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Description

Technical Field

[0001] The present invention relates to effective tech-
nologies to be applied to a semiconductor device that
uses silicon carbide (SiC), a manufacturing method
thereof, and an electric power conversion device.

Background Art

[0002] Japanese Unexamined Patent Application Pub-
lication No. 2014-107499 (Patent Literature 1) discloses
a technology in which a JTE region is formed on a sidewall
surface of the mesa structure.
[0003] Japanese Unexamined Patent Application Pub-
lication No. 2008-211171 (Patent Literature 2) discloses
a technology in which an electric field relaxation structure
is formed on a part of a sidewall surface of the mesa
structure.

Citation List

Patent Literature

[0004]

Patent Literature 1: Japanese Unexamined Patent
Application Publication No. 2014-107499
Patent Literature 2: Japanese Unexamined Patent
Application Publication No. 2008-211171

[0005] A semiconductor diode with a mesa structure
including two p-type epitaxial layers on an n-type drift
layer and a p-type sidewall region extending to the out-
side of the mesa structure is disclosed in US
2013/065382 A1. A further related semiconductor diode
including a junction termination extension implant at the
sidewall of a mesa structure is disclosed in US
2015/115284 A1.
[0006] The paper "Ultrahigh-voltage SiC devices for
future power infrastructure", Tsunebonu Kimoto, 2013
PROCEEDINGS OF THE EUROPEAN SOLID-STATE
DEVICE RESEARCH CONFERENCE (ESSDERC),
IEEE, 16 September 2013, pages 22-29, discloses a SiC
PiN-diode with a mesa structure and the dependency of
the breakdown voltage on the variation of the dose of the
JTE region. This paper teaches that a more robust design
can be obtained by providing a JTE region comprising
multiple adjacent zones with different doses.

Summary of Invention

Technical Problem

[0007] One of the most serious problems in realizing
sustainable society is the depletion of energy resources
and another is the excessive emission of greenhouse

gases such as carbon dioxide. Therefore, it is becoming
very important to develop electric power conversion de-
vices that are energy-efficient and do not emit much car-
bon dioxide. Most of electric power conversion devices
include power modules each of which includes an insu-
lated gate bipolar transistor (IGBT) that is a switching
element and a pin diode (PND) that is a rectifying ele-
ment, where the IGBT and the PND are connected in
parallel. Therefore, the reduction of losses of semicon-
ductor devices is directly linked to the energy conserva-
tion of electric power conversion devices.
[0008] As a technology for decreasing the loss of a
semiconductor device, a method in which semiconductor
elements are formed using 4H type silicon carbide (4H-
SiC is referred to as SiC hereinafter) has been attracting
attention. However, as a result of an investigation by the
present inventors, it has been revealed that, in order to
satisfy both reduction of leakage currents of current sem-
iconductor elements made of silicon carbide when back-
ward voltages are applied to the semiconductor elements
and suppression of the degradations of the conductive
characteristics of the semiconductor elements when for-
ward voltages are applied to the semiconductor ele-
ments, it is necessary to examine the improvement of
the semiconductor elements.
[0009] The object of the present invention is to provide
a technology that can improve the capabilities of semi-
conductor devices by satisfying both reduction of leakage
currents and suppression of degradations of the conduc-
tive characteristics of the semiconductor devices.
[0010] Other problems and new features of the present
invention will be revealed in accordance with the descrip-
tion of the present invention and with reference to the
accompanying drawings hereinafter.

Solution to Problem

[0011] The semiconductor device according to the
present invention and the method for its production are
defined in the respective independent claims. Further ad-
vantageous features are set out in the dependent claims.

Advantageous Effects of Invention

[0012] According to the invention, both reduction of
leakage currents and suppression of degradation of the
conductive characteristic of a semiconductor device can
be satisfied at the same time. Therefore, the improve-
ment of the capability of the semiconductor device can
be realized according to the invention.

Brief Description of Drawings

[0013]

Fig. 1 is a block diagram showing an example of a
three-phase motor system applicable to a railway
vehicle.
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Fig. 2 is a circuit diagram showing the circuitries of
a converter and an inverter shown in Fig. 1.
Fig. 3 is a diagram showing the formation of a pn
junction using an ion implantation method in a sche-
matic way.
Fig. 4 is a diagram showing the formation of a pn
junction using an epitaxial growth method in a sche-
matic way.
Fig. 5 is a diagram for explaining the necessity for
forming a mesa structure.
Fig. 6 is a plan view showing the plane structure of
a semiconductor chip in which an SiC-pn junction
diode is formed according to a first embodiment in a
schematic way.
Fig. 7 is a cross-sectional view taken along the line
A-A in Fig. 6.
Fig. 8 is a diagram showing in a schematic way a
structure in which a semiconductor region whose im-
purity concentration is low and equal to the impurity
concentration of an electric field relaxation region is
formed instead of forming a leakage reduction region
whose impurity concentration is higher than the im-
purity concentration of the electric field relaxation re-
gion at the sidewall portion of the mesa structure.
Fig. 9 is a diagram for explaining knowledge the
present inventors have found out.
Fig. 10 is a flowchart for explaining room for improve-
ment that is newly generated in an SiC-pn junction
diode shown in Fig. 9.
Fig. 11 is a schematic diagram showing the state of
the SiC-pn junction diode according to the first em-
bodiment in the case where a backward voltage is
applied to the SiC-pn junction diode.
Fig. 12 is a graph showing the behavior of a forward
voltage in the case where a forward current is kept
flowing through the SiC-pn diode.
Fig. 13 is a cross-sectional view showing a manu-
facturing process of the semiconductor device ac-
cording to the first embodiment.
Fig. 14 is a cross-sectional view showing a manu-
facturing process of the semiconductor device fol-
lowing the manufacturing process shown in Fig. 13.
Fig. 15 is a cross-sectional view showing a manu-
facturing process of the semiconductor device fol-
lowing the manufacturing process shown in Fig. 14.
Fig. 16 is a cross-sectional view showing the device
structure of an SiC-pn junction diode according to a
first variation.
Fig. 17 is a plan view showing the device structure
of an SiC-pn junction diode according to a second
variation, which is not an embodiment of the claimed
invention but an example useful for its understand-
ing.
Fig. 18 is a cross-sectional view showing a part of
the device structure of the SiC-pn junction diode ac-
cording to the second variation.
Fig. 19 is a plan view showing the device structure
of an SiC-pn junction diode according to a third var-

iation.
Fig. 20 is a cross-sectional view showing a part of
the device structure of the SiC-pn junction diode ac-
cording to the third variation.
Fig. 21 is a cross-sectional view showing the device
structure of an SiC-GTO according to a second em-
bodiment which is not an embodiment of the inven-
tion but an example useful for its understanding.

