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(57) ABSTRACT 

A semiconductor device including a drain region of a first 
conductivity type formed on a semiconductor Substrate; an 
element forming region that is provided on the drain region 
and that has a concave portion reaching the drain region; a 
gate electrode disposed in the concave portion; a Superjunc 
tion structure portion that is disposed in the element forming 
region and that is formed by alternately arranging a drift layer 
of the first conductivity type penetrated by the concave por 
tion and a resurf layer of a second conductivity type being in 
contact with the drift layer on the semiconductor substrate; 
and a base region of the second conductivity type that is 
disposed on the Superjunction structure portion so as to be in 
contact with the drift layer in the element forming region, that 
is penetrated by the concave portion, and that faces the gate 
electrode with the gate insulating film therebetween. 
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SEMCONDUCTOR DEVICE AND METHOD 
FOR MANUFACTURING THE SAME 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002. This invention relates to a semiconductor device 
that has a so-called Superjunction structure and a method for 
manufacturing the semiconductor device. 
0003 2. Description of Related Art 
0004 An attempt has been carried out to enhance the 
withstand voltage of semiconductor devices provided with 
MOSFETs (Metal Oxide Semiconductor Field Effect Tran 
sistors). 
0005 FIG. 4 is a diagrammatic sectional view of a con 
ventional semiconductor device provided with MOSFETs. 
0006. A semiconductor layer 54 including an N-type drift 
layer (N-type pillar layer) 52 and a P-type resurflayer (P-type 
pillar layer) 53 is formed on an N'-type semiconductor 
substrate 51. The drift layer 52 and the resurf layer 53 are 
alternately arranged in a direction parallel to the semiconduc 
tor Substrate 51, thus forming a so-called Superjunction struc 
ture. 

0007. A plurality of trenches 55 are formed. Each of the 
trenches 55 has a depth so as to penetrate through the semi 
conductor layer 54 in its thickness direction, and reach an 
interface between the semiconductor substrate 51 and the 
semiconductor layer 54. The trenches 55 each have their inner 
side walls almost perpendicular to the semiconductor Sub 
strate 51, and are almost evenly spaced in parallel with each 
other. The inner side wall of the trench 55 is covered with an 
oxide film 63, and the inside thereof is filled with a buried 
layer 64 made of polysilicon or dielectric material. 
0008. The drift layer 52 is disposed along the trench 55. 
The resurf layer 53 is disposed between a pair of drift layers 
52 that are respectively disposed along the inner side walls of 
two adjoining trenches 55. 
0009. An N-type region 56 is formed on the drift layer 52. 
A P-type base region 57 is formed on the resurf layer 53 in 
such a way as to come into contact with the N-type region 56. 
An N-type source region 58 is formed on the surface part of 
the base region 57. 
0010 Agate electrode 60 is disposed so as to face the base 
region 57 placed between the N-type region 56 and the source 
region 58 and so as to face the vicinity thereof, with an 
insulating film 59 therebetween. A source electrode 61 is 
electrically connected to the source region 58 and the base 
region 57. A drain electrode 62 is formed on a rear surface of 
the semiconductor Substrate 51 (i.e., on a Surface opposite to 
the surface on which the gate electrode 60 and the source 
electrode 61 are formed). 
0011. This semiconductor device is used in a state in 
which one of the source electrode 61 and the drain electrode 
62 is connected to an external load and in a state in which a 
fixed voltage is applied between the external load and the 
other one of the source electrode 61 and the drain electrode 62 
by means of a power source. The Voltage applied therebe 
tween gives a reverse bias to a PN junction formed between 
the resurf layer 53 and the drift layer 52. 
0012. In the base region 57 between the N-type region 56 
and the source region 58, a channel is formed near the inter 
face between the base region 57 and the insulating film 59 by 
setting the gate electrode 60 at a suitable electric potential in 
this state. Further, reverse bias divided by the external load 
and by the on-resistance of the MOSFET is applied onto the 
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PN junction formed between the resurf layer 53 and the drift 
layer 52. However, a depletion layer generated by this is only 
slightly spread, and a path for carriers (electrons) is left in the 
drift layer 52. 
0013. As a result, an electric current flows from the drain 
electrode 62 to the source electrode 61 through the semicon 
ductor substrate 51, the drift layer 52, the N-type region 56, 
the vicinity (channel) of the interface between the base region 
57 and the insulating film 59, and the source region 58. This 
semiconductor device has a so-called planar-type structure, 
and an electric current flows in a direction parallel to the 
semiconductor substrate 51 near the channel. 
0014) Next, a description will be given of a situation in 
which the MOSFET is in an OFF-state, i.e., a situation in 
which the gate electrode 60 is not set at the suitable electric 
potential mentioned above and no channel is formed. Since an 
electric current does not flow to the MOSFET in this situation, 
the power-supply voltage is directly applied onto the PN 
junction formed between the drift layer 52 and the resurflayer 
53 as reverse bias. Therefore, a depletion layer is swiftly 
spread from the interface S between the drift layer 52 and the 
resurflayer 53 to the drift layer 52 and the resurf layer 53, so 
that the drift layer 52 and the resurf layer 53 are completely 
depleted. Hence, the on-resistance can be reduced by doping 
the drift layer 52 with impurities at a high concentration, and 
excellent withstand Voltage characteristics (e.g., 200V) can 
be additionally obtained. 
0015. In a process for manufacturing the semiconductor 
device, the drift layer 52 is formed by injecting impurities to 
the inner wall Surface of the trench 55. The trench 55 has been 
used only to form the drift layer 52, and has not been effec 
tively used. 
0016. The thus structured semiconductor device is dis 
closed by Japanese Published Unexamined Patent Applica 
tion No. 2003-46082. 
0017. However, the planar-type semiconductor device has 
difficulty in miniaturizing elements, and, for this reason, 
regions where channels are formed cannot be enlarged for 
each unit area. Therefore, in practice, the on-resistance can 
not be much lowered. 

