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NSULATED GATE BIPOLAR TRANSISTOR 

TECHNICAL FIELD 

0001. The present invention relates to an insulated gate 
bipolar transistor (IGBT), more particularly, an IGBT allow 
ing for reduced on-resistance while restraining defects Such 
as micro pipes, stacking faults, and dislocations. 

BACKGROUND ART 

0002. In recent years, in order to achieve high breakdown 
Voltage, low loss, and utilization of semiconductor devices 
under a high temperature environment, silicon carbide (SiC) 
has begun to be adopted as a material for a semiconductor 
device. Silicon carbide is a wide band gap semiconductor 
having a band gap larger than that of silicon, which has been 
conventionally widely used as a material for semiconductor 
devices. Hence, by adopting silicon carbide as a material for 
a semiconductor device, the semiconductor device can have a 
high breakdown Voltage, reduced on-resistance, and the like. 
Further, the semiconductor device thus adopting silicon car 
bide as its material has characteristics less deteriorated even 
under a high temperature environment than those of a semi 
conductor device adopting silicon as its material, advanta 
geously. 
0003. In order to manufacture a high-performance IGBT 
adopting silicon carbide as its material, it is effective to 
employ a process of preparing a Substrate made of silicon 
carbide (silicon carbide Substrate), and forming an epitaxial 
growth layer made of SiC on the silicon carbide substrate. 
Further, when manufacturing a vertical type IGBT using such 
a silicon carbide substrate, the on-resistance of the IGBT can 
be reduced by reducing the resistivity of the substrate in the 
thickness direction thereofas much as possible. In order to 
reduce the resistivity of the substrate in the thickness direc 
tion thereof, for example, there can be employed a method of 
introducing an impurity into the Substrate at a high concen 
tration (for example, see R. C. GLASS et al., “SiC Seeded 
Crystal Growth”, Phys. stat. Sol. (b), 1997, 202, p 149-162 
(Non-Patent Literature 1)). Further, in order to effectively 
modulate conductivity in a drift layer by means of minority 
carrier injection, it is required to form a high-quality epitaxial 
growth layer having fewer dislocations and defects. 

CITATION LIST 

Non Patent Literature 
0004 NPL 1: R. C. GLASS et al., “SiC Seeded Crystal 
Growth”, Phys. stat. Sol.(b), 1997, 202, p 149-162 

SUMMARY OF INVENTION 

Technical Problem 
0005. However, when the resistivity of the substrate is 
reduced by introducing ap type impurity into the Substrate at 
a high concentration in order to obtainap type silicon carbide 
Substrate (silicon carbide Substrate having p type conductiv 
ity) suitable for fabrication of a vertical type IGBT, densities 
of defects such as micro pipes, stacking faults, and disloca 
tions become high therein. When an epitaxial growth layer 
made of SiC is formed on the silicon carbide substrate, the 
defects are propagated to the epitaxial growth layer. The 
defects in the epitaxial growth layer serve as minor carrier 
traps to decrease carrier lifetime. Further, when fabricating a 
vertical type IGBT using the silicon carbide substrate, the 
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conductivity modulation is prevented due to the high defect 
densities, which results in decreased forward characteristics 
of the IGBT, disadvantageously. 
0006. In view of these, the present invention has its object 
to provide a vertical type IGBT allowing for reduced on 
resistance while restraining defects from being produced. 

Solution to Problem 

0007 An insulated gate bipolar transistor (IGBT) accord 
ing to the present invention includes: a silicon carbide Sub 
strate; a drift layer made of single-crystal silicon carbide, 
disposed on/over one main Surface of the silicon carbide 
Substrate, and having in type conductivity; a well region hav 
ing p type conductivity and disposed to include a first main 
surface of the drift layer opposite to the silicon carbide sub 
strate; an emitter region having in type conductivity and dis 
posed to include the first main surface within the well region; 
an emitter electrode disposed on the first main Surface in 
contact with the emitter region; an insulating film formed of 
an insulator and disposed on the first main Surface in contact 
with the well region; a gate electrode disposed on the insu 
lating film; and a collector electrode disposed on the other 
main surface of the silicon carbide substrate. The silicon 
carbide Substrate includes: a base layer made of silicon car 
bide and having p type conductivity; and a SiC layer made of 
single-crystal silicon carbide and disposed on the base layer. 
The base layer has ap type impurity concentration exceeding 
1x10 cm. 
0008. The present inventors have fully studied approaches 
for reducing resistivity of a silicon carbide substrate in the 
thickness direction thereof while restraining defects such as 
micro pipes, stacking faults, and dislocations from being 
produced. As a result, the following finding was obtained. 
Specifically, stacking faults can be restrained from being 
produced at least in the SiC layer in the following manner. 
That is, the base layer of the silicon carbide substrate is 
adapted to have ap type impurity concentration (p type impu 
rity density) exceeding 1x10" cm to decrease the resistiv 
ity thereof, the SiC layer is adapted to contain an impurity to 
Such an extent that defects such as micro pipes, stacking 
faults, and dislocations are prevented from being produced, 
and the SiC layer is provided on the base layer. Further, by 
forming the epitaxial growth layer (layer constituting an 
active layer) made of SiC on such a SiC layer so as to fabricate 
the IGBT, the resistivity of the silicon carbide substrate can be 
reduced by the existence of the base layer, while preventing 
influence of defects, such as micro pipes, stacking faults, and 
dislocations, which can be produced in the base layer, over the 
characteristics of the IGBT. 
0009. As such, according to the IGBT of the present inven 
tion, there can be provided a vertical type IGBT allowing for 
reduced on-resistance while restraining production of 
defects. Here, the “impurity” refers to an impurity to be 
introduced to produce a majority carrier in the silicon carbide 
substrate. Further, the p type impurity concentration of the 
base layer can be equal to or smaller than 1x10 cm. 
Meanwhile, the p type impurity concentration of the base 
layer may be equal to or greater than 1x10 cm. An exem 
plary, usable impurity introduced into the base layer is Al 
(aluminum), B (boron), or the like. 
0010 Further, the base layer and the SiC layer are con 
nected to each other, for example. Accordingly, the silicon 
carbide substrate can be readily obtained in which the SiC 
layer is disposed while preventing defects in the base layer 
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from being propagated thereto. On this occasion, the base 
layer and the SiC layer may be directly connected to each 
other, or may be connected to each other via an intermediate 
layer. 
0011. In the IGBT, the impurity contained in the base layer 
may be different from that contained in the SiC layer. In this 
way, an IGBT can be obtained which includes the silicon 
carbide Substrate containing impurities appropriately 
depending on intended purpose of use. 
0012. In the IGBT, the base layer may contain Al (alumi 
num) as an impurity introduced therein. Al is suitable as a p 
type impurity for supplying the SiC with positive holes, 
which serve as majority carriers. 
0013. In the IGBT, the base layer may be made of single 
crystal silicon carbide and a halfwidth of X-ray rocking curve 
of the SiC layer may be smaller than that of the base layer. 
0014 SiC does not have a liquid phase at an atmospheric 
pressure. Generally, in a Sublimation recrystallizing method, 
which is performed as a method for growing a bulk single 
crystal SiC., the crystal growth temperature is very high, spe 
cifically, equal to or greater than 2000°C., which makes it 
difficult to control and stabilize the growth conditions. Hence, 
it is difficult for a substrate made of single-crystal SiC to keep 
its high quality and have a large diameter. Meanwhile, for 
efficient manufacturing in a process of manufacturing an 
IGBT using a silicon carbide substrate, a substrate provided 
with predetermined uniform shape and size is required. 
Hence, even when a high-quality silicon carbide single-crys 
tal (for example, silicon carbide single-crystal having a high 
crystallinity) is obtained, a region that cannot be processed 
into Such a predetermined shape and the like by cutting, etc., 
may not be effectively used. 
0.015 To address this, in the silicon carbide substrate con 
stituting the IGBT of the present invention, on the base layer 
processed into the predetermined shape and size, there can be 
disposed the SiC layer having a smaller half width of the 
X-ray rocking curve, i.e., having higher crystallinity than that 
of the base layer but not formed into the desired shape and the 
like. Such a silicon carbide substrate has the predetermined 
uniform shape and size, thus attaining efficient manufactur 
ing of IGBTs. Further, such a silicon carbide substrate utilizes 
the high-quality SiC layer to manufacture an IGBT, thereby 
effectively utilizing the high-quality single-crystal silicon 
carbide. As a result, the manufacturing cost of the IGBT can 
be reduced. 
0016. In the IGBT, the SiC layer may have p type conduc 