Description of Embodiments

(First Embodiment)

<Configuration Example of Three-Phase Motor System>

[0014] Fig. 1 is a block diagram showing an example
of a three-phase motor system (electric power conver-
sion device) applicable to, for example, a railway vehicle.
As shown in Fig. 1, electric power is supplied to a railway
vehicle from an overhead wire RT via a pantograph PG.
In this case, a high AC voltage supplied from the over-
head wire RT is, for example, 25 kV or 15 kV. The high
AC voltage supplied to the railway vehicle from the over-
head wire RT via the pantograph PG is stepped down to,
for example, 3.3 kV AC voltage by an insulated main
transformer MTR. This stepped-down AC voltage is for-
ward converted to a DC voltage (3.3 kV) by a converter
CON. Subsequently, the DC voltage obtained through
the conversion executed by the converter CON is input
into an inverter INV via a capacitor CL, and converted
into a three-phase AC voltage whose three phases are
shifted by 120 degrees from each other. Then, the three-
phase AC voltage obtained through the conversion exe-
cuted by the inverter INV is supplied to a three-phase
motor MT. Accordingly, the three-phase motor MT is driv-
en, and the wheels WHL of the railway vehicle are rotat-
ed, which makes it possible for the railway vehicle to run.
[0015] As mentioned above, a three-phase motor sys-
tem for a railway vehicle includes a converter CON and
an inverter INV. Fig. 2 is a circuit diagram showing the
circuitries of the converter CON and the inverter INV
shown in Fig. 1. As shown in Fig. 2, each of the converter
CON and the inverter INV includes six power transistors
Q1 and six free wheel diodes FRD. For example, when
attention is focused on the inverter INV, an upper arm
(high side switch) and a lower arm (low side switch) are
provided for each of the three phases (U phase, V phase,
and W phase), and each of the upper arm and the lower
arm includes one power transistor Q and one free wheel
diode FRD that are connected in parallel with each other.
In this case, while a power transistor Q1 functions as a
switching element, a free wheel diode functions as a rec-
tifying element that flows a reflux current caused by an
inductor included in the three-phase motor MT.
[0016] As mentioned above, power semiconductor el-
ements such as the power transistor Q1 and the free
wheel diode FRD are used as main components having
a switching function or a rectifying function in electric
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power conversion devices such as the inverter INV and
the converter CON. For example, an IGBT (insulated
gate bipolar transistor), in which silicon (Si) is used as its
substrate material, is used as the power transistor Q1,
and a pn junction diode, in which silicon (Si) is used as
its substrate material, is used as the free wheel diode
FRD.
[0017] In terms of substrate materials for power sem-
iconductor elements, the usage of wide band gap semi-
conductor materials, which have band gaps larger than
that of silicon material, has been examined recently, and
power semiconductor elements using these wide band
gap semiconductor materials are being developed. This
is because, owing to the bad gaps of the wide band gap
semiconductor materials being larger than that of silicon,
the wide band gap semiconductor materials have dielec-
tric breakdown electric field intensities higher than that
of silicon. To put it plainly, since the dielectric breakdown
electric field intensity of a power semiconductor element,
in which a wide band gap semiconductor material is used,
is higher than that of silicon, even if the thickness of the
drift layer (epitaxial layer) of the power semiconductor
element, in which the wide band gap semiconductor ma-
terial is used, is set thinner than that of a power semi-
conductor element, in which silicon is used as its sub-
strate material, a sufficient withstand voltage can be se-
cured. In addition, in a power semiconductor element in
which a wide band gap semiconductor material is used,
the on-resistance of the power semiconductor element
can be reduced by setting the thickness of the drift layer
of the power semiconductor element thin. In other words,
in a power semiconductor element in which a wide band
gap semiconductor material is used as its substrate ma-
terial, there can be obtained an advantage in that the
securement of a withstand voltage and the reduction of
an on-resistance between which there is a tradeoff rela-
tion can be satisfied at the same time.
[0018] Although silicon carbide (SiC), gallium nitride
(GaN), or diamond can be cited, for example, as a wide
band gap semiconductor material, the following descrip-
tion will be made with attention being focused on SiC.
[0019] Since the dielectric breakdown electric field in-
tensity of SiC, which is a wide band gap semiconductor
material, is about one digit larger than that of silicon, the
on-resistance of a power semiconductor element using
SiC can be made low. This is because, as mentioned
above, a sufficient withstand voltage can be secured ow-
ing to the high dielectric breakdown electric field intensity
of a power semiconductor element using SiC even if its
drift layer (epitaxial layer) is thin, which leads to the re-
duction of the on-resistance. Furthermore, the thermal
conductivity of SiC is about three times that of silicon and
the semiconductor properties of SiC are superior to those
of Si, therefore a power semiconductor element using
SiC is more suitable to be used in a high-temperature
environment.
[0020] In view of this, recently it has been examined
to replace power semiconductor elements using silicon

as their substrate materials with power semiconductor
elements using SiC as their substrate materials. Taking
up an inverter INV as a concrete example, when devel-
opments about a switching element and a rectifying ele-
ment included in the inverter INV are compared with each
other, the development, in which a pn junction diode us-
ing silicon as its substrate material is replaced with a pn
junction diode using SiC as its substrate material (this pn
junction diode is referred to as an SiC-pn diode herein-
after) as a free wheel diode FRD that is a rectifying ele-
ment, is taking a lead.
[0021] In addition, it has also been examined to replace
an Si-IGBT with an IGBT using SiC as its substrate ma-
terial (hereinafter, referred to as an SiC-IGBT) as a power
transistor Q1 that is a switching element. This is because
an SiC-IGBT can provide a larger amount of driving cur-
rent to a three-phase motor (a load) than an SiC-MOS-
FET having its withstand voltage equal to the withstand
voltage of the SiC-IGBT, and because the SiC-IGBT has
its withstand voltage higher than the withstand voltage
of an Si-IGBT as well, the number of parts used in one
device can be reduced when SiC-IGBTs are used. Ac-
cordingly, it becomes possible to make the size (volume)
of the three-phase motor system small. This leads to, for
example, the downsizing of underfloor parts including the
three-phase motor system, and thereby the height of the
floor of the railway vehicle can be made lower. Further-
more, the downsizing of the underfloor parts makes it
possible to reserve a space, in which a new secondary
battery SB (refer to Fig. 1) can be installed, in a part of
the railway vehicle, and therefore electric power can be
accumulated in the second battery SB during a time pe-
riod when the railway vehicle is not running instead of
the electric power being returned to the overhead wire
RT via the wheel WHL. Accordingly, the regeneration
efficiency of the railway vehicle can be improved. In other
words, the life cycle cost of the railway system can be
reduced.
[0022] The object of this embodiment is to improve the
capabilities of electric power conversion devices typified
by the inverter INV by exercising the ingenuities for im-
proving the property of an SiC-pn junction diode partic-
ularly under the assumption that the free wheel diode
FRD is formed of this SiC-pn junction diode. Hereinafter,
the technological concept of this first embodiment, in
which the ingenuities are exercised about an SiC-pn junc-
tion diode, will be described.

<Advantage of Mesa Structure>

[0023] First, a reason why a mesa structure is adopted
in an SiC-pn junction diode will be explained. An SiC-pn
junction diode has to include a mesa structure in order
to have a rectifying property. In this case, for example as
shown in Fig. 3, a technology in which an electric charge
implantation region EIR, which is a p-type semiconductor
region, is formed by implanting p-type impurities into a
part of the surface region of a drift layer (epitaxial layer)
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EPI that is an n-type semiconductor layer using an ion
implantation method is thought of. In the case of this tech-
nology, a pn junction is formed between the drift layer
EPI and the electric charge implantation region EIR. In
reality, when the ion implantation method is used, the
crystal structure of the drift layer EPI is broken by the
implantation energy of the method. In addition, although
usually activation annealing is conducted in order to re-
cover the crystal structure after the ion implantation meth-
od is performed, in fact it is difficult for the broken crystal
structure of the drift layer EPI made of SiC to be recovered
even if this activation annealing is conducted on the bro-
ken crystal structure. It should be noted that, although
the electric charge implantation region EIR is a region
through which holes are implanted into the drift layer EPI,
the life times of holes become short especially when the
crystal structure of the electron charge implantation re-
gion has been broken. Therefore, there is a worry that
some of holes vanish before these holes are implanted
into the drift layer EPI through the electron implantation
region EIR. This means that the number of holes implant-
ed into the drift layer EPI becomes smaller, with the result
that the number of pairs of holes and electrons that vanish
in the drift layer EPI becomes smaller. This means that
a forward current flowing through the SiC-pn junction di-
ode becomes smaller, and in other words, the on-resist-
ance of the SiC-pn diode becomes larger. This is because
it becomes difficult to improve the property of the SiC-pn
diode using the technology in which the electric charge
implantation region EIR is formed by the ion implantation
method.
[0024] Therefore, the mesa structure is adopted in
forming an SiC-pn junction diode. Hereinafter, the ad-
vantage of the mesa structure will be explained. First, as
shown in Fig. 4, a p-type semiconductor layer PSL1 is
formed on a drift layer EPI which is an n-type semicon-
ductor layer EPI using, for example, an epitaxial growth
method. In this case, since the epitaxial growth method
is a method in which crystals are grown from a foundation
layer, the crystals of the foundation material are not dam-
aged unlike the case of an ion implantation method in
which ions with high energies are implanted. From this
angle, it is considered that, if the p-type semiconductor
layer PSL1, which has been formed using the epitaxial
growth method, is used as an electric charge implantation
region, an electric charge implantation region whose
crystal structure is little damaged can be formed. How-
ever, in a real SiC-pn junction diode, it is necessary to
form an electric field relaxation region whose impurity
concentration is smaller than that of the electric charge
implantation region in the outer edge region of the rele-
vant semiconductor chip to secure the sufficient with-
stand voltage of the SiC-pn junction diode. Accordingly,
it is impossible to form an electric charge implantation
region and an electric field relaxation region whose im-
purity concentrations are different from each other in the
p-type semiconductor layer PSL1 that is simply formed
on the drift layer EPI as shown in Fig. 4.

