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(57) ABSTRACT 

A structure having high, middle, and low impurity concen 
tration regions disposed from a surface side of a Substrate is 
more suitably manufactured. A method of manufacturing a 
semiconductor device includes: a first implantation of first 
conductivity type impurities into a first conductivity type 
semiconductor Substrate from a surface; melting and Solidi 
fying a first semiconductor region between a depth and the 
Surface, wherein the depth is deeper than a depth having a 
peak impurity concentration in an increased region where 
the impurity concentration was increased in the first implan 
tation, and shallower than a deeper end of the increased 
region; a second implantation of the impurities from the 
Surface into a region shallower than the depth; and melting 
and solidifying a region in which the impurity concentration 
was increased in the second implantation. 
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METHOD OF MANUFACTURING 
SEMCONDUCTOR DEVICE AND 
SEMCONDUCTOR DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application is a related application of Japanese 
Patent Application No. 2014-125925 filed on Jun. 19, 2014 
and claims priority to this Japanese Patent Application, the 
entire contents of which are hereby incorporated by refer 
ence into the present application. 
0002 The art disclosed in the present specification relates 
to a semiconductor device. 

TECHNICAL FIELD 

Background Art 
0003 Japanese Patent Application Publication No. 2011 
082220 (hereinafter referred to as Patent Literature 1) dis 
closes a semiconductor device that has a cathode layer, a 
buffer layer, and a drift layer. The cathode layer has a high 
n-type impurity concentration, and is exposed on a back 
surface of a semiconductor substrate. The buffer layer has an 
n-type impurity concentration lower than that of the cathode 
layer, and is in contact with the cathode layer. The drift layer 
has an n-type impurity concentration lower than that of the 
buffer layer, and is in contact with the buffer layer. 

SUMMARY OF INVENTION 

Technical Problem 

0004. A structure in which a high concentration impurity 
region, a middle concentration impurity region, and a low 
concentration impurity region are disposed in this order 
from a surface side of the substrate as in Patent Literature 1, 
is used in various semiconductor devices such as a diode, a 
MOSFET, and the like. The present specification provides an 
art capable of making performances more stable in Such 
semiconductor device. 