tivity, and may have an impurity concentration of not more 
than 1x10" cm. This can restrain production of defects in 
the SiC layer, Such as micro pipes, stacking faults, and dislo 
cations, more securely. 
0017. In the IGBT, the insulating film may be made of 
silicon dioxide. Accordingly, the above-described insulating 
film can be formed readily. 
0018. In the silicon carbide substrate of the IGBT, the SiC 
layer has a main Surface opposite to the base layer and having 
an off angle of not less than 50° and not more than 65° relative 
to a {0001} plane. 
0019. By growing single-crystal silicon carbide of hex 
agonal system in the <0001 > direction, a high-quality single 
crystal can be fabricated efficiently. From such a silicon car 
bide single-crystal grown in the <0001 > direction, a silicon 
carbide Substrate having a main Surface corresponding to the 
{0001} plane can be obtained efficiently. Meanwhile, by 
using a silicon carbide Substrate having a main surface having 
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an off angle of not less than 50° and not more than 65° relative 
to the plane orientation of {0001}, an IGBT with high per 
formance may be manufactured. 
0020 Specifically, a silicon carbide substrate used for fab 
rication of an IGBT generally has a main Surface having an off 
angle of approximately 8° relative to a plane orientation of 
{0001}. An epitaxial growth layer (active layer) is formed on 
this main Surface and an insulating film (oxide film), an 
electrode, and the like are formed on this active layer, thereby 
obtaining an IGBT. In this IGBT, a channel region is formed 
in a region including an interface between the active layer and 
the insulating film. However, in the IGBT having such a 
structure, a multiplicity of interface states are formed around 
the interface between the active layer and the insulating film, 
i.e., the location in which the channel region is formed, due to 
the Substrate's main Surface having an off angle of approxi 
mately 8° or smaller relative to the plane orientation of 
{0001}. This hinders traveling of carriers, thus decreasing 
channel mobility. 
0021. To address this, in the silicon carbide substrate, the 
main surface of the SiC layer opposite to the base layer is 
adapted to have an off angle of not less than 50° and not more 
than 65° relative to the {0001} plane, thereby reducing for 
mation of the interface states. In this way, an IGBT can be 
fabricated which allows for reduced on-resistance. 
0022. In the silicon carbide substrate of the IGBT, the 
main surface of the SiC layer opposite to the base layer may 
have an off orientation forming an angle of not more than 5° 
relative to a <1-100> direction. 

(0023 The <1-100> direction is a representative off orien 
tation in a silicon carbide substrate. Variation in the off ori 
entation resulting from variation in a slicing process of the 
process of manufacturing the substrate is adapted to be 5 or 
Smaller, which allows an epitaxial growth layer (active layer) 
to be formed readily on the silicon carbide substrate. 
0024. In the silicon carbide substrate, the main surface of 
the SiC layer opposite to the base layer may have an off angle 
of not less than -3° and not more than 5° relative to a {03-38 
plane in the <1-100> direction. Accordingly, channel mobil 
ity can be further improved in the case where an IGBT is 
fabricated using the silicon carbide Substrate. Here, setting 
the off angle at not less than -3° and not more than +5° 
relative to the plane orientation of {03-38} is based on a fact 
that particularly high channel mobility was obtained in this 
set range as a result of inspecting a relation between the 
channel mobility and the off angle. 
0025. Further, the “off angle relative to the {03-38} plane 
in the <1-100> direction” refers to an angle formed by an 
orthogonal projection of a normal line of the above-described 
main surface to a flat plane defined by the <1-100> direction 
and the <0001 > direction, and a normal line of the {03-38 
plane. The sign of positive value corresponds to a case where 
the orthogonal projection approaches in parallel with the 
<1-100> direction whereas the sign of negative value corre 
sponds to a case where the orthogonal projection approaches 
in parallel with the <0001 D direction. 
0026. It should be noted that the plane orientation of the 
main surface is more preferably substantially {03-38. Here, 
the expression “the main Surface has a plane orientation of 
substantially {03-38}” is intended to encompass a case where 
the plane orientation of the main surface of the substrate is 
included in a range of off angle such that the plane orientation 
can be substantially regarded as {03-38} in consideration of 
processing accuracy of the Substrate. In this case, the range of 
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off angle is, for example, a range of off angle of t2 relative 
to {03-38. Accordingly, the above-described channel mobil 
ity can be further improved. 
0027. In the silicon carbide substrate of the IGBT, the 
main surface of the SiC layer opposite to the base layer may 
have an off orientation forming an angle of not more than 5° 
relative to a <11-20> direction. 
0028 <11-20> is a representative off orientation in a sili 
con carbide substrate, as with the <1-100> direction. Varia 
tion in the off orientation resulting from variation in the 
slicing process of the process of manufacturing the Substrate 
is adapted to be +5°, which allows an epitaxial growth layer 
(active layer) to be formed readily on the SiC substrate. 
0029. In the IGBT, the base layer may be made of single 
crystal silicon carbide. In this case, the SiC layer preferably 
has a defect density lower than that of the base layer. 
0030. For example, in the IGBT, the SiC layer preferably 
has a micro pipe density Smaller than that of the base layer. 
0031. Further, preferably in the IGBT, the SiC layer has a 
dislocation density lower than that of the base layer. 
0032. Further, preferably in the IGBT, the SiC layer has a 
threading screw dislocation density Smaller than that of the 
base layer. Further, preferably in the IGBT, the SiC layer 
preferably has a threading edge dislocation density Smaller 
than that of the base layer. Further, preferably in the IGBT, the 
SiC layer has a basal plane dislocation density Smaller than 
that of the base layer. Further, preferably in the IGBT, the SiC 
layer has a composite dislocation density Smaller than that of 
the base layer. Further, preferably in the IGBT, the SiC layer 
has a stacking fault density Smaller than that of the base layer. 
Further, preferably in the IGBT, the SiC layer has a point 
defect density smaller than that of the base layer. 
0033. As compared with the base layer, the SiC layer is 
adapted to have the reduced defect densities such as the micro 
pipe density, the threading screw dislocation density, the 
threading edge dislocation density, the basal plane disloca 
tion density, the composite dislocation density, the stacking 
fault density, and the point defect density. Such a SiC layer 
allows a high-quality active layer to be formed on the SiC 
layer. The active layer can be formed by, for example, com 
bining epitaxial growth and ion implantation of an impurity. 
0034. In the IGBT, a plurality of the SiC layers may be 
stacked. In this way, there can be obtained an IGBT including 
the silicon carbide substrate including the plurality of SiC 
layers corresponding to intended functions. 
0035. In the IGBT, the silicon carbide substrate may fur 
ther include an intermediate layer disposed between the base 
layer and the SiC layer and made of a conductor or a semi 
conductor, and the intermediate layer connects the base layer 
and the SiC layer to each other. 
0036. Thus, by employing the structure in which the base 
layer and the SiC layer are connected to each other by the 
intermediate layer, there can be readily obtained the silicon 
carbide substrate in which the SiC layer is provided on the 
base layer having ap type impurity concentration exceeding 
1x10" cm, while preventing propagation of the defects of 
the base layer thereto. Further, when the intermediate layer is 
made of a conductor or a semiconductor, they can be con 
nected to each other without inhibiting conductivity in the 
thickness direction thereof. 
0037. In the IGBT, the intermediate layer may be made of 
a metal. The metal constituting this intermediate layer may 
have a silicided portion. Further, in the IGBT, the intermedi 
ate layer may be made of carbon. Further, the intermediate 
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layer may be made of amorphous silicon carbide. In this way, 
conductivity can be readily secured in the thickness direction 
of the substrate. 
0038. In the silicon carbide substrate constituting the 
IGBT, the base layer may include a single-crystal layer 
including its main Surface facing the SiC layer and made of 
single-crystal silicon carbide. Accordingly, a difference in 
physical property (for example, difference in linear expan 
sion coefficient) becomes small between the base layer and 
the SiC layer, thereby restraining warpage of the silicon car 
bide substrate. A region of the base layer other than the 
single-crystal layer may be formed of a non single-crystal 
layer Such as polycrystal silicon carbide, amorphous silicon 
carbide, or silicon carbide sintered compact. Accordingly, the 
manufacturing cost of the semiconductor device can be 
reduced. 
0039. Further, in the silicon carbide substrate, a halfwidth 
of X-ray rocking curve of the SiC layer is preferably smaller 
than that of the single-crystal layer. Furthermore, in the sili 
con carbide substrate, the SiC layer preferably has a micro 
pipe density Smaller than that of the single-crystal layer. 
Further, in the silicon carbide substrate, the SiC layer prefer 
ably has a dislocation density lower than that of the single 
crystal layer. In this way, a high-quality active layer can be 
formed on the SiC layer. The active layer can be formed by, 
for example, combining epitaxial growth and ion implanta 
tion of an impurity. 

Advantageous Effects of Invention 
0040. As apparent from the description above, according 
to the IGBT of the present invention, there can be provided a 
vertical type IGBT allowing for reduced on-resistance while 
restraining defects from being produced. 

