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(57) ABSTRACT 

According to one embodiment, a semiconductor element 
includes a first transistor section, a second transistor section, 
a contact region, and a capacitive element section. The first 
transistor section includes a first electrode, a second elec 
trode, a first semiconductor region, a second semiconductor 
region, a third semiconductor region, the third semiconductor 
region, and the third semiconductor region being connected 
to the second electrode, and a third electrode. The second 
transistor section includes a fourth electrode, a fifth electrode, 
a fourth semiconductor region, a fifth semiconductor region, 
a sixth semiconductor region, and the sixth semiconductor 
region being connected to the fifth electrode, and a sixth 
electrode, the second transistor section being arranged adja 
cent to the first transistor section. The contact region includes 
a seventh electrode, electrically connecting the fifth electrode 
and the first electrode. The capacitive element section is con 
nected between the second electrode and the fourth electrode. 
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SEMICONDUCTOR ELEMENT, METHOD 
FOR MANUFACTURING THE SAME, AND 

SEMCONDUCTOR DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is based upon and claims the ben 
efit of priority from Japanese Patent Application No. 2014 
022325, filed on Feb. 7, 2014; the entire contents of which are 
incorporated herein by reference. 

BACKGROUND 

0002 There is a parasitic inductance in a wiring of a semi 
conductor device, and when a semiconductor element 
Switches, an induction Voltage will be generated, which is 
expressed by the product of the parasitic inductance and the 
current change rate (di/dt) at Switching. Thus, a DC voltage of 
an electric power inverter circuit and the induction Voltage 
will be applied to the semiconductor device. In order to 
enhance the reliability of the semiconductor device, it is 
important to reduce Such a parasitic inductance as low as 
possible. Further, in order to downsize the semiconductor 
device, it is also important to scale down the semiconductor 
device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0003 FIG. 1A is a schematic cross-sectional view show 
ing a semiconductor device according to a first embodiment, 
and FIG. 1B is a schematic plan view showing the semicon 
ductor device according to the first embodiment; 
0004 FIG. 2 is a schematic cross-sectional view showing 
an internal structure of the semiconductor device according to 
the first embodiment; 
0005 FIG. 3 is an equivalent circuit diagram of the semi 
conductor device according to the first embodiment; 
0006 FIGS. 4A to 4C are schematic plan views showing 
manufacturing process of the semiconductor device accord 
ing to the first embodiment; 
0007 FIGS.5A to 5C are schematic cross-sectional views 
showing the manufacturing process of the semiconductor 
device according to the first embodiment; 
0008 FIG. 6 is a schematic diagram showing current flows 
in a semiconductor element according to the first embodi 
ment, 
0009 FIG. 7A is a schematic plan view showing a semi 
conductor device according to a first modified example of the 
first embodiment, and FIGS. 7B and 7C are schematic views 
showing flows in a semiconductor element according to the 
first modified example of the first embodiment; 
0010 FIG. 8 is an equivalent circuit diagram of the semi 
conductor device according to the first modified example of 
the first embodiment; 
0011 FIGS. 9A and 9B are schematic cross-sectional 
views showing an internal structure of a semiconductor 
device according to a second modified example of the first 
embodiment; 
0012 FIGS. 10A and 10B are schematic cross-sectional 
views showing a semiconductor device according to a second 
embodiment; 
0013 FIGS. 11A and 11B are schematic plan views show 
ing the semiconductor device according to the second 
embodiment; 
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0014 FIGS. 12A to 12C are schematic cross-sectional 
views showing a manufacturing process of the semiconductor 
device according to the second embodiment; 
0015 FIG. 13 is a schematic cross-sectional view showing 
a semiconductor element according to a third embodiment; 
0016 FIG. 14 is a schematic plan view showing a semi 
conductor device according to a first example of a fourth 
embodiment; 
0017 FIG. 15 is a schematic plan view showing a semi 
conductor device according to a second example of the fourth 
embodiment; and 
0018 FIG. 16 is a schematic plan view showing a semi 
conductor device according to a fifth embodiment. 

DETAILED DESCRIPTION 

0019. According to one embodiment, a semiconductor 
element includes a first transistor section, a second transistor 
section, a contact region, and a capacitive element section. 
0020. The first transistor section includes a first electrode, 
a second electrode, a first conductivity-type first semiconduc 
tor region provided between the second electrode and the first 
electrode, a second conductivity-type second semiconductor 
region provided between the first semiconductor region and 
the second electrode, a first conductivity-type third semicon 
ductor region provided between the second semiconductor 
region and the second electrode, the third semiconductor 
region having an impurity concentration higher than an impu 
rity concentration of the first semiconductor region, and the 
third semiconductor region being connected to the second 
electrode, and a third electrode sandwiching a first insulating 
film with the first semiconductor region, the second semicon 
ductor region and the third semiconductor region. 
0021. The second transistor section includes a fourth elec 
trode arranged adjacent to the first electrode in a first direc 
tion, a fifth electrode arranged adjacent to the second elec 
trode in the first direction, a first conductivity-type fourth 
semiconductor region provided between the fifth electrode 
and the fourth electrode, a second conductivity-type fifth 
semiconductor region provided between the fourth semicon 
ductor region and the fifth electrode, a first conductivity-type 
sixth semiconductor region provided between the fifth semi 
conductor region and the fifth electrode, the sixth semicon 
ductor region having an impurity concentration higher than 
an impurity concentration of the fourth semiconductor 
region, and the sixth semiconductor region being connected 
to the fifth electrode, and a sixth electrode sandwiching a 
second insulating film with the fourth semiconductor region, 
the fifth semiconductor region and the sixth semiconductor 
region, the second transistor section being arranged adjacent 
to the first transistor section in the first direction. 
0022. The contact region includes a seventh electrode 
extended in a second direction intersecting with the first 
direction and the seventh electrode provided between the first 
semiconductor region and the fourth semiconductor region, 
the contact region electrically connects the fifth electrode and 
the first electrode. 

0023 The capacitive element section is connected 
between the second electrode and the fourth electrode. 

0024. Embodiments of the invention will now be 
described with reference to drawings. In the following 
description, the same reference numeral is given to the same 
member and the description is omitted regarding to a member 
described once as appropriate. 
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First Embodiment 

