielectric layer which
has contact with a surface of the second con-
ductivity type well region and a surface of the
first conductivity type drift region; wherein

in a surface part of the first conductivity type drift
region, a second conductivity type surface layer hav-
ing contact with the gate dielectric layer is formed,
and
a part of the second conductivity type surface layer
and a part of the second conductivity type well region
have contact with each other.

[0028] According to the fourth aspect of the present
invention, it is possible to prevent deterioration in break-
down voltage of the semiconductor device. In addition,
downsizing of the semiconductor device can be realized.
[0029] More specifically, no carrier flows from the first
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conductivity type emitter region to the second conductiv-
ity type collector region through a part where the second
conductivity type surface layer has contact with the sec-
ond conductivity type well region (see FIGS. 7 and 9),
whereas carriers flow from the first conductivity type emit-
ter region to the second conductivity type collector region
through a part where the second conductivity type sur-
face layer has no contact with the second conductivity
type well region (see FIGS. 7 and 8). Accordingly, a part
where current flows and a part where no current flows
are formed between the first conductivity type emitter re-
gion and the second conductivity type collector region,
and consequently, a current amount per unit area of the
second conductivity type collector region can be reduced.
Accordingly, a heating value per unit area of the second
conductivity type collector region can be reduced, and it
is possible to prevent the temperature of the second con-
ductivity type collector region from rising excessively.
And it is also possible to prevent deterioration in break-
down voltage of the semiconductor device.
[0030] Further, since a part of the second conductivity
type surface layer has contact with a part of the second
conductivity type well region, the second conductivity
type surface layer and the first conductivity type source
region have the same electric potential without having a
contact semiconductor region in the surface semicon-
ductor layer, and thus the semiconductor device can be
downsized.
[0031] A fifth aspect of the present invention is a lateral
semiconductor device, comprising:

a semiconductor substrate;
a buried oxide layer formed on the semiconductor
substrate; and
an active layer formed on the buried oxide layer,
the active layer comprising:

a first conductivity type well region surrounding
a second conductivity type source region;
a second conductivity type well region surround-
ing a second conductivity type drain region;
a first conductivity type drift region interposed
between the first conductivity type well region
and the second conductivity type well region;
and
a gate electrode formed in a part of a surface of
the active layer via a gate dielectric layer which
has contact with a surface of the first conductivity
type well region and a surface of the first con-
ductivity type drift region, wherein
in a surface part of the first conductivity type drift
region, a second conductivity type surface layer
having contact with the gate dielectric layer is
formed, and

a part of the second conductivity type surface layer
and a part of the second conductivity type well region
have contact with each other.

[0032] According to the fifth aspect of the present in-
vention, it is possible to prevent deterioration in break-
down voltage of the semiconductor device. In addition,
downsizing of the semiconductor device can be realized.
[0033] More specifically, no carrier flows from the sec-
ond conductivity type source region to the second con-
ductivity type drain region through a part where the sec-
ond conductivity type surface layer has contact with the
second conductivity type well region (see FIGS. 19 and
20), whereas carriers flow from the second conductivity
type source region to the second conductivity type drain
region through a part where the second conductivity type
surface layer has no contact with the first conductivity
type well region (see FIGS. 19 and 21). Accordingly, a
part where current flows and a part where no current
flows are formed between the second conductivity type
source region and the second conductivity type drain re-
gion, and consequently, a current amount per unit area
of the second conductivity type drain region can be re-
duced. Accordingly, a heating value per unit area of the
second conductivity type drain region can be reduced,
and it is possible to prevent the temperature of the second
conductivity type drain region from rising excessively.
And it is also possible to prevent deterioration in break-
down voltage of the semiconductor device.
[0034] Further, since a part of the second conductivity
type surface layer and a part of the second conductivity
type well region have contact with each other, the second
conductivity type surface layer and the second conduc-
tivity type drain region have the same electric potential,
without having a contact semiconductor region in the sur-
face semiconductor layer, and thus, the semiconductor
device can be downsized.
[0035] A sixth aspect of the present invention is based
on any of the third to fifth aspects of the present invention,
and characterized in that the part of the second conduc-
tivity type surface layer extends along the gate dielectric
layer toward the second conductivity type well region.
[0036] According to the sixth aspect of the present in-
vention, the breakdown voltage of the semiconductor de-
vice can be further improved.
[0037] More specifically, since a part of the second
conductivity type surface layer extends along the gate
dielectric layer to the second conductivity type well region
(see FIG. 1 and 3), a boundary between the second con-
ductivity type surface layer and the second conductivity
type well region is further distanced from the drain region
or the collector region as compared to a case where a
part of the second conductivity type well region extends
along the gate dielectric layer to the second conductivity
type surface layer (see FIGS. 4 and 6). Accordingly, the
length of the depletion layer can be increased, and the
breakdown voltage of the semiconductor device can be
further improved.

ADVANTAGEOUS EFFECTS OF THE INVENTION

[0038] According to the present invention, it is possible
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to provide a semiconductor device that is able to prevent
deterioration in breakdown voltage caused by heat and
that facilitates downsizing.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039]

[FIG. 1] FIG. 1 is a plan view showing essential parts
of a semiconductor device according to a first em-
bodiment of the present invention.
[FIG. 2] FIG. 2 is a cross-sectional view of the sem-
iconductor device shown in FIG. 1 taken along line
A - A.
[FIG. 3] FIG. 3 is a cross-sectional view of the sem-
iconductor device shown in FIG. 1 taken along line
B - B.
[FIG. 4] FIG. 4 is a plan view showing essential parts
of a semiconductor device according to a second
embodiment of the present invention.
[FIG. 5] FIG. 5 is a cross-sectional view of the sem-
iconductor device shown in FIG. 4 taken along line
A - A.
[FIG. 6] FIG. 6 is a cross-sectional view of the sem-
iconductor device shown in FIG. 4 taken along line
B - B.
[FIG. 7] FIG. 7 is a plan view showing essential parts
of a semiconductor device according to a third em-
bodiment of the present invention.
[FIG. 8] FIG. 8 is a cross-sectional view of the sem-
iconductor device shown in FIG. 7 taken along line
A - A.
[FIG. 9] FIG. 9 is a cross-sectional view of the sem-
iconductor device shown in FIG. 7 taken along line
B - B.
[FIG. 10] FIG. 10 is a plan view showing essential
parts of a semiconductor device according to a fourth
embodiment of the present invention.
[FIG. 11] FIG. 11 is a cross-sectional view of the
semiconductor device shown in FIG. 10 taken along
line A - A.
[FIG. 12] FIG. 12 is a cross-sectional view of the
semiconductor device shown in FIG. 10 taken along
line B - B.
[FIG. 13] FIG. 13 is a plan view showing essential
parts of a semiconductor device according to a fifth
embodiment of the present invention.
[FIG. 14] FIG. 14 is a cross-sectional view of the
semiconductor device shown in FIG. 13 taken along
line A - A.
[FIG. 15] FIG. 15 is a cross-sectional view of the
semiconductor device shown in FIG. 13 taken along
line B - B.
[FIG. 16] FIG. 16 is a plan view showing essential
parts of a semiconductor device according to a sixth
embodiment of the present invention.
[FIG. 17] FIG. 17 is a cross-sectional view of the
semiconductor device shown in FIG. 16 taken along

line A - A.
[FIG. 18] FIG. 18 is a cross-sectional view of the
semiconductor device shown in FIG. 16 taken along
line B - B.
[FIG. 19] FIG. 19 is a plan view showing essential
parts of a semiconductor device according to a sev-
enth embodiment of the present invention.
[FIG. 20] FIG. 20 is a cross-sectional view of the
semiconductor device shown in FIG. 19 taken along
line A - A.
[FIG. 21] FIG. 21 is a cross-sectional view of the
semiconductor device shown in FIG. 19 taken along
line B - B.
[FIG. 22] FIG. 22 is a plan view showing essential
parts of a semiconductor device according to an
eighth embodiment of present invention.
[FIG. 23] FIG. 23 is a cross-sectional view of the
semiconductor device shown in FIG. 22 taken along
line A - A.
[FIG. 24] FIG. 24 is a cross-sectional view of the
semiconductor device shown in FIG. 22 taken along
line B - B.
[FIG. 25] FIG. 25 is a plan view showing essential
parts of a conventional semiconductor device.
[FIG. 26] FIG. 26 is a cross-sectional view of the
semiconductor device shown in FIG. 25 taken along
line A - A.