BRIEF DESCRIPTION OF DRAWINGS 

0041 FIG. 1 is a schematic cross sectional view showing 
a structure of an IGBT. 
0042 FIG. 2 is a schematic cross sectional view showing 
a structure of a silicon carbide substrate. 
0043 FIG. 3 is a flowchart schematically showing a 
method for manufacturing the IGBT. 
0044 FIG. 4 is a schematic cross sectional view for illus 
trating the method for manufacturing the IGBT. 
004.5 FIG. 5 is a schematic cross sectional view for illus 
trating the method for manufacturing the IGBT. 
0046 FIG. 6 is a schematic cross sectional view for illus 
trating the method for manufacturing the IGBT. 
0047 FIG. 7 is a flowchart schematically showing a 
method for manufacturing the silicon carbide Substrate. 
0048 FIG. 8 is a schematic cross sectional view showing 
a structure of an IGBT in a second embodiment. 
0049 FIG. 9 is a flowchart schematically showing a 
method for manufacturing a silicon carbide Substrate in a 
third embodiment. 
0050 FIG.10 is a schematic cross sectional view for illus 
trating the method for manufacturing the silicon carbide Sub 
strate in the third embodiment. 
0051 FIG. 11 is a schematic cross sectional view for illus 
trating the method for manufacturing the silicon carbide Sub 
strate in the third embodiment. 

0.052 FIG. 12 is a schematic cross sectional view for illus 
trating the method for manufacturing the silicon carbide Sub 
strate in the third embodiment. 
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0053 FIG. 13 is a schematic cross sectional view showing 
a structure of a silicon carbide substrate in a fourth embodi 
ment. 

0054 FIG. 14 is a schematic cross sectional view showing 
a structure of a silicon carbide substrate in a fifth embodi 
ment. 

0055 FIG. 15 is a flowchart schematically showing a 
method for manufacturing the silicon carbide substrate in the 
fifth embodiment. 
0056 FIG. 16 is a schematic cross sectional view showing 
a structure of a silicon carbide substrate in a sixth embodi 
ment. 

0057 FIG. 17 is a flowchart schematically showing a 
method for manufacturing the silicon carbide substrate in the 
sixth embodiment. 
0058 FIG. 18 is a schematic cross sectional view showing 
a structure of a silicon carbide substrate in a seventh embodi 
ment. 

0059 FIG. 19 is a flowchart schematically showing a 
method for manufacturing the silicon carbide substrate in the 
seventh embodiment. 
0060 FIG.20 is a schematic cross sectional view for illus 
trating the method for manufacturing the silicon carbide Sub 
strate in the seventh embodiment. 
0061 FIG. 21 shows a relation between impurity concen 

tration and mobility in p type 4H-SiC. 

DESCRIPTION OF EMBODIMENTS 

0062. The following describes embodiments of the 
present invention with reference to figures. It should be noted 
that in the below-mentioned figures, the same or correspond 
ing portions are given the same reference characters and are 
not described repeatedly. 

First Embodiment 

0063 First, one embodiment of the present invention, i.e., 
a first embodiment will be described. Referring to FIG. 1, an 
IGBT 100, which is an insulated gate bipolar transistor in the 
present embodiment, includes: a silicon carbide Substrate 1 
having p type conductivity; a buffer layer 2 (which may have 
in type conductivity or p type conductivity); a drift layer 3 
made of silicon carbide and having in type conductivity; a pair 
of well regions 4 each having p type conductivity; n' regions 
5 each having in type conductivity and serving as an emitter 
region; and p" regions 6 each having p type conductivity and 
serving as a high-concentration p type region. 
0064 Buffer layer 2 is formed on one main surface of 
silicon carbide Substrate 1, and contains an impurity at a 
concentration higher than that in drift layer3. Drift layer 3 is 
formed on buffer layer 2, and contains an in type impurity and 
therefore has n type conductivity. 
0065. The pair of well regions 4 are formed in drift layer3 

to be separated from each other and include a main surface 3A 
of drift layer 3 opposite to its main surface at the silicon 
carbide Substrate 1 side. Each of well regions 4 contains a p 
type impurity and therefore has p type conductivity. The p 
type impurity contained in well region 4 is, for example, 
aluminum (Al), boron (B), or the like. 
0066 N' regions 5, which include main surface 3A 
described above, are surrounded by well regions 4 and are 
formed within the pair of well regions 4. Each of n' regions 5 
contains an in type impurity Such as P at a concentration 
(density) higher than that of then type impurity contained in 
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drift layer3. Pregions 6, which include main surface 3A, are 
Surrounded by well regions 4 and are formed adjacent to n* 
regions 5 within the pair of well regions 4 respectively. Each 
of p" regions 6 contains a p type impurity Such as Al at a 
concentration (density) higher than that of the p type impurity 
contained in each of well regions 4. Buffer layer 2, drift layer 
3, well regions 4, n' regions 5, and p" regions 6 constitute an 
active layer 7. 
0067. Referring to FIG. 1, IGBT 100 further includes: a 
gate oxide film 91 serving as a gate insulating film; a gate 
electrode 93; a pair of emitter contact electrodes 92; an inter 
layer insulating film 94; an emitter wire 95; and a collector 
electrode 96. 
0068 Gate oxide film 91 is formed on and in contact with 
main surface 3A of drift layer 3 so as to extend from a location 
on the upper Surface of one n' region 5 to a location on the 
upper surface of the other n' region 5. Gate oxide film 91 is 
made of, for example, silicon dioxide (SiO). 
0069 Gate electrode 93 is disposed on and in contact with 
gate oxide film 91 so as to extend from a location over one n' 
region 5 to a location over the other n' region 5. Further, gate 
electrode 93 is made of a conductor such as polysilicon hav 
ing an impurity added therein or Al. 
0070 Emitter contact electrodes 92 are disposed in con 
tact with main surface 3A, extend from respective locations 
on the pair of n' regions 5, and reach locations on p" regions 
6. Each of emitter contact electrodes 92 is made of a material 
capable of ohmic contact with both n' regions 5 and p" 
regions 6, such as NiSi (nickel silicide). 
0071 Interlayer insulating film 94 is formed to surround 
gate electrode 93 over main surface 3A of drift layer 3, and 
extends from a location over one well region 4 to a location 
over the other well region 4. Interlayer insulating film 94 is 
made of for example, silicon dioxide (SiO2), which is an 
insulator. 
0072 Emitter wire 95 surrounds interlayer insulating film 
94 over main surface 3A of drift layer 3, and extends onto the 
upper surfaces of emitter contact electrodes 92. Emitter wire 
95 is made of a conductor such as Al, and is electrically 
connected to n' regions 5 via emitter contact electrodes 92. 
0073 Collector electrode 96 is formed in contact with the 
main surface of silicon carbide substrate 1 opposite to the side 
at which drift layer 3 is formed. Collector electrode 96 is 
made of a material capable of ohmic contact with silicon 
carbide substrate 1, such as NiSi. Collector electrode 96 is 
electrically connected to silicon carbide substrate 1. 
0074 Referring to FIG. 2, in the present embodiment, 
silicon carbide substrate 1 constituting IGBT 100 includes: a 
base layer 10 made of single-crystal silicon carbide and hav 
ing p type conductivity; and a SiC layer 20 made of single 
crystal silicon carbide, arranged on base layer 10, and having 
p type conductivity. Base layer 10 has a p type impurity 
concentration exceeding 1x10' ". Hence, IGBT 100 in 
the present embodiment is a vertical type IGBT allowing for 
reduced on-resistance while restraining defects from being 
produced. It should be noted that there is a boundary between 
base layer 10 and SiC layer 20 and defect density may be 
discontinuous at this boundary. Further, base layer 10 
employed may be made of, for example, single-crystal silicon 
carbide, polycrystal silicon carbide, amorphous silicon car 
bide, a silicon carbide sintered compact, or a combination 
thereof. 
(0075. The following describes operations of IGBT 100. 
Referring to FIG. 1, when gate electrode 93 is fed with a 
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positive Voltage and the positive Voltage exceeds a threshold 
value, an inversion layer is formed at portions of well regions 
4 in contact with gate oxide film 91 below gate electrode 93. 
thereby electrically connecting n' regions 5 and drift layer3 
to each other. Accordingly, electrons are injected from n' 
regions 5 into drift layer 3. Correspondingly, positive holes 
are supplied from silicon carbide substrate 1 via buffer layer 
2 to drift layer 3. As a result, IGBT 100 is brought into ON 
state, thereby bringing about conductivity modulation in drift 
layer 3 to decrease resistance between emitter contact elec 
trode 92 and collector electrode 96. In such a state, current 
flows. On the other hand, when the positive voltage applied to 
gate electrode 93 is equal to or smaller than the threshold 
value, the inversion layer is not formed. Accordingly, a 
reverse bias state is maintained between drift layer 3 and well 
region 4. As a result, IGBT 100 is brought into OFF state, with 
the result that no current flows. 
0076. In IGBT 100, base layer 10 may be made of single 
crystal silicon carbide. Further, SiC layer 20 preferably has a 
micro pipe density smaller than that of base layer 10. Further, 
in IGBT 100, SiC layer 20 preferably has a threading screw 
dislocation density smaller than that of base layer 10. Further, 
in IGBT 100, SiC layer 20 preferably has a threading edge 
dislocation density smaller than that of base layer 10. Further, 
in IGBT 100, SiC layer 20 preferably has a basal plane dis 
location density smaller than that of base layer 10. Further, in 
IGBT 100, SiC layer 20 preferably has a composite disloca 
tion density smaller than that of base layer 10. Further, in 
IGBT 100, SiC layer 20 preferably has a stacking fault den 
sity smaller than that of base layer 10. Further, in IGBT 100, 
SiC layer 20 preferably has a point defect density smaller than 
that of base layer 10. 
0077. Thus, as compared with base layer 10, SiC layer 20 
has the reduced defect densities such as the micro pipe den 
sity, the threading screw dislocation density, the threading 
edge dislocation density, the basal plane dislocation density, 
the composite dislocation density, the stacking fault density, 
and the point defect density. Such a SiC layer 20 allows a 
high-quality active layer 7 to be formed on SiC layer 20. 
0078. Further, in IGBT 100, SiC layer 20 may have a p 
type impurity concentration of 1x10" cm or smaller. 
Accordingly, defects such as micro pipes, stacking faults, and 
dislocations can be restrained more securely from being pro 
duced in SiC layer 20. 
0079. Further, in IGBT 100, base layer 10 is made of 
single-crystal silicon carbide, and the half width of X-ray 
rocking curve of SiC layer 20 may be smaller than that of base 
layer 10. 
0080 Accordingly, a single-crystal silicon carbide having 
predetermined uniform shape and size and having relatively 
low crystallinity is employed as base layer 10 of silicon 
carbide substrate 1, while a single-crystal silicon carbide 
having a high crystallinity and not having the desired shape or 
the like is effectively utilized as SiC layer 20. As a result, the 
manufacturing cost of IGBT 100 can be reduced. 
0081 Further, in silicon carbide substrate 1 of IGBT 100, 
main surface 20A of SiC layer 20 opposite to base layer 10 
preferably has an off angle of not less than 50° and no more 
than 65° relative to the {0001} plane. This restrains formation 
of interface state in the vicinity of an interface of active layer 
7 with gate oxide film 91 in the case where active layer 7 is 
formed by means of epitaxial growth and ion implantation of 
impurity, thereby achieving reduced on-resistance of IGBT 
100. The vicinity of the interface serves as a channel region. 
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0082. Further, in silicon carbide substrate 1 of IGBT 100, 
main surface 20A of SiC layer 20 opposite to base layer 10 
has an off orientation forming an angle of 5 or Smaller 
relative to the <1-100D direction. 