Solution to Technical Problem 

0005. In the art that has been studied by the present 
inventors, after impurities have been implanted into a semi 
conductor Substrate, the implanted region is melted and then 
solidified again. The impurities diffuse in an entirety of the 
melted region, and hence the re-solidified region becomes a 
region that contains the impurities. Moreover, when the 
semiconductor Substrate is melted as such, crystal defects 
formed by the impurity implantation can efficiently be 
eliminated. It is therefore possible to form an impurity 
region that has a high impurity concentration and a low 
crystal defect density. However, in the art that melts the 
Surface of the semiconductor Substrate as Such, it has been 
revealed that impurities adhered to the surface of the semi 
conductor substrate before the melting diffuse in the melted 
region, and a region of an unintentional conductivity type is 
formed. For example, when an n-type region is to be formed, 
there may be a case where p-type impurities adhering to the 
surface of the semiconductor substrate diffuse in the melted 
region. The p-type impurities that diffuse as Such may cause 
a part of the semiconductor region to turn into a p-type. 
0006 To solve the above-described problem, the present 
invention provides a method of manufacturing a semicon 
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ductor device as described below. This method comprises: a 
first implantation of implanting first conductivity type impu 
rities into a semiconductor Substrate of a first conductivity 
type from a surface of the semiconductor Substrate; melting 
and then Solidifying a first semiconductor region between a 
specific depth and the Surface, the specific depth being 
deeper than a depth having a peak concentration of the first 
conductivity type impurities in an increased region in which 
a first conductivity type impurity concentration was 
increased in the first implantation, and the specific depth 
being shallower than a deeper side end of the increased 
region; a second implantation of implanting, from the Sur 
face, the first conductivity type impurities into a region 
shallower than the specific depth; and melting and then 
Solidifying a region in which the first conductivity type 
impurity concentration was increased in the second implan 
tation. 
0007. Notably, “deep' in the present specification means 
a side farther from the above-described surface (i.e., the 
surface from which the impurities are implanted in the first 
and second implantations), while “shallow' means a side 
closer to the above-described surface. Moreover, the above 
described “first conductivity type' means any one of the 
n-type and the p-type. 
0008. In this method, when the first semiconductor region 
is melted and then solidified, the first conductivity type 
impurities diffuse in an entirety of the first semiconductor 
region. Moreover, at this occasion, impurities of other 
conductivity type (hereinafter referred to as second conduc 
tivity type impurities) adhering to the Surface of the semi 
conductor substrate also diffuse in the entirety of the first 
semiconductor region. Before the melting, the first semicon 
ductor region includes the depth having the peak concen 
tration of the first conductivity type impurity concentration, 
and hence after the solidification, the entirety of the first 
semiconductor region comes to have a relatively high first 
conductivity type impurity concentration. Accordingly, after 
the Solidification, the first conductivity type impurity con 
centration can be prevented from being lower than the 
second conductivity type impurity concentration in the first 
semiconductor region. Moreover, the first semiconductor 
region is shallower than the deeper side end of the increased 
region, and hence even a region deeper than the first 
semiconductor region has the first conductivity type impu 
rity concentration that is high to Some extent. Accordingly, 
even if the second conductivity type impurities diffuse from 
the first semiconductor region to a deeper side in the process 
of melting and Solidification described above, the region 
deeper than the first semiconductor region can be prevented 
from turning into the second conductivity type. Therefore, 
according to this method, unintentional formation of a 
second conductivity type region can be prevented. 
0009 Moreover, the present invention provides a semi 
conductor device. This semiconductor device comprises: a 
high concentration region of a first conductivity type pro 
vided in a range exposed on a surface of a semiconductor 
Substrate; a middle concentration region of the first conduc 
tivity type provided in a range deeper than the high con 
centration region, and having a first conductivity type impu 
rity concentration which is lower than that of the high 
concentration region; and a low concentration region of the 
first conductivity type provided in a range deeper than the 
middle concentration region, and having the first conduc 
tivity type impurity concentration which is lower than that of 
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the middle concentration region. A distance A is a distance 
from a depth having a peak value of the first conductivity 
type impurity concentration in the high concentration region 
to a depth deeper than the depth having the peak value of the 
first conductivity type impurity concentration, and having 
the first conductivity type impurity concentration which is 
one tenth of the peak value of the first conductivity type 
impurity concentration. The first conductivity type impurity 
concentration at a depth shallower by twice the distance A 
than the depth having the peak value of the first conductivity 
type impurity concentration is equal to or higher than one 
tenth of the peak value of the first conductivity type impurity 
concentration. A distance B is a distance from a depth having 
a peak value of a p-type impurity concentration in the middle 
concentration region to a depth deeper than the depth having 
the peak value of the p-type impurity concentration, and 
having the p-type impurity concentration which is one tenth 
of the peak value of the p-type impurity concentration. The 
p-type impurity concentration at a depth shallower by twice 
the distance B than the depth having the peak value of the 
p-type impurity concentration is equal to or higher than one 
tenth of the peak value of the p-type impurity concentration. 
A distance C is a distance from a depth having a peak value 
of the first conductivity type impurity concentration in the 
middle concentration region to a depth deeper than the depth 
having the peak value of the first conductivity type impurity 
concentration, and having the first conductivity type impu 
rity concentration which is one tenth of the peak value of the 
first conductivity type impurity concentration. The distance 
C is greater than the distance B. 
0010. This semiconductor device can be manufactured by 
the above-described method, and hence in its manufacturing 
steps, unintentional formation of a p-type region can be 
prevented. 

BRIEF DESCRIPTION OF DRAWINGS 

0.011 FIG. 1 is a vertical cross-sectional view of a 
semiconductor device 10; 
0012 FIG. 2 is a graph that shows an impurity concen 

tration distribution in a thickness direction in a drift region 
22, a buffer region 24, and a cathode region 26; 
0013 FIG. 3 is a vertical cross-sectional view of a 
semiconductor Substrate 12 in a manufacturing process of 
the semiconductor device 10; 
0014 FIG. 4 is a vertical cross-sectional view of the 
semiconductor Substrate 12 in a manufacturing process of 
the semiconductor device 10; 
0015 FIG. 5 is a graph that shows an impurity concen 

tration distribution in regions corresponding to FIG. 2 after 
a first implantation process; 
0016 FIG. 6 is a graph that shows an impurity concen 

tration distribution in the regions corresponding to FIG. 2 
after a first melting process; 
0017 FIG. 7 is a graph that shows an impurity concen 

tration distribution in the regions corresponding to FIG. 2 
after a second implantation process; 
0018 FIG. 8 is a graph that shows an impurity concen 

tration in regions corresponding to FIG. 2 in a semiconduc 
tor device in a comparative example: 
0019 FIG. 9 is a graph that shows an impurity concen 

tration in regions corresponding to FIG, 2 in a semiconduc 
tor device in another comparative example: 
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0020 FIG. 10 is a graph that shows an impurity concen 
tration in regions corresponding to FIG. 2 in a semiconduc 
tor device in a variation; and 
0021 FIG. 11 is a graph that shows an impurity concen 
tration distribution in regions corresponding to FIG. 2 after 
a first implantation in a manufacturing method in a variation. 