0.025 FIG. 1A is a schematic cross-sectional view show 
ing a semiconductor device according to the first embodi 
ment, and FIG. 1B is a schematic plan view showing the 
semiconductor device according to the first embodiment. In 
FIG. 1A, a cross-section along a line A-B in FIG. 1B is 
represented. 
0026 FIG. 2 is a schematic cross-sectional view showing 
the internal structure of the semiconductor device according 
to the first embodiment. 
0027. The semiconductor device 1 according to the first 
embodiment can form an inverter circuit as one example of an 
electronic circuit. The semiconductor device 1 is also called 
as a semiconductor module. The semiconductor device 1 has 
two semiconductor elements 100 arranged in Y-direction. 
One of the two semiconductor elements 100 has a transistor 
section TR1 (first transistor section), and the other has a 
transistor section TR2 (second transistor section). 
0028 Both of the transistor section TR1 and the transistor 
section TR2 have, for example, a MOSFET (Metal Oxide 
Semiconductor Field Effect Transistor) having the same 
structure. In FIG. 2, a part surrounded by a dashed line is a 
smallest unit (unit cell) of the MOSFET included in the tran 
sistor section TR1 (or the transistor section TR2). 
0029. First, the MOSFET included in the transistor section 
TR1 (or TR2) will be described with reference to FIG. 2. 
0030. In the transistor section TR1, a source electrode 11A 
(a second electrode) is provided above a drain electrode 10A 
(a first electrode). An n-type (first conductivity-type) drift 
region 20A (a first semiconductor region) is provided 
between the source electrode 11A and the drain electrode 
10A. An n-type buffer region 25A is provided between the 
drift region 20A and the drain electrode 10A. An impurity 
concentration of the buffer region 25A is higher than that of 
the drift region 20A. 
0031. A p-type (second conductivity-type) base region 
30A (second semiconductor region) is provided between the 
drift region 20A and the source electrode 11A. An n-type 
Source region 40A (third semiconductor region) is provided 
between the base region 30A and the source electrode 11A. 
An impurity concentration of the Source region 40A is higher 
than that of the drift region 20A. The source region 40A is 
connected to the source electrode 11A. 
0032. A p"-type contact region 41A is provided between 
the base region 30A and the source electrode 11A. An impu 
rity concentration of the contact region 41A is higher than that 
of the base region30A. The source region 40A is connected to 
the source electrode 11A. 
0033. In the first embodiment, a layer including the drift 
region 20A, the buffer region 25A, the base region 30A, the 
Source region 40A, and the contact region 41A is referred to 
as a semiconductor containing layer 60A. The semiconductor 
containing layer 60A is provided between the drain electrode 
10A and the source electrode 11A. 

0034. A gate electrode 50A (third electrode) is in contact 
with the drift region 20A, the base region 30A, and the source 
region 40A via a gate insulating film 51A (first insulating 
film). Therefore, the gate electrode 50A sandwiches the gate 
insulating film 51A with the drift region 20A, the base region 
30A, and the source region 40A. 
0035. There are a plurality of unit cells (UCs) in the tran 
sistor section TR1. Current of several to several hundreds of 
ampere (A) can be flown between the source electrode 11A 
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and the drain electrode 10A. Further, a pn diode (built-in 
diode) is constructed by the base region 30A and the drift 
region 20A. 
0036 Although, a planar structure gate electrode to be 
used for the semiconductor element 100 is illustrated, a trench 
gate structure gate electrode may be used. Further, it is pos 
sible to construct an IGBT in the transistor section TR1 by 
forming a p-type semiconductor region between the drain 
electrode 10A and the buffer region 25A. However, since a 
built-in diode is used in this case, it is difficult to use an IGBT 
using a p-type substrate. For example, an IGBT formed in a 
portion of an n-type MOSFET (a portion facing to a MOS 
channel portion) by ion-implanting of a p-layer in which a 
built-in diode can function may be used. 
0037. In the transistor section TR2, the drain electrode 
10A represented in FIG. 2 becomes a drain electrode 10B 
(fourth electrode), and the source electrode 11A becomes a 
source electrode 11B (fifth electrode). Further, the drift 
region 20A becomes a drift region 20B (fourth semiconductor 
region), the buffer region 25A becomes a buffer region 25B, 
and the base region 30A becomes a base region 30B (fifth 
semiconductor region). 
0038. Further, the source region 40A becomes a source 
region 40B (sixth semiconductor region), and the contact 
region 41A becomes a contact region 41B. Further, the gate 
insulating film 51A becomes a gate insulating film 51B (sec 
ond insulating film), and the gate electrode 50A becomes a 
gate electrode 50B (sixth electrode). Further, a layer includ 
ing the drift region 20B, the buffer region 25B, the base region 
30B, the source region 40B, and the contact region 41B is 
referred to as a semiconductor containing layer 60B. 
0039. There are also a plurality of unit cells (UCs) in the 
transistor section TR2. Current of several to several hundreds 
of ampere (A) can be flown between the source electrode 11B 
and the drain electrode 10B. Further, a pn diode (built-in 
diode) is constructed by the base region 30B and the drift 
region 20B. 
0040. The semiconductor material of the transistor sec 
tions TR1 and TR2 is SiC. Si, etc., for example. 
0041. The semiconductor device represented in FIGS. 1A 
and 1B will now be described. In FIG. 1A, representation of 
the gate electrode and the gate insulating film are omitted. 
0042. As mentioned above, in the semiconductor device 1, 
two semiconductor elements 100 are arranged adjacent to 
each other in X-direction (third direction). In each of the two 
semiconductor elements 100, the drain electrode 10A and the 
drain electrode 10B are arranged adjacent to each other in 
Y-direction. The source electrode 11A and the source elec 
trode 11B are arranged adjacent to each other in Y-direction. 
0043. In the semiconductor element 100, a through elec 
trode 120 (seventh electrode) is provided between the drift 
region 20A and the drift region 20B, for example. The 
through electrode 120 is provided between a semiconductor 
containing layer 60A and a semiconductor containing layer 
60B and between the source electrode 11A and the source 
electrode 11B. In other words, the through electrode 120 is 
provided between transistor section TR1 and transistor sec 
tion TR2. Insulating layer 123 is provided between the 
through electrode 120 and the semiconductor containing 
layer 60A, between the through electrode 120 and the source 
electrode 11A, between the through electrode 120 and the 
semiconductor containing layer 60B, and between the 
through electrode 120 and the source electrode 11B. 
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0044) The through electrode 120 is extended in Z-direc 
tion (second direction) intersecting Y-direction. The through 
electrode 120 is connected to an electrode 121. The electrode 
121 is connected to the source electrode 11B. That is, the 
source electrode 11B and the drain electrode 10A are electri 
cally connected by a contact region 122 including the through 
electrode 120 and the electrode 121. 

0045. The source electrode 11A is connected to an elec 
trode 111 provided on the source electrode 11A. Further, 
another through electrode 110 (eighth electrode) is provided 
from the source electrode 11A toward the side of the drain 
electrode 10A (however, the source electrode 11A is not 
connected to the drain electrode 10A, instead, it is connected 
to the drain electrode 10B via a contact region and a capaci 
tive region (capacitive element section 203), as described 
later). The through electrode 110 is formed beside the tran 
sistor section TR1 on the side opposite to the through elec 
trode 120. The through electrode 110 is electrically connected 
to the source electrode 11A. The through electrode 110 is 
extended in Z-direction. That is, the contact region 112 
including the electrode 111 and the through electrode 110 is 
connected to the source electrode 11A and drawn out to the 
side of the drain electrode 10A. The insulating layer 113 is 
provided between the through electrode 110 and the semicon 
ductor containing layer 60A and between the through elec 
trode 120 and the source electrode 11A. Further, the insulat 
ing layer 113 is also provided on the side opposite to the 
semiconductor containing layer 60A. 
0046. In a case where the source electrode 11B and the 
drain electrode 10A are electrically connected to each other 
by the contact region 122, a capacitive element section 203 is 
connected between the source electrode 11A and the drain 
electrode 10B. For example, the capacitive element section 
203 has electrodes 200 and 201, and has a dielectric body 202 
sandwiched between the electrode 200 and the electrode 201. 
The dielectric body 202 includes a high-k dielectric material. 
The dielectric body 202 is electrically connected to the source 
electrode 11A via the contact region 112. In other words, the 
capacitive element section 203 is connected between the 
source electrode 11A and the drain electrode 10B via the 
through electrode 110. The electrode 201 is connected to the 
drain electrode 10B. 