MODE FOR CARRYING OUT THE INVENTION

(First embodiment)

[0040] A first embodiment of the present invention will
be described with reference to the drawings.
[0041] FIG. 1 is a plan view showing essential parts of
a semiconductor device according to a first embodiment
of the present invention. FIG. 2 is a cross-sectional view
of the semiconductor device shown in FIG. 1 taken along
line A - A. FIG. 3 is a cross-sectional view of the semi-
conductor device shown in FIG. 1 taken along line B - B.
It should be noted that no electrodes or field oxide layer
are shown in FIG. 1.
[0042] In the first embodiment, an exemplary case will
be described where a "first conductivity type" and a "sec-
ond conductivity type" recited in the claims represent an
n-type and a p-type, respectively.
[0043] A semiconductor device 1 shown in FIGS. 1 to
3 is a lateral n-type channel LDMOS (Laterally Diffused
MOS).
[0044] Firstly, an outline of the semiconductor device
1 will be described.
[0045] The semiconductor device 1 includes a semi-
conductor substrate 2 made of a single crystal silicon
containing a second conductivity type (p-type) impurity
in a high concentration, a buried oxide layer 3 made of
silicon oxide (SiO2) and formed on the semiconductor
substrate 2, and an active layer 4 made of a single crystal
silicon and formed on the buried oxide layer 3.

9 10 
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[0046] The structure of the active layer 4 is such that
a well semiconductor region 6 which is of second con-
ductivity type (p-type) and surrounds a source semicon-
ductor region 10 of first conductivity type (n-type) and a
well semiconductor region 5 which is of first conductivity
type (n-type) and surrounds a drain semiconductor re-
gion 11 of first conductivity type (n-type) are arranged in
such a manner as to sandwich a drift region 9 of first
conductivity type (n-type).
[0047] On a part of a surface of the active layer 4, a
gate electrode 15 is formed via a gate dielectric layer 14
which has contact with a surface of the well semiconduc-
tor region 6 of second conductivity type and a surface of
the drift region 9 of first conductivity type. In the surface
part of the active layer 4, there is formed a surface sem-
iconductor layer 7 of second conductivity type (p-type)
which has contact with the gate dielectric layer 14. The
surface semiconductor layer 7 corresponds to a "second
conductivity type surface layer" recited in the claims.
[0048] Parts of the surface semiconductor layer 7 and
parts of the well semiconductor region 6 of second con-
ductivity type (p-type) have contact with one another.
[0049] Hereinafter, the semiconductor device 1 will be
described in detail.
[0050] The semiconductor substrate 2 may contain the
p-type impurity in a high concentration, or may contain
an n-type impurity (typically phosphorus) in a high con-
centration. The semiconductor substrate 2 can substan-
tially be evaluated as a conductive material. In order to
maintain the mechanical strength (against warpage or
the like) of wafers, the resistivity of the semiconductor
substrate 2 is preferably set as low as about 1 to 100
mΩ·cm. The thickness of the buried oxide layer 3 is, for
example, set to 3 to 5mm.
[0051] The active layer 4 has the n-type well semicon-
ductor region 5, the p-type well semiconductor region 6,
the surface semiconductor layer 7, a bottom semicon-
ductor layer 8, the drift region 9, and the source semi-
conductor region 10. The thickness of the active layer 4
is, for example, set to about 2.0 to 2.5 mm. With the thick-
ness of 2.0 mm or greater, the ESD withstand capability
is less likely to deteriorate. In the present embodiment,
for example, a known RESURF structure of which appli-
cation has previously been filed by the applicant of the
present invention may be applied (see Japanese laid-
open application publication No. 2007 - 173422).
[0052] The n-type well semiconductor region 5 is
formed as a part of the active layer 4, and contains an n-
type impurity (typically phosphorus). The impurity con-
centration in the n-type well semiconductor region 5 is
adjusted to approximately 5 3 1016 to 5 3 1017 cm-3.
The n-type well semiconductor region 5 includes in its
surface part the drain semiconductor region 11 which
contains an n-type impurity (typically phosphorus) in a
high concentration. The drain semiconductor region 11
can be evaluated as a part of the n-type well semicon-
ductor region 5. The impurity concentration in the drain
semiconductor region 11 is adjusted to approximately 1

3 1019 to 1 3 1022 cm-3. The n-type well semiconductor
region 5 is electrically connected to a drain terminal D
via the drain semiconductor region 11 and a drain elec-
trode (not shown). The n-type well semiconductor region
5 extends from the top surface to the bottom surface of
the active layer 4. The semiconductor device 1 has an
overlapped region where a part of the n-type well semi-
conductor region 5 and a part of the bottom semiconduc-
tor layer 8 overlap each other.
[0053] The p-type well semiconductor region 6 is
formed as a part of the active layer 4, and is isolated from
the n-type well semiconductor region 5 by the drift region
9. The p-type well semiconductor region 6 contains a p-
type impurity (typically boron). The impurity concentra-
tion in the p-type well semiconductor region 6 is adjusted
to approximately 5 3 1016 to 5 3 1017 cm-3. The p-type
well semiconductor region 6 includes in its surface part
a well-contacting semiconductor region 13 which con-
tains a p-type impurity (typically boron) in a high concen-
tration. The impurity concentration in the well-contacting
semiconductor region 13 is adjusted to approximately 1
3 1019 to 1 3 1022 cm-3. The well-contacting semicon-
ductor region 13 can be evaluated as a part of the p-type
well semiconductor region 6. The p-type well semicon-
ductor region 6 is electrically connected to a source elec-
trode S via the well-contacting semiconductor region 13.
The p-type well semiconductor region 6 extends from the
top surface to the bottom surface of the active layer 4.
The p-type well semiconductor region 6 has contact with
the buried oxide layer 3.
[0054] The source semiconductor region 10 is formed
in the surface part of the p-type well semiconductor region
6, and is isolated from the drift region 9 by the p-type well
semiconductor region 6. The source semiconductor re-
gion 10 contains an n-type impurity (typically phospho-
rus) in a high concentration. The source semiconductor
region 10 is electrically connected to a source terminal
S via a source electrode (not shown).
[0055] The surface semiconductor layer 7 is formed in
the surface part of the active layer 4, and is interposed
between the n-type well semiconductor region 5 and the
p-type well semiconductor region 6. The surface semi-
conductor layer 7 contains a p-type impurity (typically
boron). The value obtained by integrating the impurity
concentrations in the surface semiconductor layer 7 in
its thickness direction is adjusted to approximately 1 3
1012 to 5 3 1012 m-2.
[0056] The bottom semiconductor layer 8 is formed in
the bottom part of the active layer 4, interposed between
the n-type well semiconductor region 5 and the p-type
well semiconductor region 6, and is isolated from the sur-
face semiconductor layer 7 by the drift region 9. The bot-
tom semiconductor layer 8 has contact with the n-type
well semiconductor region 5 and is distanced from the p-
type well semiconductor region 6. The bottom semicon-
ductor layer 8 contains an n-type impurity (typically phos-
phorus). The impurity concentration in the bottom semi-
conductor layer 8 decreases from its surface joining the
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buried oxide layer 3 toward its top surface. The thickness
of the bottom semiconductor layer 8 is adjusted to ap-
proximately 0.5 mm or smaller. The bottom semiconduc-
tor layer 8 has seven sectional regions. The impurity con-
centration in the sectional regions varies. The impurity
concentration in the sectional regions decreases from
the one that is proximate to the n-type well semiconductor
region 5 toward the one that is proximate to the p-type
well semiconductor region 6. The impurity concentration
in the sectional regions is set higher than the impurity
concentration in the drift region 9 interposed between the
surface semiconductor layer 7 and the bottom semicon-
ductor layer 8. The impurity concentration in the sectional
regions increases at integral multiples from the one prox-
imate to the p-type well semiconductor region 6 to the
one proximate to the n-type well semiconductor region
5. At the sectional region of the highest concentration,
the value obtained by integrating the impurity concentra-
tion in the thickness direction is adjusted to approximately
1 3 1012 to 5 3 1012 cm-2.
[0057] The drift region 9 is a region in which carriers
flow. The drift region 9 is in the active layer 4, and has
an intermediate region 91 which is interposed between
the surface semiconductor layer 7 and the bottom sem-
iconductor layer 8, a first side region 92 which is formed
integrally with the intermediate region 91 and positioned
closer to the p-type well semiconductor region 6 than the
surface semiconductor layer 7 is, and a second side re-
gion 93 which is formed integrally with the intermediate
region 91 and positioned closer to the n-type well semi-
conductor region 5 than the surface semiconductor layer
7 is. The first side region 92 has contact with the p-type
well semiconductor region 6, and the second side region
93 has contact with the n-type well semiconductor region
5. The drift region 9 contains an n-type impurity (typically
phosphorus) in a low concentration. The impurity con-
centration in the drift region 9, which is interposed be-
tween the surface semiconductor layer 7 and the bottom
semiconductor layer 8, is set lower than the impurity con-
centration in the bottom semiconductor layer 8. The im-
purity concentration in the drift region 9 decreases from
the bottom surface side toward the top surface side. The
peak of the impurity concentration in the drift region 9 is
located at about its interface with the buried oxide layer
3. The value obtained by integrating the impurity concen-
tration in the drift region 9 in the thickness direction is
adjusted to approximately 1 3 1012 to 5 3 1012 cm-2.
Accordingly, the amount of electric charge in the drift re-
gion 9 is substantially the same as the amount of electric
charge in the surface semiconductor layer 7.
[0058] The semiconductor device 1 includes the gate
dielectric layer 14 and the gate electrode 15. The gate
electrode 15 faces via the gate dielectric layer 14 the p-
type well semiconductor region 6 which isolates the
source semiconductor region 10 from the drift region 9.
The gate electrode 15 is electrically connected to the
gate terminal S. The semiconductor device 1 further in-
cludes a field oxide layer 16. The field oxide layer 16 is

