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SEMICONDUCTOR DEVICE 

CROSS - REFERENCE TO RELATED 
APPLICATIONS 

[ 0001 ] This application is based upon and claims the 
benefit of priority from Japanese Patent Application No. 
2019-199659 , filed on Nov. 1 , 2019 ; the entire contents of 
which are incorporated herein by reference . 

FIELD 

[ 0002 ] Embodiments relate to a semiconductor device . 
BACKGROUND 

[ 0003 ] A reverse - conducting IGBT ( Insulated Gate Bipo 
lar Transistor ) in which an IGBT and a diode are included in 
one chip is being put into practical use . However , in the 
reverse - conducting IGBT , it is difficult to improve the diode 
characteristics without affecting the characteristics of the 
IGBT . 

BRIEF DESCRIPTION OF THE DRAWINGS 

[ 0004 ] FIG . 1 is a schematic cross - sectional view showing 
a semiconductor device according to an embodiment ; 
[ 0005 ] FIGS . 2A and 2B are circuit diagrams showing a 
power conversion circuit using the semiconductor device 
according to the embodiment ; 
[ 0006 ] FIG . 3 is a timing chart showing a method for 
controlling the power conversion circuit shown in FIGS . 2A 
and 2B ; 
[ 0007 ] FIGS . 4A and 4B are schematic plan views show 
ing operations of the semiconductor device according to the 
embodiment ; 
[ 0008 ] FIG.5 is a schematic cross - sectional view showing 
a semiconductor device according to a first modification of 
the embodiment ; 
[ 0009 ] FIG . 6 is a schematic plan view showing the 
semiconductor device according to the first modification of 
the embodiment ; and 
[ 0010 ] FIG . 7 is a schematic cross - sectional view showing 
a semiconductor device according to a second modification 
of the embodiment . 

positioned in a third trench provided at the first surface side 
of the semiconductor part , the third control electrode being 
electrically insulated from the semiconductor part by a third 
insulating film and electrically isolated from the first and 
second control electrodes . The semiconductor part includes 
a first semiconductor layer of a first conductivity type , a 
second semiconductor layer of a second conductivity type , 
a third semiconductor layer of the second conductivity type , 
a fourth semiconductor layer of the first conductivity type , 
a fifth semiconductor layer of the second conductivity type , 
and a sixth semiconductor layer of the first conductivity 
type . The second semiconductor layer is selectively pro 
vided between the first semiconductor layer and the first 
electrode , the second semiconductor layer including a por 
tion facing the first control electrode via the first insulating 
film . The third semiconductor layer is selectively provided 
between the first semiconductor layer and the first electrode , 
the third semiconductor layer including a second - conduc 
tivity - type impurity with a higher concentration than a 
concentration of a second - conductivity - type impurity in the 
second semiconductor layer , the third semiconductor layer 
including a portion facing the second control electrode via 
the second insulating film , the third semiconductor layer 
including a portion facing the third control electrode via the 
third insulating film . The fourth semiconductor layer being 
selectively provided between the second semiconductor 
layer and the first electrode , the fourth semiconductor layer 
contacting the first insulating film . The fifth semiconductor 
layer is selectively provided between the first semiconductor 
layer and the second electrode . The sixth semiconductor 
layer is selectively provided between the first semiconductor 
layer and the second electrode , the sixth semiconductor layer 
including a first - conductivity - type impurity with a higher 
concentration than a concentration of a first - conductivity 
type impurity in the first semiconductor layer . The fifth 
semiconductor layer and the sixth semiconductor layer are 
alternately arranged along the second electrode . The first 
electrode is electrically insulated from the first control 
electrode by a fourth insulating film , and electrically insu 
lated from the second control electrode by a fifth insulating 
film , the first electrode being electrically connected to the 
second , third , and fourth semiconductor layers . The second 
electrode is electrically connected to the fifth and sixth 
semiconductor layers . 
[ 0012 ] Embodiments will now be described with reference 
to the drawings . The same portions inside the drawings are 
marked with the same numerals ; a detailed description is 
omitted as appropriate ; and the different portions are 
described . The drawings are schematic or conceptual ; and 
the relationships between the thicknesses and widths of 
portions , the proportions of sizes between portions , etc. , are 
not necessarily the same as the actual values thereof . The 
dimensions and / or the proportions may be illustrated differ 
ently between the drawings , even in the case where the same 
portion is illustrated . 
[ 0013 ] There are cases where the dispositions of the 
components are described using the directions of XYZ axes 
shown in the drawings . The X - axis , the Y - axis , and the 
Z - axis are orthogonal to each other . Hereinbelow , the direc 
tions of the X - axis , the Y - axis , and the Z - axis are described 
as an X - direction , a Y - direction , and Z - direction . Also , 
there are cases where the Z - direction is described as upward 
and the direction opposite to the Z - direction is described as 
downward . 