0047 Although, a state where the dielectric body 202 
included in the capacitive element section 203 is located on 
the lower side of the drain electrode 10A is represented in the 
figure, the dielectric body 202 may be located on the lower 
side of the drain electrode 10B. 

0048 ADC terminal 300N, which is an electrode termi 
nal, is drawn out from the electrode 111, and a DC terminal 
300P, which is an electrode terminal, is drawn out from the 
electrode 201. An AC terminal 300AC, which is an electrode 
terminal, is drawn out from the electrode 121. The AC termi 
nal 300AC may be electrically connected to the drain elec 
trode 10A instead of the source electrode 11B. In addition, the 
semiconductor containing layers 60A and 60B, the source 
electrodes 11A and 11B, and the drain electrodes 10A and 
10B are covered with the insulating layers 113, 180, 123, 181 
and 400. 

0049 Further, positions at which the through electrodes 
110 and 120, the source electrodes 11A and 11B, and the 
drain electrodes 10A and 10B are disposed are not limited to 
the positions shown in the figure, and they may be changed in 
X and Y-directions as appropriate. 
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0050. Further, when a cut surface formed in case of cutting 
the drift regions 20A and 20B vertically with respect to Z-di 
rection, the drift regions 20A and 20B are surrounded by the 
insulating layers 400 and 113. 
0051 Although the semiconductor device 1 in which a set 
of two semiconductor elements 100 became one chip (semi 
conductor chip) is illustrated in FIG. 1B, the semiconductor 
device 1 may be provided with the sets at a plurality of 
numbers. 
0.052 FIG. 3 is an equivalent circuit diagram of the semi 
conductor device according to the first embodiment. 
0053. In FIG. 3, an inverter circuit for converting a DC 
Voltage into an AC Voltage is represented. 
0054. In the semiconductor device 1, two semiconductor 
elements 100 are arranged adjacent to each other in X-direc 
tion. In each of the two semiconductor elements 100, the 
direction from the source electrode 11A to the source elec 
trode 11B (or the direction of a current path through which 
current flows from the source electrode 11B to the source 
electrode 11A) is the same direction. In each of the two 
semiconductor elements 100, the direction from the drain 
electrode 10A to the drain electrode 10B is the same direc 
tion. 
0055 Respective DC terminals 300N of the two semicon 
ductor elements 100 are commonalized to be one DC terminal 
300N. Further, respective DC terminals 300P of the two semi 
conductor elements 100 are commonalized to be one DC 
terminal 300P. 
0056. If switching operation between the transistor section 
TR1 and the transistor section TR2 is controlled as appropri 
ate from an external wiring by applying a negative potential 
(first polarity potential) to the DC terminal 300N and a posi 
tive potential (second polarity potential) to the DC terminal 
300P, an AC voltage will be outputted between two AC ter 
minals 300AC. In the figure, how current flows in the transis 
tor section TR1 and the transistor section TR2 is represented 
by arrows. Further, a built-in pn diode acts as a Free Wheeling 
Diode. 
0057 FIGS. 4A to 4C are schematic plan views showing 
the manufacturing process of the semiconductor device 
according to the first embodiment. 
0058 Before forming the structure represented in FIG. 
4A, a structure 150 represented in FIG. 1A is formed, which 
has: a drift region 20A; a base region 30A provided on the 
drift region 20A, a source region 40A and a contact region 
41A provided on the base region30A; a source electrode 11A, 
a gate insulating film 51A, a gate electrode 50A, and a drift 
region 20B provided on the source region 40A and the base 
region 30 A; a base region 30B provided on the drift region 
20B; a source region 40B and a contact region 41B provided 
on the base region 30B; and a source electrode 11B, a gate 
insulating film 51B and a gate electrode 50B provided on the 
source region 40B and the base region 30B. 
0059 First, the structure body 150 is partitioned using an 
insulating layer 400 as represented in FIG. 4A. Here, a trench 
is dug in a substrate from the surface to the middle, and the 
insulating layer 400 is buried in the trench. The width in 
X-direction of the partitioned stacked body is about 2 mm, for 
example, and the width in Y-direction is about 4 mm, for 
example. The region in which the insulating layer 400 is 
disposed, is also a region which can be cut by dicing. With 
consideration for the amount of losses of the insulating layer 
due to dicing and the breakdown Voltage of the insulating 
layer to be a chip end, the insulating layer 400 at a place to be 
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diced is formed so as to be comparatively thick (for example, 
100-1000 um). Further, the film thickness of the insulating 
layer 400 at a place not to be diced is made about 50 lum, for 
example. 
0060 Next, as represented in FIG. 4B, trenches 115 and 
125 are formed by subjecting the structure body 150 to pho 
tolithography and RIE (Reactive Ion Etching), ion milling, 
etc. The width in Y-direction of the trenches 115 and 125 is 
200 um, for example. 
0061 The following manufacturing process is represented 
in FIG.4C which is an enlarged view of a part indicated by an 
arrow P in FIG. 4B. 

0062 An insulating layer 113 is formed in the trench 115 
by CVD (Chemical Vapor Deposition), etc. Here, the insulat 
ing layer 113 is formed so that the inside of the trench 115 is 
not fully buried with the insulating layer 113. That is, the 
insulating layer 113 is formed to such an extent that the inner 
wall of the trench 115 is covered with the insulating layer 113. 
Subsequently, a through electrode 110 is formed in the trench 
115 via the insulating layer 113. In the same way, an insulat 
ing layer 123 and a through electrode 120 are also formed in 
the trench 125. The thickness in Y-direction of the insulating 
layers 113 and 123 is 50 lum, for example. The thickness in 
Y-direction of the through electrodes 110 and 120 is 100 um, 
for example. The through electrodes 110 and 120 are formed 
by CVD (Chemical Vapor Deposition), or plating, etc., for 
example. 
0063 FIGS.5A to 5C are schematic cross-sectional views 
showing the manufacturing process of the semiconductor 
device according to the first embodiment. 
0064. In FIG. 5A, a cross-section cut along line A-B in 
FIG. 4C is represented. Where, the upper side in FIG. 5A is 
defined as the surface side of the semiconductor device, and 
the lower side in FIG.5A is defined as the rear surface side of 
the semiconductor device. 