SUMMARY OF THE INVENTION 

0018. It is therefore an object of the present invention to 
provide a semiconductor device in which elements can be 
miniaturized and in which the on-resistance can be reduced, 
and provide a method for manufacturing the semiconductor 
device. 
0019. The semiconductor device of the present invention 
includes a drain region of a first conductivity type formed on 
a semiconductor Substrate; an element forming region that is 
provided on the drain region and that has a concave portion 
reaching the drain region; a gate electrode disposed in the 
concave portion; a gate insulating film provided between the 
gate electrode and an inner wall Surface of the concave por 
tion; a Superjunction structure portion that is disposed in the 
element forming region and that is formed by alternately 
arranging a drift layer of the first conductivity type through 
which the concave portion penetrates and a resurf layer of a 
second conductivity type that is different from the first con 
ductivity type, the resurf layer being in contact with the drift 
layer, on the semiconductor Substrate; a base region of the 
second conductivity type that is disposed on the Superjunc 
tion structure portion so as to be in contact with the drift layer 
in the element forming region, that is penetrated by the con 
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cave portion, and that faces the gate electrode with the gate 
insulating film therebetween; and a source region that is 
formed on the base region in the element forming region and 
that is penetrated by the concave portion. 
0020. According to this invention, the gate electrode is 
disposed inside the concave portion. When a predetermined 
Voltage is applied between the drain region (drift layer) and 
the source region, so that the gate electrode reaches a prede 
termined electric potential, a channel is formed near an inter 
face between the base region and the insulating film in the 
base region. Accordingly, an electric current flows through a 
conductive path, i.e., through the semiconductor Substrate 
(drain region), the drift layer, the vicinity (channel) of the 
interface of the base region with the insulating film, and the 
source region in this order. Near the channel, the electric 
current flows in a direction in which the drift layer, the base 
region, and the source region are arranged, i.e., in the depth 
direction of the concave portion (direction perpendicular to 
the semiconductor Substrate). 
0021. In a step of manufacturing this semiconductor 
device, the drift layer can be formed by introducing first 
conductivity-type impurity ions into the inner wall Surface of 
the concave portion. In the thus structured semiconductor 
device, the gate electrode is disposed at the concave portion 
serving to form the drift layer (superjunction structure). This 
makes it possible to miniaturize the element (for example, 
MOSFET) made up of the drift layer, the base region, the 
Source region, the gate insulating film, and the gate electrode. 
0022. Additionally, a region where the channel is formed 
for each unit area of the semiconductor Substrate is increased 
by miniaturizing this element, and, as a result, the on-resis 
tance can be decreased. 
0023. On the other hand, this semiconductor device has a 
superjunction structure portion formed by the drift layer and 
the resurf layer. If a large voltage of reverse bias is applied 
onto the PN junction formed between the drift layer and the 
resurf layer when the gate electrode is not set at the predeter 
mined electric potential mentioned above, a depletion layer 
will be swiftly spread from the interface between the drift 
layer and the resurf layer (hereinafter, referred to simply as 
“interface') into the drift layer and the resurf layer, and, 
accordingly, the drift layer and the resurf layer will be com 
pletely depleted. Therefore, this semiconductor device can 
have a high withstand voltage (for example, 80V to 300V). In 
other words, the withstand Voltage can be enhanced by com 
pletely depleting the drift layer while increasing the concen 
tration of impurities of the drift layer thereby decreasing the 
on-resistance. 
0024. The drain region may be a semiconductor substrate 