DETAILED DESCRIPTION 

[ 0011 ] According to one embodiment , a semiconductor 
device includes a semiconductor part including a first sur 
face and a second surface , the second surface being at a side 
opposite to the first surface ; a first electrode provided on the 
first surface of the semiconductor part ; a second electrode 
provided on the second surface of the semiconductor part ; a 
first control electrode provided between the semiconductor 
part and the first electrode , the first control electrode being 
positioned in a first trench provided at the first surface side 
of the semiconductor part , the first control electrode being 
electrically insulated from the semiconductor part by a first 
insulating film ; a second control electrode provided between 
the semiconductor part and the first electrode , the second 
control electrode being positioned in a second trench pro 
vided at the first surface side of the semiconductor part , the 
second control electrode being electrically insulated from 
the semiconductor part by a second insulating film ; and a 
third control electrode provided between the semiconductor 
part and the first electrode , the third control electrode being 
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[ 0014 ] FIG . 1 is a schematic cross - sectional view showing 
a semiconductor device 1 according to an embodiment . The 
semiconductor device 1 is , for example , a reverse - conduct 
ing IGBT ( RC - IGBT ) . 
[ 0015 ] The semiconductor device 1 includes a semicon 
ductor part 10 , a first electrode 20 , and a second electrode 
30. The semiconductor part 10 is , for example , silicon . The 
first electrode 20 is , for example , an emitter electrode . The 
first electrode 20 is provided on a first surface 10A of the 
semiconductor part 10. The first electrode 20 is , for example , 
a metal layer including aluminum ( Al ) . The second electrode 
30 is , for example , a collector electrode . The second elec 
trode 30 is provided on a second surface 10B of the 
semiconductor part 10. The second surface 10B is , for 
example , the back surface of the semiconductor part 10 and 
is positioned at the side opposite to the first surface 10A . The 
second electrode 30 is , for example , a metal layer including 
titanium ( Ti ) or aluminum ( Al ) . 
[ 0016 ] The semiconductor device 1 further includes a first 
control electrode 40 , a second control electrode 50 , and a 
third control electrode 60. The first control electrode 40 , the 
second control electrode 50 , and the third control electrode 
60 are provided between the semiconductor part 10 and the 
first electrode 20. The first control electrode 40 , the second 
control electrode 50 , and the third control electrode 60 are , 
for example , conductive polysilicon . 
[ 0017 ] The first control electrode 40 is disposed inside a 
trench GT1 provided at the first surface 10A side of the 
semiconductor part 10. The first control electrode 40 is 
electrically insulated from the semiconductor part 10 by a 
first insulating film 43. The first insulating film 43 is , for 
example , a silicon oxide film . 
[ 0018 ] The second control electrode 50 is disposed inside 
a trench GT2 provided at the first surface 10A side of the 
semiconductor part 10. The second control electrode 50 is 
electrically insulated from the semiconductor part 10 by a 
second insulating film 53. The second insulating film 53 is , 
for example , a silicon oxide film . 
[ 0019 ] The third control electrode 60 is disposed inside a 
trench GT3 provided at the first surface 10A side of the 
semiconductor part 10. The third control electrode 60 is 
electrically insulated from the semiconductor part 10 by a 
third insulating film 63. The third insulating film 63 is , for 
example , a silicon oxide film . 
[ 0020 ] The semiconductor part 10 includes a first - conduc 
tivity - type ( hereinbelow , n - type ) first semiconductor layer 
11 , a second - conductivity - type ( hereinbelow , p - type ) second 
semiconductor layer 13 , a p - type third semiconductor layer 
14 , an n - type fourth semiconductor layer 15 , a p - type fifth 
semiconductor layer 21 , and an n - type sixth semiconductor 
layer 23 . 
[ 0021 ] The first semiconductor layer 11 is , for example , an 
n - type base layer . For example , the first semiconductor layer 
11 includes an n - type impurity with a low concentration 
( 1x1013 to 1x1015 cm - 3 ) . 
[ 0022 ] The second semiconductor layer 13 is , for example , 
a p - type base layer . The second semiconductor layer 13 is 
selectively provided between the first semiconductor layer 
11 and the first electrode 20. The second semiconductor 
layer 13 includes , for example , a p - type impurity with a 
concentration range of 1x1017 to 1x1018 cm - 3 . The second 
semiconductor layer 13 includes a portion facing the first 
control electrode 40 via the first insulating film 43. It is more 