0065. The through electrode 120 is connected to the 
source electrode 11B. The through electrode 110 is connected 
to the source electrode 11A. In this stage, on lower sides of the 
drift regions 20A and 20B and the through electrode 110 and 
120, an n-type semiconductor layer 20 connected to the drift 
region 20A and 20B is present. The semiconductor layer 20 is 
a semiconductor Substrate, and if its material is SiC. has a 
thickness of about 350 Lim. In other words, before the process 
in FIG. 4A, the semiconductor layer 20 as a semiconductor 
substrate is subjected to a Wafer Process, and the structure 
body 150 including the semiconductor layer 20 is prepared. 
Further, an insulating layer 181 and resist layers 111r and 
121r are formed on the structure body 150. 
0066 Next, as represented in FIG. 5B, by polishing the 
rear Surface (using for example, chemical mechanical polish 
ing etc.) the semiconductor layer 20 is removed from the 
structure body 150. As a result, lower ends of the through 
electrodes 110 and 120 are exposed from the structure body 
150. Further, the insulating layers 400, 113, and 123 are also 
exposed. Any one of the insulating layers 400, 113, and 123 
can be used as an alignment mark in an exposure process of 
the post-processes. 
0067 Further, after removing the semiconductor layer 20, 
buffer regions 25A and 25B may be formed on the rear sur 
faces of the semiconductor containing layers 60A and 60B by 
injecting n-type impurity elements from the rear Surfaces of 
the semiconductor containing layers 60A and 60B, respec 
tively. 
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0068. Next, as represented in FIG.5C, the drain electrode 
10A to be connected to the lower end of the through electrode 
120 is formed on the lower side of the structure body 150. 
Further, by removing the resist layer 111r an electrode 111 is 
formed on the removed position. Furthermore, by removing 
the resist layer 121; an electrode 121 is formed on the 
removed position. As a result, contact regions 112 and 122 are 
formed. 

0069. After that, as represented in FIG. 1B, a capacitive 
element section 203 is connected between the source elec 
trode 11A and the drain electrode 10B. A dielectric body 202 
included in the capacitive element section 203 is disposed to 
the lower side of the drain electrode 10A or drain electrode 
1OB. 

0070. In a dicing process, the part to be diced can be 
chosen arbitrarily. That is, a semiconductor device 1 where 
only two semiconductor elements 100 are included in one 
chip may be formed, and a semiconductor device 1 where 
plural sets of two semiconductor elements 100 exist in one 
chip may beformed. When the semiconductor device 1 where 
plural sets of two semiconductor elements 100 exist in one 
chip is formed, the manufacturing cost is reduced due to 
decrease in number of times of dicing processing. The n-type 
semiconductor layer 20 (semiconductor substrate), if its 
material is SiC., for example, has a thickness of about 350 um. 
In this embodiment, the semiconductor Substrate is treated as 
a single body, enabling to Subject it to various semiconductor 
processes, by leaving a part of the rear face side (for example, 
about 100 um if SiC) to dig a trench structure and to bury 
thereon an insulating film, a metal film (through electrode), or 
the like. 

0071 FIG. 6 is a schematic diagram showing current flows 
in the semiconductor element according to the first embodi 
ment. 

0072 The way how current flows in the semiconductor 
element 100 is represented schematically by a “line'. The line 
is bent in some places. Further, the direction to which current 
flows is represented by arrows. 
0073. In the semiconductor element 100, when a transistor 
section TR1 and a transistor section TR2 are in ON state, a 
direction A of current flowing to the source electrode 11B 
from the drain electrode 10B of the transistor section TR2 and 
a direction B of current flowing via the through electrode 120 
become opposite to each other. Further, a direction D of 
current flowing to the source electrode 11A from the drain 
electrode 10A of the transistor section TR1 and a direction E 
of current flowing via the through electrode 110 become 
opposite to each other. Furthermore, a direction C of current 
flowing via the drain electrode 10A and a direction F of 
currents flowing via the electrodes 200 and 203 of the capaci 
tive element section 203 become opposite to each other. 
0074 As a result, the direction of magnetic flux generated 
by the current in a direction A and the direction of magnetic 
flux generated by the current in a direction B cancel out each 
other. Further, the direction of magnetic flux generated by the 
current in a direction D and the direction of magnetic flux 
generated by the currentina direction E cancel out each other. 
Furthermore, the direction of magnetic flux generated by the 
current in a direction C and the direction of magnetic flux 
generated by the currentina direction F cancel out each other. 
0075. That is, within the semiconductor element 100, 
magnetic fluxes oriented in opposite directions cancel out 
each other, and the parasitic inductance in the semiconductor 



US 2015/0228.642 A1 

element 100 decreases. As a result, an induced Voltage gen 
erated in the semiconductor device 1 decreases. 
0076 Further, the semiconductor element 100 is provided 
with the through electrode 120, and the path of current flow 
ing to the drain electrode 10A from the source electrode 11A 
is located between the semiconductor containing layer 60A 
and the semiconductor containing layer 60B, thereby, the 
current path becomes shorter than usual. As a result, down 
sizing of the semiconductor element is enabled. 
0077. Further, due to decrease of the parasitic inductance 
in the semiconductor element 100, it is not necessary for the 
two semiconductor elements 100 to be provided with a mag 
netic shield function. 
0078. Further, according to the first embodiment, transis 
tor sections TR1 and TR2, the capacitive element section203, 
and the through electrodes 110 and 120 are formed in each 
semiconductor element 100 by a wafer process in a mono 
lithic manner. Further, each of the semiconductor elements 
can be formed uniformly by a wafer process, resulting in 
decrease of variation in characteristics of each semiconductor 
element 100. 
007.9 Further, according to the first embodiment, an elec 
tronic circuit can be formed by arranging diced pieces of 
semiconductor devices 1 on a Support Substrate. Therefore, 
when forming an electronic circuit, the manufacturing pro 
cess becomes simple. Further, since the characteristics varia 
tion of each semiconductor device 1 decreases, the character 
istics variation of the electronic circuit decreases. 
0080 Further, the breakdown voltage of the chip end of 
the semiconductor element 100 is adjusted by the thickness of 
the insulating layer 400 or the insulating layer 113. That is, it 
is not necessary for increasing the breakdown Voltage of the 
chip end to form a complicated chip end structure. In addition, 
the thickness of the insulating layer 400 or the insulating layer 
113 after diced, is adjusted to be not more than 500 um, for 
example. 
0081 Further, according to the first embodiment, the drain 
electrode 10A and the source electrode 11B are not connected 
by a bonding wire, but instead they are connected via the 
through electrode 120 provided inside the semiconductor 
device 1. As a result, the current path between the drain 
electrode 10A and the source electrode 11B becomes shorter 
than usual. 
0082 Further, according to the first embodiment, since the 
capacitive element section203 is disposed to the lower side of 
the drain electrode, even if another capacitive element section 
203 is provided on the semiconductor element 100, a chip 
area does not increase. 

First Modified Example of the First Embodiment 
0083 FIG. 7A is a schematic plan view showing a semi 
conductor device according to the first modified example of 
the first embodiment, and FIG. 7B and 7C are schematic 
views representing current flows in a semiconductor element 
according to the first modified example of the first embodi 
ment. 