[0025] Therefore, as shown in Fig. 5, a mesa structure
MS is formed by processing the p-type semiconductor
layer PSL1 by means of, for example, a photo lithography
technology and an etching technology. In this case, as
shown in Fig. 5, an electric charge implantation region
EIR can be formed on the inside of the mesa structure
MS, and at the same time, an electric field relaxation
region ERR whose impurity concentration is smaller than
that of the electric charge implantation region EIR can
be formed on the outside of the mesa structure MS by
means of, for example, an ion implantation method. To
put it plainly, the adoption of the mesa structure MS
makes it possible that the electric charge implantation
region EIR whose crystal structure is little damaged is
formed using the epitaxial growth method, and at the
same time, the electric field relaxation region ERR whose
impurity concentration is smaller than that of the electric
charge implantation region EIR is formed on the outside
of the mesa structure MS. The abovementioned point is
the advantage of the mesa structure MS, and this mesa
structure MS is adopted in the SiC-pn junction diode ac-
cording to this first embodiment.

<Device Structure of SiC-pn Junction Diode>

[0026] Next, the device structure of an SiC-pn junction
diode, which is formed on the basis of the above-de-
scribed mesa structure MS, according to the first embod-
iment will be explained with reference to the accompa-
nying drawings.
[0027] Fig. 6 is a plan view showing the plane structure
of a semiconductor chip CHP forming the SiC-pn junction
diode according to this first embodiment in a schematic
way. As shown in Fig. 6, the semiconductor chip CHP
according to this first embodiment is rectangle-shaped,
and a resistance reduction region RR is formed in the
central region of the semiconductor chip CHP. Further-
more, a leakage reduction region LR is formed on the
outside of this resistance reduction region RR in a way
that the leakage reduction region LR surrounds the re-
sistance reduction region RR, and an electric field relax-
ation region ERR is formed on the outside of this leakage
reduction region LR in a way that the electric field relax-
ation region ERR surrounds the leakage reduction region
LR.
[0028] Next, Fig. 7 is a cross-sectional view taken
along the line A-A in Fig. 6. As shown in Fig. 7, the SiC-
pn junction diode according to this first embodiment in-
cludes a silicon carbide substrate 1S, and an anode elec-
trode AE, which is made of metal film, is formed on one
surface (rear surface) of this silicon carbide substrate 1S.
On the other hand a drift layer EPI formed by an epitaxial
growth method is formed on another surface (front sur-
face) of the silicon carbide substrate 1S. The impurity
concentration of conductivity type impurities (n-type im-
purities) implanted into this drift layer EPI is set lower
than the impurity concentration of conductivity type im-
purities (n-type impurities) implanted into the silicon car-
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bide substrate 1S. With this, the SiC-pn junction diode
can secure a sufficient withstand voltage.
[0029] Next, as shown in Fig. 7, the SiC-pn junction
diode according to this first embodiment includes a mesa
structure MS formed on the surface of the drift layer EPI.
In this case, the electric field relaxation region ERR,
which is a p-type semiconductor region, is formed in the
outer edge region on the outside of the mesa structure
MS. In addition, an electric charge implantation region
EIR, which is formed on the drift layer EPI, and a p-type
semiconductor region, and the resistance reduction re-
gion RR, which is formed on the electric charge implan-
tation region EIR, and a p-type semiconductor region,
are formed in the mesa structure MS. Furthermore, the
leakage reduction region LR, which is formed at the side-
wall portion of the mesa structure MS, and adjacent to
the resistance reduction region RR, the electric charge
implantation area EIR and the electric field relaxation re-
gion ERR and that is a p-type semiconductor region, is
formed in the mesa structure MS.
[0030] Here, in the SiC-pn junction diode according to
this first embodiment, the impurity concentration of the
leakage reduction region LR is set larger than the impurity
concentration of the electric field relaxation region ERR,
and is set smaller than the impurity concentration of the
resistance reduction region RR.
[0031] Next, in the SiC-pn junction diode according to
this first embodiment, an insulating film IF made of, for
example, an oxide silicon film is formed on the surface
of the drift layer EPI that covers the mesa structure MS.
Accordingly, the insulating film IF makes contact with the
sidewall portion of the mesa structure MS. In this way,
the insulating film IF makes contact with the electric re-
laxation region ERR as well as the leakage reduction
region LR. In addition, an opening is formed in the insu-
lating film, and a cathode electrode CE, which is made
of, for example, metal film, is formed in such a way that
the cathode electrode fills the opening and makes contact
with the resistance reduction region RR. In this way, the
device structure of the SiC-pn junction diode according
to this first embodiment is fabricated.
[0032] In particular, in the SiC-pn junction diode ac-
cording to this first embodiment, the mesa structure MS
is adopted as shown in Fig. 7. Accordingly, it is possible
to obtain an advantage that the electric charge implan-
tation region EIR whose crystal structure is little damaged
can be formed using the epitaxial growth method, and at
the same time, the electric field relaxation region ERR
whose impurity concentration is smaller than that of the
electric charge implantation region EIR can be formed
on the outside of the mesa structure MS.
[0033] In this case, since the electric field relaxation
region ERR is formed in the outer edge region on the
outside of the mesa structure MS in the SiC-pn diode
according to this first embodiment, the improvement of
the withstand voltage of the diode can be obtained. This
is because a channel stopper layer is formed in the outer
region on the front surface side of the semiconductor chip

and the potential of the channel stopper layer is set equal
to that of the anode electrode AE formed on the rear
surface of the semiconductor chip, although the channel
stopper layer is not shown in Fig. 7. In the case where a
backward voltage is being applied to the SiC-pn junction
diode, a depletion layer extends from the channel stopper
layer to the electric field relaxation region ERR, so that
the withstand voltage of the SiC-pn junction diode can
be secured. In other words, forming the electric field re-
laxation region ERR whose impurity concentration is low
so as to lie adjacent to the channel stopper layer makes
it possible that, when a backward voltage is applied to
the SiC-pn junction diode, the width of the depletion layer
that extends in a lateral direction (in a parallel direction
with the surface) can be widened, with the result that the
withstand voltage of the SiC-pn junction diode can be
improved. To put it plainly, it can safely be said that, in
the SiC-pn junction diode according to this first embodi-
ment, the electric field relaxation region ERR is formed
to improve the withstand voltage when a backward volt-
age is applied.
[0034] Furthermore, in the SiC-pn junction diode ac-
cording to this first embodiment, the resistance reduction
region RR is formed between the electric charge implan-
tation region EIR and the cathode electrode CE, for ex-
ample, as shown in Fig. 7. This resistance reduction re-
gion RRh has a function to secure an ohmic contact be-
tween the cathode electrode CE and the semiconductor
regions and to reduce resistance. Accordingly, in order
to secure the ohmic contact, the impurity concentration
of conductivity type impurities (p-type impurities) that are
implanted into the resistance reduction region RR having
direct contact with the cathode electrode CE is set larger
than that of conductivity type impurities (p-type impuri-
ties) that are implanted into the electric charge implan-
tation region EIR.