itself. The gate electrode can be made of polysilicon that has 
been made electrically conductive (resistant in a low level), 
for example, by introducing impurities. Alternatively, the gate 
electrode may be made of metal material or may include both 
polysilicon and metal material. 
0025. The inside of the concave portion may be almost 
completely filled with the gate electrode. In this case, the 
occurrence of a warp in the semiconductor Substrate can be 
reduced. 
0026. The depth of the concave portion to form a super 
junction structure is set at, for example, about 40 Lum. On the 
other hand, the base region in which a channel is to be formal 
is formed in, for example, the Surface part of the semiconduc 
tor layer (for example, a region having a thickness of about 
him from the surface). Since all that is necessary for the gate 
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electrode is to face the base region, the gate electrode is 
required to be disposed only at the upper part of the inside of 
the concave portion, and hence there is no need to fill all of the 
inside of the concave portion with the gate electrode. 
0027. The semiconductor device of this invention may 
further include a filler that is disposed to be nearer to a bottom 
of the concave portion than the gate electrode inside the 
concave portion and an insulating film that is greater in thick 
ness than the gate insulating film and that is formed by being 
stuck onto an area of the inner wall Surface deeper than a part 
where the base region faces the gate electrode in the inner wall 
Surface of the concave portion. 
0028. According to this arrangement, since the filler and 
the gate electrode are disposed inside the concave portion, the 
occurrence of a warp in the semiconductor Substrate can be 
reduced. Preferably, the inside of the concave portion is 
almost completely filled with the filler and the gate electrode. 
In this case, the occurrence of a warp in the semiconductor 
substrate can be effectively reduced. 
0029. The filler may be made of polysilicon, metal mate 
rial or insulator (for example, silicon oxide), or made of more 
than one material selected from polysilicon, metal material 
and insulator. In case the filler is made of polysilicon, the 
inside of the concave portion can be easily filled with the 
filler, for example, according to a CVD (Chemical Vapor 
Deposition) method. 
0030 The device can realize a faster operation and lower 
power consumption by thinning the gate insulating film. On 
the other hand, the withstand voltage between the inside of the 
concave portion and the semiconductor Substrate (and the 
drift layer) can be enhanced by thickening the insulating film 
disposed at the bottom part of the concave portion. 
0031. The method for manufacturing a semiconductor 
device of this invention is a method for manufacturing a 
semiconductor device having an element forming region that 
has a Super junction structure portion formed by alternately 
arranging a drift layer of a first conductivity type and a resurf 
layer of a second conductivity type different from the first 
conductivity type on a drain region of the first conductivity 
type formed on a semiconductor Substrate. This method 
includes the steps of forming a semiconductor layer of the 
second conductivity type on the drain region; forming a con 
cave portion that penetrates through the semiconductor layer 
and reaches the drain region; forming the drift layer along an 
inner wall Surface of the concave portion by introducing 
impurities of the first conductivity type onto the semiconduc 
tor layer exposed to the inner wall surface of the concave 
portion, so that an area of the semiconductor layer being in 
contact with the drift layer serves as the resurf layer; forming 
a base region of the second conductivity type having an 
exposed part exposed to the inner wall Surface of the concave 
portion on a Surface part of the semiconductor layer by inject 
ing impurities of the second conductivity type from a Surface 
of the semiconductor layer, forming a source region of the 
first conductivity type exposed to the inner wall surface of the 
concave portion by injecting impurities of the first conduc 
tivity type onto a Surface part of the base region at an edge of 
the concave portion; forming an insulating film on the inner 
wall surface of the concave portion; filling a filler into a 
bottom part of the concave portion up to a predetermined 
depth so that the predetermined depth is deeper than the 
exposed part of the base region in the concave portion where 
the insulating film is formed; removing the insulating film 
while allowing the filler to serve as a mask; forming a gate 
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insulating film thinner than the insulating film in an area 
corresponding to the exposed part of the base region on an 
exposed surface of the inner wall surface of the concave 
portion exposed by the removing step; and forming a gate 
electrode that is to face the exposed part of the base region, 
with the gate insulating film therebetween, inside the concave 
portion. 
0032. The aforementioned semiconductor device can be 
produced according to this manufacturing method. 
0033 According to this invention, the drift layer is formed 
by introducing impurities of the first conductivity type to the 
inner wall Surface of the concave portion penetrating through 
semiconductor layers. The resurf layer is the remaining part 
of the drift layer (in addition, the base region and the source 
region) of the semiconductor layers. After the drift layer is 
formed, the gate electrode is formed inside the concave por 
tion. Thus, according to this manufacturing method, the gate 
structure can be formed by positively using the concave por 
tion to form the drift layer (the super junction structure). 
0034. The step of forming the semiconductor layer may 
include a step of forming an epitaxial layer, for example. 
0035. The base region and the source region may be 
formed before the gate insulating film and/or the gate elec 
trode are formed, or, alternatively, maybe formed after the 
gate electrode is formed. In other words, concerning the base 
region, the exposed part exposed to the inner wall Surface of 
the concave portion is regarded as including a part appearing 
on the inner wall surface of the concave portion in which the 
gate insulating film and/or the gate electrode are formed. 
Likewise, concerning the Source region, the appearance on 
the inner wall Surface of the concave portion is regarded as 
including the appearance on the inner wall Surface of the 
concave portion in which the gate insulating film and/or the 
gate electrode are formed. 
0036. The step of filling the filler may be carried out prior 
to the step of forming the base region, or may be carried out 
Subsequent to the step of forming the base region. In other 
words, there is no need to form the base region when the filler 
is packed. 
0037. The gate insulating film and the insulating film (i.e., 
the insulating film whose film thickness is greater than that of 
the gate insulating film) are formed individually. The insulat 
ing film is covered with the filler when the gate insulating film 
is formed. Therefore, the formation thickness of the insulat 
ing film and the formation thickness of the gate insulating film 
can be controlled independently of each other. This makes it 
possible to produce a semiconductor device in which an insu 
lating film is greater in thickness than a gate insulating film. 
0038. In the step of forming the insulating film and the gate 
insulating film, the filler serves as a mask that regulates a 
region from which the insulating film is removed. Hence, the 
filler serves to regulate the formation area (the remaining 
area) of the insulating film, and serves to regulate the forma 
tion area of the gate insulating film. Therefore, the insulating 
film and the gate insulating film can be formed in a predeter 
mined area by forming the filler in an area having a suitable 
depth inside the concave portion. 
0039. The step of forming the insulating film may include 
a step of forming the insulating film by thermally oxidizing 
the inner wall surface of the concave portion. The step of 
forming the gate insulating film may include a step of forming 
the gate insulating film by thermally oxidizing the inner wall 
Surface of the concave portion. In these cases, the thickness of 
the insulating film and the thickness of the gate insulating film 
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can be controlled by controlling thermal oxidation conditions 
Such as heating temperature and heating time. 
0040. Inside the concave portion, the filler is formed in a 
bottom part of the concave portion up to a predetermined 
depth so as to become deeper than the exposed part (the part 
appearing on the inner wall Surface of the concave portion) of 
the base region with respect to the depth direction of the 
concave portion. Therefore, Subsequent to the step of forming 
the gate insulating film, an empty space that faces an area 
corresponding to the base region is formed in the upper part of 
the concave portion. 
0041. The step of forming the gate electrode can include a 
step of supplying a material used to form the gate electrode to 
the empty space inside the concave portion, Subsequent to the 
step of forming the gate insulating film. Accordingly, the gate 
electrode that faces the whole surface of the base region is 
formed with the gate insulating film therebetween. 
0042. The filler can be made of for example, polysilicon. 
In this case, the filler can also be excellently (tightly) filled 
into the concave portion having a large aspect ratio (for 
example, about 40 um in depth by about 2 um in width) 
according to the CVD method or a like method. Alternatively, 
the gate electrode may be made of metal material or may 
include both polysilicon and metal material. 
0043. The step of filling the filler may include the steps of 
supplying the filler to a shallower position than the predeter 
mined depth within the concave portion; and Subjecting the 
filler to etchback up to the predetermined depth, subsequent 
to the step of supplying the filler. 
0044 According to this arrangement, the upper Surface 
(etchback surface) of the filler can be positioned at a prede 
termined depth by controlling the etchback thickness. 
0045. The insulating film may also be formed on the filler 
when the gate insulating film is formed. In this case, it is 
possible to obtain a semiconductor device having an insulat 
ing film formed between the gate electrode and the filler, in 
addition to the gate insulating film formed between the gate 
electrode and the base region. 
0046. If the filler is made of polysilicon, the filler can be 
easily subjected to etchback. 
0047. The step of forming the base region may include a 
step of implanting impurity ions of the second conductivity 
type into the inner wall Surface of the concave portion. 
0048. The aforementioned object, other objects, features, 
and advantageous effects of the present invention will 
become apparent from the following description of embodi 
ments given with reference to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0049 FIG. 1 is a diagrammatic sectional view showing a 
structure of a semiconductor device according to a first 
embodiment of the present invention. 
0050 FIG. 2 is a diagrammatic sectional view showing a 
structure of a semiconductor device according to a second 
embodiment of the present invention. 
0051 FIG.3a to FIG.3h are diagrammatic sectional views 
for explaining a method for manufacturing the semiconductor 
device of FIG. 2. 