0084 FIG. 8 is an equivalent circuit diagram of the semi 
conductor device according to the first modified example of 
the first embodiment. 
0085. In a case of FIG. 7A, two semiconductor elements 
100 (100A, 100B) are arranged adjacent to each other in 
X-direction, however, the directions of paths of current flow 
ing from the source electrode 11A to the source electrode 11B 
(or the directions of paths of current flowing from the source 
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electrode 11B to the source electrode 11A) is are opposite to 
each other in the semiconductor elements 100A, 100B. Fur 
ther, by Such a disposal, the position of the through electrode 
120 and the position of the through electrode 110 shift alter 
nately in Y-direction. 
0086. In FIG. 7B, the direction of current flow in the 
semiconductor element 100A is indicated, and in FIG.7C, the 
direction of current flow in the semiconductor element 100B 
is shown. 
I0087. By such a disposal, the direction of current flow in 
the in the semiconductor element 100A and the direction of 
current flow in the in the semiconductor element 100B is 
opposite to each other. A path length of current flowing in the 
semiconductor element 100A and a path length of current 
flowing in the semiconductor element 100B is equal to each 
other. As a result, the cancelling out effect of fluxes increases 
further. As a result, the parasitic inductance in the semicon 
ductor device 1 decreases further. 

Second Modified Example of the First Embodiment 
0088 FIGS. 9A and 9B are schematic cross-sectional 
views showing the internal structure of a semiconductor 
device according to the second modified example of the first 
embodiment. 
0089. A MOSFET included in the transistor section TR1 
(or TR2) is not restricted to the structure mentioned above. 
(0090. For example, a MOSFET represented in FIG.9A is 
provided with a p-type contact region 42A (or 42B). The 
contact region 42A (or 42B) is in contact with a source region 
40A (or 40B), a base region 30A (or 30B), and a drift region 
20A (or 20B). 
(0091. In this MOSFET, a Schottky barrier diode (SBD) is 
formed with a junction between a source electrode 11A (or 
11B) and a drift region 20A (or 20B). This Schottky barrier 
diode is a built-in diode of MOSFET. Further, a pn diode is 
also formed with a junction between the contact region 42A 
(or 42B) and the drift region 20A. That is, MOSFET repre 
sented in FIG. 9A has an MPS (Merged pn and Schottky 
Barrier) structure which is a combination of the Schottky 
barrier diode and the pn diode. 
0092. Further, the drift region 20A (or 20B) under the 
Schottky barrier diode (SBD) is sandwiched by a pair of the 
contact regions 42A (or 42B). The lower part of the contact 
region 42A (or 42B) is deeper than the lower part of the base 
region 30A (or 30B). 
0093. By such a structure, in an off state, a depletion layer 
spreads easily to the drift region 20A (or 20B) sandwiched by 
the contact regions 42A (or 42B). As a result, the reverse 
current of the Schottky barrier diode (SBD) is surely sup 
pressed. Further, control of such a reverse current is adjusted 
by the length in Z-direction of the contact region 42A (or 
42B), and the width in y-direction. 
(0094) Further, a MOSFET represented in FIG.9B is pro 
vided with p-type contact region 43A (or 43B). The contact 
region 43 A penetrates through the Source region 40A (or 
40B) and the base region 30A (or 30B), and is in contact with 
the drift region 20A (or 20B). In the MOSFET represented in 
FIG. 9B, a pn diode is formed with a junction between the 
contact region 43A (or 43B) and the drift region 20A (or 
20B). The contact region 43A (or 43B) further extends to the 
drain electrode 10A (or 10B) side than in the state represented 
in FIG.9A. 
(0095. In the MOSFET represented in FIG.9B, a pn diode 
is formed with a junction between the contact region 43A (or 
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43B) and the drift region 20A. The breakdown voltage in an 
OFF state is adjusted by a junction barrier of the pn diode. The 
junction barrier is adjusted by the depth of the contact region 
43A (or 43B). A p-type thin film structure where the thick 
ness of the p portion between the junction barriers is thinner 
than that of the base region 30A (30B) is preferable. For 
example, in forming the base region 30A (30B) by ion 
implantation, it is possible to form apportion shallower than 
the base region 30A (30B) by changing the thickness of a 
through film. 
0096. The contact region 42A (or 42B) and the contact 
region 43A (or 43B) may extend in y-direction, or may be 
pillars extending in Z-direction. Further, a plurality of junc 
tion barriers may beformed, for example, a plurality of pillars 
may be distributed in X and y-directions. In a case where the 
contact region 42A (or 42B) is a pillar, a cut Surface formed in 
case of cutting the contact region 42A (or 42B) vertically with 
respect to Z-direction may be circular or rectangular. Further, 
the contact region 42A (or 42B) may be disposed under the 
source region 40A (or 40B). 

Second Embodiment 

0097. A modified example of a semiconductor element is 
illustrated below. Even if the semiconductor element illus 
trated below is used, the same effect as that of the first 
embodiment is obtained. 

0098 FIGS. 10A and 10B are schematic cross-sectional 
views showing a semiconductor device according to the sec 
ond embodiment. 

0099. As represented in FIG. 10A, in a semiconductor 
device 101, a capacitive element section203 is also connected 
between a source electrode 11A and a drain electrode 10B. 
However, in the semiconductor device 101, a dielectric body 
202 included in the capacitive element section 203 is aligned 
with a transistor section TR1 or transistor section TR2 in 
Y-direction. For example, the dielectric body 202 is aligned 
with the transistor section TR1 on the side opposite to the 
transistor section TR2. 

0100 Here, the source electrode 11A is connected to an 
electrode 200 provided above the source electrode 11A. The 
electrode 200 being in contact with the source electrode 11A 
extends upward from the source electrode 11A, extends in 
Y-direction, and further extends to the side of the drain elec 
trode 10A. Further, the drain electrode 10B is connected to an 
electrode 201 provided below the drain electrode 10B. The 
electrode 201 being in contact with the drain electrode 10B 
extends downward from the drain electrode 10B, extends in 
Y-direction, and further extends to the side of the source 
electrode 11A. Further, a dielectric body 202 is provided 
between the electrode 201 and the electrode 202. 

0101 ADC terminal 300N is drawn out from the electrode 
200, and a DC terminal 300P is drawn out from the electrode 
201. An AC terminal 300AC is drawn out from an electrode 
121. The AC terminal 300AC may be electrically connected 
to the drain electrode 10A instead of the source electrode 
11B. 