<Feature of First Embodiment>

[0035] Next, the feature of this first embodiment will be
explained. The feature of this first embodiment is that,
for example in Fig. 7, the impurity concentration of the
conductivity type impurities (p-type impurities) implanted
into the leakage reduction region LR is set larger than
that of the conductivity type impurities (p-type impurities)
implanted into the electric field relaxation region ERR,
and set smaller than that of the conductivity type impu-
rities (p-type impurities) implanted into the resistance re-
duction region RR.
[0036] With this, in the SiC-pn junction diode according
to this first embodiment, both reduction of the leakage
current and suppression of degradation of the conductive
characteristic can be satisfied at the same time.
[0037] Hereinafter, descriptions about this point will be
made. Fig. 8 is a diagram showing a structure in which
a semiconductor region whose impurity concentration is
low and equal to the impurity concentration of an electric
field relaxation region ERR is formed instead of forming
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a leakage reduction region LR whose impurity concen-
tration is higher than the impurity concentration of the
electric field relaxation region ERR at the sidewall portion
of a mesa structure MS in a schematic way. In Fig. 8,
when a backward voltage (a reverse bias) is applied to
an SiC-pn junction diode, a depletion layer extends from
a channel stopper layer (not shown) that is formed on
the outside of the electric field relaxation region ERR to
the electric field relaxation region ERR. In this case, as
shown in Fig. 8, since the impurity concentration of the
semiconductor region formed at the sidewall portion of
the mesa structure MS is small and almost equal to that
of the electric field relaxation region ERR and small, the
depletion layer extending from the channel stopper layer
extends not only to the electric field relaxation region
ERR, which is formed on the outside of the mesa struc-
ture, but also to the semiconductor region formed at the
sidewall portion of the mesa structure MS (the depletion
region is depicted by "a dotted region").
[0038] In this case, as shown in Fig. 8, the depletion
layer reaches a corner portion A that is created in the
forming process of the mesa structure MS. Since electric
field convergence easily occurs at the corner portion A,
if the depletion layer reaches the corner portion A, electric
field convergence is generated at the corner portion A
by an electric field in the depletion region. Therefore, a
high electric field is applied to the vicinity of the corner
portion A of an insulating film IF covering the mesa struc-
ture MS, which increases a leakage current. If the high
electric field concentrates at the corner portion A, there
is a worry that the dielectric breakdown of the insulating
film IF will occur.
[0039] On the other hand, in the SiC-pn junction diode
shown in Fig. 8, not only the corner portion A but also a
corner portion B is formed in the forming process of the
mesa structure MS. Here, if a backward voltage is applied
to the SiC-pn junction diode, a depletion layer extends
from a pn junction formed between a drift layer EPI and
the semiconductor region (including the electric field re-
laxation region ERR) formed at the sidewall portion of
the mesa structure MS as well as the depletion layer ex-
tending from the channel stopper. If this depletion layer
reaches the corner portion B, it is apprehended that elec-
tric field convergence occurs even at the portion corner
B. However, in the SiC-pn diode according to this first
embodiment, SiC having a band gap larger than that of
silicon is used, and the thickness of the drift layer EPI is
large. Therefore, the backward voltage applied to an an-
ode electrode AE formed on the rear surface of a silicon
carbide substrate 1S drops owing to a voltage drop at
the drift layer EPI, and in reality the electric field conver-
gence at the corner portion B is more suppressed than
the electric field convergence at the corner portion A, with
the result that a withstand voltage failure at the corner
portion B hardly becomes obvious as a problematic point.
[0040] To put it plainly, in the SiC-pn diode according
to this first embodiment, the decrease of the withstand
voltage of the SiC-pn diode owing to the dielectric break-

down at the corner portion A of the insulating film IF cov-
ering the mesa structure MS becomes more obvious as
a problematic point than the decrease of the withstand
voltage owing to the electric field convergence inside the
SiC-pn junction diode (at the corner portion B). The above
is a first knowledge that the present inventors have found
out.
[0041] Next, second knowledge that the present inven-
tors have found out will be explained. Fig. 9 is a diagram
for explaining the second knowledge that the present in-
ventors have found out. In an SiC-pn junction diode
shown in Fig. 9, a resistance reduction region RR with
its purity concentration large is formed even at the side-
wall portion of a mesa structure MS. In this case, when
a backward voltage is applied to the SiC-pn junction di-
ode, while a depletion layer extends from a channel stop-
per layer (not shown) formed on the outside of an electric
field relaxation region ERR to the electric field relaxation
region ERR, it is hard for the depletion region to extend
to the inside of the resistance reduction region RR be-
cause the impurity concentration of the resistance reduc-
tion region RR, which lies adjacent to the electric field
relaxation region ERR, is large. As a result, in the SiC-
pn junction diode shown in Fig. 9, even if the backward
voltage is applied to the SiC-pn junction diode, the de-
pletion layer does not extend to a corner portion A, so
that electric field convergence at the corner portion A is
suppressed. With this, it is believed that the dielectric
breakdown of an insulating film IF in the corner portion
A can be suppressed in the SiC-pn junction diode shown
in Fig. 9.
[0042] As described above, in the SiC-pn junction di-
ode shown in Fig. 9, while it is possible to obtain an ad-
vantage that the dielectric breakdown of the insulating
film IF at the corner portion A can be effectively sup-
pressed, it is revealed that there is room for improvement
as a result of an examination conducted by the present
inventors, and therefore descriptions will be made in this
regard hereinafter.
[0043] Fig. 10 is a diagram for explaining room for im-
provement that is newly brought about by the SiC-pn
junction diode shown in Fig. 9. First, in order for the SiC-
pn diode shown in Fig. 9 to include a mesa structure, the
mesa structure is formed by, for example, using a pho-
tolithography technology and an etching technology (at
step S101). In this case, since the sidewall portion of the
mesa structure is exposed to etching, the atom arrange-
ment of atoms included in the sidewall portion becomes
unstable (at step S102) . To put it plainly, off angles are
formed in a drift layer formed of silicon carbide (SiC) itself,
and the arrangement of the silicon carbide atoms is out
of horizontal alignment. A multiplier cause brought about
by both above misalignment and exposure of the sidewall
portion of the mesa structure to the etching makes the
atom arrangement of the silicon carbide atoms at the
sidewall portion of the mesa structure unstable. Further-
more, in order to form a resistance reduction region
whose impurity concentration is large at the sidewall por-
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tion of the mesa structure in such an unstable condition
of the atom arrangement, conductivity type impurities (p-
type impurities) are implanted into the sidewall portion of
the mesa structure using an ion implantation method. In
this case, since the impurity concentration of the resist-
ance reduction region is large, the number of the impu-
rities implanted by the ion implantation method becomes
large (at step S103). Considering that conductivity type
impurities are implanted with a large amount of implan-
tation energy, the impurity concentration of the conduc-
tivity type impurities implanted by the ion implantation
method becoming larger means that a possibility that the
atom arrangement at the sidewall portion of the mesa
structure is disturbed becomes larger correspondingly.
In other words, in a structure where a resistance reduc-
tion region whose impurity concentration is high is formed
at the sidewall portion of a mesa structure, the misalign-
ment of the atom arrangement at the sidewall portion of
the mesa structure easily becomes obvious. In addition,
if such a misalignment of the atom arrangement occurs,
"BPDs (basal plane dislocations)", which are two-dimen-
sional defects, are easily formed, for example (at step
S105). In this situation, if a forward current is flowed
through the SiC-pn junction diode (at step S106), the
growth of "BPDs" is accelerated by binding energies of
holes and electrons (at step S107). In this case, since
the relevant on-resistance increases along with the in-
crease of the number of "BPDs", the property of the SiC-
pn diode is deteriorated. For example, in order to flow
the same amount of forward current, the relevant forward
current has to be increased, and put it differently, if the
forward voltage is kept constant, the forward current is
decreased.
[0044] If "BPDs" grow, "BPDs" reach an electric charge
implantation region, and if "BPDs" are formed in the elec-
tric charge implantation region, the life times of holes,
which are majority carriers in the electric charge implan-
tation region, become short owing to these "BPDs", which
decreases the number of holes implanted from the elec-
tric charge implantation region into the drift layer. This
means that the number of combinations of holes and
electrons in the drift layer becomes small, and, in other
words, this means that the on-resistance of the SiC-pn
junction diode is increased. Therefore, it becomes im-
portant to suppress the generation of "BPDs" in the elec-
tric charge implantation region in the SiC-pn junction di-
ode, and this means that it is important to suppress the
growth of "BPDs" from the sidewall portions of the mesa
structure where "BPDs" is easily generated. From this
point of view, in this embodiment, while attention is fo-
cused on the sidewall portion of the mesa structure, how
to suppress the generation of "BPDs" at the sidewall por-
tion of the mesa structure itself is considered.
[0045] As described above, in the SiC-pn junction di-
ode shown in Fig. 9, it has been revealed through exam-
inations by the present inventors that, while it is consid-
ered possible to obtain an advantage that the dielectric
breakdown of the insulating film IF owing to the electric