I0083. The <1-100> direction is a representative off orien 
tation in a silicon carbide substrate. Variation in the off ori 
entation resulting from variation in a slicing process of the 
process of manufacturing the substrate is adapted to be 5 or 
Smaller, which allows an epitaxial growth layer (active layer 
7) to be formed readily on silicon carbide substrate 1. 
0084. Further, in silicon carbide substrate 1 of IGBT 100, 
main surface 20A of SiC layer 20 opposite to base layer 10 
has an off angle of not less than -3° and not more than 5° 
relative to the {03-38} plane in the <1-100> direction. 
Accordingly, channel mobility can be further improved in the 
case where IGBT 100 is fabricated using silicon carbide 
substrate 1. 

0085. Further, in silicon carbide substrate 1 of IGBT 100, 
main surface 20A of SiC layer 20 opposite to base layer 10 
may have an off orientation forming an angle of 5 or Smaller 
relative to the <11-20> direction. 

I0086) <11-20> is a representative off orientation in a sili 
con carbide substrate, as with the <1-100> direction. Varia 
tion in the off orientation resulting from variation in the 
slicing process of the process of manufacturing the Substrate 
is adapted to be +5°, which allows an epitaxial growth layer 
(active layer 7) to be formed readily on SiC layer 20. 
I0087 Here, in silicon carbide substrate 1 constituting 
IGBT 100, the impurity contained in base layer 10 may be 
different from that contained in SiC layer 20. In this way, 
IGBT 100 can be obtained which includes silicon carbide 
Substrate 1 containing impurities appropriately depending on 
intended purpose of use. The following describes one exem 
plary method for manufacturing IGBT 100 in the first 
embodiment, with reference to FIG. 3-FIG. 6. Referring to 
FIG. 3, in the method for manufacturing IGBT 100 in the 
present embodiment, a silicon carbide Substrate preparing 
step is first performed as a step (S110). In this step (S110), 
referring to FIG. 4, silicon carbide substrate 1 is prepared 
which include: base layer 10 made of single-crystal silicon 
carbide and having p type conductivity; and SiC layer 20 
made of single-crystal silicon carbide, arranged on base layer 
10, and having p type conductivity. Base layer 10 has ap type 
impurity concentration exceeding 1x10" cm. In silicon 
carbide substrate 1 prepared in this step (S110), the following 
base layer 10 may be employed instead of base layer 10 
entirely formed of single-crystal silicon carbide. That is, base 
layer 10 employed includes: a single-crystal layer 10B made 
of single-crystal silicon carbide and including main Surface 
10A facing SiC layer 20, and the other region 10C made of 
polycrystal silicon carbide, amorphous silicon carbide, or a 
silicon carbide sintered compact. Further, instead of base 
layer 10 entirely made of single-crystal silicon carbide, there 
may be employed a base layer 10 entirely made of polycrystal 
silicon carbide, amorphous silicon carbide, or silicon carbide 
sintered compact. A method for manufacturing silicon car 
bide substrate 1 will be described below. 

I0088 Next, as a step (S120), an epitaxial growth step is 
performed. In this step (S120), referring to FIG. 4, buffer 
layer 2 and drift layer 3 each made of silicon carbide and 
having in type conductivity are formed sequentially on/over 
one main surface of silicon carbide substrate 1 by means of 
epitaxial growth. 
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0089 Next, as a step (S130), an ion implantation step is 
performed. In this step (S130), referring to FIG. 4 and FIG. 5, 
ion implantation is performed to form well regions 4, first. 
Specifically, for example, Al (aluminum) ions are introduced 
into drift layer 3, thereby forming well regions 4. Next, ion 
implantation is performed to form n' regions 5. Specifically, 
for example, P (phosphorus) ions are implanted into well 
regions 4, thereby forming n' regions 5 within well regions 4. 
Further, ion implantation is performed to form p" regions 6. 
Specifically, for example, Al ions are implanted into well 
regions 4, thereby forming p" regions 6 in well regions 4. The 
ions can be implanted using a mask layer formed on the main 
surface of drift layer 3, made of silicon dioxide (SiO), and 
having openings at desired regions for the ion implantations, 
for example. 
0090 Next, as a step (S140), an activation annealing step 

is performed. In this step (S140), for example, heat treatment 
is performed by heating to 1700° C. in an inert gas atmo 
sphere Such as argon for 30 minutes. Accordingly, the impu 
rities implanted in the above-described step (S130) are acti 
vated. 

0091 Next, as a step (S150), an oxide film forming step is 
performed. In this step (S150), referring to FIG.5 and FIG. 6, 
for example, heat treatment is performed by heating to 1300 
C. in an oxygen atmosphere for 60 minutes, thereby forming 
oxide film 91 (gate oxide film). 
0092 Next, as a step (S160), an electrode forming step is 
performed. Referring to FIG. 1, in this step (S160), for 
example, a CVD method is used to form gate electrode 93 
made of polysilicon having an impurity added therein to be a 
conductor, and then, interlayer insulating film 94 made of 
SiO, which is an insulator, is formed on main surface 3A 
using, for example, the CVD method so as to Surround gate 
electrode 93. Next, for example, a nickel (Ni) film is formed 
by means of an evaporation method and is heated to be sili 
cided, thereby forming emitter contact electrodes 92 and col 
lector electrode 96. Next, for example, using the evaporation 
method, emitter wire 95 made of Al that is a conductor is 
formed to surround interlayer insulating film 94 over main 
surface 3A and extend to the locations over and on the upper 
surfaces of n' regions 5 and emitter contact electrodes 92. 
With the above-described procedure, IGBT 100 in the present 
embodiment is completed. 
0093. In the case where there is adopted in step (S110) a 
base layer 10 that includes single-crystal layer 10B made of 
single-crystal silicon carbide and including main Surface 10A 
facing SiC layer 20 and includes the other region 10C made of 
polycrystal silicon carbide, amorphous silicon carbide, or 
silicon carbide sintered compact, a step of removing the other 
region 10C may be performed. In this way, IGBT 100 can be 
obtained which include base layer 10 made of single-crystal 
silicon carbide (see FIG. 1). Meanwhile, the step of removing 
region 10C described above may not be performed. In this 
case, a non single-crystal layer (corresponding to region 10C 
described above) made of polycrystal silicon carbide, amor 
phous silicon carbide, or silicon carbide sintered compact is 
formed on the main surface of base layer 10 opposite to SiC 
layer 20 in IGBT 1 shown in FIG. 1 (i.e., as a lower layer in 
base layer 10 in FIG.1). This non single-crystallayer does not 
have a great influence over characteristics of IGBT 100 as 
long as the resistivity thereof is low. Hence, when such a 
manufacturing process is employed, manufacturing cost of 
IGBT 100 can be reduced without any great influence over the 
characteristics thereof. 
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0094. On this occasion, a half width of X-ray rocking 
curve of SiC layer 20 may be preferably smaller than that of 
single-crystal layer 10B. As such, SiC layer 20 having such a 
Smaller half width of the X-ray rocking curve, i.e., having 
higher crystallinity than that of single-crystal layer 10B of 
base layer 10 is provided, thereby allowing a high-quality 
active layer 7 to be formed thereon. 
(0095. Furthermore, SiC layer 20 may preferably has a 
micro pipe density Smaller than that of single-crystal layer 
10B. Further, SiC layer 20 may have a dislocation density 
lower than that of single crystal layer 10B. Further, SiC layer 
20 may have a threading screw dislocation density Smaller 
than that of single crystal layer 10B. Further, SiC layer 20 
may have a threading edge dislocation density Smaller than 
that of single crystal layer 10B. Further, SiC layer 20 may 
have a basal plane dislocation density Smaller than that of 
single crystal layer 10B. Further, SiC layer 20 may have a 
composite dislocation density Smaller than that of single crys 
tallayer 10B. Further, SiC layer 20 may have a stacking fault 
density smaller than that of single crystal layer 10B. Further, 
SiC layer 20 may have a point defect density smaller than that 
of single crystal layer 10B. 
0096. Thus, as compared with single-crystal layer 10B of 
base layer 10, SiC layer 20 has the reduced defect densities 
Such as the micro pipe density, the threading screw disloca 
tion density, the threading edge dislocation density, the basal 
plane dislocation density, the composite dislocation density, 
the stacking fault density, and the point defect density. This 
allows IGBT 100 including a high-quality active layer 7 to be 
obtained. 