0102 Semiconductor containing layers 60A and 60B, the 
source electrodes 11A and 11B, the drain electrodes 10A and 
10B, and the dielectric body 202 are covered with the insu 
lating layers 400, 123, 180, and 181. 
0103) Further, positions at which a through electrodes 
120, the source electrodes 11A and 11B, the drain electrodes 
10A and 10B, and the dielectric body 202 are disposed are not 
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limited to the positions shown in the figure, but they may be 
changed as appropriate in X and Y-directions. 
0104 Further, when a cut surface formed in case of cutting 
the drift regions 20A and 20B vertically with respect to Z-di 
rection is viewed, the drift regions 20A and 20B are sur 
rounded by the insulating layer 400. 
0105. The current path of the semiconductor element 101 

is shown in FIG. 10B. 
0106. In the semiconductor element 101, when a transistor 
section TR1 and a transistor section TR2 are in ON state, a 
direction A of current flowing to the source electrode 11B 
from the drain electrode 10B of the transistor section TR2 and 
a direction B of current flowing via the through electrode 120 
become opposite to each other. Further, a direction D of 
current flowing to the source electrode 11A from the drain 
electrode 10A of the transistor section TR1 and a direction E 
of current flowing via the electrodes 200 and 201 become 
opposite to each other. Furthermore, a direction C of current 
flowing via the drain electrode 10A and a direction F of 
currents flowing via the electrode 201 become opposite to 
each other. 
0107 As a result, the direction of magnetic flux generated 
by the current in direction A and the direction of magnetic flux 
generated by the current in direction B cancel out each other. 
Further, the direction of magnetic flux generated by the cur 
rent in direction D and the direction of magnetic flux gener 
ated by the current in direction E cancel out each other. 
Furthermore, the direction of magnetic flux generated by the 
current in direction C and the direction of magnetic flux 
generated by the current in direction F cancel out each other. 
0.108 That is, within the semiconductor element 101, 
magnetic fluxes oriented in opposite directions cancel out 
each other, and the parasitic inductance in the semiconductor 
element 101 decreases. As a result, an induced Voltage gen 
erated in the semiconductor device 1 decreases. 
0109 Further, the semiconductor element 101 is provided 
with the through electrode 120, and the path of current flow 
ing to the drain electrode 10A from the source electrode 11A 
is located between the semiconductor containing layer 60A 
and the semiconductor containing layer 60B, thereby, the 
current path becomes shorter than usual. As a result, down 
sizing of the semiconductor element is enabled. 
0110 FIGS. 11A and 11B are schematic plan views show 
ing the semiconductor device according to the second 
embodiment. 
0111. In the semiconductor device 2, two semiconductor 
elements 101 (101A and 101B) are arranged adjacent to each 
other in X-direction. A direction from the source electrode 
11A toward the source electrode 11B in each of the two 
semiconductor elements 101A and 101B may be the same 
one as represented in FIG. 11A, alternatively, the direction 
may be opposite to each other as represented in FIG. 11B. 
0112 FIGS. 12A to 12C are schematic cross-sectional 
views showing the manufacturing process of the semiconduc 
tor device according to the second embodiment. 
0113 First, a structure body 151 represented in FIG. 12A 

is prepared. In the structure body 151, on the side below the 
drift regions 20A and 20B and the through electrode 120, 
there is a semiconductor layer 20 connected to the drift 
regions 20A and 20B. The through electrode 120 is connected 
to the source electrode 11B. Further, in this stage, a dielectric 
body 202 is formed beside a semiconductor containing layer 
60A. A portion of an electrode 200 is provided on the dielec 
tric body 202 and the source electrode 11A. 



US 2015/0228.642 A1 

0114. Next, as represented in FIG. 12B, by polishing the 
rear surface of the structure body 151, the semiconductor 
layer 20 is removed from the structure body 151. As a result, 
the lower end of the through electrode 120 is exposed from the 
structure body 151. Further, the insulating layer 400 is also 
exposed. 
0115 Further, after removing the semiconductor layer 20, 
buffer regions 25A and 25B may be formed on the rear sur 
faces of the semiconductor containing layers 60A and 60B by 
injecting n-type impurity elements from the rear Surfaces of 
the semiconductor containing layers 60A and 60B, respec 
tively. 
0116. Next, as represented in FIG.12C, the drain electrode 
10A to be connected to the lower end of the through electrode 
120 is formed on the lower side of the structure body 151. 
Further, a drain electrode 10B is formed. Furthermore, a 
portion of the electrode 201 to be connected to the dielectric 
body 202 is formed. Subsequently, as represented in FIG. 
10A, the electrodes 200 and 201 are formed. 

Third Embodiment 

0117 FIG. 13 is a schematic cross-sectional view showing 
a semiconductor element according to the third embodiment. 
0118. Further, as a capacitive element section electrically 
connected between a source electrode 11A and a drain elec 
trode 10B, as represented in FIG. 13, an external capacitive 
element 205 may be used. 

Fourth Embodiment 

0119 FIG. 14 is a schematic plan view showing a semi 
conductor device according to a first example of the fourth 
embodiment. 
0120 Although, in FIG. 1B mentioned above, a state 
where two semiconductor elements 100 composing one set 
arranged adjacent to each other in X-direction is represented, 
as represented in FIG. 14, semiconductor elements 100 com 
posing two or more sets may be arranged adjacent to one 
another. 
0121 Here, each of source electrodes 11A is commonly 
connected to a wiring 160 (first wiring). Each of drain elec 
trodes 10B is commonly connected to a wiring 161 (second 
wiring). Each of AC terminals 300AC is commonly con 
nected to a wiring 162 (third wiring). Further, a DC current is 
applied between the wiring 160 and the wiring 161, and an AC 
voltage is outputted from the wiring 162. 
0122) The semiconductor element 101 may be used 
instead of the semiconductor element 100. Thus, by locating 
not less than two semiconductor elements adjacent to one 
another, the value of current i (di/dt) flowing through the 
wirings is decreased, enabling a low loss state. 
0123. Further, since the current value becomes small and 
the frequency becomes high, required electric charges 
become Small and a required capacitor capacity becomes 
Small. As a result, although a conventional inverter module 
required a big capacitor thereby with a huge inverter module, 
in this example, it is possible to mounta Small capacitor in a 
monolithic manner, enabling downsizing of the inverter mod 
ule. Further, by making the inverter module in a monolithic 
manner on a semiconductor Substrate, the length of wirings 
becomes short and the inductance also becomes Small, 
thereby, enabling to use higher frequency. Thus, a low induc 
tance, Small capacitor capacity, and Small sized inverter mod 
ule capable of high speed operation is enabled. 
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0.124 FIG. 15 is a schematic plan view showing a semi 
conductor device according to a second example of the fourth 
embodiment. 
0.125. On the other hand, although, in FIG. 7A mentioned 
above, a state where two semiconductor elements 100 (100A 
and 100B) composing one set are arranged adjacent to each 
other in X-direction is represented, as represented in FIG. 15, 
semiconductor elements 100 (100A and 100B) composing 
not less than two sets may be located in parallel. The semi 
conductor element 101 may be used instead of the semicon 
ductor element 100. 
0.126 Further, by locating a plurality of semiconductor 
elements as FIGS. 14 and 15, total inductance becomes lower. 
This is because a low inductance state is enabled in a manner 
inversely proportional to the parallel number due to the fact 
that a loop area is made Small by breaking the semiconductor 
elements in parallel to make current per semiconductor ele 
ment Small and by making respective circuit loops in a mono 
lithic manner to bend the loops. That is, as the parallel number 
increases, the lower induction state will be enabled. 
0127 Here, each of the semiconductor elements has struc 
tures shown as FIGS. 7A, 11A and 11B. Each of the negative 
DC terminal 300N, which is connected to the source electrode 
11A, the positive DC terminal 300P, which is connected to the 
drain electrode 10B, and the AC terminal 300AC, which is 
connected to the through electrode 120 is drawn out to one 
Surface side of the semiconductor element. 
I0128. For example, in a conventional module, the positive 
terminal and the negative terminal are disposed alternately in 
the case that the directions from the source electrode 11A to 
the drain electrode 10B are opposite to each other, shown as 
FIG. 15 etc. This causes a generation of parasitic inductance 
newly due to the drawn out interconnections connected to the 
source electrode 11A or the drain electrode 10B. 
0129. In contrast, each of the terminals is drawn out to one 
surface side of the semiconductor element in the fourth 
embodiment. Therefore, the generation of parasitic induc 
tance due to the drawn out interconnections can be mini 
mized. 
0.130. On the contrary, since a large current is treated with 
one big capacitor without using parallel capacitors, the con 
ventional inverter module had been large with a high induc 
tance, a large capacitor capacity, and a low speed operation. 