formed in the surface of the active layer 4 in such a man-
ner as to be interposed between the n-type well semi-
conductor region 5 and the p-type well semiconductor
region 6. The field oxide layer 16 is formed thicker than
the gate dielectric layer 14. On a part of the surface of
the field oxide layer 16 that is on the side to the n-type
well semiconductor region 5, there is formed a planer
electrode 18. The planer electrode 18 is electrically con-
nected to the drain electrode D.
[0059] As described above, parts of the surface sem-
iconductor layer 7 and parts of the p-type well semicon-
ductor region 6 are connected via a p-type semiconduc-
tor. According to the example shown in FIGS. 1 to 3, as
viewed in the plan view (see FIG. 1), the surface semi-
conductor layer 7 partially extends along the gate dielec-
tric layer 14 to the p-type well semiconductor region 6.
More specifically, as shown in the plan view of FIG. 1,
an end of the surface semiconductor layer 7 that is on
the side to the p-type well semiconductor region 6 is
formed with alternate projections and depressions. As
shown in FIGS. 1 and 3, an end of the projection (pro-
jecting part) 71 has contact with the p-type well semicon-
ductor region 6. As shown in FIGS. 1 and 2, a depression
72 is distanced from the p-type well semiconductor region
6.
[0060] With a structure having the above-described
projections and depressions, when a predetermined gate
voltage is applied to the gate electrode 15 to switch the
semiconductor device 1 to the on state, no carrier flows
between the source semiconductor region 10 and the
drain semiconductor region 11 via the projections 71 (see
FIGS. 1 and 3), whereas carriers flow therebetween via
the depressions 72 (see FIGS. 1 and 2). The bold line
arrow shown in FIG. 1 and the dashed line arrow in FIG.
2 indicate flows of carriers. The symbol " 3 " in FIG. 3
indicates no carrier flows.
[0061] More specifically, when a predetermined gate
voltage is applied to the gate electrode 15, there is formed
directly below the gate dielectric layer 14 an n-channel
region 6a (a region directly below the gate dielectric layer
14 where the conductivity type is inverted from p-type to
n-type). Since the depressions 72 have no contact with
the p-type well semiconductor region 6, a current route
is formed in the n-channel region 6a and the first side
region 92 of the drift region 9, which are of the same
conductivity type (n-type). Along the current route, cur-
rent flows between the source semiconductor region 10
and the drain semiconductor region 11. That is, carriers
present in the source semiconductor region 10 pass
through the channel region 6a, the drift region 9 (the first
side region 92, the intermediate region 91, and the sec-
ond side region 93), the n-type well semiconductor region
5, and the drain semiconductor region 11.
[0062] Meanwhile, as shown in FIGS. 1 and 3, the pro-
jections 71 have contact with the p-type well semicon-
ductor region 6, and the conductivity types of the channel
region 6a and the surface semiconductor layer 7 are op-
posite to each other (n-type and p-type, respectively).
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Accordingly, the current route is interrupted at the contact
area, and thus no current flows between the source sem-
iconductor region 10 and the drain semiconductor region
11.
[0063] As described above, parts where current flows
and parts where no current flows are formed alternately
in the semiconductor device 1 in the width direction (Y
direction as shown in FIG. 1), and consequently, a current
amount per unit area of the semiconductor device 1 can
be reduced. The reduction in current amount per unit
area enables prevention of current crowding from occur-
ring in the drain semiconductor region 11 as well as pre-
vention of deterioration in forward breakdown voltage of
the semiconductor device 1.
[0064] Further, as described in background art, in the
case of conventional semiconductor devices, in order to
set the surface semiconductor layer and the source sem-
iconductor region to have the same electric potential, a
contact semiconductor region needs to be formed in the
surface semiconductor layer. On the other hand, accord-
ing to the present embodiment, the contact semiconduc-
tor region is unnecessary, and thus the semiconductor
device 1 can be downsized. More specifically, since the
p-type well semiconductor region 6 and the surface sem-
iconductor layer 7 have contact with each other by means
of the projections 71, the source semiconductor region
10 and the surface semiconductor layer 7 have substan-
tially the same electric potential, and thus the contact
semiconductor region is unnecessary.
[0065] It should be noted that with the structure having
projections and depressions, the dimension of the sem-
iconductor device 1 in the width direction increases. How-
ever, if the semiconductor device 1 is formed in a ring
shape or the like, such increase in dimension of the sem-
iconductor device 1 in the width direction has a smaller
impact (substantially no impact) on the size of the sem-
iconductor device 1.

(Second embodiment)

[0066] A second embodiment of the present invention
will be described with reference to the drawings.
[0067] FIG. 4 is a plan view showing essential parts of
a semiconductor device according to a second embodi-
ment of the present invention. FIG. 5 is a cross-sectional
view of the semiconductor device shown in FIG. 4 taken
along line A - A. FIG. 5 is a cross-sectional view of the
semiconductor device shown in FIG. 1 taken along line
B - B. It should be noted that no electrodes or field oxide
layer are shown in FIG. 4. In the second embodiment,
components that are identical to those in the first embod-
iment will be denoted by the corresponding identical ref-
erence characters, and no explanation will be given
therefor.
[0068] In the second embodiment, an exemplary case
will be described where the "first conductivity type" and
the "second conductivity type" recited in the claims rep-
resent the n-type and the p-type, respectively.