desirable for the p - type impurity concentration of the second 
semiconductor layer 13 to be in the range of 1x1017 to 
5x1017 cm - 3 . 
[ 0023 ] The third semiconductor layer 14 is , for example , 
a p - type anode layer . The third semiconductor layer 14 is 
selectively provided between the first semiconductor layer 
11 and the first electrode 20. The third semiconductor layer 
14 includes a p - type impurity with a higher concentration 
than the p - type impurity of the second semiconductor layer 
13. The third semiconductor layer 14 includes , for example , 
a p - type impurity with a concentration range of 3x1017 to 
5x1018 cm - 3 . It is more desirable for the p - type impurity 
concentration of the third semiconductor layer 14 to be in the 
range of 5x1017 to 1x1018 cm - 3 . From the perspective of 
controlling the hole injection into the first semiconductor 
layer 11 , it is desirable for the p - type impurity concentration 
of the third semiconductor layer 14 to be not less than 2 
times and not more than 5 times the p - type impurity con 
centration of the second semiconductor layer 13. The third 
semiconductor layer 14 includes a portion facing the second 
control electrode 50 via the second insulating film 53 . 
[ 0024 ] The fourth semiconductor layer 15 is , for example , 
an n - type emitter layer . The fourth semiconductor layer 15 
is selectively provided between the second semiconductor 
layer 13 and the first electrode 20. The fourth semiconductor 
layer 15 is disposed at a position contacting the first insu 
lating film 43. The fourth semiconductor layer 15 includes 
an n - type impurity with a higher concentration than the 
n - type impurity of the first semiconductor layer 11. For 
example , the first electrode 20 is in contact with and 
electrically connected to the fourth semiconductor layer 15 . 
[ 0025 ] The fifth semiconductor layer 21 is , for example , a 
p - type collector layer . The fifth semiconductor layer 21 is 
selectively provided between the first semiconductor layer 
11 and the second electrode 30. The fifth semiconductor 
layer 21 includes , for example , a p - type impurity with the 
same concentration level as the p - type impurity of the 
second semiconductor layer 13. The fifth semiconductor 
layer 21 includes , for example , a p - type impurity with a 
concentration range of 1x1017 to 5x1017 cm - 3 . 
[ 0026 ] The sixth semiconductor layer 23 is , for example , 
an n - type cathode layer . The sixth semiconductor layer 23 is 
selectively provided between the first semiconductor layer 
11 and the second electrode 30. The sixth semiconductor 
layer 23 includes an n - type impurity with a higher concen 
tration than the n - type impurity of the first semiconductor 
layer 11. The fifth semiconductor layer 21 and the sixth 
semiconductor layer 23 are provided on the second electrode 
30 and alternately arranged along the second electrode 30 . 
The second electrode 30 is electrically connected to the fifth 
and sixth semiconductor layers 21 and 23. The second 
electrode 30 also is electrically connected to the first semi 
conductor layer 11 via the sixth semiconductor layer 23 . 
[ 0027 ] The semiconductor part 10 further includes a sev 
enth semiconductor layer 17 , an eighth semiconductor layer 
25 , a ninth semiconductor layer 27 , a tenth semiconductor 
layer 34 , and an eleventh semiconductor layer 37 . 
[ 0028 ] The seventh semiconductor layer 17 is , for 
example , a p - type emitter layer . The seventh semiconductor 
layer 17 is selectively provided between the second semi 
conductor layer 13 and the first electrode 20. The seventh 
semiconductor layer 17 includes a p - type impurity with a 
higher concentration than the p - type impurity of the second 
semiconductor layer 13. Also , the seventh semiconductor 
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layer 17 includes a p - type impurity with a higher concen 
tration than the p - type impurity of the third semiconductor 
layer 14 . 
[ 0029 ] The seventh semiconductor layer 17 is arranged 
along the first electrode 20 with the fourth semiconductor 
layer 15. For example , the first electrode 20 is in contact 
with and electrically connected to the seventh semiconduc 
tor layer 17. The first electrode 20 is electrically connected 
to the second semiconductor layer 13 via the seventh semi 
conductor layer 17 . 
[ 0030 ] The eighth semiconductor layer 25 is , for example , 
an n - type buffer layer . The eighth semiconductor layer 25 is 
provided between the first semiconductor layer 11 and the 
fifth semiconductor layer 21. The eighth semiconductor 
layer 25 includes an n - type impurity with a higher concen 
tration than the n - type impurity of the first semiconductor 
layer 11 . 
[ 0031 ] The ninth semiconductor layer 27 is , for example , 
a p - type contact layer . The ninth semiconductor layer 27 is 
selectively provided between the third semiconductor layer 
14 and the first electrode 20. The ninth semiconductor layer 
27 includes a p - type impurity with a higher concentration 
than the p - type impurity of the third semiconductor layer 14 . 
For example , the first electrode 20 is in contact with and 
electrically connected to the ninth semiconductor layer 27 . 
The first electrode 20 is electrically connected to the third 
semiconductor layer 14 via the ninth semiconductor layer 
27 . 
[ 0032 ] The tenth semiconductor layer 34 is , for example , 
a p - type anode layer . The tenth semiconductor layer 34 is 
selectively provided between the first semiconductor layer 
11 and the first electrode 20. The tenth semiconductor layer 
34 is positioned between two adjacent third control elec 
trodes 60 and includes portions respectively facing the third 
control electrodes 60 via the third insulating films 63. The 
tenth semiconductor layer 34 includes a p - type impurity 
with a higher concentration than the p - type impurity of the 
second semiconductor layer 13. For example , the tenth 
semiconductor layer 34 includes the p - type impurity with 
the same concentration level as the p - type impurity of the 
third semiconductor layer 14 . 
[ 0033 ] The eleventh semiconductor layer 37 is , for 
example , a p - type contact layer . The eleventh semiconductor 
layer 37 is selectively provided between the tenth semicon 
ductor layer 34 and the first electrode 20. The eleventh 
semiconductor layer 37 includes a p - type impurity with a 
higher concentration than the p - type impurity of the tenth 
semiconductor layer 34. For example , the first electrode 20 
is in contact with and electrically connected to the eleventh 
semiconductor layer 37. The first electrode 20 is electrically 
connected to the tenth semiconductor layer 34 via the 
eleventh semiconductor layer 37 . 
[ 0034 ] The first control electrode 40 is electrically insu 
lated from the first electrode 20 by a fourth insulating film 
45. The fourth insulating film 45 is , for example , a silicon 
oxide film . For example , the first control electrode 40 is 
electrically connected to a first control terminal MT . 
[ 0035 ] The second control electrode 50 is electrically 
insulated from the first electrode 20 by a fifth insulating film 
55. The fifth insulating film 55 is , for example , a silicon 
oxide film . For example , the second control electrode 50 is 
electrically connected to the first control terminal MT . The 
same control voltage as that of the first control electrode 40 
is applied to the second control electrode 50 . 