(0097. The following describes the silicon carbide sub 
strate preparing step performed as step (S110) described 
above. Referring to FIG. 7, in manufacturing the silicon car 
bide substrate in the present embodiment, first, as step (S10), 
a Substrate preparing step is performed. In this step (S10), 
referring to FIG. 2, a base substrate 10 and a SiC substrate 20 
each formed of single-crystal silicon carbide and having p 
type conductivity are prepared. 
0098. SiC substrate 20 has main surface 20A, which will 
be the main surface of silicon carbide substrate 1 that will be 
obtained by this manufacturing method. Hence, on this occa 
sion, the plane orientation of main surface 20A of SiC sub 
strate 20 is selected in accordance with desired plane orien 
tation of main surface 20A. Here, for example, a SiC substrate 
20 having a main surface corresponding to the {03-38} plane 
is prepared. Meanwhile, a Substrate having ap type impurity 
concentration greater than, for example, 1x10 cm is 
adopted as base substrate 10. Further, a substrate having a p 
type impurity concentration Smaller than, for example, 
1x10" cm is adopted as SiC substrate 20. Here, each of 
base substrate 10 and SiC substrate 20 including the p type 
impurities can be fabricated by slicing a source material crys 
tal obtained by, for example, Supplying a solid material or 
gaseous material of Al (TMA; Trimethyl Aluminum), which 
is an impurity, during crystal growth achieved by Sublimation 
and recrystallization based on, for example, a Modified-Lely 
method. 

0099 Next, a substrate smoothing step is performed as a 
step (S20). Step (S20) is not an essential step, but can be 
performed when the smoothness of base substrate 10 and/or 
SiC substrate 20 prepared in step (S10) is insufficient. Spe 
cifically, for example, the main surface(s) of base substrate 10 
and/or SiC substrate 20 are polished. 
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0100 Meanwhile, step (S20) may be omitted, i.e., step 
(S30) may be performed without polishing the main surfaces 
of base substrate 10 and SiC substrate 20, which are to be 
brought into contact with each other. This reduces manufac 
turing cost of silicon carbide substrate 1. Further, for removal 
of damaged layers located in Surfaces formed by slicing upon 
fabrication of base substrate 10 and SiC substrate 20, a step of 
removing the damaged layers may be performed by, for 
example, etching instead of step (S20) or after step (S20), and 
then step (S30) described below may be performed. 
0101 Next, a stacking step is performed as step (S30). In 

this step (S30), referring to FIG. 2, base substrate 10 and SiC 
substrate 20 are stacked on each other to bring their main 
surfaces 10A, 20B into contact with each other, thereby fab 
ricating a stacked Substrate. 
0102 Next, as step (S40), a connecting step is performed. 
In this step (S40), by heating the stacked substrate to fall 
within, for example, a range oftemperature equal to or greater 
than the sublimation temperature of silicon carbide, base 
substrate 10 and SiC substrate 20 are connected to each other. 
In this way, referring to FIG. 2, silicon carbide substrate 1 
including base layer 10 and SiC layer 20 is completed. Fur 
ther, by heating to the temperature equal to or greater than the 
sublimation temperature, base substrate 10 and SiC substrate 
20 can be connected to each other readily even in the case 
where step (S20) is not performed and step (S30) is performed 
without polishing the main surfaces of base substrate 10 and 
SiC substrate 20 which are to be brought into contact with 
each other. It should be noted that in this step (S40), the 
stacked Substrate may be heated in an atmosphere obtained by 
reducing pressure of the atmospheric air. This reduces manu 
facturing cost of silicon carbide Substrate 1. 
0103) Further, heating temperature for the stacked sub 
strate in step (S40) is preferably not less than 1800° C. and not 
more than 2500° C. If the heating temperature is lower than 
1800° C., it takes along time to connect base substrate 10 and 
SiC substrate 20, which results in decreased efficiency in 
manufacturing silicon carbide substrate 1. On the other hand, 
if the heating temperature exceeds 2500° C., surfaces of base 
substrate 10 and SiC substrate 20 become rough, which may 
result in generation of a multiplicity of crystal defects in 
silicon carbide substrate 1 to be fabricated. In order to 
improve efficiency in manufacturing while restraining gen 
eration of defects in silicon carbide substrate 1, the heating 
temperature for the stacked substrate in step (S40) is set at not 
less than 1900° C. and not more than 2100° C. Further, in this 
step (S40), the stacked substrate may be heated under a pres 
sure higher than 10 Pa and lower than 10 Pa. This can 
accomplish the above-described connection using a simple 
device, and provide an atmosphere for accomplishing the 
connection for a relatively short time, thereby achieving 
reduced manufacturing cost of silicon carbide Substrate 1. 
Further, the atmosphereupon the heating in step (S40) may be 
inert gas atmosphere. In the case where the atmosphere is the 
inert gas atmosphere, the inert gas atmosphere preferably 
contains at least one selected from a group consisting of 
argon, helium, and nitrogen. 
0104 Further, in the method for manufacturing IGBT 100 
in the present embodiment, IGBT 100 is manufactured using 
silicon carbide substrate 1 thus obtained. 

Second Embodiment 

0105. The following describes another embodiment of the 
present invention, i.e., a second embodiment. Referring to 
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FIG. 8, an IGBT 100 in the second embodiment has the 
basically the same structure and provides basically the same 
effect as those of IGBT 100 of the first embodiment described 
with reference to FIG. 1 and FIG. 2. However, silicon carbide 
substrate 1 in IGBT 100 of the second embodiment is differ 
ent from that of the first embodiment in that SiC layer 20 
contains an in type impurity and therefore has n type conduc 
tivity. Therefore, in the operation of IGBT 100 of the present 
embodiment, base layer 10 performs a function similar to that 
of silicon carbide substrate 1 of the first embodiment, and SiC 
layer 20 performs a function similar to a part of that of drift 
layer 3 of the first embodiment. In other words, SiC layer 20 
serves as a part of active layer 7. Further, IGBT 100 can be 
manufactured in the same manner as in the first embodiment, 
except that SiC substrate 20 prepared in step (S10) has n type 
conductivity. 