0.052 FIG. 4 is a diagrammatic sectional view of a con 
ventional semiconductor device that has a Superjunction 
Structure. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0053 FIG. 1 is a diagrammatic sectional view showing a 
structure of a semiconductor device according to a first 
embodiment of the present invention. This semiconductor 
device 1 is a device in which a MOSFET is formed on a 
silicon substrate 2. 
0054 An element forming region3 in which a MOSFET is 
formed is provided on the P-type silicon substrate 2 forming 
a drain region. A plurality of trenches 4 are formed each of 
which penetrates through the element forming region 3 and 
reaches a surface part of the silicon substrate 2. Each trench 4 
has an inner side wall almost perpendicular to the silicon 
Substrate 2, and extends in a direction perpendicular to the 
sheet surface of FIG.1. In other words, the length direction of 
the trench 4 is perpendicular to the sheet surface of FIG.1, and 
the width direction of the trench 4 is parallel to the sheet 
surface of FIG. 1 and parallel to the silicon substrate 2. 
0055. The width of the trench 4 is, for example, about 2 
um, and the depth of the trench 4 is, for example, about 40 um. 
A gap between two adjoining trenches 4 (i.e., width of the 
element forming region 3 placed between two adjoining 
trenches 4) is, for example, about 4 um to 6 Jum. 
0056 Although only two trenches 4 are shown in FIG. 1, 
the semiconductor device 1 has much more than two trenches 
4. These trenches 4 are spaced almost evenly. 
0057 The inner sidewall surface of the trench 4 is covered 
with an insulating film 5 made of silicon oxide (SiO). The 
inside of the trench 4 is filled with a gate electrode 6 made of 
polysilicon that has been made electrically conductive by the 
introduction of impurities. 
0058. On the silicon substrate 2, the element forming 
region3 includes a P-type drift layer 7 and an N-type resurf 
layer 8 alternately arranged in Such a way as to come into 
contact with the silicon substrate 2, an N-type base region 9 
formed on the drift layer 7 and the resurflayer 8, and a P-type 
Source region 10 formed on the Surface part of the base region 
9. 
0059. The drift layer 7 is formed along the inner side wall 
surfaces on both sides in the width direction of the trench 4. 
The resurf layer 8 is formed between a pair of drift layers 7 
that are formed along the inner side wall Surfaces, respec 
tively, oftwo adjoining trenches 4. The formation depth of the 
drift layer 7 from the surface of the element forming region 3 
is almost equal to that of the resurflayer 8 therefrom. The drift 
layer 7 and the resurf layer 8 constitute a superjunction struc 
ture portion 20. 
0060. The base region 9 is provided between the two 
adjoining trenches 4 on the Superjunction structure portion 
20. The base region 9 faces the gate electrode 6 disposed in 
each trench 4, with the insulating film 5 therebetween. 
0061 The source region 10 is formed at the edge of the 
trench 4 in the surface part of the base region 9 (the element 
forming region 3). The source region 10 is not formed in an 
intermediate part between the two adjoining trenches 4. In an 
area where the source region 10 is not formed, the base region 
9 appears on the surface of the element forming region 3. 
0062. The trench 4 is formed to penetrate through the 
source region 10, the base region 9, and the drift layer 7. The 
drift layer 7, the base region 9, the source region 10, the gate 
electrode 6, and the insulating film 5 constitute a MOSFET. 
0063 A silicon oxide film 11 is formed on the gate elec 
trode 6 and the element forming region3. A contact hole 12 is 
formed to penetrate through the silicon oxide layer 11 in the 
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thickness direction thereof. A part of the base region 9 and a 
part of the source region 10 are exposed in the contact hole 12. 
0064. An electrode (source electrode) 13 made of metal, 
Such as aluminum (Al), is formed on the element forming 
region 3 and the silicon oxide layer 11. The electrode 13 is 
formed in such a way as to fill the contact hole 12 therewith, 
and is electrically connected to the base region 9 and the 
source region10. The electrode 13 and the gate electrode 6 are 
electrically insulated from each other with the silicon oxide 
layer 11. 
0065. An electrode (drain electrode) 14 is formed on a 
surface of the silicon substrate 2 opposite to the element 
forming region 3. 
0066. This semiconductor device 1 is used in a state in 
which one of the electrodes 13 and 14 is connected to an 
external load and in a state in which a fixed Voltage (for 
example, several hundreds of Voltage) is applied between the 
other electrode 13 or 14 and the external load by means of a 
power source. The Voltage applied therebetween gives a 
reverse bias to a PN junction formed between the drift layer 7 
and the resurf layer 8. 
0067. An electric current can be passed between the elec 
trode 13 and the electrode 14 by setting the gate electrode 6 at 
a predetermined electric potential in this state. In the base 
region 9 between the drift layer 7 and the source region 10, a 
channel is formed near the interface between the base region 
9 and the insulating film 5, and the semiconductor device 1 
reaches an ON-state at this time. The insulating film 5 serves 
as a gate insulating film between the base region 9 and the gate 
electrode 6, between the drift layer 7 near the base region 9 
and the gate electrode 6, and between the source region 10 
near the base region 9 and the gate electrode 6. 
0068. At this time, reverse bias (for example, 2V) divided 
by the external load and by the on-resistance of the MOSFET 
is applied onto the PN junction formed between the drift layer 
7 and the resurflayer 8. However, a depletion layer generated 
by this is only slightly spread, and a path for carriers (elec 
trons) is left in the drift layer 7. In the semiconductor device 
1 being in the ON-state, an electric current flows between the 
electrode 13 and the electrode 14 through a part of the drift 
layer 7 that has not been depleted. 
0069. As a result, an electric current path is formed from 
the electrode 14 to the electrode 13 through the silicon sub 
strate 2 (drain region), the drift layer 7, the vicinity (channel) 
of the interface of the base region 9 with the insulating film 5. 
and the source region10. Near the channel, an electric current 
flows in a direction in which the drift layer 7, the base region 
9, and the source region 10 are arranged, i.e., in the depth 
direction of the trench 4 (direction perpendicular to the sili 
con Substrate 2). 
0070 Therefore, the semiconductor device 1 can minia 
turize the element (MOSFET) with respect to the direction 
parallel to the silicon substrate 2. Additionally, the miniatur 
ization of the element makes it possible to increase a region 
where channels are formed for each unit area of the silicon 
Substrate 2. So that the on-resistance can be lowered. 
(0071. On the other hand, when this semiconductor device 
1 is in an OFF-state, i.e., when the gate electrode 6 is not set 
at the predetermined electric potential mentioned above, and 
no channel is not formed, an electric current does not flow to 
the MOSFET. Therefore, the power-supply voltage is directly 
applied onto the PN junction formed between the drift layer 7 
and the resurf layer 8 as reverse bias. 
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0072 At this time, near the interface S between the drift 
layer 7 and the resurf layer 8, a depletion layer is swiftly 
spread from the interface S into the drift layer 7 and into the 
resurf layer 8, and, as a result, the drift layer 7 and the resurf 
layer 8 are completely depleted. Therefore, this semiconduc 
tor device 1 can have large withstand Voltage (for example, 
80V to 300V). In other words, the on-resistance can be low 
ered by increasing the concentration of impurities of the drift 
layer 7, and, in addition, high withstand Voltage characteris 
tics can be realized. 
0073 FIG. 2 is a diagrammatic sectional view showing a 
structure of a semiconductor device according to a second 
embodiment of the present invention. In FIG. 2, the same 
reference character as in FIG. 1 is given to a component 
corresponding to each component shown in FIG. 1, and a 
description thereof is omitted. 
0.074 This semiconductor device 21 is a device in which a 
MOSFET is formed on the silicon substrate 2. The semicon 
ductor device 21 is similar in structure to the semiconductor 
device 1 of FIG.1. However, a filler 23 made of, for example, 
polysilicon is disposed on the bottom side of the each trench 
22, which corresponds to the trench 4 of the semiconductor 
device 1, and a gate electrode 24 made of polysilicon that has 
been made electrically conductive by the introduction of 
impurities is disposed on the side of the upper part of each 
trench 22. 
0075. The gate electrode 24 is disposed in such a way as to 
face the source region 10, the base region 9, and the drift layer 
7 near the base region 9. 
0076. The depth of the trench 22 is, for example, about 40 
um, and the thickness of the base region 9 is, for example, 
about 1 lum. That is, the base region 9 is formed in an area of 
the uppermost Surface part of the element forming region 3 
that has a thickness of about 1 um. The gate electrode 24 is 
required to face the base region 9, the drift layer 7 near the 
base region 9, and the source region 10 near the base region 9. 
Therefore, as in this semiconductor device 21, a structure can 
be formed in which the gate electrode 24 is disposed on the 
side of the upper part of the trench 22, and the filler 23 is 
disposed in an area deeper than the gate electrode 24 in each 
trench 22. 
0077. A part of the trench 22 in which the gate electrode 24 