[ 0036 ] For example , the third control electrode 60 is 
electrically connected to the first electrode 20. For example , 
a sixth insulating film 65 is provided between the first 
electrode 20 and the third control electrode 60. The sixth 
insulating film 65 is , for example , a silicon oxide film . The 
first electrode 20 is electrically connected to the third control 
electrode 60 via a contact portion that extends through the 
sixth insulating film 65 and reaches the third control elec 
trode 60 ( referring to FIG . 6 ) . The third control electrode 60 
is electrically isolated ( insulated ) from the first and second 
control electrodes 40 and 50 and is independently biased . 
The embodiment is not limited to the example ; for example , 
a configuration may be used in which the first electrode 20 
is directly connected to the third control electrode 60 with 
out disposing the sixth insulating film 65 . 
[ 0037 ] Multiple first control electrodes 40 are provided , 
and the second control electrode 50 and the third control 
electrode 60 are disposed between adjacent first control 
electrodes 40. The second control electrode 50 and the third 
control electrode 60 are appropriately arranged to reduce the 
conduction loss and the switching loss in the IGBT mode 
and the diode mode . To this end , the arrangement does not 
always have adjacent third control electrodes 60 between 
which the second control electrode 50 is not interposed . In 
other words , there are also cases where the tenth semicon 
ductor layer 34 and the eleventh semiconductor layer 37 are 
not provided . 
[ 0038 ] FIGS . 2A and 2B are circuit diagrams showing a 
power conversion circuit 100 using the semiconductor 
device 1 according to the embodiment . FIGS . 2A and 2B are 
circuit diagrams illustrating a single - phase inverter circuit 
including four semiconductor devices 1 ( hereinbelow , semi 
conductor devices RC1 to RC4 ) . 
[ 0039 ] As shown in FIGS . 2A and 2B , the semiconductor 
devices RC1 and RC3 are arranged in parallel in arms at the 
high potential side , and the semiconductor devices RC2 and 
RC4 are arranged in parallel in arms at the low potential 
side . The switching control of the semiconductor devices 
RC1 to RC4 is performed to cause an AC current of a 
prescribed frequency to flow in a load Z? . The load Z , is , for 
example , an inductor . 
[ 0040 ] FIGS . 2A and 2B show processes of the waveform 
control of a current I , flowing in the load Z? . For example , 
the controls shown in FIGS . 2A and 2B are alternately 
performed so that the waveform of the current I , flowing in 
the load Z , approaches a sine wave . 
[ 0041 ] In the process shown in FIG . 2A , the semiconduc 
tor devices RC1 to RC4 operate in the IGBT mode , the 
semiconductor devices RC1 and RC4 are in the on - state , and 
the semiconductor devices RC2 and RC3 are in the off - state . 
The current I , is supplied from a power supply V to the load 
Zr . At this time , the current I , flows through a path via the 
semiconductor devices RC1 and RC4 . 
[ 0042 ] In the process shown in FIG . 2B , the semiconduc 
tor device RC4 is turned off , and the semiconductor device 
RC1 is maintained in the on - state . The semiconductor device 
RC2 is maintained in the off - state . Thereby , the supply of the 
current I , from the power supply V is stopped , but the 
current I , continues to flow while gradually decreasing due 
to the electrical energy stored in the load Zz . At this time , the 
current I , flows through a path via the semiconductor 
devices RC3 and RC1 . The p - n junction between the first 
semiconductor layer 11 and the second semiconductor layer 
13 in the semiconductor device RC3 ( referring to FIG . 1 ) is 
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biased in the forward direction by an electromotive force 
generated in the load Z? . In other words , the semiconductor 
device RC3 forms a path of the current I , by operating in the 
diode mode . 
[ 0043 ] Continuing , the semiconductor device RC4 is again 
turned on . Thereby , the process returns to the process shown 
in FIG . 2A , and the current I , is supplied from the power 
supply V to the load Z? by the path via the semiconductor 
devices RC1 and RC4 . The semiconductor device RC2 is 
maintained in the off - state . The semiconductor device RC3 
transitions from the diode mode to the IGBT mode and is 
switched to the off - state . 
[ 0044 ] Subsequently , the semiconductor device RC4 is 
again turned off , and the process returns to the process 
shown in FIG . 2B . Thus , by switching the semiconductor 
device RC4 on and off , the processes shown in FIGS . 2A and 
2B are alternately repeated , and the waveform of the current 
I , is controlled . 
[ 0045 ] To control a load current flowing in the reverse 
direction of the current I , shown in FIGS . 2A and 2B , the 
semiconductor device RC3 is repeatedly switched on and off 
in a state in which the semiconductor device RC1 is set to 
the off - state and the semiconductor device RC2 is turned on . 
Accordingly , the semiconductor device RC4 alternately 
repeats the operations of the IGBT mode and the diode 
mode . 
[ 0046 ] FIG . 3 is a timing chart showing a method for 
controlling the power conversion circuit 100. A control 
voltage Vge shown in FIG . 3 is applied to the first and 
second control electrodes 40 and 50 via the first control 
terminal MT for each of the semiconductor devices RC1 to 
RC4 . 
[ 0047 ] Control voltages Vgel and Vge2 shown in FIG . 3 
are applied respectively to the semiconductor devices RC3 
and RC4 in the control processes shown in FIGS . 2A and 2B . 
The control voltage Vgel is applied to the semiconductor 
device RC3 , and the control voltage Vge2 is applied to the 
semiconductor device RC4 . 
[ 0048 ] As shown in FIG . 3 , the control voltage Vge2 that 
is applied to the semiconductor device RC4 is maintained at , 
for example , positive 15 V until a time t , and is switched to , 
for example , negative 15 V at the time to . Subsequently , the 
control voltage Vge2 is maintained at negative 15 V until a 
time tz and is switched to , for example , positive 15 V at the 