DESCRIPTION OF EMBODIMENTS 

0022. Initially, features of an embodiment will be listed. 
Notably, each of the features below has utility indepen 
dently. 
0023 (Feature 1) A first conductivity type impurity con 
centration is increased in a range between a deeper side end 
of an increased region and a Surface in a first implantation 
of a manufacturing method. 
0024 (Feature 2) First conductivity type impurities are 
implanted by a channeling implantation in the first implan 
tation of the manufacturing method. 
0025 (Feature 3) The first conductivity type impurity 
concentration continuously decreases from a depth having a 
peak value of the first conductivity type impurity concen 
tration in a middle concentration region toward a deeper 
side, in a semiconductor device. A graph of the first con 
ductivity type impurity concentration in a part where the first 
conductivity type impurity concentration continuously 
decreases curves in a convex manner toward a plus side of 
the first conductivity type impurity concentration. 
0026 (Embodiment) A semiconductor device 10 of an 
embodiment shown in FIG. 1 comprises a semiconductor 
substrate 12, an upper electrode 14, and a lower electrode 
16. The upper electrode 14 is provided on an upper surface 
12a of the semiconductor substrate 12, and the lower elec 
trode 16 is provided on a lower surface 12b of the semi 
conductor substrate 12. The semiconductor substrate 12 has 
an anode region 20, a drift region 22, a buffer region 24, and 
a cathode region 26 provided therein. A diode is formed by 
these regions. 
0027. The anode region 20 is of a p-type. The anode 
region 20 is provided in a range exposed on the upper 
surface 12a of the semiconductor substrate 12. The anode 
region 20 is in contact with the upper electrode 14. 
0028. The drift region 22 is of an n-type. The drift region 
22 is provided on an underside of the anode region 20. The 
drift region 22 is in contact with the anode region 20. 
(0029. The buffer region 24 is of the n-type. The buffer 
region 24 has an n-type impurity concentration higher than 
that of the drift region 22. The buffer region 24 is provided 
on an underside of the drift region 22. The buffer region 24 
is in contact with the drift region 22. 
0030 The cathode region 26 is of the n-type. The cathode 
region 26 has an n-type impurity concentration higher than 
that of the buffer region 24. The cathode region 26 is 
provided on an underside of the buffer region 24. The 
cathode region 26 is provided in a range exposed on the 
lower surface 12b of the semiconductor substrate 12. The 
cathode region 26 is in contact with the buffer region 24. 
Moreover, the cathode region 26 is in contact with the lower 
electrode 16. 
0031 FIG. 2 shows an impurity concentration distribu 
tion in the drift region 22, the buffer region 24, and the 
cathode region 26 in a thickness direction of the semicon 
ductor Substrate 12 (i.e., an impurity concentration distribu 
tion along a line II-II in FIG. 1). Notably, a horizontal axis 
in FIG. 2 represents the impurity concentration logarithmi 
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cally. In the cathode region 26, the n-type impurity concen 
tration extremely gradually increases from the lower Surface 
12b toward a deeper side (an upper Surface 12a side), and 
reaches a peak concentration N1 at a predetermined depth. 
On the deeper side than the depth having the peak concen 
tration N1, the n-type impurity concentration sharply 
decreases toward the buffer region 24. In the buffer region 
24, the n-type impurity concentration extremely gradually 
increases from a boundary with the cathode region 26 
toward the deeper side, and reaches a peak concentration N3 
at a predetermined depth 13b. On the deeper side than the 
depth having the peak concentration N3, the n-type impurity 
concentration sharply decreases toward the drift region 22. 
In this region in which the n-type impurity concentration 
sharply decreases, a graph of the n-type impurity concen 
tration curves in a convex manner toward a plus side of the 
n-type impurity concentration as shown in FIG. 2. A bound 
ary 13c between the buffer region 24 and the drift region 22 
is positioned at a depth apart from the lower surface 12b of 
the semiconductor substrate 12 by 2.0 um or more and 4.0 
um or less. In the drift region 22, the n-type impurity 
concentration is approximately constant irrespective of the 
depth. Moreover, in the cathode region 26 and the buffer 
region 24, p-type impurities are distributed in a low con 
centration. The p-type impurity concentration extremely 
gradually increases from the lower surface 12b toward the 
deeper side, and reaches a peak concentration PI at the 
predetermined depth 13b in the buffer region 24. The peak 
concentration P1 is provided at approximately the same 
depth as the peak concentration N3. On the deeper side than 
the depth having the peak concentration P1, the p-type 
impurity concentration sharply decreases toward the drift 
region 22. In the drift region 22, the p-type impurity con 
centration is approximately Zero. 
0032. A part of the region in which the n-type impurity 
concentration sharply changes in the cathode region 26 has 
a concentration N1/10 (a concentration that is one tenth of 
the peak concentration N1). Moreover, a distance A in FIG. 
2 indicates a distance from the depth having the peak 
concentration N1 to a depth having the concentration N1/10. 
Moreover, a concentration N2 in FIG. 2 indicates an n-type 
impurity concentration at a depth shallower (on a lower 
surface 12b side) by a distance 2A (a distance that is twice 
the distance A) than the depth having the peak concentration 
N1. As is clear from FIG. 2, the concentration N2 is higher 
than the concentration N1/10. 