field convergence can be suppressed, the degradation
of the SiC-pn junction diode typified by the increase of
the on-resistance owing to the increase of "BPDs" easily
becomes obvious. The above point is the second knowl-
edge found out by the present inventors.
[0046] Therefore, on the basis of the first and second
knowledge newly found out, the present inventors have
come up with a technological idea in which both reduction
of the leakage current (including the dielectric breakdown
of the insulating film) and suppression of degradation of
the conductive characteristic (suppression of the in-
crease of the forward voltage) are satisfied at the same
time. To put it concretely, as mentioned above, the im-
purity concentration of the conductivity type impurities
implanted into the leakage reduction region LR is set larg-
er than that of the conductivity type impurities implanted
into the electric field relaxation region ERR, and set small-
er than that of the conductivity type impurities implanted
into the resistance reduction region RR in this first em-
bodiment.
[0047] First, it will be explained that the reduction of a
leakage current (including the dielectric breakdown of an
insulating film) can be attained more easily in comparison
with the SiC-pn junction diode shown in Fig. 8 according
to this structure. Fig. 11 is a schematic diagram showing
the state of the SiC-pn junction diode according to this
first embodiment in the case where a backward voltage
is applied to the SiC-pn junction diode. As shown in Fig.
11, when the backward voltage is applied to the SiC-pn
junction diode according to this first embodiment, a de-
pletion layer extends from a channel stopper layer (not
shown) formed on the outside of an electric field relaxa-
tion region ERR to the electric field relaxation region
ERR, and the depletion layer further extends to a leakage
reduction region LR lying adjacent to the electric field
relaxation region ERR. However, in this first embodiment,
the impurity concentration of conductivity type impurities
implanted into the leakage reduction region LR is set larg-
er than that of the conductivity type impurities implanted
into the electric field relaxation region ERR. Therefore,
for example, as shown in Fig. 11, the depletion layer is
prevented from extending in the leakage reduction region
LR. Accordingly, it is possible to prevent the depletion
layer from reaching a corner portion A generated by a
mesa structure MS. This means that it becomes difficult
that electric field convergence occurs owing to an electric
field in the depletion layer, which can suppress the elec-
tric field convergence at the corner portion A. With this,
in the SiC-pn junction diode according to this first em-
bodiment, the dielectric breakdown of an insulating film
IF covering the corner portion A (the increase of a leakage
current) can be prevented from occurring, which leads
to the improvement of the reliability of the SiC-pn junction
diode.
[0048] On the other hand, in the SiC-pn junction diode
according to this first embodiment, the impurity concen-
tration of the conductivity type impurities implanted into
the leakage reduction region LR is set smaller than that
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of the conductivity type impurities implanted into the re-
sistance reduction region RR. As a result, for example,
the increase of the on-resistance of the SiC-pn junction
diode (the increase of the forward voltage, the decrease
of the forward current) owing to the generation of the
"BPDs" shown in Fig. 10 can be suppressed. This is be-
cause, in the SiC-pn junction diode according to this first
embodiment, the impurity concentration of the conduc-
tivity type impurities implanted into the leakage reduction
region LR which is formed at the sidewall portion of the
mesa structure MS is set smaller than that of the con-
ductivity type impurities implanted into the resistance re-
duction region RR. In other words, this is because the
impurity concentration of the conductivity type impurities
implanted into the leakage reduction region LR becoming
small makes it possible to suppress the increase of the
on-resistance owing to the "BPDs" formed through a
mechanism shown in Fig. 10. To put it plainly, since the
increase of the number of the implanted ions of the con-
ductivity type impurities at "step S103" shown in Fig. 10
directly leads to the generation of the "BPDs", the impurity
concentration of the conductivity type impurities becom-
ing small means the number of the implanted ions being
small correspondingly. In other words, this is because
the number of the implanted ions being small means that
the occurrence of the misalignment of the atom arrange-
ment at the sidewall portion of the mesa structure MS
can be suppressed, which makes it possible to suppress
the generation of "BPDs" brought about by the misalign-
ment of the atom arrangement.
[0049] Judging from the above, the feature of this first
embodiment that the impurity concentration of the leak-
age reduction region LR is larger than that of the electric
field relaxation region ERR, and smaller than that of the
resistance reduction region makes it possible to satisfy
both reduction of the leakage current (suppression of the
dielectric breakdown) and suppression of the degrada-
tion of the conductive characteristic (suppression of the
increase of the forward voltage) at the same time. With
this, according to this first embodiment, a remarkable ad-
vantageous effect that, while the reliability of an SiC-pn
junction diode can be improved, the property of the SiC-
pn junction diode can be improved as well can be at-
tained. As described above, according to the technolog-
ical idea (feature) of this first embodiment, rooms for im-
provement brought about by the presence of the corner
portion A where electric charges tend to concentrate ow-
ing to the adoption of the mesa structure MS and the
presence of the sidewall portion where the atom arrange-
ment tends to be disturbed owing to the adoption of the
mesa structure MS can be solved. Therefore, it will be
understood that the technological idea of this first em-
bodiment is a useful technological idea especially when
it is applied to a semiconductor device that includes a
mesa structure MS and uses silicon carbide.