tion of the semiconductor device RC3 in the control process 
shown in FIG . 2B . Namely , the movement of the carriers in 
the diode mode of the semiconductor device 1 is shown . 
[ 0053 ] In the diode mode of the semiconductor device 1 , 
the p - n junctions between the first semiconductor layer 11 
and the second semiconductor layer 13 , between the first 
semiconductor layer 11 and the third semiconductor layer 
14 , and between the first semiconductor layer 11 and the 
tenth semiconductor layer 34 are forward - biased , and holes 
are injected into the first semiconductor layer 11 from the 
second semiconductor layer 13 , the third semiconductor 
layer 14 , and the tenth semiconductor layer 34. Accordingly , 
electrons are injected from the sixth semiconductor layer 23 
into the first semiconductor layer 11 . 
[ 0054 ] In the semiconductor device 1 , the third and tenth 
semiconductor layers 14 and 34 include the p - type impurity 
with a higher concentration than the p - type impurity of the 
second semiconductor layer 13. Therefore , more holes are 
injected into the first semiconductor layer 11 from the third 
and tenth semiconductor layers 14 and 34. Accordingly , 
compared to when the p - type impurity concentrations of the 
third and tenth semiconductor layers 14 and 34 are the same 
concentration level as the p - type impurity concentration of 
the second semiconductor layer 13 , the densities of the holes 
and electrons in the first semiconductor layer 11 are 
increased , and the conduction loss can be reduced . Also , in 
the control method according to the embodiment , the control 
voltage Vgel of negative 15 V is applied to the first and 
second control electrodes 40 and 50 ( referring to FIG . 3 ) . 
[ 0055 ] As shown in FIG . 4A , an accumulation layer of 
holes is formed at the interface between the first semicon 
ductor layer 11 and the first insulating film 43. Holes 
accumulate also at the interface between the first semicon 
ductor layer 11 and the second insulating film 53. Therefore , 
the injection of holes from the second and third semicon 
ductor layers 13 and 14 into the first semiconductor layer 11 
is promoted , and the densities of the holes and electrons in 
the first semiconductor layer 11 can be increased further . In 
other words , it is possible to further reduce the conduction 
loss in the diode mode of the semiconductor device 1 . 
[ 0056 ] Also , the control voltage Vgel of positive 15 V is 
applied to the first and second control electrodes 40 and 50 
directly before turning on the semiconductor device RC4 
( referring to FIG . 3 ) . Thereby , an n - type inversion layer ( not 
illustrated ) is induced at the interface between the second 
semiconductor layer 13 and the first insulating film 43 . 
[ 0057 ] As shown in FIG . 4B , an ejection path of electrons 
from the first semiconductor layer 11 to the first electrode 20 
via the n - type inversion layer and the fourth semiconductor 
layer 15 is formed at the vicinity of the first control electrode 
40. The densities of the holes and electrons in the first 
semiconductor layer 11 can be reduced thereby . Also , an 
accumulation layer of electrons is formed at the interface 
between the first semiconductor layer 11 and the second 
insulating film 53 at the vicinity of the second control 
electrode 50. Therefore , the injection path of the holes 
between the second control electrode 50 and the third 
control electrode 60 becomes narrow , and the hole injection 
from the third semiconductor layer 14 into the first semi 
conductor layer 11 is suppressed . 
[ 0058 ] Thus , in the semiconductor device 1 , the conduc 
tion loss can be reduced by increasing the densities of the 
holes and electrons in the first semiconductor layer 11. Also , 
by appropriately controlling the first control electrode 40 

time tz . 
[ 0049 ] The threshold voltages of the first and second 
control electrodes 40 and 50 are , for example , positive 15 V 
or less . Accordingly , the semiconductor device RC4 is 
turned off at the time to and turned on at the time tz . 
[ 0050 ] On the other hand , the control voltage Vgel that is 
applied to the semiconductor device RC3 is , for example , 
negative 15 V until a time t , and is switched to , for example , 
positive 15 V at the time t? . Continuing , the control voltage 
Vgel is returned to negative 15 V at a time t2 , which is 
before the time tz . 
[ 0051 ] The semiconductor device RC3 repeats the opera 
tion of the IGBT mode and the operation of the diode mode 
corresponding to switching the semiconductor device RC4 
on and off ( referring to FIGS . 2A and 2B ) . In other words , 
the semiconductor device RC3 operates in the diode mode 
between the time t , and the time tz . 
[ 0052 ] FIGS . 4A and 4B are schematic plan views show 
ing operations of the semiconductor device 1 according to 
the embodiment . FIGS . 4A and 4B correspond to the opera 
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and the second control electrode 50 , the switching loss in the 
diode mode can be reduced by reducing the densities of the 
holes and electrons in the first semiconductor layer 11 . 
[ 0059 ] In the power conversion circuit 100 , the densities 
of the holes and electrons in the first semiconductor layer 11 
of the semiconductor device RC3 can be reduced directly 
before turning on the semiconductor device RC4 ( referring 
to FIG . 3 ) . The time to deplete the first semiconductor layer 
11 of the semiconductor device RC3 after turning on the 
semiconductor device RC4 can be reduced thereby . 
[ 0060 ] If the densities of the holes and electrons in the first 
semiconductor layer 11 of the semiconductor device RC3 
are excessively reduced , the forward resistance becomes 
large , and the conduction loss increases . There are also cases 
where an excessive forward voltage is applied to the semi 
conductor device RC3 and breakdown of the element 
occurs . Therefore , for example , the densities of the holes and 
electrons in the first semiconductor layer 11 are appropri 
ately controlled by a time t , of applying the control voltage 
Vgel of positive 15 V ( referring to FIG . 3 ) . 
[ 0061 ] A time td from returning the control voltage Vgel 
to the negative voltage at the time tz until the semiconductor 
device RC4 is turned on ( referring to FIG . 3 ) is set , for 
example , to avoid simultaneously setting the semiconductor 
device RC3 and the semiconductor device RC4 to the 
on - state . For example , if the time td is increased , there is a 
possibility that the densities of the holes and electrons in the 
first semiconductor layer 11 may return to the original state 
even when reduced between the times t? to tz ( referring to 
FIG . 3 ) . Accordingly , it is favorable for the time td to be 
short . For example , the time td is set to be less than the time 
te . 