0033. A part of the region in which the p-type impurity 
concentration sharply changes in the buffer region 24 has a 
concentration P1/10 (a concentration that is one tenth of the 
peak concentration P1). Moreover, a distance B in FIG. 2 
indicates a distance from the depth having the peak concen 
tration P1 to a depth having the concentration P1/10. More 
over, a concentration P2 in FIG. 2 indicates a p-type 
impurity concentration at a depth shallower by a distance 2B 
(a distance that is twice the distance B) than the depth having 
the peak concentration P1. As is clear from FIG. 2, the 
concentration P2 is higher than the concentration P1/10. 
0034. A part of the region in which the n-type impurity 
concentration sharply changes in the buffer region 24 has a 
concentration N3/10 (a concentration that is one tenth of the 
peak concentration N3). Moreover, a distance C in FIG. 2 
indicates a distance from the depth having the peak concen 
tration N3 to a depth having the concentration N3/10. As is 
clear from FIG. 2, the distance C is greater than the distance 
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B. That is, a slope of the n-type impurity concentration on 
the deeper side than the depth having the peak concentration 
N3 is gentler than a slope of the p-type impurity concen 
tration on the deeper side than the depth having the peak 
concentration P1. O022 When a voltage that makes the 
upper electrode 14 positive (i.e., a forward Voltage) is 
applied to between the upper electrode 14 and the lower 
electrode 16, the diode is turned on. Afterwards, a voltage 
that makes the lower electrode 16 positive (i.e., a reverse 
voltage) is applied to between the upper electrode 14 and the 
lower electrode 16, the diode performs a reverse recovery 
operation. That is, a depletion layer extends from a boundary 
between the anode region 20 and the drift region 22 into the 
drift region 22, causing holes that exist in the drift region 22 
to be discharged to the upper electrode 14. A reverse current 
thereby flows temporarily in the diode. The buffer region 24 
has a high n-type impurity concentration, and hence the 
depletion layer stops in the buffer region 24. Here, as shown 
in FIG. 2, the slope along which the n-type impurity con 
centration in the buffer region 24 changes in a vicinity of the 
boundary between the drift region 22 and the buffer region 
24 is gentler than the slope along which the p-type impurity 
concentration in the buffer region 24 changes in the vicinity 
of that boundary (in other words, the distance C is greater 
than the distance B). Accordingly, when the depletion layer 
enters the buffer region 24, the depletion layer gradually 
stops in the buffer region 24. This restrains a noise generated 
when the diode performs the reverse recovery operation. 
0035) Next, a method of manufacturing the semiconduc 
tor device 10 will be described. Notably, this manufacturing 
method is characterized in processes of forming the buffer 
region 24 and the cathode region 26, and hence these 
processes will be described in further details. 
0036. Initially, the semiconductor substrate 12 made of 
n-type silicon shown in FIG. 3 is prepared. An entirety of the 
semiconductor Substrate 12 has approximately the same 
n-type impurity concentration as that of the drift region 22. 
Next, p-type impurities (boron or the like) are implanted into 
the upper surface 12a of the semiconductor substrate 12 by 
an ion implantation, to thereby form the anode region 20. 
Next, the upper electrode 14 is formed on the upper surface 
12a of the semiconductor substrate 12 by vapor deposition. 
The semiconductor substrate 12 is thereby brought into a 
state shown in FIG. 4. 