[0069] In the above-described first embodiment, the
surface semiconductor layer 7 partially extends along the
gate dielectric layer 14 to the p-type well region 6. Mean-
while, in the case of a semiconductor device 1A according
to the second embodiment, the p-type well region 6 par-
tially extends along the gate dielectric layer 14 to the
surface semiconductor layer 7.
[0070] More specifically, as shown in the plan view of
FIG. 4, an end of the p-type well semiconductor region
6 that is on the side to the surface semiconductor layer
7 is formed with alternate projections and depressions.
As shown in FIGS. 4 and 6, an end of the projection (pro-
jecting part) 61 has contact with the surface semiconduc-
tor layer 7. As shown in FIGS. 4 and 5, a depression 62
is distanced from the surface semiconductor layer 7. The
bold line arrow shown in FIG. 4 and the dashed line arrow
in FIG. 5 indicate flows of carriers. The symbol " X "
shown in FIG. 6 indicates no carrier flows.
[0071] With a structure having the above-described
projections and depressions, when a predetermined gate
voltage is applied to the gate electrode 15 to switch the
semiconductor device 1A to the on state, no carriers flow
between the source semiconductor region 10 and the
drain semiconductor region 11 via the projections 61 (see
FIGS. 4 and 6), whereas carriers flow therebetween via
the depressions 62 (see FIGS. 4 and 5).
[0072] More specifically, when a predetermined gate
voltage is applied to the gate electrode 15, there is formed
directly below the gate dielectric layer 14 the n-channel
region 6a (the region directly below the gate dielectric
layer 14 where the conductivity type is inverted from p-
type to n-type). As shown in FIGS. 4 and 5, since the
depressions 62 have no contact with the surface semi-
conductor layer 7, a current route is formed in the n-chan-
nel region 6a and the first side region 92 of the drift region
9, which are of the same conductivity type (n-type). Along
the current route, current flows between the source sem-
iconductor region 10 and the drain semiconductor region
11. That is, carriers present in the source semiconductor
region 10 pass through the channel region 6a, the drift
region 9 (the first side region 92, the intermediate region
91, and the second side region 93), the n-type well sem-
iconductor region 5, and the drain semiconductor region
11.
[0073] Meanwhile, as shown in FIGS. 4 and 6, the pro-
jections 61 have contact with the surface semiconductor
layer 7, and the conductivity types of the channel region
6a and the surface semiconductor layer 7 are opposite
to each other (n-type and p-type, respectively). Accord-
ingly, the current route is interrupted at the contact area,
and thus no current flows between the source semicon-
ductor region 10 and the drain semiconductor region 11.
[0074] As described above, parts where current flows
and parts where no current flows are formed alternately
in the semiconductor device 1A in the width direction (Y
direction as shown in FIG. 4), and consequently, a current
amount per unit area of the semiconductor device 1A can
be reduced. The reduction in current amount per unit
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area enables prevention of current crowding from occur-
ring in the drain semiconductor region 11 as well as pre-
vention of deterioration in forward breakdown voltage of
the semiconductor device 1A.
[0075] Further, as described in background art, in the
case of conventional semiconductor devices, in order to
set the surface semiconductor layer and the source sem-
iconductor region to have the same electric potential, a
contact semiconductor region needs to be formed in the
surface semiconductor layer. On the other hand, accord-
ing to the present embodiment, the contact semiconduc-
tor region is unnecessary, and thus the semiconductor
device 1 can be downsized. More specifically, since the
p-type well semiconductor region 6 and the surface sem-
iconductor layer 7 have contact with each other by means
of the projections 61, the source semiconductor region
10 and the surface semiconductor layer 7 have substan-
tially the same electric potential, and thus the contact
semiconductor region is unnecessary.

(Third embodiment)

[0076] A third embodiment of the present invention will
be described with reference to the drawings.
[0077] FIG. 7 is a plan view showing essential parts of
a semiconductor device according to a third embodiment
of the present invention. FIG. 8 is a cross-sectional view
of the semiconductor device shown in FIG. 7 taken along
line A - A. FIG. 9 is a cross-sectional view of the semi-
conductor device shown in FIG. 7 taken along line B - B.
It should be noted that no electrodes or field oxide layer
are shown in FIG. 7. In the third embodiment, compo-
nents that are identical to those in the first embodiment
will be denoted by the corresponding identical reference
characters, and no explanation will be given therefor.
[0078] In the third embodiment, an exemplary case will
be described where the "first conductivity type" and the
"second conductivity type" recited in the claims represent
the n-type and the p-type, respectively.
[0079] The above-described first embodiment is an
embodiment on the lateral n-type channel LDMOS,
whereas the third embodiment is an embodiment on a
lateral n-type channel LIGBT (lateral insulated gate bi-
polar transistor).
[0080] A semiconductor device 1B according to the
third embodiment includes a collector semiconductor re-
gion 110 containing a p-type impurity (typically boron) in
a high concentration, which corresponds to the drain
semiconductor region 11 containing an n-type impurity
in a high concentration according to the first embodiment.
The collector semiconductor region 110 is electrically
connected to a collector terminal C via a collector elec-
trode (not shown). The region which functions as the
source semiconductor region 10 in the first embodiment
is replaced with an emitter semiconductor region 100 in
the present embodiment. The emitter semiconductor re-
gion 100 is electrically connected to an emitter terminal
E via an emitter electrode (not shown).

[0081] In the third embodiment, a structure having pro-
jections and depressions similar to that in the first em-
bodiment is adopted. That is, parts of the surface semi-
conductor layer 7 and parts of the p-type well semicon-
ductor region 6 are connected via a p-type semiconduc-
tor. According to the example shown in FIGS. 7 to 9, as
shown in the plan view (see FIG. 7), the surface semi-
conductor layer 7 partially extends along the gate dielec-
tric layer 14 to the p-type well semiconductor region 6.
More specifically, as shown in the plan view of FIG. 7,
an end of the surface semiconductor layer 7 that is on
the side to the p-type well semiconductor region 6 is
formed with alternate projections and depressions. As
shown in FIGS. 7 and 9, an end of the projection (pro-
jecting part) 71 has contact with the p-type well semicon-
ductor region 6. As shown in FIGS. 7 and 8, the depres-
sion 72 is distanced from the p-type well semiconductor
region 6.
[0082] With the structure having the projections and
depressions, when a predetermined gate voltage is ap-
plied to the gate electrode 15 to switch the semiconductor
device 1B to the on state, no carrier flows between the
emitter semiconductor region 100 and the collector sem-
iconductor region 110 via the projections 71 (see FIGS.
7 and 9), whereas carriers flow therebetween via the de-
pressions 72 (see FIGS. 7 and 8). The bold line arrow in
FIG. 7 and the dashed line arrow in FIG. 8 indicate flows
of carriers. The symbol " 3 " in FIG. 9 indicates no carrier
flows.
[0083] More specifically, when a predetermined gate
voltage is applied to the gate electrode 15, there is formed
directly below the gate dielectric layer 14 the n-channel
region 6a (the region directly below the gate dielectric
layer 14 where the conductivity type is inverted from p-
type to n-type). As shown in FIGS. 7 and 8, since the
depressions 72 have no contact with the p-type well sem-
iconductor region 6, a current route is formed in the n-
channel region 6a and the first side region 92 of the drift
region 9, which are of the same conductivity type (n-type).
Along the current route, current flows between the emitter
semiconductor region 100 and the collector semiconduc-
tor region 110. That is, carriers present in the emitter
semiconductor region 100 pass through the channel re-
gion 6a, the drift region 9 (the first side region 92, the
intermediate region 91, and the second side region 93),
the n-type well semiconductor region 5, and the collector
semiconductor region 110.
[0084] Meanwhile, as shown in FIGS. 7 and 9, the pro-
jections 71 have contact with the p-type well semicon-
ductor region 6, and the conductivity types of the channel
region 6a and the surface semiconductor layer 7 are op-
posite to each other (n-type and p-type, respectively).
Accordingly, the current route is interrupted at the contact
area, and thus no current flows between the emitter sem-
iconductor region 100 and the collector semiconductor
region 110.
[0085] As described above, parts where current flows
and parts where no current flows are formed alternately
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in the semiconductor device 1B in the width direction (Y
direction as shown in FIG. 7), and consequently, a current
amount per unit area of the semiconductor device 1B can
be reduced. The reduction in current amount per unit
area enables prevention of current crowding from occur-
ring in the collector semiconductor region 110 as well as
prevention of deterioration in forward breakdown voltage
of the semiconductor device 1B.
[0086] Further, as described in background art, in the
case of conventional semiconductor devices, in order to
set the surface semiconductor layer and the source sem-
iconductor region to have the same electric potential, a
contact semiconductor region needs to be formed in the
surface semiconductor layer. On the other hand, accord-
ing to the present embodiment, the contact semiconduc-
tor region is unnecessary, and thus the semiconductor
device 1B can be downsized. More specifically, since the
p-type well semiconductor region 6 and the surface sem-
iconductor layer 7 have contact with each other by means
of the projections 71, the source semiconductor region
10 and the surface semiconductor layer 7 have substan-
tially the same electric potential, and thus the contact
semiconductor region is unnecessary.
[0087] It should be noted that with the structure having
projections and depressions, the dimension of the sem-
iconductor device 1B in the width direction increases.
However, if the semiconductor device 1B is formed in a
ring shape or the like, such increase in dimension of the
semiconductor device 1B in the width direction has a
smaller impact (substantially no impact) on the size of
the semiconductor device 1B.