Third Embodiment 

0106. As a third embodiment, the following describes 
another method for manufacturing a silicon carbide Substrate 
constituting an IGBT of the present invention, with reference 
to FIG.9-FIG. 12. The method for manufacturing the silicon 
carbide substrate in the third embodiment is performed in 
basically the same manner as in the first embodiment. How 
ever, the method for manufacturing the silicon carbide sub 
strate in the third embodiment is different from that of the first 
embodiment in terms of a process of forming base substrate 
10. 
01.07 Referring to FIG. 9, the substrate preparing step is 

first performed as step (S10) in the method for manufacturing 
the silicon carbide substrate in the third embodiment. In step 
(S10), referring to FIG. 10, SiC substrate 20 is prepared as 
with the first embodiment, and a material substrate 11 made 
of silicon carbide is prepared. Material substrate 11 may be 
made of single-crystal silicon carbide, polycrystal silicon 
carbide, or porous silicon carbide, or may be a sintered com 
pact of silicon carbide. Further, instead of material substrate 
11, material powder made of silicon carbide can be employed. 
0108. Here, the material substrate made of polycrystal 
silicon carbide can be fabricated in the following manner. 
First, in a low-pressure CVD (Chemical Vapor Deposition) 
method, hydrocarbon gas (methane, propane, acetylene, or 
the like) serving as a carbon source, and silane gas, silicon 
tetrachloride, or the like, each of which serves as a silicon 
Source, are Supplied to form polycrystal silicon carbide on a 
carbon base material heated to approximately 1300° 
C.-1600° C. On this occasion, a source material (such as 
TMA) for Al, which is an impurity, is supplied. From the 
polycrystal silicon carbide thus obtained, the above-de 
scribed material substrate is obtained. 
0.109 Further, a base substrate formed of a sintered com 
pact of silicon carbide can be fabricated by sintering material 
powder containing a predetermined amount of Al, which is an 
impurity. 
0110. Next, as step (S50), a closely arranging step is per 
formed. In this step (S50), referring to FIG. 10, SiC substrate 
20 and material substrate 11 are held respectively by a first 
heater 81 and a second heater 82 disposed face to face with 
each other. Here, an appropriate value of a space between SiC 
substrate 20 and material substrate 11 is considered to be 
associated with a mean free path for a Sublimation gas 
obtained upon heating in a below-described step (S60). Spe 
cifically, the average value of the space between SiC substrate 
20 and material substrate 11 can be set to be smaller than the 
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mean free path for the Sublimation gas obtained upon heating 
in the below-described step (S60). For example, strictly, a 
mean free path for atoms and molecules depends on atomic 
radius and molecule radius at a pressure of 1 Pa and a tem 
perature of 2000° C., but is approximately several cm to 
several ten cm. Hence, realistically, the space is preferably set 
at several cm or smaller. More specifically, SiC substrate 20 
and material Substrate 11 are arranged close to each other 
such that their main surfaces 11A, 20B face each other with a 
space of not less than 1 um and not more than 1 cm therebe 
tween. When the average value of the space is set at 1 cm or 
smaller, the distribution in film thickness of base layer 10 
formed in the below-described step (S60) can be reduced 
further. Furthermore, when the average value of the space is 1 
mm or smaller, the distribution in film thickness of growth 
layer 30 can be reduced further. Meanwhile, with the average 
value of the space being 1 um or greater, there can be secured 
a sufficient space for sublimation of silicon carbide. It should 
be noted that this Sublimation gas is a gas formed by Subli 
mation of Solid silicon carbide, and includes Si, SiC., and 
SiC., for example. 
0111. Next, as step (S60), a sublimation step is performed. 
In this step (S60), SiC substrate 20 is heated to a predeter 
mined substrate temperature by first heater 81. Further, mate 
rial substrate 11 is heated to a predetermined material tem 
perature by second heater 82. On this occasion, material 
substrate 11 is heated to reach the material temperature, 
thereby sublimating SiC from the surface of material sub 
strate 11. On the other hand, the substrate temperature is set 
lower than the material temperature. Specifically, for 
example, the Substrate temperature is set lower than the mate 
rial temperature by not less than 1° C. and not more than 100° 
C. The substrate temperature is preferably 1800° C. or greater 
and 2500° C. or smaller. Accordingly, as shown in FIG. 11, 
SiC sublimated from material substrate 11 in the form of gas 
reaches the surface of SiC substrate 20 and is accordingly 
solidified thereon, thereby forming base layer 10. With this 
state being maintained, as shown in FIG. 12, all the SiC 
constituting material Substrate 11 is Sublimated and is trans 
ferred onto the surface of SiC substrate 20. Accordingly, step 
(S60) is completed, thereby completing silicon carbide sub 
strate 1 shown in FIG. 2. 

Fourth Embodiment 

0112 The following describes yet another embodiment of 
the present invention, i.e., a fourth embodiment. An IGBT in 
the fourth embodiment has basically the same structure as 
that in the first embodiment. However, the IGBT in the fourth 
embodiment is different from that of the first embodiment in 
terms of manufacturing method. 
0113 Specifically, a silicon carbide substrate different in 
structure from that of the first embodiment is prepared in the 
silicon carbide Substrate preparing step performed as step 
(S.110) in the method for manufacturing the IGBT in the 
fourth embodiment. Referring to FIG. 13, in silicon carbide 
substrate 1 prepared in the fourth embodiment, a plurality of 
SiC layers 20 are arranged side by side when viewed in a 
planar view. In other words, the plurality of SiC layers 20 are 
arranged along main surface 10A of base layer 10. More 
specifically, the plurality of SiC layers 20 are arranged in the 
form of a matrix on base layer 10 such that adjacent SiC layers 
20 are in contact with each other. Accordingly, silicon carbide 
substrate 1 of the present embodiment can be handled as a 
Substrate having high-quality SiC layers 20 and a large diam 
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eter. Utilization of such a silicon carbide substrate 1 allows for 
efficient manufacturing process of IGBTs. Further, referring 
to FIG. 13, each of adjacent SiC layers 20 has an end surface 
20C substantially perpendicular to main surface 20A of SiC 
layer 20. In this way, silicon carbide substrate 1 of the present 
embodiment can be readily manufactured. Here, for example, 
when end surface 200 and main surface 20A form an angle of 
not less than 85° and not more than 95°, it can be determined 
that end surface 200 and main surface 20A are substantially 
perpendicular to each other. It should be noted that silicon 
carbide substrate 1 in the fourth embodiment can be manu 
factured in a manner similar to that in the first embodiment or 
the third embodiment as follows. That is, in step (S30) of the 
first embodiment, a plurality of SiC substrates 20 each having 
an end Surface 20O Substantially perpendicular to main Sur 
face 20A thereofare arranged side by side when viewed in a 
planar view (see FIG. 2). Alternatively, in step (S50) of the 
third embodiment, a plurality of SiC substrates 20 each hav 
ing an end Surface 20O Substantially perpendicular to main 
surface 20A thereof are arranged side by side on and held by 
first heater 81 (see FIG. 10). 
0114. Further, in the method for manufacturing IGBT 100 
in the present embodiment, IGBT 100 is manufactured using 
silicon carbide substrate 1 thus obtained. Here, by forming 
active layer 7 and the like on SiC layers 20 of silicon carbide 
substrate 1 shown in FIG. 13, a plurality of IGBTs 100 
arranged side by side when viewed in a planar view are 
fabricated. On this occasion, each IGBT 100 is fabricated so 
as not to extend across a boundary region between adjacent 
SiC layers 20. 

Fifth Embodiment 

0115 The following describes yet another embodiment of 
the present invention, i.e., a fifth embodiment. An IGBT 100 
in the fifth embodiment has basically the same structure and 
provides basically the same effects as those of IGBT 100 in 
the first embodiment. However, IGBT 100 in the fifth 
embodiment is different from that of the first embodiment in 
terms of structure of silicon carbide substrate 1. 
0116. Namely, referring to FIG. 14, in silicon carbide sub 
strate 1 in the fifth embodiment, an amorphous SiC layer 40 is 
disposed between base layer 10 and SiC layer 20 as an inter 
mediate layer made of amorphous SiC. Then, base layer 10 
and SiC layer 20 are connected to each other by this amor 
phous SiC layer 40. Amorphous SiC layer 40 thus existing 
facilitates fabrication of the silicon carbide substrate in which 
SiC layer 20 is disposed while preventing defects in base 
layer 10 from being propagating thereto. 
0117 The following describes a method for manufactur 
ing silicon carbide substrate 1 in the fifth embodiment. Refer 
ring to FIG. 15, in the method for manufacturing silicon 
carbide substrate 1 in the fifth embodiment, the substrate 
preparing step is performed as step (S10) in the same way as 
in the first embodiment, so as to prepare base substrate 10 and 
SiC Substrate 20. 
0118. Next, a Silayer forming step is performed as a step 
(S.11). In this step (S11), a Silayer having a thickness of 
approximately 100 nm is formed on one main Surface of base 
substrate 10 prepared in step (S10), for example. This Silayer 
can be formed using a sputtering method, for example. 
0119) Next, a stacking step is performed as step (S30). In 
this step (S30), SiC substrate 20 prepared in step (S10) is 
placed on the Silayer formed in step (S11). In this way, a 
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stacked substrate is obtained in which SiC substrate 20 is 
provided over base substrate 10 with the Silayer interposed 
therebetween. 
0120 Next, as a step (S70), aheating step is performed. In 

this step (S70), the stacked substrate fabricated in step (S30) 
is heated, for example, in a mixed gas atmosphere of hydro 
gen gas and propane gas under a pressure of 1x10 Pa at 
approximately 1500° C. for 3 hours. Accordingly, the Silayer 
is supplied with carbon as a result of diffusion mainly from 
base substrate 10 and SiC substrate 20, thereby forming 
amorphous SiC layer 40 as shown in FIG. 14. In this way, 
silicon carbide substrate 1 can be manufactured in which SiC 
layer 20 is disposed while preventing defects in base layer 10 
from being propagated thereto. 