0037 (First Implantation Process) 
0038 Next, n-type impurities (phosphorus or the like) are 
implanted toward the lower surface 12b of the semiconduc 
tor Substrate 12 by an ion implantation. That is, the n-type 
impurities are implanted into the semiconductor Substrate 12 
from the lower surface 12b. Here, the n-type impurities are 
implanted by a channeling implantation. The channeling 
implantation is an ion implantation performed so as to cause 
channeling in the semiconductor Substrate 12. For example, 
the channeling can be caused by conducting an ion implan 
tation under a condition of a tilt angle of 0 degrees and a 
twist angle of 0 degrees. After the channeling implantation, 
the impurity concentration distribution in the semiconductor 
substrate 12 becomes a distribution as shown in FIG. 5. By 
the channeling implantation, the p-type impurities can be 
implanted up to a deep position of the buffer region 24 with 
a low acceleration energy. Moreover, by the channeling 
implantation, as shown in FIG. 5, the n-type impurities can 
be implanted into a wide region 50 that includes a depth 
range corresponding to the cathode region 26 and a depth 
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range corresponding to the buffer region 24. That is, the 
region 50 is an increased region in which the n-type impurity 
concentration was increased in the first implantation pro 
cess. Moreover, at this stage, a peak value N4 of the n-type 
impurity concentration shown in FIG. 5 is formed. A depth 
13a having the peak value N4 is positioned in the depth 
range corresponding to the buffer region 24. 
0039 (First Melting Process) Next, the semiconductor 
substrate 12 is annealed by laser annealing. Here, the lower 
surface 12b of the semiconductor substrate 12 is irradiated 
with a laser to thereby locally anneal a vicinity of the lower 
surface 12b. More specifically, a semiconductor layer in a 
region 52 between the lower surface 12b of the semicon 
ductor substrate 12 and the depth 13b in FIG. 5 is melted. 
The depth 13b is positioned on the deeper side than the depth 
13a. Moreover, the depth 13c in FIG. 5 represents an end (a 
deeper side end) of the increased region 50 in which the 
n-type impurity concentration was increased in the first 
implantation process. The depth 13b is positioned on a 
shallower side than the depth 13c. After the completion of 
the laser annealing, the semiconductor layer in the region 52 
which was melted is solidified. When the semiconductor 
layer in the region 52 is melted and then solidified as such, 
the n-type impurities in the region 52 are activated. More 
over, the n-type impurities move during the melting. Accord 
ingly, as shown in FIG. 6, the n-type impurity concentration 
distribution in the region 52 becomes flatter after the solidi 
fication than before the melting. This causes the peak 
concentration N4 in FIG. 5 to disappear, and the peak 
concentration N3 to be formed at the deeper side end 13.b of 
the region 52. Moreover, in many cases, before the start of 
the first melting process, p-type impurities are unintention 
ally adhering to the lower surface 12b of the semiconductor 
substrate 12. When the region 52 is melted, the p-type 
impurities adhered to the lower surface 12b diffuse in the 
region 52. Accordingly, after the region 52 has been solidi 
fied, the p-type impurities come to be distributed in the 
region 52 as shown in FIG. 6. The p-type impurities are 
distributed approximately uniformly in the melted region 52, 
and sharply decrease on the deeper side than the region 52. 
This distribution of the p-type impurities is approximately 
equal to the distribution of the p-type impurities shown in 
FIG. 2. As described above, the n-type impurities and the 
p-type impurities come to be distributed in the region 52, but 
the n-type impurity concentration becomes higher than the 
p-type impurity concentration. This is because the region 52 
that included the peak concentration N4 in FIG. 5 is melted 
and then solidified. Moreover, when the region 52 is melted 
and then Solidified as such, most part of crystal defects in the 
region 52 disappears. Moreover, in the first melting process, 
a region 54 which is a part of the increased region 50 on the 
deeper side than the region 52 is not melted, but heated. This 
also activates the n-type impurities in the region 54. More 
over, a minute amount of the p-type impurities diffuses from 
the region 52 to the region 54 during the melting. However, 
as shown in FIG. 6, the n-type impurity concentration 
becomes higher than the p-type impurity concentration in 
the region 54 as well. This is because the region 54 which 
is a part of the increased region 50 is not melted when the 
region 52 is melted, and hence the n-type impurity concen 
tration is maintained at a high value in the region 54. 
0040 (Second Implantation Process) Next, the n-type 
impurities (phosphorus or the like) are implanted toward the 
lower surface 12b of the semiconductor substrate 12 by an 
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ion implantation. That is, the n-type impurities are implanted 
into the semiconductor substrate 12 from the lower surface 
12b. Here, the n-type impurities are implanted into the 
semiconductor Substrate 12 at an angle which does not cause 
channeling. For example, the channeling can be avoided by 
conducting an ion implantation under a condition of a tilt 
angle of 7 degrees and a twist angle of 23 degrees. Here, the 
n-type impurities are implanted into a depth range shallower 
than the end 13.b of the region 52 which was melted. More 
specifically, the n-type impurities are implanted into the 
depth range corresponding to the cathode region 26 in the 
vicinity of the lower surface 12b of the semiconductor 
Substrate 12. The n-type impurity concentration at least in 
the lower surface 12b is thereby increased. After the second 
implantation process, the impurity concentration distribu 
tion in the semiconductor substrate 12 becomes a distribu 
tion shown in FIG. 7. 