is disposed is slightly greater in width than apart of the trench 
22 in which the filler 23 is disposed. 
0078. An insulating film 25 that corresponds to the insu 
lating film 5 of the semiconductor device 1 is formed between 
the filler 23 and the gate electrode 24 as well as on the inner 
wall surface of the trench 22. The inside of the trench 22 is 
almost completely filled with the filler 23, the gate electrode 
24, and the insulating film 25. Accordingly, the occurrence of 
a warp in the silicon Substrate 2 can be reduced. 
0079. The insulating film 25 includes an oxide film 19 
disposed between the gate electrode 24 and the element form 
ing region3 and between the gate electrode 24 and the filler 23 
and an oxide film 17 disposed between the filler 23 and the 
element forming region 3 and between the filler 23 and the 
silicon substrate 2. 
0080. The oxide film 17 is stuck onto the inner wall surface 
of the trench 22 nearer its bottom than its part where the base 
region 9 faces the gate electrode 24. The oxide film 17 is 
greater in thickness than the oxide film 19. The device can 
realize a high-speed operation and low power consumption 
by thinning the insulating film 25 between the gate electrode 
24 and the base region 9.between the gate electrode 24 and the 

Jan. 10, 2013 

drift layer 7 near the base region 9 and between the gate 
electrode 24 and the source region 10 near the base region 9 
(i.e., by thinning a part of the oxide film 19 serving as a gate 
insulating film). On the other hand, the withstand voltage 
between the filler 23 and the silicon substrate 2 and between 
the filler 23 and the drift layer 7 can be increased by thicken 
ing the insulating film 25 (the oxide film 17) between the filler 
23 and the silicon substrate 2 and between the filer 23 and the 
drift layer 7. 
I0081 FIG.3a to FIG.3h are diagrammatic sectional views 
for explaining a method for manufacturing the semiconductor 
device 21 shown in FIG. 2. 