[ 0062 ] FIG . 5 is a schematic cross - sectional view showing 
a semiconductor device 2 according to a first modification of 
the embodiment . The semiconductor device 2 is , for 
example , an RC - IGBT and includes the first control elec 
trode 40 , the second control electrode 50 , and the third 
control electrode 60 . 
[ 0063 ] In the semiconductor device 2 as shown in FIG . 5 , 
the first control electrode 40 is electrically connected to the 
first control terminal MT , and the second control electrode 
50 is electrically connected to a second control terminal ST . 
The third control electrode 60 is electrically connected to the 
first electrode 20 . 
[ 0064 ] In the semiconductor device 2 , the potential of the 
second control electrode 50 can be controlled independently 
of the first control electrode 40. Thereby , it is possible to 
independently control the hole injection from the third 
semiconductor layer 14 into the first semiconductor layer 11 , 
and the controllability of the densities of the holes and 
electrons in the first semiconductor layer 11 can be 
improved . 
[ 0065 ] FIG . 6 is a schematic plan view showing the 
semiconductor device 2 according to the first modification of 
the embodiment . FIG . 6 is a schematic view showing the 
arrangement of the first electrode 20 , the first control ter 
minal MT , and the second control terminal ST . 
[ 0066 ] The first control terminal MT and the second 
control terminal ST are , for example , gate pads . For 
example , the first control terminal MT and the second 
control terminal ST are electrically insulated from the semi 
conductor part 10 by a seventh insulating film 47. The 
seventh insulating film 47 is , for example , a silicon oxide 
film . 

[ 0067 ] As shown in FIG . 6 , the semiconductor device 2 
further includes a first control interconnect GW1 and a 
second control interconnect GW2 . The first control inter 
connect GW1 is connected to the first control terminal MT 
and extends in , for example , the X - direction . The second 
control interconnect GW2 is connected to the second control 
terminal ST and extends in , for example , the X - direction . 
For example , the first control interconnect GW1 and the 
second control interconnect GW2 are electrically insulated 
from the semiconductor part 10 by the seventh insulating 
film 47 . 
[ 0068 ] The first control terminal MT and the first control 
interconnect GW1 are separated from the first electrode 20 , 
the second control terminal ST , and the second control 
interconnect GW2 . The second control terminal ST and the 
second control interconnect GW2 are separated from the 
first electrode 20. For example , the first electrode 20 is 
disposed between the first control terminal MT and the 
second control terminal ST and between the first control 
interconnect GW1 and the second control interconnect 
GW2 
[ 0069 ] As shown by the broken lines in FIG . 6 , for 
example , the first control electrode 40 , the second control 
electrode 50 , and the third control electrode 60 extend in the 
Y - direction below the first electrode 20. The first control 
electrode 40 is provided to cross the first control terminal 
MT or the first control interconnect GW1 . The second 
control electrode 50 is provided to cross the second control 
terminal ST or the second control interconnect GW2 . 
[ 0070 ] For example , the first control electrode 40 is elec 
trically connected to the first control terminal MT or the first 
control interconnect GW1 via a first contact portion GC1 . 
The first contact portion GC1 is provided at a portion where 
the first control electrode 40 crosses the first control terminal 
MT or the first control interconnect GW1 . The first contact 
portion GC1 extends through the insulating film 47 from the 
first control terminal MT or the first control interconnect 
GW1 and is connected to the first control electrode 40. The 
first contact portion GC1 is , for example , a portion of the 
first control terminal MT or the first control interconnect 
GW1 extending through a contact hole provided in the 
seventh insulating film 47 . 
[ 0071 ] For example , the second control electrode 50 is 
electrically connected to the second control terminal ST or 
the second control interconnect GW2 via a second contact 
portion GC2 . The second contact portion GC2 is provided at 
a portion where the second control electrode 50 crosses the 
second control terminal ST or the second control intercon 
nect GW2 . The second contact portion GC2 extends through 
the insulating film 47 from the second control terminal ST 
or the second control interconnect GW2 and is connected to 
the second control electrode 50. The second contact portion 
GC2 is , for example , a portion of the second control terminal 
ST or the second control interconnect GW2 extending 
through a contact hole provided in the seventh insulating 
film 47 . 
[ 0072 ] For example , the third control electrode 60 is 
electrically connected to the first electrode 20 via a third 
contact portion GC3 . The third contact portion GC3 extends 
through the sixth insulating film 65 from the first electrode 
20 ( referring to FIG . 1 ) and is connected to the third control 
electrode 60. The third contact portion GC3 is , for example , 
a portion of the first electrode 20 extending through a contact 
hole provided in the sixth insulating film 65 . 
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[ 0073 ] FIG . 7 is a schematic cross - sectional view showing 
a semiconductor device 3 according to a second modifica 
tion of the embodiment . In the semiconductor device 3 as 
shown in FIG . 7 , the fourth semiconductor layer 15 is 
disposed at a position contacting the first insulating film 43 
between the second semiconductor layer 13 and the first 
electrode 20 ( referring to FIG . 1 ) and is disposed at a 
position contacting the second insulating film 53 between 
the third semiconductor layer 14 and the first electrode 20 . 
In other words , the second control electrode 50 has the same 
gate structure as the first control electrode 40 . 
[ 0074 ] In the semiconductor device 3 , the first control 
electrode 40 is electrically connected to the first control 
terminal MT , and the second control electrode 50 is electri 
cally connected to the second control terminal ST . In other 
words , the potential of the second control electrode 50 can 
be controlled independently of the potential of the first 
control electrode 40. Accordingly , even when the p - type 
impurity concentration in the third semiconductor layer 14 is 
set to be greater than the p - type impurity concentration of 
the second semiconductor layer 13 , it is possible to induce 
an n - type inversion layer at the interface between the third 
semiconductor layer 14 and the second insulating film 53 by 
applying a higher control voltage to the second control 
electrode 50 than to the first control electrode 40 . 
[ 0075 ] In other words , by inducing the n - type inversion 
layer at the interface between the second semiconductor 
layer 13 and the first insulating film 43 of the first control 
electrode 40 and by inducing the n - type inversion layer at 
the interface between the third semiconductor layer 14 and 
the second insulating film 53 , the electrons can be efficiently 
ejected from the first semiconductor layer 11 to the first 
electrode 20 via the n - type inversion layers and the fourth 
semiconductor layers 15 , and the densities of the holes and 
the electrons can be reduced . 
[ 0076 ] While certain embodiments have been described , 
these embodiments have been presented by way of example 
only , and are not intended to limit the scope of the inven 
tions . Indeed , the novel embodiments described herein may 
be embodied in a variety of other forms ; furthermore , 
various omissions , substitutions and changes in the form of 
the embodiments described herein may be made without 
departing from the spirit of the inventions . The accompa 
nying claims and their equivalents are intended to cover 
such forms or modifications as would fall within the scope 
and spirit of the invention . 
What is claimed is : 
1. A semiconductor device , comprising : 
a semiconductor part including a first surface and a 