0041 (Second Melting Process) Next, the semiconductor 
substrate 12 is annealed by laser annealing. Here, the lower 
surface 12b of the semiconductor substrate 12 is irradiated 
with a laser to thereby locally anneal the vicinity of the 
lower surface 12b. More specifically, a semiconductor layer 
in a region between the lower surface 12b of the semicon 
ductor substrate 12 and a depth 13d in FIG. 7 is melted. The 
depth 13d is positioned on the shallower side than the depth 
13b. Moreover, the depth 13d is positioned on the deeper 
side than an end 13e (a deeper side end) of a region in which 
the n-type impurity concentration was increased in the 
second implantation process. After the completion of the 
laser annealing, the semiconductor layer in the region which 
was melted is solidified. In the solidified region, the n-type 
impurities are activated. The cathode region 26 is thereby 
formed. Moreover, the n-type impurities move and are 
uniformized during the melting, and hence as shown in FIG. 
2, the re-type impurity distribution in the cathode region 26 
becomes flatter after the solidification than before the melt 
ing. The peak concentration N5 shown in FIG. 2 is thereby 
formed. 

0042. Afterwards, the lower electrode 16 is formed on the 
lower surface 12b of the semiconductor substrate 12 by 
vapor deposition or the like, to thereby complete the semi 
conductor device 10 in FIG. 1. 
0043. By melting and then solidifying the region 52 as in 
the above-described manufacturing method, it is possible to 
obtain the p-type impurity concentration distribution in 
which the concentration P2 becomes higher than the con 
centration P1/10 as shown in FIG. 2. Moreover, by melting 
and then solidifying the cathode region 26 as in the above 
described manufacturing method, it is possible to obtain the 
n-type impurity concentration distribution in which the 
concentration N2 becomes higher than the concentration 
N1/10 as shown in FIG. 2. Moreover, by melting the region 
52 and not melting the region 54 in the increased region 50 
as in the above-described manufacturing method, it is pos 
sible to obtain the distribution in which the distance C 
becomes greater than the distance B as shown in FIG. 2. 
Moreover, by not melting the region 54 as in the above 
described manufacturing method, it is possible to obtain the 
n-type impurity concentration distribution that curves in a 
convex manner toward a plus side of the n-type impurity 
concentration in the region 54 as shown in FIG. 2. 
0044) Moreover, according to the above-described manu 
facturing method, crystal defects in the regions that were 
melted during the first melting and the second melting 
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processes disappear, and hence it is possible to form the 
buffer region 24 and the cathode region 26 that have few 
crystal defects. It is therefore possible to form a low-loss 
diode. 
0045 Moreover, according to the above-described manu 
facturing method, the buffer region 24 can be formed at a 
deep position. Therefore, even if the lower surface 12b is 
scratched in the manufacturing processes, the scratch less 
easily reaches the drift region 22. Therefore, even if the 
lower Surface 12b is scratched, a leakage current is less 
likely to occur in the diode. 
0046 Moreover, according to the above-described manu 
facturing method, the n-type impurities are implanted to a 
deep position by the channeling implantation, and hence 
there is no need to perform an n-type impurity implantation 
with a high energy. Accordingly, the need for a high-energy 
impurity implantation device is eliminated, and hence the 
semiconductor device 10 can be manufactured at low cost. 
0047 Moreover, according to the above-described manu 
facturing method, the buffer region 24 is activated in the first 
melting process, and the cathode region 26 is activated in the 
second melting process. Accordingly, there is no need to 
perform a non-melting type annealing on the buffer region 
24 and the cathode region 26, and hence the need for a 
non-melting type annealing device is eliminated. A common 
annealing device (a melting type annealing device) can be 
used for forming both of the buffer region 24 and the cathode 
region 26. This can also reduce process cost. 
0.048 Moreover, according to the above-described manu 
facturing method, the p-type impurity concentration does 
not unintentionally become higher than the n-type impurity 
concentration in the drift region 22, the buffer region 24, and 
the cathode region 26. That is, unintentional formation of a 
p-type region is avoided. Therefore, the diode can stably be 
manufactured. This will hereinafter be described in further 
details with use of comparative examples. 
0049. Each of FIGS. 8 and 9 has an n-type impurity 
concentration distribution in a semiconductor device of a 
comparative example. The semiconductor device that has 
the distribution in FIG.8 was manufactured by melting only 
a region shallower than the depth having the peak concen 
tration N4 (see FIG. 5) in the first melting process. Accord 
ingly, the n-type impurity concentration is high in a region 
24a of the buffer region 24 which was not melted, while the 
n-type impurity concentration is low in a region 24b of the 
buffer region 24 which was melted. As described above, if 
the n-type impurity concentration is low in the region 24b 
which is a part of the buffer region 24, there may be a case 
where the p-type impurity concentration becomes higher 
than the n-type impurity concentration in the region 24b as 
shown in FIG. 8. Accordingly, in the semiconductor device 
in FIG. 8, a part of the buffer region 24 is undesirably turned 
into the p-type. 
0050. The semiconductor device that has the distribution 
in FIG.9 was manufactured by performing the melting up to 
a position deeper than the end 13c of the increased region 50 
(see FIG. 5) in the first melting process. In such a manu 
facturing method, there may be a case where the p-type 
impurities diffuse over into the drift region 22 in the first 
melting process, and hence as shown in FIG.9, there may be 
a case where the p-type impurity concentration becomes 
higher than the n-type impurity concentration in the drift 
region 22 in a vicinity of the buffer region 24. Accordingly, 
in the semiconductor device in FIG. 9, a part of the drift 
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region 22 is undesirably turned into the p-type. If a p-type 
region is formed in a region in which a p-type region was not 
intended to be formed as in FIGS. 8 and 9, a Vf (forward 
Voltage) of the diode increases, which is problematic. 
0051. In contrast to this, according to the manufacturing 
method of the embodiment, the semiconductor device 10 
can stably be manufactured without causing the problem as 
in the semiconductor devices in FIGS. 8 and 9. 