Sixth Embodiment 

0121 The following describes yet another embodiment of 
the present invention, i.e., a sixth embodiment. An IGBT 100 
in the sixth embodiment has basically the same structure and 
provides basically the same effects as those of IGBT 100 in 
the first embodiment. However, IGBT 100 in the sixth 
embodiment is different from that of the first embodiment in 
terms of structure of silicon carbide substrate 1. 
0122) Specifically, referring to FIG. 16, silicon carbide 
substrate 1 in the sixth embodiment is different from that of 
the first embodiment in that an ohmic contact layer 50 is 
formed between base layer 10 and SiC layer 20. Ohmic con 
tact layer 50 serves as an intermediate layer and is formed by 
siliciding at least a portion of a metal layer. Then, base layer 
10 and SiC layer 20 are connected to each other by this ohmic 
contact layer 50. Ohmic contact layer 50 thus existing facili 
tates fabrication of silicon carbide substrate 1 in which SiC 
layer 20 is disposed while preventing defects in base layer 10 
from being propagated thereto. 
0123. The following describes a method for manufactur 
ing silicon carbide substrate 1 in the sixth embodiment. 
Referring to FIG. 17, in the method for manufacturing silicon 
carbide substrate 1 in the sixth embodiment, the substrate 
preparing step is performed as step (S10) in the same way as 
in the first embodiment, so as to prepare base substrate 10 and 
SiC Substrate 20. 
0.124. Next, a metal film forming step is performed as a 
step (S12). In this step (S12), a metal film is formed by, for 
example, depositing a metal on one main Surface of base 
substrate 10 prepared in step (S10). This metal film contains, 
for example, a metal that forms silicide by heating, specifi 
cally, at least one of nickel, molybdenum, titanium, alumi 
num, and tungsten. 
0.125. Next, a stacking step is performed as step (S30). In 

this step (S30), SiC substrate 20 prepared in step (S10) is 
placed on the metal film formed in step (S12). In this way, a 
stacked substrate is obtained in which SiC substrate 20 is 
provided over base substrate 10 with the metal film interposed 
therebetween. 
0126. Next, as a step (S70), aheating step is performed. In 

this step (S70), the stacked substrate fabricated in step (S30) 
is heated to approximately 1000° C. in an inert gas atmo 
sphere such as argon, for example. In this way, at least por 
tions of the metal film (a region in contact with base Substrate 
10 and a region in contact with SiC substrate 20) are silicided, 
thereby forming ohmic contact layer 50, which makes ohmic 
contact with base layer 10 and SiC layer 20. Accordingly, 
silicon carbide substrate 1 can be readily manufactured in 
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which SiC layer 20 is disposed while preventing defects in 
base layer 10 from being propagated thereto. 

Seventh Embodiment 

I0127. The following describes yet another embodiment of 
the present invention, i.e., a seventh embodiment. An IGBT 
100 in the seventh embodiment has basically the same struc 
ture and provides basically the same effects as those of IGBT 
100 in the first embodiment. However, IGBT 100 in the sev 
enth embodiment is different from that of the first embodi 
ment in terms of structure of silicon carbide substrate 1. 
I0128 Specifically, referring to FIG. 18, silicon carbide 
substrate 1 of the seventh embodiment is different from that of 
the first embodiment in that a carbon layer 60 is formed 
between base layer 10 and SiC layer 20 as an intermediate 
layer. Then, base layer 10 and SiC layer 20 are connected to 
each other by this carbon layer 60. Carbon layer 60 thus 
existing facilitates fabrication of silicon carbide substrate 1 in 
which SiC layer 20 is disposed while preventing defects in 
base layer 10 from being propagated thereto. 
I0129. The following describes a method for manufactur 
ing silicon carbide substrate 1 in the seventh embodiment. 
Referring to FIG. 19, first, step (S10) is performed in the same 
way as in the first embodiment, and then step (S20) is per 
formed as required in the same way as in the first embodi 
ment. 

0.130 Next, as a step (S25), an adhesive agent applying 
step is performed. In this step (S25), referring to FIG. 20, for 
example, a carbon adhesive agent is applied to the main 
surface of base substrate 10, thereby forming a precursor 
layer 61. The carbon adhesive agent can be formed of for 
example, a resin, graphite particles, and a solvent. Here, an 
exemplary resin usable is a resin formed into non-graphitiz 
able carbon by heating, Such as a phenol resin. An exemplary 
solvent usable is phenol, formaldehyde, ethanol, or the like. 
Further, the carbon adhesive agent is preferably applied at an 
amount of not less than 10 mg/cm and not more than 40 
mg/cm, more preferably, at an amount of not less than 20 
mg/cm and not more than 30 mg/cm. Further, the carbon 
adhesive agent applied preferably has a thickness of not more 
than 100 um, more preferably, not more than 50 lum. 
I0131 Next, a stacking step is performed as step (S30). In 
this step (S30), referring to FIG.20. SiC substrate 20 is placed 
on and in contact with precursor layer 61 formed on and in 
contact with the main surface of base substrate 10, thereby 
fabricating a stacked Substrate. 
0.132. Next, as a step (S80), a prebake step is performed. In 
this step (S80), the stacked substrate is heated, thereby 
removing the solvent component from the carbon adhesive 
agent constituting precursor layer 61. Specifically, for 
example, while applying a load to the stacked Substrate in the 
thickness direction thereof, the Stacked Substrate is gradually 
heated to fall within a range of temperature exceeding the 
boiling point of the solvent component. Preferably, this heat 
ing is performed with base substrate 10 and SiC substrate 20 
being pressed against each other using a clamp or the like. 
Further, by performing the prebaking (heating) as long as 
possible, the adhesive agent is degassed to improve strength 
in adhesion. 
0.133 Next, as a step (S90), a firing step is performed. In 
this step (S90), the stacked substrate with precursor layer 61 
heated and accordingly prebaked in step (S80) are heated to a 
high temperature, preferably, not less than 900° C. and not 
more than 1100° C., for example, 1000° C. for preferably not 
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less than 10 minutes and not more than 10 hours, for example, 
for 1 hour, thereby firing precursor layer 61. Atmosphere 
employed upon the firing can be an inert gas atmosphere Such 
as argon. The pressure of the atmosphere can be, for example, 
atmospheric pressure. In this way, precursor layer 61 is 
formed into carbon layer 60 made of carbon. As a result, 
referring to FIG. 18, silicon carbide substrate 1 of the seventh 
embodiment is obtained in which base substrate (base layer) 
10 and SiC substrate (SiC layer) 20 are connected to each 
other by carbon layer 60. 
0134. It should be noted that in silicon carbide substrate 1, 
the crystal structure of silicon carbide constituting SiC layer 
20 is preferably of hexagonal system, and is more preferably 
4H-SiC. Further, base layer 10 and SiC layer 20 (as well as 
adjacent SiC layers 20 in the case where a plurality of SiC 
layers 20 are provided) are preferably made of silicon carbide 
single-crystal having the same crystal structure. In this way, 
by employing silicon carbide single-crystal of the same crys 
tal structure for base layer 10 and SiC layer 20, physical 
properties such as a thermal expansion coefficient become the 
same therebetween, thereby preventing warpage of silicon 
carbide substrate 1, separation of base layer 10 and SiC layer 
20, or separation of SiC layers 20 in the processes of manu 
facturing silicon carbide Substrate 1 and manufacturing an 
IGBT using silicon carbide substrate 1. 
0135 Further, the silicon carbide single-crystals respec 

tively constituting SiC layer 20 and base layer 10 (as well as 
adjacent SiC layers 20 in the case where a plurality of SiC 
layers 20 are provided) preferably have c axes forming an 

Example 

Example B 
(Base Layer) 
Comparative 
Example A 

angle of less than 1, more preferably, less than 0.1°. Further, 
it is preferable that the c planes of the respective silicon 
carbide single-crystals thereofare not rotated from each other 
in the plane. 
0.136 Further, base layer (base substrate) 10 of silicon 
carbide substrate 1 used to manufacture the IGBT preferably 
has a diameter of 2 inches or greater, more preferably, 6 
inches or greater. Furthermore, silicon carbide substrate 1 
preferably has a thickness of not less than 200 um and not 
more than 1000 um, more preferably, not less than 300 um 
and not more than 700 um. Further, SiC layer 20 preferably 
has a resistivity of 50 mgS2cm or smaller, more preferably, 20 
mS2cm or Smaller. 

EXAMPLES 

Example 1 

0.137 The following describes an example 1. Calculation 
was made to estimate the effect of reducing the resistance of 
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each silicon carbide substrate constituting the IGBT of the 
present invention. Specifically, the followings were calcu 
lated: a Substrate resistance (total of respective resistances of 
base layer 10 and SiC layer 20) of silicon carbide substrate 1 
corresponding to the foregoing first embodiment which 
included base layer 10 having a thickness of 200 um and 
having ap type impurity density of 1x10 cm, and SiC 
layer 20 having a thickness of 200 um and having a p type 
impurity density of 1x10" cm (example A); and a resis 
tance (Substrate resistance) of base layer 10 corresponding to 
the foregoing second embodiment, having a thickness of 400 
um, and having a p type impurity density of 1x10 cm 
(example B). For comparison, there is also calculated a resis 
tance (Substrate resistance) of a silicon carbide Substrate cor 
responding to a silicon carbide Substrate constituting a con 
ventional IGBT, having a thickness of 400 um, and having a 
p type impurity density of 1x10" cm (comparative example 
A). The calculation was conducted in the following manner. 
0.138. In the p type 4H-SiC, a relation shown in FIG. 21 is 
established between the impurity concentration (density) and 
the mobility. Further, resistance R of each substrate can be 
determined by the following formula. A result of the calcula 
tion is shown in Table 1. 