(Fourth embodiment)

[0088] A fourth embodiment of the present invention
will be described with reference to the drawings.
[0089] FIG. 10 is a plan view showing essential parts
of a semiconductor device according to a fourth embod-
iment of the present invention. FIG. 11 is a cross-sec-
tional view of the semiconductor device shown in FIG.
10 taken along line A - A. FIG. 12 is a cross-sectional
view of the semiconductor device shown in FIG. 10 taken
along line B - B. It should be noted that no electrodes or
field oxide layer are shown in FIG. 10. In the fourth em-
bodiment, components that are identical to those in the
first embodiment will be denoted by the corresponding
identical reference characters, and no explanation will
be given therefor.
[0090] In the fourth embodiment, an exemplary case
will be described where the "first conductivity type" and
the "second conductivity type" recited in the claims rep-
resent the n-type and the p-type, respectively.
[0091] A semiconductor device 1C according to the
fourth embodiment does not include the surface semi-
conductor layer 7 or the bottom semiconductor layer 8
which are included in the device according to the first
embodiment. In the third embodiment, the following
structure is adopted.

[0092] Since the device according to the fourth embod-
iment does not include the surface semiconductor layer
7 and the bottom semiconductor layer 8, the drift region
9 is not divided into the intermediate region, the first side
region, or the second side region unlike the first embod-
iment. The drift region 9 has contact with the p-type well
semiconductor region 6 at its one end and with the n-
type well semiconductor region 5 at the other end.
[0093] The p-type well semiconductor region 6 partially
extends along the gate dielectric layer 14 in the n-type
drift region 9. Specifically, the p-type well semiconductor
region 6 partially extends, in the drift region 9, longer than
the length of the gate dielectric layer 14 in a direction in
which carriers move (i.e., to the position beyond the part
directly below the boundary between the gate dielectric
layer 14 and the field oxide layer 16).
[0094] More specifically, as shown in the plan view of
FIG. 10, an end of the p-type well semiconductor region
6 that is on the side to the n-type well semiconductor
region 5 is formed with alternate projections and depres-
sions. As shown in FIGS. 10 and 12, an end of the pro-
jection (projecting part) 61 has contact with the n-type
well semiconductor region 5. As shown in FIGS. 10 and
11, the depression 62 is distanced from the n-type well
semiconductor region 5, and does not reach the position
directly below the boundary between the gate dielectric
layer 14 and the field oxide layer 16.
[0095] With a structure having the above-described
projections and depressions, when a predetermined gate
voltage is applied to the gate electrode 15 to switch the
semiconductor device 1C to the on state, no carriers flow
between the source semiconductor region 10 and the
drain semiconductor region 11 via the projections 61 (see
FIGS. 10 and 12), whereas carriers flow therebetween
via the depressions 62 (see FIGS. 10 and 11). The bold
line arrow in FIG. 10 and the dashed line arrow in FIG.
11 indicate flows of carriers. The symbol " 3 " in FIG. 12
indicates no carrier flows.
[0096] More specifically, when a predetermined gate
voltage is applied to the gate electrode 15, there is formed
directly below the gate dielectric layer 14 the n-channel
region 6a (the region directly below the gate dielectric
layer 14 where the conductivity type is inverted from p-
type to n-type). As shown in FIGS. 10 and 11, since the
depressions 62 are shorter in the direction in which car-
riers move than the gate dielectric layer 14 (i.e., not ex-
tending beyond the gate dielectric layer 14), a current
route is formed in the n-channel region 6a and the drift
region 9, which are of the same conductivity type (n-type).
Along the current route, current flows between the source
semiconductor region 10 and the drain semiconductor
region 11. That is, carriers present in the source semi-
conductor region 10 pass through the channel region 6a,
the drift region 9, the n-type well semiconductor region
5, and the drain semiconductor region 11.
[0097] Meanwhile, as shown in FIGS. 10 and 12, the
projections 61 extend longer than the length of the gate
dielectric layer 14 in the direction in which carriers move
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(i.e., to the position beyond the gate dielectric layer 14
(the position reaching the n-type well semiconductor re-
gion 5 in FIG. 12)). Accordingly, the current route is in-
terrupted in the projections 61 at the part directly below
the boundary between the gate dielectric layer 14 and
the field oxide layer 16, and thus no current flows between
the source semiconductor region 10 and the drain sem-
iconductor region 11.
[0098] As described above, parts where current flows
and parts where no current flows are formed alternately
in the semiconductor device 1C in the width direction (Y
direction as shown in FIG. 10), and consequently, a cur-
rent amount per unit area of the semiconductor device
1C can be reduced. The reduction in current amount per
unit area enables prevention of current crowding from
occurring in the drain semiconductor region 11 as well
as prevention of deterioration in forward breakdown volt-
age of the semiconductor device 1C.
[0099] Further, as described in background art, in the
case of conventional semiconductor devices, in order to
set the surface semiconductor layer and the source sem-
iconductor region to have the same electric potential, a
contact semiconductor region needs to be formed in the
surface semiconductor layer. On the other hand, accord-
ing to the present embodiment, because of no surface
semiconductor layer, the contact semiconductor region
is unnecessary, and thus the semiconductor device 1C
can be downsized.
[0100] It should be noted that the above-described
fourth embodiment may have a structure in which the n-
type and the p-type are reversed.

(Fifth embodiment)

[0101] A fifth embodiment of the present invention will
be described with reference to the drawings.
[0102] FIG. 13 is a plan view showing essential parts
of a semiconductor device according to a fifth embodi-
ment of the present invention. FIG. 14 is a cross-sectional
view of the semiconductor device shown in FIG. 13 taken
along line A - A. FIG. 15 is a cross-sectional view of the
semiconductor device shown in FIG. 13 taken along line
B - B. It should be noted that no electrodes or field oxide
layer are shown in FIG. 13. In the fifth embodiment, com-
ponents that are identical to those in the fourth embodi-
ment will be denoted by the corresponding identical ref-
erence characters, and no explanation will be given
therefor.
[0103] In the fifth embodiment, an exemplary case will
be described where the "first conductivity type" and the
"second conductivity type" recited in the claims represent
the n-type and the p-type, respectively.
[0104] The above-described fourth embodiment is an
embodiment on the lateral n-type channel LDMOS,
whereas the fifth embodiment is an embodiment on a
lateral n-type channel LIGBT (lateral insulated gate bi-
polar transistor).
[0105] A semiconductor device 1D according to the

fifth embodiment includes a collector semiconductor re-
gion 110 containing a p-type impurity (typically boron) in
a high concentration, which corresponds to the drain
semiconductor region 11 containing an n-type impurity
in a high concentration according to the fourth embodi-
ment. The collector semiconductor region 110 is electri-
cally connected to a collector terminal C via the collector
electrode (not shown). The region which functions as the
source semiconductor region 10 in the fourth embodi-
ment is replaced with an emitter semiconductor region
100 in the fifth embodiment. The emitter semiconductor
region 100 is electrically connected to the emitter terminal
E via an emitter electrode (not shown).
[0106] In the fifth embodiment, the structure having
projections and depressions similar to that in the fourth
embodiment is adopted.
[0107] More specifically, as shown in the plan view of
FIG. 13, an end of the p-type well semiconductor region
6 that is on the side to the n-type well semiconductor
region 5 is formed with alternate projections and depres-
sions. As shown in FIGS. 13 and 15, an end of the pro-
jection (projecting part) 61 has contact with the n-type
well semiconductor region 5. As shown in FIGS. 13 and
14, the depression 62 is distanced from the n-type well
semiconductor region 5, and does not reach the part di-
rectly below the boundary between the gate dielectric
layer 14 and the field oxide layer 16.
[0108] Accordingly, as in the fourth embodiment, parts
where current flows and parts where no current flows are
formed alternately in the semiconductor device 1D in the
width direction (Y direction as shown in FIG. 13), and
consequently, a current amount per unit area of the sem-
iconductor device 1D can be reduced. The reduction in
current amount per unit area enables prevention of cur-
rent crowding from occurring in the drain semiconductor
region 11 as well as prevention of deterioration in forward
breakdown voltage of the semiconductor device 1D.
[0109] Further, in the present embodiment, since a
contact semiconductor region is unnecessary, the sem-
iconductor device 1D can be downsized.