second surface , the second surface being at a side 
opposite to the first surface ; 

a first electrode provided on the first surface of the 
semiconductor part ; 

a second electrode provided on the second surface of the 
semiconductor part ; 

a first control electrode provided between the semicon 
ductor part and the first electrode , the first control 
electrode being positioned in a first trench provided at 
the first surface side of the semiconductor part , the first 
control electrode being electrically insulated from the 
semiconductor part by a first insulating film ; 

a second control electrode provided between the semi 
conductor part and the first electrode , the second con 
trol electrode being positioned in a second trench 

provided at the first surface side of the semiconductor 
part , the second control electrode being electrically 
insulated from the semiconductor part by a second 
insulating film ; and 

a third control electrode provided between the semicon 
ductor part and the first electrode , the third control 
electrode being positioned in a third trench provided at 
the first surface side of the semiconductor part , the third 
control electrode being electrically insulated from the 
semiconductor part by a third insulating film and elec 
trically isolated from the first and second control elec 
trodes , 

the semiconductor part including a first semiconductor 
layer of a first conductivity type , a second semicon 
ductor layer of a second conductivity type , a third 
semiconductor layer of the second conductivity type , a 
fourth semiconductor layer of the first conductivity 
type , a fifth semiconductor layer of the second conduc 
tivity type , and a sixth semiconductor layer of the first 
conductivity type , 

the second semiconductor layer being selectively pro 
vided between the first semiconductor layer and the 
first electrode , the second semiconductor layer includ 
ing a portion facing the first control electrode via the 
first insulating film , 

the third semiconductor layer being selectively provided 
between the first semiconductor layer and the first 
electrode , the third semiconductor layer including a 
second - conductivity - type impurity with a higher con 
centration than a concentration of a second - conductiv 
ity - type impurity in the second semiconductor layer , 
the third semiconductor layer including a portion facing 
the second control electrode via the second insulating 
film , the third semiconductor layer including a portion 
facing the third control electrode via the third insulating 
film , 

the fourth semiconductor layer being selectively provided 
between the second semiconductor layer and the first 
electrode , the fourth semiconductor layer contacting 
the first insulating film , 

the fifth semiconductor layer being selectively provided 
between the first semiconductor layer and the second 
electrode , 

the sixth semiconductor layer being selectively provided 
between the first semiconductor layer and the second 
electrode , the sixth semiconductor layer including a 
first - conductivity - type impurity with a higher concen 
tration than a concentration of a first - conductivity - type 
impurity in the first semiconductor layer , 

the fifth semiconductor layer and the sixth semiconductor 
layer being alternately arranged along the second elec 
trode , 

the first electrode being electrically insulated from the 
first control electrode by a fourth insulating film , and 
electrically insulated from the second control electrode 
by a fifth insulating film , the first electrode being 
electrically connected to the second , third , and fourth 
semiconductor layers , 

the second electrode being electrically connected to the 
fifth and sixth semiconductor layers . 