I0082 First, an epitaxial layer 15 whose conductivity type 
is N-type is formed on the silicon substrate 2 whose conduc 
tivity type is P-type. A mask 16 that has openings 16a at a 
position corresponding to the trench 22 of the semiconductor 
device 1 is formed on the epitaxial layer 15. For example, the 
mask 16 is made of silicon oxide or silicon nitride. 

I0083. Thereafter, the epitaxial layer 15 is subjected to dry 
etching (for example, reactive ion etching) through the open 
ings 16a of the mask 16, thereby forming a plurality of 
trenches 22 that penetrate through the epitaxial layer 15 and 
that reach the surface part of the silicon substrate 2. The 
aspect ratio of the trench 22 is high. For example, the width of 
the trench 22 is about 2 um whereas the depth of the trench 22 
is about 40 um. 
I0084. Thereafter, impurity ions for control into the P-type 
to form the drift layer 7 are implanted (injected) in such away 
as to make a predetermined angle with the inner side wall 
perpendicular to the width direction of the trench 22 (i.e., 
along the length direction thereof) as shown by arrow “A” in 
FIG.3a. With respect to the width direction of the trench 22, 
P-type impurity ions are implanted to the opposite inner side 
wall in the same way. The direction in which the P-type 
impurity ions are implanted at this time is shown by arrow 
B in FIG. 3. 

I0085. When P-type impurity ions are implanted to the 
epitaxial layer 15, the concentration of the impurities of the 
silicon Substrate 2 does not substantially change even if these 
ions are introduced into the silicon Substrate 2, because 
P-type impurities have already been introduced into the sili 
con Substrate 2 at a high concentration. 
0086. Thereafter, the silicon substrate 2 is annealed, and a 
first injection region 26 into which these impurities have been 
introduced is formed in the surface part of the epitaxial layer 
15 exposed on both sides in the width direction of each trench 
22. FIG. 3a shows this state. 

0087. Thereafter, the silicon substrate 2 that has under 
gone the foregoing steps is heated to a predetermined tem 
perature, and the oxide film 17 is formed on the exposed 
Surface, i.e., on the inner wall Surface of each trench 22. At 
this time, the thickness of the oxide film 17 is controlled so 
that the first injection region 26 is not completely oxidized. 
FIG. 3b shows this state. 