(Sixth embodiment)

[0110] A sixth embodiment of the present invention will
be described with reference to the drawings.
[0111] FIG. 16 is a plan view showing essential parts
of a semiconductor device according to a sixth embodi-
ment of the present invention. FIG. 17 is a cross-sectional
view of the semiconductor device shown in FIG. 16 taken
along line A - A. FIG. 18 is a cross-sectional view of the
semiconductor device shown in FIG. 16 taken along line
B - B. It should be noted that no electrodes or field oxide
layer are shown in FIG. 16. In the sixth embodiment, com-
ponents that are identical to those in the first embodiment
will be denoted by the corresponding identical reference
characters, and no explanation will be given therefor.
[0112] In the sixth embodiment, an exemplary case will
be described where the "first conductivity type" and the
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"second conductivity type" recited in the claims represent
the n-type and the p-type, respectively.
[0113] A semiconductor device 1E according to the
sixth embodiment is different from that according to the
first embodiment in that a bottom semiconductor layer
17 is formed between the surface semiconductor layer 7
and the bottom semiconductor layer 8.
[0114] Specifically, as shown in FIGS. 17 and 18, the
semiconductor active layer 4 includes the bottom semi-
conductor layer 17 instead of the intermediate region 91
of the drift region 9 according to the first embodiment.
The bottom semiconductor layer 17 has contact at its one
end with the n-type well semiconductor region 5. The
bottom semiconductor layer 17 contains an n-type impu-
rity (typically phosphorus). The impurity concentration is
higher than the impurity concentration in the intermediate
region 91 of the drift region 9 according to the first em-
bodiment. With this structure, it is possible to reduce the
on-resistance of the semiconductor device 1E.

(Seventh embodiment)

[0115] A seventh embodiment of the present invention
will be described with reference to the drawings.
[0116] FIG. 19 is a plan view showing essential parts
of a semiconductor device according to a seventh em-
bodiment of the present invention. FIG. 20 is a cross-
sectional view of the semiconductor device shown in FIG.
19 taken along line A - A. FIG. 21 is a cross-sectional
view of the semiconductor device shown in FIG. 19 taken
along line B - B. It should be noted that no electrodes or
field oxide layer are shown in FIG. 19. In the seventh
embodiment, components that are identical to those in
the first embodiment will be denoted by the correspond-
ing identical reference characters, and no explanation
will be given therefor.
[0117] In the seventh embodiment, an exemplary case
will be described where the "first conductivity type" and
the "second conductivity type" recited in the claims rep-
resent the n-type and the p-type, respectively.
[0118] The above-described first embodiment is an
embodiment on the lateral n-type channel LDMOS,
whereas the seventh embodiment will be an embodiment
on a p-type channel LDMOS.
[0119] Firstly, an outline of a semiconductor device 1F
according to the seventh embodiment will be described.
[0120] The semiconductor device 1F includes the sem-
iconductor substrate 2 made of a single crystal silicon
containing a second conductivity type (p-type) impurity
in a high concentration, the buried oxide layer 3 made of
silicon oxide (SiO2) formed on the semiconductor sub-
strate 2, and the active layer 4A made of a single crystal
silicon formed on the buried oxide layer 3.
[0121] The structure of the active layer 4 is such that
a well semiconductor region 6A which is of first conduc-
tivity type (n-type) and surrounds a source semiconduc-
tor region 10A of second conductivity type (p-type) and
a well semiconductor region 5A which is of second con-

ductivity type (p-type) and surrounds a drain semicon-
ductor region 11A of second conductivity type (p-type)
are arranged in such a manner as to sandwich a drift
region 9A of first conductivity type (n-type).
[0122] On a part of the surface of the active layer 4A,
the gate electrode 15 is formed via the gate dielectric
layer 14 which has contact with the surface of the well
semiconductor region 6A of first conductivity type and
with the surface of the drift region 9A of first conductivity
type. In the surface part of the active layer 4A, there is
formed a surface semiconductor layer 7A of second con-
ductivity type (p-type) which has contact with the gate
dielectric layer 14. The surface semiconductor layer 7A
corresponds to the " second conductivity type surface
layer" recited in the claims.
[0123] Parts of the surface semiconductor layer 7 and
parts of the well semiconductor region 5A of second con-
ductivity type (p-type) are connected with one another.
[0124] Hereinafter, the semiconductor device 1F will
be described in detail.
[0125] The semiconductor substrate 2 may contain the
p-type impurity in a high concentration, or may contain
an n-type impurity (typically phosphorus) in a high con-
centration. The semiconductor substrate 2 can substan-
tially be evaluated as a conductive material. In order to
maintain the mechanical strength (against warpage or
the like) of wafers, the resistivity of the semiconductor
substrate 2 is preferably set as low as about 1 to 100
mΩ·cm. The thickness of the buried oxide layer 3 is, for
example, set to 3 to 5mm
[0126] The active layer 4A has the p-type well semi-
conductor region 5A, the n-type well semiconductor re-
gion 6A, the surface semiconductor layer 7A, a bottom
semiconductor layer 8A, the drift region 9A, and the
source semiconductor region 10A. The thickness of the
active layer 4A is, for example, set to about 2.0 to 2.5
mm. With the thickness of 2.0 mm or greater, the ESD
withstand capability is less likely to deteriorate. In the
present embodiment, for example, a known RESURF
structure of which application has previously been filed
by the applicant of the present invention may be applied
(see Japanese laid-open application publication No.
2007 - 173422).
[0127] The p-type well semiconductor region 5A is
formed as a part of the active layer 4A, and contains a
p-type impurity (typically boron). The impurity concentra-
tion in the p-type well semiconductor region 5A is adjust-
ed to approximately 5 3 1016 to 5 3 1017cm-3. The p-
type well semiconductor region 5A includes in its surface
part the drain semiconductor region 11A which contains
a p-type impurity (typically boron) in a high concentration.
The drain semiconductor region 11A can be evaluated
as a part of the p-type well semiconductor region 5A. The
impurity concentration in the drain semiconductor region
11A is adjusted to approximately 1 3 1019 to 1 3 1022

cm-3. The p-type well semiconductor region 5A is elec-
trically connected to the drain terminal D via the drain
semiconductor region 11A and the drain electrode (not
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shown). The p-type well semiconductor region 5A ex-
tends from the top surface to the bottom surface of the
active layer 4A. The semiconductor device 1F has an
overlapped region where a part of the p-type well semi-
conductor region 5A and a part of the bottom semicon-
ductor layer 8A overlap each other.
[0128] The n-type well semiconductor region 6A is
formed as a part of the active layer 4A, and is isolated
from the p-type well semiconductor region 5A by the drift
region 9A. The n-type well semiconductor region 6A con-
tains an n-type impurity (typically phosphorus). The im-
purity concentration in the n-type well semiconductor re-
gion 6A is adjusted to approximately 5 3 1016 to 5 3
1017 cm-3. The n-type well semiconductor region 6A in-
cludes in its surface part a well-contacting semiconductor
region 13A which contains an n-type impurity (typically
phosphorus) in a high concentration. The impurity con-
centration in the well-contacting semiconductor region
13A is adjusted to approximately 1 3 1019 to 1 3 1022