R= W Formula 1 
4. Pp0 'ilhole 

TABLE 1. 

Positive 
Impurity Hole Substrate 
Density Density Mobility Thickness Resistance 
(cm) (cm) (cm/Vs) (Lm) (m.2cm) 

Base 1 x 1029 1.1 x 108 94 2OO O.24 134 
Layer 
SiC 1 x 108 1.1 x 107 108 2OO 1.1 
Layer 

1 x 1020 1.1 x 108 94 400 O48 

1 x 108 1.1 x 107 108 400 2.1 

0.139. As shown in Table 1, the substrate resistance of 
example A corresponding to the first embodiment can be 
reduced by approximately 36% as compared with compara 
tive example A of the conventional one. Further, the substrate 
resistance of example B corresponding to the second embodi 
ment can be reduced by approximately 77% as compared 
with comparative example A of the conventional one. Thus, it 
was confirmed that according to the IGBT of the present 
invention, the substrate resistance thereof can be reduced 
drastically as compared with the conventional one. 

Example 2 

0140. The following describes an example 2. Calculation 
was made to estimate the effect of reducing contact resistance 
between the collector electrode (backside electrode) and the 
silicon carbide substrate in the IGBT of the present invention. 
Here, in order to reduce the contact resistance between the 
electrode that is a metal and the silicon carbide substrate that 
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is a p type semiconductor and to attain ohmic contact ther 
ebetween, the following two approaches are contemplated: 
0141 (1) Employing a metal having a large work function 
d to reduce Schottky barrier; and 
0142 (2) Increasing impurity density in the semiconduc 
tor to obtain a small depletion layer width, thereby obtaining 
a thin Schottky barrier. 
0143 However, actually, it is not easy to employ approach 
(1). It is effective to employ approach (2) So as to increase 
tunnel current, thereby attaining the ohmic contact. The fol 
lowing describes a result of the calculation regarding the 
contact resistance between the electrode and the base layer, 
assuming that the IGBT of the present invention employs a 
silicon carbide Substrate including a base layer having a high 
impurity concentration. 
0144. For contact resistance R, the following formula is 
established: 

(0145 Namely, contact resistance R exponentially 
depends on (d./N.'. By increasing impurity concentration 
(impurity density) N. contact resistance R, can be reduced. 
Specifically, the following were calculated: a contact resis 
tance between a Substrate (base layer), which has a p type 
impurity concentration of 1x10 cm, and an electrode in 
one corresponding to the IGBT of the present invention (ex 
ample C); and a contact resistance between a substrate, which 
has a p type impurity concentration of 1x10" cm, and an 
electrode in one corresponding to a conventional IGBT (com 
parative example B). It should be noted that each of the 
electrodes can be made of a metal Such as Al (aluminum). A 
result of the calculation is shown in Table 2. 

Formula 2 

TABLE 2 

Impurity Positive Hole Contact 
Density Density Resistance 
(cm) (cm) Ratio 

Example C 1 x 1020 1.1 x 108 O.32 
Comparative 1 x 1018 1.1 x 107 1 
Example B 

014.6 Referring to Table 2, the contact resistance in 
example C corresponding to the IGBT of the present inven 
tion is reduced by approximately 70% as compared with the 
contact resistance in comparative example B corresponding 
to the conventional IGBT. Thus, according to the IGBT of the 
present invention, the contact resistance can be significantly 
reduced between the substrate and the electrode (backside 
electrode). Generally, heat treatment is usually performed 
after formation of an electrode in order to reduce the contact 
resistance, but according to the IGBT of the present invention, 
the heat treatment may be omitted or the temperature of the 
heating treatment, which is normally approximately 1000 
C., can be drastically decreased. 
0147 The embodiments and examples disclosed herein 
are illustrative and non-restrictive in any respect. The scope of 
the present invention is defined by the terms of the claims, 
rather than the embodiments described above, and is intended 
to include any modifications within the scope and meaning 
equivalent to the terms of the claims. 
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INDUSTRIAL APPLICABILITY 

0.148. An IGBT of the present invention is advantageously 
applicable to a vertical type IGBT required to allow for 
reduced on-resistance. 

REFERENCE SIGNS LIST 

0149 1: silicon carbide substrate: 2: buffer layer; 3: drift 
layer; 3A: main surface; 4: well region; 5: n' region; 6: p" 
region; 7: active layer; 10: base layer (base substrate); 10A: 
main surface; 10B: single-crystal layer; 11: material sub 
strate; 11A: main surface; 20: SiC layer (SiC substrate); 20A, 
20B: main surface; 20O: end surface; 40: amorphous SiC 
layer; 50: ohmic contact layer; 60: carbon layer: 61: precursor 
layer, 81: first heater; 82: second heater;91: oxide film (gate 
oxide film): 92: emitter contact electrode; 93: gate electrode: 
94: interlayer insulating film; 95: emitter wire; 96: collector 
electrode: 100: IGBT. 

1. An insulated gate bipolar transistor comprising: 
a silicon carbide substrate; 
a drift layer made of single-crystal silicon carbide, dis 

posed on/over one main Surface of said silicon carbide 
Substrate, and having in type conductivity; 

a well region having p type conductivity and disposed to 
include a first main surface of said drift layer opposite to 
said silicon carbide substrate; 

an emitter region having in type conductivity and disposed 
to include said first main Surface within said well region; 

an emitter electrode disposed on said first main Surface in 
contact with said emitter region; 

an insulating film formed of an insulator and disposed on 
said first main Surface in contact with said well region; 

a gate electrode disposed on said insulating film; and 
a collector electrode disposed on the other main surface of 

said silicon carbide Substrate, 
said silicon carbide Substrate including 

a base layer made of silicon carbide and having p type 
conductivity, and 

a SiC layer made of single-crystal silicon carbide and 
disposed on said base layer, 

a defect density being discontinuous at a boundary existing 
between said base layer and said SiC layer, 

said base layer having a p type impurity concentration 
exceeding 1x10 cm. 

2. The insulated gate bipolar transistor according to claim 
1, wherein said base layer contains aluminum as an impurity 
introduced therein. 

3. The insulated gate bipolar transistor according to claim 
1, wherein said SiC layer has p type conductivity, and has an 
impurity concentration of not more than 1x10" cm. 

4. The insulated gate bipolar transistor according to claim 
1, wherein said SiC layer has a main Surface opposite to said 
base layer and having an off angle of not less than 50° and not 
more than 65° relative to a {0001} plane. 

5. The insulated gate bipolar transistor according to claim 
4, wherein the main surface of said SiC layer opposite to said 
base layer has an off orientation forming an angle of not more 
than 5° relative to a <1-100> direction. 

6. The insulated gate bipolar transistor according to claim 
5, wherein the main surface of said SiC layer opposite to said 
base layer has an off angle of not less than -3° and not more 
than 5° relative to a {03-38} plane in the <1-100> direction. 

7. The insulated gate bipolar transistor according to claim 
4, wherein the main surface of said SiC layer opposite to said 
base layer has an off orientation forming an angle of not more 
than 5° relative to a <11-20> direction. 



US 2012/005 6201 A1 

8. The insulated gate bipolar transistor according to claim 
1, wherein: 

said silicon carbide substrate further includes an interme 
diate layer disposed between said base layer and said 
SiC layer and made of a conductor or a semiconductor, 
and 

said intermediate layer connects said base layer and said 
SiC layer to each other. 

9. The insulated gate bipolar transistor according to claim 
8, wherein said intermediate layer is made of a metal. 

10. The insulated gate bipolar transistor according to claim 
8, wherein said intermediate layer is made of carbon. 

11. The insulated gate bipolar transistor according to claim 
8, wherein said intermediate layer is made of amorphous 
silicon carbide. 

12. The insulated gate bipolar transistor according to claim 
1, wherein: 

said base layer is made of single-crystal silicon carbide, 
and 

a half width of X-ray rocking curve of said SiC layer is 
smaller than that of said base layer. 

12 
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13. The insulated gate bipolar transistor according to claim 
1, wherein: 

said base layer is made of single-crystal silicon carbide, 
and 

said SiC layer has a micro pipe density lower than that of 
said base layer. 

14. The insulated gate bipolar transistor according to claim 
1, wherein: 

said base layer is made of single-crystal silicon carbide, 
and 

said SiC layer has a dislocation density lower than that of 
said base layer. 

15. The insulated gate bipolar transistor according to claim 
1, wherein said base layer includes a single-crystal layer 
made of single-crystal silicon carbide and including a main 
surface thereof facing said SiC layer. 

c c c c c 