I0088. Thereafter, a polysilicon film 18 is formed so as to 
fill each trench 22 therewith. The polysilicon film 18 is also 
formed on the epitaxial layer 15. This step can be performed, 
for example, according to a CVD (Chemical Vapor Deposi 
tion) method. In this case, the polysilicon film 18 can be easily 
embedded in the trench 22 in a dense manner even if the 
trench 22 has a large aspect ratio as mentioned above. FIG.3c 
shows this state. The polysilicon film 18 may be subsequently 
made electrically conductive by introducing impurities. 
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I0089. Thereafter, the polysilicon film 18 is subjected to 
etchback, so that the polysilicon film 18 placed outside the 
trench 22 and the polysilicon film 18 placed at the upper part 
inside the trench 22 are removed. As a result, a state is reached 
in which, in each trench 22, the polysilicon film 18 is present 
only in an area deeper than the formation depth of the base 
region 9 in the semiconductor device 21 of FIG.2 with respect 
to the depth direction of the trench 22. In other words, in this 
state, the upper Surface (etchback Surface) of the polysilicon 
film 18 is positioned at a predetermined depth deeper than a 
part where the base region 9 faces the gate electrode 24 in the 
inner wall surface of the trench 22 of the semiconductor 
device 21 of FIG. 2 inside the trench 22. An empty space is 
secured on the polysilicon 18 inside the trench 22. 
0090. Further, in this state, the oxide film 17 (shown by the 
alternate long and two short dashes line in FIG. 3d) that is 
positioned at a shallower depth than the polysilicon 18 (i.e., 
exposed from the polysilicon 18) and the mask 16 are 
removed by etching. As a result, the upper part of the trench 
22 becomes slightly greater in width than the deeper part of 
the trench 22. FIG. 3d shows this state. 
0091. Thereafter, the silicon substrate 2 that has under 
gone the foregoing steps is heated, whereafter the exposed 
Surface, i.e., the inner side wall of the upper part of each 
trench 22, the upper surface of the polysilicon film 18, and the 
surface of the epitaxial layer 15 outside the trench 22 are 
thermally oxidized, thus forming the oxide film 19. At this 
time, the oxide film 19 is adjusted to have a predetermined 
thickness smaller than the oxide film 17 by controlling heat 
ing temperature, heating time, etc.. The remainder of the 
polysilicon film 18 is the filler 23. FIG. 3e shows this state. 
0092. Thereafter, the empty space of the upper part of the 
trench 22 is filled with polysilicon, and impurities are intro 
duced into this polysilicon, thus forming the electrically con 
ductive gate electrode 24. FIG. 3fshows this state. 
0093. The process for filling the empty space of the upper 
part of the trench 22 with polysilicon may include a step in 
which, for example, a polysilicon film is formed so as to fill 
the inside of the trench 22 therewith and so as to cover the 
surface of the epitaxial layer 15 therewith, and then this 
polysilicon film is subjected to etchback in the same way as 
the step in which the filler 23 (polysilicon film 18) is formed 
(see FIG. 3c and FIG. 3d). 
0094. Thereafter, the oxide film 19 exposed on the surface 
of the epitaxial layer 15 is removed by etching. The remainder 
of the oxide film 19 and the remainder of the oxide film 17 are 
turned into the insulating film 25. 
0095. Thereafter, impurities for control into the N-type are 
injected to the surface of the epitaxial layer 15, so that a 
second injection region 27 is formed. FIG.3g shows this state. 
0096. Thereafter, the silicon substrate 2 that has under 
gone the foregoing steps is heated, and then P-type impurities 
in the first injection region 26 and N-type impurities in the 
second injection region 27 are diffused into the epitaxial layer 
15, thus forming the drift layer 7 and the base region 9. The 
remaining area of the epitaxial layer 15 (i.e., area being in 
contact with the drift layer) is turned into the resurf layer 8. 
The base region 9 includes a part 9a exposed to the inner wall 
Surface of the trench 22 (i.e., part appearing on the inner wall 
surface of the trench 22). FIG. 3h shows this state. 
0097. At this time, a heating condition is selected so that 
the boundary between the base region 9 and the drift layer 7 
in the inner wall surface of the trench 22 is positioned at a 
shallower depth than the upper surface of the oxide film 19 on 
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the filler 23 with respect to the depth direction of the trench 
22. As a result, the gate electrode 24 faces the whole surface 
of the part 9a exposed from the inner wall surface of the 
trench 22 of the base region 9. 
0098. Thereafter, a resist film (not shown) that has open 
ings corresponding to the Source region 10 of the semicon 
ductor device 21 is formed on the base region 9. P-type 
impurities are then injected to the surface part of the base 
region 9 through the openings of the resist film. The silicon 
substrate 2 is further heated, and the P-type impurities 
injected to the surface part of the base region 9 are diffused 
into the base region 9, thus forming the source region 10. As 
a result, the element forming region3 including the drift layer 
7, the resurf layer 8, the base region 9, and the source region 
10 is obtained. 
(0099 Referring to FIG.2, a siliconoxide film is formed on 
the whole surface on the side of the element forming region 3 
of the silicon Substrate 2 that has undergone the foregoing 
steps. Further, this silicon oxide film is etched through a resist 
film (not shown) that has a predetermined pattern, whereby 
the contact hole 12 is formed. The remainder of the silicon 
oxide layer is used as the silicon oxide film 11. 
0100. Thereafter, a predetermined metallic material is 
Supplied to the silicon Substrate 2 that has undergone the 
foregoing steps on the side where the element forming region 
3 is formed, and is supplied to the silicon substrate 2 on the 
opposite side, thus forming the electrodes 13 and 14. As a 
result, the semiconductor device 21 of FIG. 2 is obtained. 
0101. As described above, in this semiconductor device 
21, the trench 22 to form the drift layer 7 (superjunction 
structure) is actively used so as to form a gate structure. 
0102. In the aforementioned manufacturing method, the 
oxide film 17 and the oxide film 19 can be produced under 
different oxidizing conditions (for example, the heating tem 
perature or heating time of the silicon substrate 2). When the 
oxide film 19 is formed, the oxide film 17 is covered with the 
polysilicon film 18. Therefore, the formation thickness of the 
oxide film 17 and the formation thickness of the oxide film 19 
can be controlled independently of each other. 
0103) Accordingly, in the insulating film 25, the part (i.e., 
the oxide film 17) provided between the filler 23 and the 
silicon substrate 2 and between the filler 23 and the drift layer 
7 can be made thicker than the part (i.e., the oxide film 19) 
provided between the gate electrode 24 and the base region 9 
as shown in FIG. 2. 
0104. In the step of forming the oxide film 17 and the oxide 
film 19 (see FIG. 3d and FIG. 3e), the polysilicon film 18 
functions as a mask that restricts a region from which the 
oxide film 17 is removed, and hence functions to restrict the 
formation region of the oxide film 17 (i.e., region of the 
remainder) and to restrict the formation region of the oxide 
film 19. Therefore, inside the trench 22, the oxide film 17 and 
the oxide film 19 can be formed in predetermined areas by 
forming the polysilicon film 18 in a suitable depth area. The 
formation depth of the polysilicon film 18 inside the trench 22 
can be easily controlled by controlling the thickness of etch 
back. 
0105. In the manufacturing method mentioned above, the 
semiconductor device 1 of FIG. 1 can be obtained by forming 
the oxide film 5 that has roughly the same thickness as the 
oxide film 19, instead of forming the oxide film 17 or subse 
quent to forming and removing the oxide film 17. In this case, 
the polysilicon film 18 (see FIG. 3c) embedded in the trench 
22 (4) is made electrically conductive (resistant in a low level) 
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by introducing impurities thereto, and is subjected to etch 
back so that the polysilicon film 18 becomes almost flush with 
the surface of the epitaxial layer 15, whereby the gate elec 
trode 6 can be formed. 
0106 Although the embodiments of the present invention 
have been described as above, the present invention can be 
carried out in otherforms. For example, the conductivity type 
of each semiconductor component of the semiconductor 
devices 1 and 21 may be opposite in type. In other words, in 
the aforementioned embodiments, the P-type component 
may be an N-type, and the N-type component may be a 
P-type. 
0107. In the method for manufacturing the semiconductor 
device 21 of FIG. 2, it is permissible that, after forming the 
oxide film 17 (see FIG. 3b), the oxide film 17 is completely 
removed by etching before forming the polysilicon film 18 
(see FIG. 3c), and the inner wall surface of each trench 4 is 
thermally oxidized anew so as to form an oxide film that has 
the same thickness as the oxide film 17. 
0108. In the aforementioned embodiments, a description 
has been given of the semiconductor device in which a MOS 
FET is formed on the silicon substrate 2. However, the semi 
conductor device of the present invention may be a semicon 
ductor device in which an IGBT (Insulated Gate Bipolar 
Transistor) is formed on the silicon substrate 2. 
0109 The embodiments of the present invention have 
been described in detail. However, these embodiments are 
merely concrete examples used to clarify the technical con 
tents of the present invention. The present invention should 
not be understood by being limited to the concrete examples. 
The spirit and scope of the present invention are limited only 
by the scope of the appended claims. 
0110. This application is based on Japanese Patent Appli 
cation No. 2004-228500 and 2005-218470, respectively filed 
in Japan Patent Office on Aug. 4, 2004 and Jul. 28, 2005, the 
entire disclosures of which are hereby incorporated by refer 
CCC. 