cm-3. The well-contacting semiconductor region 13A can
be evaluated as a part of the n-type well semiconductor
region 6A. The n-type well semiconductor region 6A is
electrically connected to the source terminal S via the
well-contacting semiconductor region 13A and the
source electrode (not shown). The n-type well semicon-
ductor region 6A extends from the top surface to the bot-
tom surface of the active layer 4A. The n-type well sem-
iconductor region 6A has contact with the buried oxide
layer 3.
[0129] The source semiconductor region 10A is
formed in the surface part of the n-type well semiconduc-
tor region 6A, and is isolated from the drift region 9A by
the n-type well semiconductor region 6. The source sem-
iconductor region 10A contains a p-type impurity (typi-
cally boron) in a high concentration. The source semi-
conductor region 10A is electrically connected to the
source terminal S via the source electrode (not shown).
[0130] The surface semiconductor layer 7A is formed
in the surface part of the active layer 4A, and is interposed
between the p-type well semiconductor region 5A and
the n-type well semiconductor region 6A. The surface
semiconductor layer 7A contains a p-type impurity (typ-
ically boron). The value obtained by integrating the im-
purity concentrations in the surface semiconductor layer
7A in its thickness direction is adjusted to approximately
1 3 1012 to 5 3 1012 cm-2. An end of the surface semi-
conductor layer 7 has contact with the n-type well sem-
iconductor region 6A.
[0131] The bottom semiconductor layer 8A is formed
in the bottom part of the active layer 4A, interposed be-
tween the p-type well semiconductor region 5A and the
n-type well semiconductor region 6A, and isolated from
the surface semiconductor layer 7A by the drift region
9A. The bottom semiconductor layer 8A has contact with
the n-type well semiconductor region 6A and is distanced
from the n-type well semiconductor region 5A. The bot-
tom semiconductor layer 8A contains an n-type impurity
(typically phosphorus). The impurity concentration in the

bottom semiconductor layer 8A decreases from its sur-
face joining the buried oxide layer 3 toward its top surface.
The thickness of the bottom semiconductor layer 8A is
adjusted to approximately 0.5mm or smaller. The bottom
semiconductor layer 8A has seven sectional regions. The
impurity concentration in the sectional regions varies.
The impurity concentration in the sectional regions de-
creases from the one that is proximate to the n-type well
semiconductor region 6A toward the one that is proxi-
mate to the p-type well semiconductor region 5A. The
impurity concentration in the sectional regions is set high-
er than the impurity concentration in the drift region 9A
interposed between the surface semiconductor layer 7A
and the bottom semiconductor layer 8A. The impurity
concentration in the sectional regions increases at inte-
gral multiples from the one proximate to the p-type well
semiconductor region 5A to the one proximate to the n-
type well semiconductor region 6A. At the sectional re-
gion of the highest concentration, the value obtained by
integrating the impurity concentration in the thickness di-
rection is adjusted to approximately 1 3 1012 to 5 3 1012

cm-2.
[0132] The drift region 9A is a region in which carriers
flow. The drift region 9A is in the active layer 4A, and has
a main area 91A which is interposed between the surface
semiconductor layer 7A and the bottom semiconductor
layer 8A, and a first side region 92A which is formed
integrally with the main area 91A and positioned closer
to the p-type well semiconductor region 5A than the sur-
face semiconductor layer 7A is. The main area 91A has
contact with the n-type well semiconductor region 6A,
and the first side region 92A has contact with the p-type
well semiconductor region 5A. The drift region 9A con-
tains an n-type impurity (typically phosphorus) in a low
concentration. The impurity concentration in the drift re-
gion 9A, which is interposed between the surface semi-
conductor layer 7A and the bottom semiconductor layer
8A, is set lower than the impurity concentration in the
bottom semiconductor layer 8A. The impurity concentra-
tion in the drift region 9A decreases from the bottom sur-
face side toward the top surface side. The peak of the
impurity concentration in the drift region 9A is located at
about its interface with the buried oxide layer 3. The value
obtained by integrating the impurity concentration in the
drift region 9A in the thickness direction is adjusted to
approximately 1 3 1012 to 5 3 1012 cm-2. Accordingly,
the amount of electric charge in the drift region 9A is
substantially the same as the amount of electric charge
in the surface semiconductor layer 7A.
[0133] The semiconductor device 1F includes the gate
dielectric layer 14 and the gate electrode 15. The gate
electrode 15 faces via the gate dielectric layer 14 the n-
type well semiconductor region 6A which isolates the
source semiconductor region 10A from the drift region
9A. The gate electrode 15 is electrically connected to the
gate terminal S. The semiconductor device 1F further
includes the field oxide layer 16. The field oxide layer 16
is formed in the surface of the active layer 4A in such a
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manner as to be interposed between the n-type well sem-
iconductor region 6A and the p-type well semiconductor
region 5A. On a part of the surface of the field oxide layer
16 that is on the side to the n-type well semiconductor
region 5A, there is formed the planer electrode 18. The
planer electrode 18 is electrically connected to the drain
electrode D.
[0134] As described above, parts of the surface sem-
iconductor layer 7 and parts of the p-type well semicon-
ductor region 5A are connected via a p-type semicon-
ductor. According to the example shown in FIGS. 19 to
21, as shown in the plan view (see FIG. 19), the surface
semiconductor layer 7A partially extends along the gate
dielectric layer 14 to the p-type well semiconductor region
5A. More specifically, as shown in the plan view of FIG.
19, an end of the surface semiconductor layer 7A that is
on the side to the p-type well semiconductor region 5A
is formed with alternate projections and depressions. As
shown in FIGS. 19 and 21, an end of a projection (pro-
jecting part) 71A has contact with the p-type well semi-
conductor region 5A. As shown in FIGS. 19 and 20, a
depression 72A is distanced from the p-type well semi-
conductor region 5A.
[0135] With a structure having the above-described
projections and depressions, when a predetermined gate
voltage is applied to the gate electrode 15 to switch the
semiconductor device 1F to the on state, carriers flow
between the source semiconductor region 10A and the
drain semiconductor region 11A via the projections 71A
(see FIGS. 19 and 21), whereas no carrier flows there-
between via the depressions 72A (see FIGS. 19 and 20).
The bold line arrow in FIG. 19 and the dashed line arrow
in FIG. 21 indicate flows of carriers. The symbol " 3 " in
FIG. 20 indicates no carrier flows.
[0136] More specifically, when a predetermined gate
voltage is applied to the gate electrode 15, there is formed
directly below the gate dielectric layer 14 a p-channel
region 60a (a region directly below the gate dielectric
layer 14 where the conductivity type is inverted from n-
type to p-type). As shown in FIGS. 19 and 21, since the
projections 71A have contact with the p-type well semi-
conductor region 5A, a current route is formed in the p-
channel region 60a and the surface semiconductor layer
7A, which are of the same conductivity type (p-type), and
a current flows through the current route between the
source semiconductor region 10A and the drain semi-
conductor region 11A. That is, carriers present in the
source semiconductor region 10A pass through the chan-
nel region 60a, the surface semiconductor layer 7A, the
p-type well semiconductor region 5A, and the drain sem-
iconductor region 11A.
[0137] Meanwhile, as shown in FIGS. 19 and 20, the
depressions 72A have no contact with the p-type well
semiconductor region 5A, but have contact with the first
side region 92A. Since the conductivity types of the sur-
face semiconductor layer 7A and the first side region 92A
are opposite to each other (p-type and n-type, respec-
tively), the current route is interrupted at the contact area

between the surface semiconductor layer 7A and the first
side region 92A, and thus no current flows between the
source semiconductor region 10A and the drain semi-
conductor region 11A.
[0138] As described above, parts where currents flows
and parts where no current flows are formed alternately
in the semiconductor device 1F in the width direction (Y
direction as shown in FIG. 19), and consequently, a cur-
rent amount per unit area of the semiconductor device
1F can be reduced. The reduction in the current amount
per unit area enables prevention of current crowding from
occurring in the drain semiconductor region 11A as well
as prevention of deterioration in forward breakdown volt-
age of the semiconductor device 1F.
[0139] Further, in the present embodiment, the contact
semiconductor region is unnecessary, and thus the sem-
iconductor device 1F can be downsized. More specifical-
ly, since the p-type well semiconductor region 5A and
the surface semiconductor layer 7A have contact with
each other by means of the projections 71A, the drain
semiconductor region 11A and the surface semiconduc-
tor layer 7A have substantially the same electric potential,
and thus there is no need to arrange a contact semicon-
ductor region for causing the surface semiconductor lay-
er 7A and the drain semiconductor region 11A to have
the same electric potential.