0052. Notably, in the above-mentioned embodiment, the 
p-type impurity concentration distribution did not change in 
the second melting process. However, if p-type impurities 
adhere again to the lower surface 12b of the semiconductor 
substrate 12 after the first melting process and before the 
second melting process, the p-type impurities diffuse again 
in the melted region in the second melting process. In this 
case, the impurity concentration in the semiconductor device 
10 becomes the one as shown in FIG. 10. That is, the p-type 
impurity concentration becomes high in the cathode region 
26. However, the n-type impurity concentration in each of 
the cathode region 26 and the buffer region 24 is sufficiently 
high, and hence even if the p-type impurity concentration 
becomes high in the cathode region 26, no significant 
problem occurs. 
0053 Moreover, in the above-mentioned embodiment, 
the n-type impurities were implanted into the wide range 
corresponding to the buffer region 24 and the cathode region 
26 in the first implantation process. However, as shown in 
FIG. 11, the first implantation process may be performed 
Such that the n-type impurity concentration is increased only 
at a deep position. In this case as well, a semiconductor 
device that has the impurity concentration distribution 
approximately similar to that in FIG. 2 can be manufactured 
by performing the melting up to the depth 13b which is 
deeper than the depth 13a having the peak concentration N4, 
and shallower than the deeper side end 13c of the increased 
region 50 in the first melting process. Nevertheless, it should 
be noted that implanting the n-type impurities into a wide 
depth range as in the above-mentioned embodiment (see 
FIG. 5) makes the n-type impurity concentration more 
uniform in the region that was melted and then solidified. 
Moreover, implanting the n-type impurities into the wide 
depth range as in the above-mentioned embodiment makes 
a slope of the n-type impurity concentration in a boundary 
portion between the drift region 22 and the buffer region 24 
gentler, and hence a noise becomes less likely to occur 
during the reverse recovery operation. Moreover, although 
the n-type impurities can be implanted into the buffer region 
24 with a low energy by the channeling implantation in the 
method of the above-mentioned embodiment, in a case of 
obtaining the distribution in FIG. 11, it is necessary to 
implant the n-type impurities with a high energy by an 
implantation that causes no channeling. 
0054) Notably, in the above-mentioned embodiment, the 
semiconductor device comprising a diode has been 
described. However, the art disclosed herein may be applied 
to a buffer region and a cathode region of a diode in a 
semiconductor device including an IGBT and the diode (i.e., 
a so-called RC-IGBT). Moreover, the art disclosed herein 
may be applied to a drain region and a buffer region in a 
MOSFET. Moreover, in the above-mentioned embodiment, 
the aspect in which n-type impurities are implanted into an 
n-type semiconductor substrate has been described. How 
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ever, the above-described art may be applied when p-type 
impurities are implanted into a p-type semiconductor Sub 
Strate. 
0055 Specific examples of the present invention have 
been described in detail, however, these are mere exemplary 
indications and thus do not limit the scope of the claims. The 
art described in the claims includes modifications and varia 
tions of the specific examples presented above. Technical 
features described in the description and the drawings may 
technically be useful alone or in various combinations, and 
are not limited to the combinations as originally claimed. 
Further, the art described in the description and the drawings 
may concurrently achieve a plurality of aims, and technical 
significance thereof resides in achieving any one of Such 
aims. 