<Verification of Advantageous Effect>

[0050] Next, a result of verification whether it is possi-
ble to suppress the increase of the forward voltage
(equivalent to the increase of the on-resistance) even if
the forward current is kept flowing according to the fea-
ture of this first embodiment will be explained. Fig. 12 is
a graph showing the behavior of the forward voltage of
an SiC-pn junction diode in the case where the forward
current is kept flowing through the SiC-PN diode. In Fig.
12, the horizontal axis represents the conduction time of
the forward current, and the vertical axis represents the
value of the forward voltage.
[0051] First, in a graph shown in Fig. 12, "(1)" denotes
a characteristic of the SiC-pn junction diode according
to this first embodiment. On the other hand, "(2)" denotes
a characteristic of the SiC-pn junction diode shown in
Fig. 9. As shown by "(1)" in Fig. 12, it is understood that
the value of the forward voltage of the SiC-pn junction
diode according to this first embodiment is almost con-
stant during a long conduction time of the forward current
of the SiC-pn junction diode. To put it concretely, it is
backed up in the SiC-pn-junction diode according to this
first embodiment that, since the impurity concentration
of the leakage reduction region formed at the sidewall
portion of the mesa structure is small, the generation of
"BPDs" is suppressed. This is because, if a large number
of "BPDs" have been generated, "BPDs" grow into the
electric charge implantation region by the binding ener-
gies of electrons and holes in the case where the forward
current is kept flowing, which leads to the increase of the
forward voltage of the SiC-pn junction diode (the increase
of the on-resistance) . In other words, according to the
feature of this first embodiment, since the generation of
"BPDs" at the sidewall portion of the mesa structure is
particularly suppressed, the number of "BPDs", which
are seeds of a growing number of "BPDs", becomes small
even if the forward current is kept flowing, with the result
that the increase of the forward voltage is suppressed.
[0052] On the other hand, as shown by "(2)" in Fig. 12,
it is understood that the value of the forward voltage of
the SiC-pn junction diode shown in Fig. 9 increases along
with the conduction time of the forward current. This is
because it is considered that, in the SiC-pn junction di-
ode, the impurity concentration of the resistance reduc-
tion region formed at the sidewall portion of the mesa
structure becomes large, and therefore a large number
of "BPDs", which are seeds of a growing number of
"BPDs", are formed in the resistance reduction region.
In other words, it is considered that, in the SiC-pn junction
diode shown in Fig. 9, since a large number of "BPDs"
are formed at the sidewall portion of the mesa structure,
the growth of "BPDs" occurs to reach the electric charge
region by the conduction of the forward current, with the
result that the forward voltage increases.
[0053] As described above, it is backed up from Fig.
12 that, in the SiC-pn junction diode according to this first
embodiment, the degradation of the conductive charac-
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teristic (concretely speaking, the increase of the forward
voltage) of the SiC-pn junction diode can be suppressed
by adopting a structure in which the generation of "BPDs"
formed at the sidewall portion of the mesa structure is
suppressed. To put it concretely, in the SiC-pn junction
diode according to this first embodiment, balance is
achieved in such a way that, while the impurity concen-
tration of the leakage reduction region formed at the side-
wall portion of the mesa structure is set large to the extent
that the depletion layer does not reach the corner portion
formed by the mesa structure, the impurity concentration
of the leakage reduction region is set smaller than the
impurity concentration of the resistance reduction region
so that the generation of "BPDs" is suppressed. With this,
in the SiC-pn junction diode according to this first em-
bodiment, both reduction of the leakage current (sup-
pression of the dielectric breakdown) and suppression
of the degradation of the conductive characteristic (sup-
pression of the increase of the forward voltage) can be
satisfied at the same time.

<Manufacturing Method of SiC-pn Junction Diode>

[0054] The SiC-pn junction diode according to this first
embodiment is comprised in the above way, and the man-
ufacturing method thereof will be explained with refer-
ence to the accompanying drawings hereinafter.
[0055] First, as shown in Fig. 13, a silicon carbide sub-
strate 1S having a drift layer EPI made of n-type semi-
conductor and a p-type semiconductor layer PSL1
formed on the drift layer EPI is prepared. For example,
the silicon carbide substrate 1S can be formed using a
sublimation method, and the thickness thereof is 100 mm
or larger and smaller than 1000 mm. This silicon substrate
1S is comprised of single crystals of silicon carbide in-
cluding n-type impurities such as nitrogen (N) and phos-
phor (P). The impurity concentration of the silicon carbide
substrate 1S is, for example, 131016/cm3 or larger and
smaller than 231020/cm3. Furthermore, the drift layer EPI
can be formed using, for example, an epitaxial growth
method, and n-type impurities such as nitrogen (N) and
phosphor (P) are implanted into the drift layer EPI. The
impurity concentration of the drift layer EPI is, for exam-
ple, 131013/cm3 or larger and smaller than 131018/cm3.
In addition, the p-type semiconductor layer PSL1 can be
formed using, for example, an epitaxial growth method,
and p-type impurities such as aluminum (AL) and boron
(B) are implanted. The thickness of this p-type semicon-
ductor layer PSL1 is, for example, 0.5 mm or larger and
smaller than 30 mm, and the impurity concentration of
the p-type semiconductor layer PSL1 is, for example,
131017/cm3 or larger and smaller than 131021/cm3.
[0056] Next, as shown in Fig. 14, a part of the p-type
semiconductor layer PSL1 and a part of the drift layer
EPI are etched using a photolithography technology and
an etching technology. As a result, a mesa structure MS
including an electric charge implantation region EIR
formed by processing the p-type semiconductor layer

PSL1 and a part of the drift layer EPI lying adjacent to
the electric charge implantation region EIR can be formed
on the silicon carbide substrate 1S. At this time, because
the sidewall portion of the mesa structure MS is exposed
to the etching, the atom arrangement of atoms included
in the mesa structure MS becomes unstable.
[0057] Next, as shown in Fig. 15, an electric field re-
laxation region ERR is formed in the outer edge region
on the outside of the mesa structure MS using, for ex-
ample, an ion implantation method. This electric field re-
laxation region ERR is formed by implanting p-type im-
purities, and the impurity concentration of the electric field
relaxation region ERR is, for example, 131014/cm3 or
larger and smaller than 131018/cm3. By forming this elec-
tric field relaxation region ERR, a depletion layer extends
to the inside of the electric field relaxation region ERR
when a backward voltage is applied, so that it becomes
possible to relax electric field convergence at the corner
portion of the mesa structure MS. In such a way, the
electric relaxation region ERR has a function of relaxing
the electric field convergence at the corner portion of the
mesa structure MS and improving the withstand voltage.
[0058] In addition, as shown in Fig. 15, a resistance
reduction region RR that is a p-type semiconductor re-
gion is formed on the surface of a mesa structure MS
using, for example, an ion implantation method. This re-
sistance reduction region RR lies adjacent to the electric
charge implantation region EIR, and the impurity concen-
tration of the resistance reduction region RR is set higher
than that of the electric charge implantation region EIR.
To put it concretely, the impurity concentration of the re-
sistance reduction region RR is, for example,
131018/cm3 or larger and smaller than 13022/cm3.
[0059] Furthermore, as shown in Fig. 15, a leakage
reduction region LR that is a p-type semiconductor region
is formed at the sidewall portion of the mesa structure
MS using, for example, an ion implantation method. The
impurity concentration of this leakage reduction region
LR is larger than the impurity concentration of the electric
field relaxation region ERR, and smaller than impurity
concentration of the resistance reduction region RR. To
put it concretely, the impurity concentration of the leak-
age reduction region LR is, for example, 131016/cm3 or
larger and smaller than 531020/cm3. Here, in this first
embodiment, the impurity concentration of the leakage
reduction region LR, which is formed at the sidewall por-
tion of the mesa structure MS, is set smaller than impurity
concentration of the resistance reduction region RR.
Therefore the number of implanted ions becomes small,
with the result that the misalignment of atom arrangement
at the sidewall portion of the mesa structure MS can be
suppressed. In other words, according to this embodi-
ment, the generation of "BPDs", which is caused by the
misalignment of the atom arrangement, at the sidewall
portion of the mesa structure MS can be suppressed.
[0060] Subsequently, in order to activate the conduc-
tivity type impurities implanted by the ion implantation
methods, activation annealing (heat treatment) is per-
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formed. Next, with the use of, for example, a CVD (chem-
ical vapor deposition) method, an insulating film IF that
covers the mesa structure MS is formed as shown in Fig.
7. This insulating film IF can be formed of, for example,
silicon oxide. Successively, with the use of a photolithog-
raphy technology and an etching technology, an opening,
which penetrates the insulating film IF and exposes the
resistance reduction region RR, is formed. Subsequent-
ly, a cathode electrode CE, which is made of, for example,
a metal film, is formed so as to make contact with the
resistance reduction region RR exposed through the
opening. In addition, an anode electrode AE, which is
made of, for example, a metal film, is formed on the rear
surface of a silicon carbide substrate 1S.
[0061] In the above-described way, the SiC-pn junction
diode according to this first embodiment can be manu-
factured. Furthermore, in the SiC-pn junction diode ac-
cording to this first embodiment, the generation of "BPDs"
at the sidewall portion of the mesa structure MS is sup-
pressed. This ensures that, even if a forward current is
kept flowing through the SiC-pn junction diode according
to this first embodiment, "BPDs", which are grown by
binding energies of electrons and holes, are prevented
from reaching the electric charge implantation region
EIR. Accordingly, in the SiC-pn junction diode according
to this first embodiment, the degradation of the conduc-
tive characteristic (the increase of the forward voltage)
owing to the increase of the on-resistance can be sup-
pressed. Therefore, in the SiC-pn junction diode accord-
ing to this first embodiment, both improvement of the re-
liability and improvement of the property can be satisfied
at the same time.