2. The device according to claim 1 , wherein 
the third control electrode is adjacent to the first control 

electrode , and 
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the second semiconductor layer is provided between the 
first control electrode and the third control electrode , 
the second semiconductor layer facing the third control 
electrode via the third insulating film . 

3. The device according to claim 2 , wherein 
the semiconductor part further includes a seventh semi 

conductor layer of the second conductivity type , 
the seventh semiconductor layer is selectively provided 

between the second semiconductor layer and the first 
electrode , the seventh semiconductor layer including a 
second - conductivity - type impurity with a higher con 
centration than a concentration of the second - conduc 
tivity - type impurity in the third semiconductor layer , 
and 

the fourth semiconductor layer and the seventh semicon 
ductor layer are arranged along the first electrode . 

4. The device according to claim 3 , wherein 
the seventh semiconductor layer contacts the third insu 

lating film . 
5. The device according to claim 1 , wherein 
the semiconductor part further includes an eighth semi 

conductor layer of the first conductivity type , 
the eighth semiconductor layer is provided between the 

first semiconductor layer and the fifth semiconductor 
layer , the eighth semiconductor layer including a first 
conductivity - type impurity with a higher concentration 
than a concentration of the first - conductivity - type 
impurity in the first semiconductor layer . 

6. The device according to claim 5 , wherein 
the eighth semiconductor lay extends between the first 

semiconductor layer and the sixth semiconductor layer . 
7. The device according to claim 1 , wherein 
the semiconductor part further includes a ninth semicon 

ductor layer of the second conductivity type , and 
the ninth semiconductor layer is selectively provided 

between the third semiconductor layer and the first 
electrode , the ninth semiconductor layer including a 
second - conductivity - type impurity with a higher con 
centration than the concentration of the second - con 
ductivity - type impurity in the third semiconductor 
layer . 

8. The device according to claim 7 , wherein 
the ninth semiconductor layer contacts the first insulating 

film and is electrically connected to the first electrode . 
9. The device according to claim 7 , wherein 
a plurality of the ninth semiconductor layers is provided , 
one of the ninth semiconductor layers contacts the second 

insulating film , and 
another one of the ninth semiconductor layers contacts the 

third insulating film . 
10. The device according to claim 1 , wherein 
a plurality of the third control electrodes is provided , 
the semiconductor part further includes a tenth semicon 

ductor layer of the second conductivity type , and 
the tenth semiconductor layer is provided between two 

adjacent third control electrodes of the plurality of third 
control electrodes , the tenth semiconductor facing each 
of the two adjacent third control electrodes via a third 
insulating film , the tenth semiconductor including a 
second - conductivity - type impurity with a higher con 
centration than the concentration of the second - con 
ductivity - type impurity in the second semiconductor 
layer . 

11. The device according to claim 10 , wherein 
the semiconductor part further includes an eleventh semi 

conductor layer of the second conductivity type , and 
the eleventh semiconductor layer is selectively provided 

between the tenth semiconductor layer and the first 
electrode , the eleventh semiconductor layer including a 
second - conductivity - type impurity with a higher con 
centration than the concentration of the second - con 
ductivity - type impurity in the tenth semiconductor 
layer . 

12. The device according to claim 11 , wherein 
the eleventh semiconductor layer faces one of the two 

adjacent third control electrodes via the third insulating 
film . 

13. The device according to claim 10 , wherein 
one of the third control electrodes is adjacent to the first 

control electrode , and 
the second semiconductor layer is provided between the 

first control electrode and the one of the third control 
electrodes , the second semiconductor layer facing the 
one of the third control electrodes via the third insu 
lating film . 

14. The device according to claim 1 , wherein 
a plurality of the fourth semiconductor layers is provided , 

and 
one of the fourth semiconductor layers is selectively 

provided between the third semiconductor layer and the 
first electrode , one of the fourth semiconductor layers 
contacting the second insulating film . 

15. The device according to claim 1 , wherein 
the second control electrode is electrically connected to 

the first control electrode . 
16. The device according to claim 15 , further comprising : 
a first control terminal provided on the first surface of the 

semiconductor part , the first control terminal being 
separated from the first electrode , 

the first control electrode and the second control electrode 
being electrically connected to the first control termi 
nal . 

17. The device according to claim 1 , wherein 
the third control electrode is electrically connected to the 

first electrode . 
18. The device according to claim 17 , wherein 
the first electrode is provided on the third control elec trode with a sixth insulating film interposed , and 
the first electrode is electrically connected to the third 

control electrode via a contact hole provided in the 
sixth insulating film . 

19. The device according to claim 1 , further comprising : 
a first control terminal provided on the first surface of the 

semiconductor part , the first control terminal being 
separated from the first electrode ; and 

a second control terminal provided on the first surface of 
the semiconductor part , the second control terminal 
being separated from the first electrode and the first 
control terminal , 

the first control electrode being electrically connected to 
the first control terminal , 

the second control electrode being electrically connected 
to the second control terminal . 

20. The device according to claim 19 , further comprising : 
a first control interconnect extending from the first control 

terminal ; and 
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a second control interconnect extending from the second 
control terminal , 

the first control electrode being electrically connected to 
the first control terminal via the first control intercon 
nect , 

the second control electrode being electrically connected 
to the second control terminal via the second control 
interconnect . 