1-5. (canceled) 
6. A semiconductor device comprising: 
a drain region of a first conductivity type comprised of a 

semiconductor Substrate; 
an element forming region provided on the drain region, 

the element forming region having a concave portion 
reaching the drain region; 

a gate electrode disposed in the concave portion; 
a gate insulting film provided between the gate electrode 

and an inner wall Surface of the concave portion; 
a drift layer of the first conductivity type disposed in the 

element forming region, the drift layer being penetrated 
by the concave portion; 

a base region of the second conductivity type disposed on 
the drift layer so as to be in contact with the drift layer in 
the element forming region, the base region being pen 
etrated by the concave portion and facing the gate elec 
trode with the gate insulating film interposed therebe 
tween; 

a source region formed on the base region in the element 
forming region, the source region being penetrated by 
the concave portion; 

a filler disposed inside the concave portion closer to a 
bottom thereof than the gate electrode, the filler being 
electrically conductive; and 

an inter-conductor insulating film disposed between the 
gate electrode and the filler. 
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7. A semiconductor device according to claim 6, further 
comprising a filler insulating film having a thickness different 
from a thickness of the gate insulating film, the filler insulat 
ing film being formed by being stuck onto an area of the inner 
wall surface of the concave portion deeper than a part where 
the base region faces the gate electrode in the inner wall 
Surface of the concave portion, the filler insulating film being 
provided outside the filler. 

8. A semiconductor device according to claim 7, wherein 
the gate insulating film along a side Surface of the gate elec 
trode is thinner than the filler insulating film along a side 
surface of the filler. 

9. A semiconductor device according to claim 6, wherein a 
width of the filler is narrower than a width of the gate elec 
trode. 

10. A semiconductor device according to claim 6, wherein 
the base region does not face the filler. 

11. A semiconductor device according to claim 6, wherein 
the drift layer faces the filler. 

12. A semiconductor device according to claim 6, wherein 
an upper part of the concave portion in which the gate 

electrode is disposed is greaterin width than a lower part 
of the concave portion in which the filler is disposed, and 

the concave portion has a portion whose width becomes 
gradually greater from the lower part to the upper part to 
connect the lower part and the upper part. 

13. A semiconductor device according to claim 6, a length 
of the filler in a depth direction of the concave portion is 
greater than a length of the gate electrode in the depth direc 
tion of the concave portion. 

14. A semiconductor device according to claim 6, further 
comprising an electrode insulating film disposed on the ele 
ment forming region; and a source electrode disposed on the 
element forming region, the source electrode entering into an 
opening formed in the electrode insulating film to be electri 
cally connected to the source region exposed in the opening. 

15. A semiconductor device according to claim 6, wherein 
a plurality of the concave portions are formed in the ele 

ment forming region, and 
the semiconductor device further comprises a resurf layer 

of the second conductivity type disposed between an 
adjacent pair of the concave portions, the resurf layer 
being disposed between one drift layer through which 
one of the adjacent pair of the concave portions pen 
etrates and another drift layer through which the other of 
the adjacent pair of the concave portions penetrates. 

16. A semiconductor device according to claim 15, wherein 
the drift layer and the resurf layer are alternately arranged on 
the semiconductor Substrate to form a Superjunction structure 
portion. 

17. A semiconductor device according to claim 15, wherein 
an impurity concentration of the resurf layer is lower than an 
impurity concentration of the base layer. 

18. A semiconductor device according to claim 15, wherein 
an impurity concentration of the drift layer is lower than an 
impurity concentration of the drain layer. 

19. A semiconductor device according to claim 6, wherein 
an IGBT is formed on the semiconductor substrate. 

20. A method of manufacturing a semiconductor device 
having a drift layer of a first conductivity type on a drain 
region of the first conductivity type formed on a semiconduc 
tor Substrate, the method comprising the steps of 
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forming a semiconductor layer of a second conductivity 
type different from the first conductivity type on the 
drain region; 

forming a concave portion that penetrates through the 
semiconductor layer and reaches the drain region; 

forming the drift layer along an inner wall Surface of the 
concave portion by introducing impurities of the first 
conductivity type onto the semiconductor layer exposed 
to the inner wall surface of the concave portion; 

forming a base region of the second conductivity type 
having an exposed part exposed to the inner wall Surface 
of the concave portion on a surface part of the semicon 
ductor layer by introducing impurities of the second 
conductivity type from a Surface of the semiconductor 
layer; 

forming a source region of the first conductivity type 
exposed to the inner wall Surface of the concave portion 
by introducing impurities of the first conductivity type 
onto a surface part of the base region at an edge of the 
concave portion; 

forming an insulating film on the inner wall Surface of the 
concave portion; 

filling an electrically conductive filler into a bottom part of 
the concave portion under a predetermined depth which 
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is deeper than the exposed part of the base region in the 
concave portion after the insulating film is formed; 

removing the insulating film while allowing the filler to 
serves as a mask; 

forming a gate insulating film thinner than the insulating 
film in an area corresponding to the exposed part of the 
base region on an exposed Surface of the inner wall 
Surface of the concave portion exposed by the removing 
step, and simultaneously forming an inter-conductor 
insulating film on an exposed surface of the filler; and 

forming a gate electrode that is to face the exposed part of 
the base region and the filler, inside the concave portion, 
with the gate insulating film and the inter-conductor 
insulating film respectively interposed therebetween. 

21. A method of claim 20, wherein the step of filling the 
filler includes the steps of 

supplying the filler to shallower position than the predeter 
mined depth within the concave portion; and 

subjecting the filler to etchback up to the predetermined 
depth, Subsequent to the step of Supplying the filler. 

22. The method of claim 20, wherein the step of forming 
the base region includes a step of implanting impurity ions of 
the second conductivity type into the inner wall surface of the 
concave portion. 