<First Variation>

[0062] Next, a first variation according to the first em-
bodiment will be explained. Fig. 16 is a cross-sectional
view showing the device structure of an SiC-pn junction
diode according to this first variation. The SiC-pn junction
diode according to this first variation shown in Fig. 16 is
different from the SiC-pn junction diode according to the
first embodiment shown, for example, in Fig. 7, in that a
BPD reduction region is formed between a silicon carbide
substrate 1S and a drift layer EPI in the SiC-pn junction
diode according to this first variation.
[0063] This BPD reduction layer BRL can be formed
using, for example, an epitaxial growth method. The
thickness of the BPD reduction layer BRL is, for example,
0.5 mm or larger and smaller than 50 mm, and the impurity
concentration of the BPD reduction layer BRL is, for ex-
ample, 131015/cm3 or larger and smaller than
131020/cm3.
[0064] In the SiC-pn junction diode, which is fabricated
in such a way, according to this first variation, the gen-
eration of "BPDs" that reach the insides of the drift layer
EPI and an electric charge implantation region EIR can
be suppressed.
[0065] Hereinafter, descriptions will be made in this re-

gard. The silicon carbide substrate 1S is formed by, for
example, a sublimation method, however it is well known
that many "BPDs" are formed inside the silicon carbide
substrate 1S formed using the sublimation method.
These "BPDs" are two-dimensional area defects, and
they are causes that bring about the increase of the on-
resistance (the increase of the forward voltage) of the
SiC-pn junction diode. Successively, if a forward current
flows through a region where "BPDs" are formed, the
growth of "BPDs" is accelerated by binding energies emit-
ted by the recombinations of holes and electrons. In par-
ticular, if "BPDs" reach the drift layer EPI and the electric
charge implantation region EIR, the lifetimes of holes be-
come short, and therefore the forward current decreases.
[0066] To look more closely on this point, although
many "BPDs" are formed inside the silicon carbide sub-
strate, since the drift layer EPI, which is formed on the
silicon carbide substrate 1S, is formed using an epitaxial
growth method (CVD method), "BPDs" formed inside the
silicon carbide substrate 1S transforms themselves into
"TEDs (threading edge dislocations)" inside the drift layer
EPI. Since these "TEDs" are one-dimensional line de-
fects, and not area defects, these "TEDs" do not bring
about the increase of the on-resistance.
[0067] However, "BPDs" are also formed inside the
drift layer EPI itself. In this case, holes flow from the elec-
tric charge implantation region EIR into the drift layer EPI,
and electrons in the drift layer EPI and the holes that flow
into the drift layer EPI bind together, with the result that
there arises concern that the "BPDs" that exist in the drift
layer EPI are grown by binding energies emitted by the
combinations of the holes and the electrons, and the
"BPDs" reach the electric charge implantation region
EIR. In other words, when the "BPDs" reach the electric
charge implantation region EIR, the increase of the on-
resistance (the increase of the forward voltage) is in-
duced.
[0068] Therefore, as shown in Fig. 16, the BPD reduc-
tion layer BRL is formed between the silicon carbide sub-
strate 1S and the drift layer EPI. In this case, it is consid-
ered that although most of "BPDs" formed inside the sil-
icon carbide substrate 1S transform themselves into
"TEDs" inside the BPD reduction layer BRL, "BPDs" exist
even inside the BPD reduction layer BRL itself.
[0069] However, in this first variation, the impurity con-
centration of the BPD reduction layer (n-type semicon-
ductor) BRL is set larger than the impurity concentration
of the drift layer EPI. For this reason, holes implanted
into the inside of the drift layer EPI are not implanted into
the BPD reduction layer BRL having the larger impurity
concentration. In other words, since the impurity concen-
tration of the BPD reduction layer BRL is high, holes are
not implanted into the inside of the BPD reduction layer
BRL. The above means that, even if "BPDs" exist inside
the BPD reduction layer BRL, holes are not implanted
into the inside of the BPD reduction layer BRL, so that
the combinations of holes and electrons inside the BPD
reduction layer BRL are suppressed. Therefore, even if
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"BPDs" exist inside the BPD reduction layer BRL, it is
suppressed that the binding energies emitted by the com-
binations of holes and electrons are supplied to the
"BPDs", so that the growth of the "BPDs" formed inside
the BPD reduction layer BRL is suppressed. With this,
even if "BPDs" exist inside the BPD reduction layer BRL,
it can be suppressed that these "BPDs" grow into the drift
layer EPI into which holes are implanted and the electric
charge implantation region EIR which is the supply
source of holes. As a result, according to this first varia-
tion, the increase of the on-resistance (the increase of
the forward voltage) caused by "BPDs" can be sup-
pressed.

<Second Variation - not an embodiment of the invention>

[0070] Next, a second variation which is not an em-
bodiment of the invention, will be explained. Fig. 17 is a
plan view showing the device structure of an SiC-pn junc-
tion diode according to this second variation, and Fig. 18
is a cross-sectional view showing a part of the device
structure of the SiC-pn junction diode according to this
second variation.
[0071] The SiC-pn junction diode according to this sec-
ond variation shown in Fig. 17 and Fig. 18 is different
from the SiC-pn junction diode according to the first em-
bodiment shown, for example, in Fig. 7, in that an electric
field relaxation ERR is formed by plural ring-shaped re-
gions (circular regions) in the SiC-pn junction diode ac-
cording to this second variation.
[0072] For example, if the change of an impurity con-
centration (the spatial derivative of an impurity concen-
tration) is gentle, electric field convergence is not easily
generated, therefore the change of the impurity concen-
tration of the electric field relaxation region ERR is set
gentle as the fundamental idea of this second variation.
To put it concretely, in this second variation, the impurity
concentration at a point of the electric field relaxation
region ERR becomes smaller as the point is farther apart
from a leakage reduction region LR. In particular, in this
second variation, the widths of the plural ring-shaped re-
gions are different from each other in a direction from the
leakage reduction region LR to the electric field relaxation
region ERR (a first direction). To put it in detail, as shown
in Fig. 18, the width of each ring-shaped region becomes
smaller as each ring-shaped region is farther apart from
a mesa structure MS in the direction from the leakage
reduction region LR to the electric field relaxation region
ERR (the first direction). With this, the structure of the
SiC-pn junction diode according to the second variation,
in which the impurity concentration at a point of the elec-
tric field relaxation region ERR becomes smaller as the
point is farther apart from the leakage reduction region
LR, is brought into shape. This is because, if the impurity
concentrations of the plural ring-shaped regions are uni-
form, the fact that the ratio of each ring-shaped region
per predefined pitch in the first direction becomes smaller
as each ring-shaped region is farther apart from the leak-

age reduction region LR means that the average impurity
concentration of each ring-shaped region per predefined
pitch becomes smaller as each ring-shaped region is far-
ther apart from the leakage reduction region LR.
[0073] The electric field relaxation region ERR accord-
ing to this second variation fabricated in such a way has
an advantage that the plural ring-shaped regions of the
electric field relaxation region ERR can be formed by one
photolithography process and one ion implantation tech-
nology because the impurity concentrations of the plural
ring-shaped regions are equal to each other.