1. A method of manufacturing a semiconductor device, 
the method comprising: 

a first implantation of implanting first conductivity type 
impurities into a semiconductor Substrate of a first 
conductivity type from a surface of the semiconductor 
Substrate; 

melting and then solidifying a first semiconductor region 
between a specific depth and the surface, the specific 
depth being deeper than a depth having a peak con 
centration of the first conductivity type impurities in an 
increased region in which a first conductivity type 
impurity concentration was increased in the first 
implantation, and the specific depth being shallower 
than a deeper side end of the increased region; 

a second implantation of implanting, from the Surface, the 
first conductivity type impurities into a region shal 
lower than the specific depth; and 

melting and then solidifying a region in which the first 
conductivity type impurity concentration was increased 
in the second implantation. 

2. The method of claim 1, wherein the first conductivity 
type impurity concentration is increased in a range between 
the deeper side end and the surface in the first implantation. 

3. The method of claim 2, wherein the first conductivity 
type impurities are implanted by a channeling implantation 
in the first implantation. 

4. A semiconductor device, comprising: 
a high concentration region of a first conductivity type 

provided in a range exposed on a Surface of a semi 
conductor Substrate; 

a middle concentration region of the first conductivity 
type provided in a range deeper than the high concen 
tration region, and having a first conductivity type 
impurity concentration which is lower than that of the 
high concentration region; and 

a low concentration region of the first conductivity type 
provided in a range deeper than the middle concentra 
tion region, and having the first conductivity type 
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impurity concentration which is lower than that of the 
middle concentration region, 

wherein 
a distance A is a distance from a depth having a peak value 

of the first conductivity type impurity concentration in 
the high concentration region to a depth deeper than the 
depth having the peak value of the first conductivity 
type impurity concentration, and having the first con 
ductivity type impurity concentration which is one 
tenth of the peak value of the first conductivity type 
impurity concentration, 

the first conductivity type impurity concentration at a 
depth shallower by twice the distance Athan the depth 
having the peak value of the first conductivity type 
impurity concentration is equal to or higher than one 
tenth of the peak value of the first conductivity type 
impurity concentration, 

a distance B is a distance from a depth having a peak value 
of the second conductivity type impurity concentration 
in the middle concentration region to a depth deeper 
than the depth having the peak value of the second 
conductivity type impurity concentration, and having 
which is one tenth of the peak value of the second 
conductivity type impurity concentration, 

the second conductivity type impurity concentration at a 
depth shallower by twice the distance B than the depth 
having the peak value of the second conductivity type 
impurity concentration is equal to or higher than one 
tenth of the peak value of the second conductivity type 
impurity concentration. 

a distance C is a distance from a depth having a peak value 
of the first conductivity type impurity concentration in 
the middle concentration region to a depth deeper than 
the depth having the peak value of the first conductivity 
type impurity concentration in the middle concentra 
tion region, and having the first conductivity type 
impurity concentration which is one tenth of the peak 
value of the first conductivity type impurity concentra 
tion in the middle concentration region, and 

the distance C is greater than the distance B. 
5. The semiconductor device of claim 4, wherein 
the first conductivity type impurity concentration continu 

ously decreases from the depth having the peak value 
of the first conductivity type impurity concentration in 
the middle concentration region toward a deeper side, 
and 

a graph of the first conductivity type impurity concentra 
tion in a part where the first conductivity type impurity 
concentration continuously decreases curves in a con 
vex manner toward a plus side of the first conductivity 
type impurity concentration. 
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