(Eighth embodiment)

[0140] An eighth embodiment of the present invention
will be described with reference to the drawings.
[0141] FIG. 22 is a plan view showing essential parts
of a semiconductor device according to an eighth em-
bodiment of the present invention. FIG. 23 is a cross-
sectional view of the semiconductor device shown in FIG.
22 taken along line A - A. FIG. 24 is a cross-sectional
view of the semiconductor device shown in FIG. 22 taken
along line B - B. It should be noted that no electrodes or
field oxide layer are shown in FIG. 22. In the eighth em-
bodiment, components that are identical to those in the
seventh embodiment will be denoted by the correspond-
ing identical reference characters, and no explanation
will be given therefor.
[0142] In the eighth embodiment, an exemplary case
will be described where the "first conductivity type" and
the "second conductivity type" recited in the claims rep-
resent the n-type and the p-type, respectively.
[0143] A semiconductor device 1G according to the
eighth embodiment is different from that according to the
seventh embodiment in that a bottom semiconductor lay-
er 17 is formed between the surface semiconductor layer
7A and the bottom semiconductor layer 8A.
[0144] Specifically, as shown in FIGS. 23 and 24, the
active layer 4A includes the bottom semiconductor layer
17 instead of the main area 91A of the drift region 9A
according to the seventh embodiment. The bottom sem-
iconductor layer 17 has contact at its one end with the n-
type well semiconductor region 6A. The bottom semicon-
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ductor layer 17 contains an n-type impurity (typically
phosphorus). The impurity concentration is higher than
the impurity concentration in the main area 91A of the
drift region 9A described in the seventh embodiment.
With this structure including the bottom semiconductor
layer 17, it is possible to increase the concentration of
the surface semiconductor layer 7A without causing de-
terioration in breakdown voltage, and also possible to
reduce the on-resistance of the semiconductor device
1G.

INDUSTRIAL APPLICABILITY

[0145] The present invention is applicable to a semi-
conductor device or the like which is able to prevent de-
terioration in breakdown voltage caused by heat and
which facilitates downsizing.

DESCRIPTION OF THE REFERENCE CHARACTERS

[0146]

1, 1A to 1F lateral semiconductor device
2 semiconductor substrate
3 buried oxide layer
4 active layer
5 n-type well semiconductor region
6 p-type well semiconductor region
61 projection
62 depression
7 surface semiconductor layer
71 projection
72 depression
8 bottom semiconductor layer
9, 9A drift region
91, 91A projection
92, 92A depression
10, 10A source semiconductor region
11, 11A drain semiconductor region
13 well-contacting semiconductor region
14 gate dielectric layer
15 gate electrode
16 field oxide layer
17 bottom semiconductor layer

Claims

1. A lateral semiconductor device, comprising:

a semiconductor substrate;
a buried oxide layer formed on the semiconduc-
tor substrate; and
an active layer formed on the buried oxide layer,
the active layer comprising:

a second conductivity type well region sur-
rounding a first conductivity type source re-

gion;
a first conductivity type well region sur-
rounding a first conductivity type drain re-
gion;
a first conductivity type drift region inter-
posed between the second conductivity
type well region and the first conductivity
type well region; and
a gate electrode formed in a part of a surface
of the active layer via a gate dielectric layer
which has contact with a surface of the sec-
ond conductivity type well region and a sur-
face of the first conductivity type drift region,
wherein

the second conductivity type well region partially
extends along the gate dielectric layer, longer in
a direction in which carriers move than a length
of the gate dielectric layer, into the first conduc-
tivity type drift region.

2. A lateral semiconductor device, comprising:

a semiconductor substrate;
a buried oxide layer formed on the semiconduc-
tor substrate; and
an active layer formed on the buried oxide layer,
the active layer comprising:

a second conductivity type well region sur-
rounding a first conductivity type emitter re-
gion;
a first conductivity type well region sur-
rounding a second conductivity type collec-
tor region;
a first conductivity type drift region inter-
posed between the second conductivity
type well region and the first conductivity
type well region; and
a gate electrode formed in a part of a surface
of the active layer via a gate dielectric layer
which has contact with a surface of the sec-
ond conductivity type well region and a sur-
face of the first conductivity type drift region,
wherein

the second conductivity type well region partially
extends along the gate dielectric layer, longer in
a direction in which carriers move than a length
of the gate dielectric layer, into the first conduc-
tivity type drift region.

3. A lateral semiconductor device, comprising:

a semiconductor substrate;
a buried oxide layer formed on the semiconduc-
tor substrate; and
an active layer formed on the buried oxide layer,

29 30 



EP 2 711 987 A1

17

5

10

15

20

25

30

35

40

45

50

55

the active layer comprising:

a second conductivity type well region sur-
rounding a first conductivity type source re-
gion;
a first conductivity type well region sur-
rounding a first conductivity type drain re-
gion;
a first conductivity type drift region inter-
posed between the second conductivity
type well region and the first conductivity
type well region; and
a gate electrode formed in a part of a surface
of the active layer via a gate dielectric layer
which has contact with a surface of the sec-
ond conductivity type well region and a sur-
face of the first conductivity type drift region,
wherein

in a surface part of the first conductivity type drift
region, a second conductivity type surface layer
having contact with the gate dielectric layer is
laminated, and
a part of the second conductivity type surface
layer and a part of the second conductivity type
well region have contact with each other.

4. A lateral semiconductor device, comprising:

a semiconductor substrate;
a buried oxide layer formed on the semiconduc-
tor substrate; and
an active layer formed on the buried oxide layer,
the active layer comprising:

a second conductivity type well region sur-
rounding a first conductivity type emitter re-
gion;
a first conductivity type well region sur-
rounding a second conductivity type collec-
tor region;
a first conductivity type drift region inter-
posed between the second conductivity
type well region and the first conductivity
type well region; and
a gate electrode formed in a part of a surface
of the active layer via a gate dielectric layer
which has contact with a surface of the sec-
ond conductivity type well region and a sur-
face of the first conductivity type drift region;
wherein

in a surface part of the first conductivity type drift
region, a second conductivity type surface layer
having contact with the gate dielectric layer is
formed, and
a part of the second conductivity type surface
layer and a part of the second conductivity type

well region have contact with each other.

5. A lateral semiconductor device, comprising:

a semiconductor substrate;
a buried oxide layer formed on the semiconduc-
tor substrate; and
an active layer formed on the buried oxide layer,
the active layer comprising:

a first conductivity type well region sur-
rounding a second conductivity type source
region;
a second conductivity type well region sur-
rounding a second conductivity type drain
region;
a first conductivity type drift region inter-
posed between the first conductivity type
well region and the second conductivity type
well region; and
a gate electrode formed in a part of a surface
of the active layer via a gate dielectric layer
which has contact with a surface of the first
conductivity type well region and a surface
of the first conductivity type drift region,
wherein
in a surface part of the first conductivity type
drift region, a second conductivity type sur-
face layer having contact with the gate die-
lectric layer is formed, and

a part of the second conductivity type surface
layer and a part of the second conductivity type
well region have contact with each other.

6. The semiconductor device according to any one of
claims 3 to 5, wherein the part of the second con-
ductivity type surface layer extends along the gate
dielectric layer toward the second conductivity type
well region.
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