Fifth Embodiment 

I0131 FIG. 16 is a schematic plan view showing a semi 
conductor device according to the fifth embodiment. 
0.132. Further, a plurality of semiconductor elements 100 
may be divided into each unit to constitute a three-phase 
inverter. For example, as represented in FIG. 16, in a semi 
conductor device 3, at least one pair of (for example, not less 
than two) the set of semiconductor elements is disposed in 
each of a first circuit unit 3 u, a second circuit unit 3v, and a 
third circuit unit 3W. Here, each of source electrodes 11A is 
commonly connected to a wiring 160. Further, each of drain 
electrodes 10B is commonly connected to the wiring 161. 
0.133 However, in the first circuit unit 3 u, each of elec 
trode terminals 300AC is commonly connected to a wiring 
162u. Further, in the second circuit unit 3v, each of electrode 
terminals 300AC is commonly connected to a wiring 162v. 
Further, in the third circuit unit 3W, each of electrode termi 
nals 300AC is commonly connected to a wiring 162w. In 
addition, the phases of Voltages respectively outputted from 
the wirings 162u in the first circuit unit 3u, 162v in the second 
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circuit unit 3v, and 162w in the third circuit unit 3W are 
different to each other. For example, a phase shift between 
voltages respectively outputted from the wirings 162u, 162v 
and 162w is set to be 120 degrees. 
0134. In the above-mentioned embodiments, in a repre 
sentation of “part A is provided on part B”, “on” may also 
mean a case where part A is provided above part B, not only 
a case where part A is provided on part B while being in 
contact with part B. Further, “part A is provided on part B” 
may be applied for a case where part A is located below part 
B by reversing part A and part B, or a case where part A and 
part B are disposed side by side. This is because even when a 
semiconductor device according to the embodiments is 
rotated, the structure of the semiconductor device does not 
change. 
0135. The embodiments have been described above with 
reference to examples. However, the embodiments are not 
limited to these examples. More specifically, these examples 
can be appropriately modified in design by those skilled in the 
art. Such modifications are also encompassed within the 
Scope of the embodiments as long as they include the features 
of the embodiments. The components included in the above 
examples and the layout, material, condition, shape, size and 
the like thereof are not limited to those illustrated, but can be 
appropriately modified. 
0.136 Furthermore, the components included in the above 
embodiments can be combined as long as technically fea 
sible. Such combinations are also encompassed within the 
scope of the embodiments as long as they include the features 
of the embodiments. In addition, those skilled in the art could 
conceive various modifications and variations within the 
spirit of the embodiments. It is understood that such modifi 
cations and variations are also encompassed within the scope 
of the embodiments. 

0137 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 inventions. 
Indeed, the novel embodiments described herein may be 
embodied in a variety of other forms; furthermore, various 
omissions, Substitutions and changes in the form of the 
embodiments described herein may be made without depart 
ing from the spirit of the inventions. The accompanying 
claims and their equivalents are intended to cover Such forms 
or modifications as would fall within the scope and spirit of 
the invention. 

What is claimed is: 
1. A semiconductor element comprising: 
a first transistor section including 

a first electrode, 
a second electrode, 
a first conductivity-type first semiconductor region pro 

vided between the second electrode and the first elec 
trode, 

a second conductivity-type second semiconductor 
region provided between the first semiconductor 
region and the second electrode, 

a first conductivity-type third semiconductor region pro 
vided between the second semiconductor region and 
the second electrode, the third semiconductor region 
having an impurity concentration higher than an 
impurity concentration of the first semiconductor 
region, and the third semiconductor region being con 
nected to the second electrode, and 
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a third electrode Sandwiching a first insulating film with 
the first semiconductor region, the second semicon 
ductor region and the third semiconductor region; 

a second transistor section including 
a fourth electrode arranged adjacent to the first electrode 

in a first direction, 
a fifth electrode arranged adjacent to the second elec 

trode in the first direction, 
a first conductivity-type fourth semiconductor region 

provided between the fifth electrode and the fourth 
electrode, 

a second conductivity-type fifth semiconductor region 
provided between the fourth semiconductor region 
and the fifth electrode, 

a first conductivity-type sixth semiconductor region pro 
vided between the fifth semiconductor region and the 
fifth electrode, the sixth semiconductor region having 
an impurity concentration higher than an impurity 
concentration of the fourth semiconductor region, and 
the sixth semiconductor region being connected to the 
fifth electrode, and 

a sixth electrode sandwiching a second insulating film 
with the fourth semiconductor region, the fifth semi 
conductor region and the sixth semiconductor region, 
the second transistor section being arranged adjacent 
to the first transistor section in the first direction; 

a contact region including a seventh electrode extended in 
a second direction intersecting with the first direction 
and the seventh electrode provided between the first 
semiconductor region and the fourth semiconductor 
region, the contact region electrically connecting the 
fifth electrode and the first electrode; and 

a capacitive element section connected between the second 
electrode and the fourth electrode. 

2. The element according to claim 1, wherein the seventh 
electrode is provided between the first transistor section and 
the second transistor section. 

3. The element according to claim 1, wherein a dielectric 
body included in the capacitive element section is located on 
a lower side of the first electrode or the fourth electrode. 

4. The element according to claim 1, further comprising 
an eighth electrode provided beside the first transistor sec 

tion and extended in the second direction, wherein 
the eighth electrode is electrically connected to the second 

electrode, and 
the capacitive element section is connected between the 

second electrode and the fourth electrode via the eighth 
electrode. 

5. The element according to claim 1, wherein a dielectric 
body included in the capacitive element section is arranged 
adjacent to the first transistor section in the first direction. 

6. The element according to claim 5, wherein the dielectric 
body is arranged adjacent to the first transistor section on a 
side opposite to the second transistor section. 

7. The element according to claim 1, wherein the first 
semiconductor region and the fourth semiconductor region 
are Surrounded by an insulating layer when a cut Surface by 
cutting the first semiconductor region and the fourth semi 
conductor region vertically to the second direction is viewed. 
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8. A manufacturing method for a semiconductor element, 
compr1S1ng: 

preparing a structure body 
the structure body including: 
a first conductivity-type first semiconductor region; 
a second conductivity-type second semiconductor region 

provided on the first semiconductor region; 
a first conductivity-type third semiconductor region pro 

vided on the second semiconductor region, and the third 
semiconductor region having an impurity concentration 
higher than an impurity concentration of the first semi 
conductor region; 

a second electrode provided on the second semiconductor 
region and on the third semiconductor region, and the 
second electrode being connected to the third semicon 
ductor region; 

a third electrode sandwiching a first insulating film with the 
first semiconductor region, the second semiconductor 
region and the third semiconductor region; 

a first conductivity-type fourth semiconductor region 
arranged adjacent to the first semiconductor region in a 
first direction; 

a second conductivity-type fifth semiconductor region pro 
vided on the fourth semiconductor region; 

a first conductivity-type sixth semiconductor region pro 
vided on the fifth semiconductor region and the sixth 
Semiconductor region having an impurity concentration 
higher than an impurity concentration of the fourth 
semiconductor region; 

a fifth electrode provided on the fifth semiconductor region 
and on the sixth semiconductor region, and the fifth 
electrode connected to the sixth semiconductor region; 

a sixth electrode Sandwiching a second insulating film with 
the fourth semiconductor region, the fifth semiconduc 
tor region and the sixth semiconductor region; 

a seventh electrode provided between the first semiconduc 
tor region and the fourth semiconductor region, and the 
seventh electrode electrically connected to the second 
electrode or the fifth electrode, and 

a first conductivity-type semiconductor layer provided on a 
lower side of the first semiconductor region, the fourth 
semiconductor region and the seventh electrode, and the 
semiconductor layer continuing to the first semiconduc 
tor region and the fourth semiconductor region; 

removing the semiconductor layer from the structure body, 
and exposing a lower end of the seventh electrode from 
the structure body; and 

forming a first electrode on a lower side of the structure 
body, and first electrode being connected to the lower 
end of the seventh electrode. 

9. The method according to claim 8, wherein a capacitive 
element section connecting between the second electrode and 
the fourth electrode is formed after forming the first electrode. 

10. The method according to claim 9, wherein a dielectric 
body included in the capacitive element section is disposed on 
a lower side of the first electrode or the fourth electrode. 

11. The method according to claim 9, wherein a dielectric 
body included in the capacitive element section is disposed 
beside the first semiconductor region or the fourth semicon 
ductor region in the first direction. 
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12. A semiconductor device comprising a plural of sets of 
semiconductor elements, the semiconductor elements each 
including: 

a first transistor section including 
a first electrode, 
a second electrode, 
a first conductivity-type first semiconductor region pro 

vided between the second electrode and the first elec 
trode, 

a second conductivity-type second semiconductor 
region provided between the first semiconductor 
region and the second electrode, 

a first conductivity-type third semiconductor region pro 
vided between the second semiconductor region and 
the second electrode, the third semiconductor region 
having an impurity concentration higher than an 
impurity concentration of the first semiconductor 
region, and the third semiconductor region being con 
nected to the second electrode, and 

a third electrode Sandwiching a first insulating film with 
the first semiconductor region, the second semicon 
ductor region and the third semiconductor region; 

a second transistor section including 
a fourth electrode arranged adjacent to the first electrode 

in a first direction, 
a fifth electrode arranged adjacent to the second elec 

trode in the first direction, 
a first conductivity-type fourth semiconductor region 

provided between the fifth electrode and the fourth 
electrode, 

a second conductivity-type fifth semiconductor region 
provided between the fourth semiconductor region 
and the fifth electrode, 

a first conductivity-type sixth semiconductor region pro 
vided between the fifth semiconductor region and the 
fifth electrode, the sixth semiconductor region having 
an impurity concentration higher than an impurity 
concentration of the fourth semiconductor region, and 
the sixth semiconductor region being connected to the 
fifth electrode, and 

a sixth electrode sandwiching a second insulating film 
with the fourth semiconductor region, the fifth semi 
conductor region and the sixth semiconductor region, 
the second transistor section being arranged adjacent 
to the first transistor section in the first direction; 

a contact region including a seventh electrode extended in 
a second direction intersecting with the first direction 
and provided between the first semiconductor region 
and the fourth semiconductor region, the contact region 
electrically connecting the fifth electrode and the first 
electrode; and 

a capacitive element section connected between the second 
electrode and the fourth electrode, 

the sets of semiconductor elements being arranged adja 
cent to one another in a third direction intersecting with 
the first direction and the second direction; 

in each of semiconductor elements, a direction of path of 
current flowing from the fifth electrode to the second 
electrode being the same or opposite to each other, 

a potential of a first polarity being applied to the second 
electrode of the each of semiconductor elements; and 

a potential of a second polarity opposite to the first polarity 
being applied to the fourth electrode of the each of 
semiconductor elements. 

13. The device according to claim 12, wherein 
when the directions of the paths of current flowing from the 

fifth electrode to the second electrode are opposite to 
each other in the each of semiconductor elements, 
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a position of the seventh electrode included in the each of 
semiconductor element of the sets is shifted alternately 
in the first direction. 

14. The device according to claim 12, further comprising 
an electrode terminal electrically connected to the first elec 
trode or the fifth electrode, wherein: 

a plurality of the sets of semiconductor elements are 
arranged adjacent to one another in the third direction; 

each of the second electrodes is commonly connected to a 
first wiring; 

each of the fourth electrodes is commonly connected to a 
second wiring; and 

each of the electrode terminals is commonly connected to 
a third wiring. 

15. The device according to claim 12, further comprising 
an electrode terminal electrically connected to the first elec 
trode or the fifth electrode, wherein: 

at least one pair of the semiconductor elements is disposed 
in each of a first circuit unit, a second circuit unit, and a 
third circuit unit; 

each of the second electrodes is commonly connected to a 
first wiring; 

each of the fourth electrodes is commonly connected to a 
second wiring; 

each of the first circuit unit, the second circuit unit, and the 
third circuit unit has a third wiring: 
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each of the electrode terminal provided in each of the first 
circuit unit, the second circuit unit, and the third circuit 
unit is commonly connected to the third wiring for every 
circuit unit; and 

voltages outputted from the third wiring of the first circuit 
unit, the third wiring of the second circuit unit, and the 
third wiring of the third circuit unit differ in phase. 

16. The device according to claim 12, wherein the seventh 
electrode is provided between the first transistor section and 
the second transistor section. 

17. The device according to claim 12, wherein the dielec 
tric body included in the capacitive element section is located 
on a lower side of the first electrode or the fourth electrode. 

18. The device according to claim 12, including an eighth 
electrode provided beside the first transistor section and 
extended in the second direction, wherein 

the eighth electrode is electrically connected to the second 
electrode, and 

the capacitive element section is connected between the 
second electrode and the fourth electrode via the eighth 
electrode. 

19. The device according to claim 12, wherein the dielec 
tric body included in the capacitive element section is 
arranged adjacent to the first transistor section in the first 
direction. 

20. The device according to claim 19, wherein the dielec 
tric body is arranged adjacent to the first transistor section on 
a side opposite to the second transistor section. 
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