<Third Variation>

[0074] Next, a third variation according to the first em-
bodiment will be explained. Fig. 19 is a plan view showing
the device structure of an SiC-pn junction diode accord-
ing to this third variation, and Fig. 20 is a cross-sectional
view showing a part of the device structure of the SiC-
pn junction diode according to this third variation.
[0075] The SiC-pn junction diode according to this third
variation shown in Fig. 19 and Fig. 20 is different from
the SiC-pn junction diode according to the first embodi-
ment shown, for example, in Fig. 7, in that the impurity
concentration at a point of an electric field relaxation ERR
becomes continuously smaller in accordance with the
distance between the point and a mesa structure MS. In
this third variation fabricated in such a way, as is the case
with the second variation, since the change of the impurity
concentration of the electric field relaxation region ERR
can be set gentle, an advantageous effect that electric
field convergence can be suppressed can be obtained.
In particular, in the case of this third variation, an advan-
tage that, since the impurity concentration of the electric
field relaxation region ERR is continuously changed un-
like in the case of the second variation, electric field con-
vergence can be suppressed more effectively than in the
case of the second variation can be obtained.

(Second Embodiment)

<Device Structure of Gate Turnoff Thyristor>

[0076] Although, in the above-described first embodi-
ment, an example in which a technological idea is applied
to an SiC-pn junction diode has been described, an ex-
ample in which a technological idea is applied to a gate
turnoff thyristor (referred to as an SiC-GTO hereinafter)
will be described in a second embodiment which is not
an embodiment of the invention but an example useful
for its understanding.
[0077] Briefly speaking, an SiC-GTO is a thyristor that
can be transferred from its conductive state to its non-
conductive state (its turnoff state) by adjusting the exten-
sion of a depletion layer through the control of a gate
voltage applied to the gate electrode of the SiC-GTO. In
other words, it can be said that the SiC-GTO is a thyristor
which is turned off by a gate voltage applied to its gate
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electrode.
[0078] Fig. 21 is a cross-sectional view showing the
device structure of the SiC-GTO according to this second
embodiment. As shown in Fig. 21, the SiC-GTO accord-
ing to this embodiment includes: a silicon carbide sub-
strate 2S into which n-type impurities are implanted; a
field stop layer FSL that is made of a p-type semiconduc-
tor layer and is formed on the silicon carbide substrate
2S; a drift layer EPI2 that is made of a p-type semicon-
ductor layer and formed on the field stop layer FSL; and
a base layer BL that is made of an n-type semiconductor
layer and is formed on the drift layer EPI2. In addition, a
mesa structure MS is formed on the surface of the base
layer BL, and a gate region GR is formed on the surface
of a part of the base layer BL on the outside of this mesa
structure MS.
[0079] Furthermore, as shown in Fig. 21, an electric
charge implantation region EIR that is made of a p-type
semiconductor region and formed on the base layer BL,
and a resistance reduction region RR that is made of a
p-type semiconductor region and formed on the electric
charge implantation region EIR are formed in the mesa
structure MS. In addition, a leakage reduction region LR,
which is formed at the sidewall portion of the mesa struc-
ture MS, made of a p-type semiconductor region, and
lies adjacent to the resistance reduction region RR, the
electric charge implantation region EIR and the base lay-
er BL, is formed in the mesa structure MS.
[0080] Furthermore, as shown in Fig. 21, a cathode
electrode CE, which is made of, for example, a metal film
is formed so as to directly lie adjacent to the resistance
reduction region RR, and a gate electrode GE, which is
made of, for example, a metal film is formed so as to
directly lie adjacent to the gate region GR. On the other
hand, an anode electrode AE, which is made of, for ex-
ample, a metal film, is formed on the rear surface of the
silicon carbide substrate 2S.
[0081] The silicon carbide 2S is formed using, for ex-
ample, a sublimation method. The thickness of this silicon
carbide substrate 2S is 100 mm or larger and smaller
than 1000 mm, and the silicon carbide substrate 2S is
made of single crystals of silicon carbide into which n-
type impurities such as nitrogen (N) and phosphorus (P)
are implanted.
[0082] The field stop layer FSL is formed using, for
example, an epitaxial growth method, and p-type impu-
rities such as aluminum (Al) and Boron (B) are implanted
into the field stop layer FSL. The impurity concentration
of this field stop layer FSL is, for example, 131015/cm3

or larger and smaller than 131019/cm3.
[0083] The drift layer EPI2 is formed using, for exam-
ple, an epitaxial growth method, and p-type impurities
such as aluminum (Al) and boron (B) are implanted into
the drift layer EPI2. The impurity concentration of this
drift layer EPI2 is, for example, 131012/cm3 or larger and
smaller than 131018/cm3.
[0084] The base layer BL is formed using, for example,
an epitaxial growth method, and n-type impurities such

as nitrogen (N) and phosphorus (P) are implanted into
the base layer BL. The impurity concentration of this base
layer BL is, for example, 131015/cm3 or larger and small-
er than 131019/cm3.
[0085] The electric charge implantation region EIR is
formed using, for example, an epitaxial growth method,
and p-type impurities such as aluminum (Al) and boron
(B) are implanted into the electric charge implantation
region EIR. The thickness of this electric charge implan-
tation region EIR is, for example, 0.5 mm or larger and
smaller than 30 mm, and the impurity concentration of
the electric charge implantation region EIR is, for exam-
ple, 131017/cm3 or larger and smaller than 131021/cm3.
[0086] The resistance reduction region RR is formed
using, for example, an ion implantation method, and p-
type impurities such as aluminum (Al) and boron (B) are
implanted into the resistance reduction region RR. The
impurity concentration of this resistance reduction region
RR is, for example, 131018/cm3 or larger and smaller
than 131022/cm3.
[0087] The leakage reduction region LR is formed us-
ing, for example, an ion implantation method, and p-type
impurities such as aluminum (Al) and boron (B) are im-
planted into the leakage reduction region LR. The impu-
rity concentration of this leakage reduction region LR is,
for example, 131016/cm3 or larger and smaller than
531020/cm3.
[0088] The gate region GR is formed using, for exam-
ple, an ion implantation method, and n-type impurities
such as nitrogen (N) and phosphorus (P) are implanted
into the gate region GR.
[0089] The SiC-GTO according to this second embod-
iment is fabricated in the above-described way. As is the
case with the first embodiment, the feature of this second
embodiment lies in the fact that the impurity concentra-
tion of the leakage reduction region LR is smaller than
the impurity concentration of the resistance reduction re-
gion RR. With this, the increase of the on-resistance of
the SiC-GTO caused by the occurrence of "BPDs" can
be suppressed in the case of the SiC-GTO according to
this second embodiment as well. Therefore, the degra-
dation of the conductive characteristic of the SiC-GTO
according to this second embodiment can also be sup-
pressed, and therefore the improvement of the property
of the SiC-GTO can be achieved.
[0090] As above, the invention made by the present
inventors has been concretely described on the basis of
the embodiments of the present invention, but the
present invention is not limited to the above embodi-
ments, and it goes without saying that various modifica-
tions can be made without departing from the scope of
the present invention as defined in the claims.

List of Reference Signs

[0091]

1S: Silicon Carbide Substrate

23 24 



EP 3 327 792 B1

14

5

10

15

20

25

30

35

40

45

50

55

BRL: BPD Reduction Layer
EIR: Electric Charge Implantation Region
EPI: Drift Layer
ERR: Electric Field Relaxation Region
IF: Insulation Film
LR: Leakage Reduction Region
MS: Mesa Structure
RR: Resistance Reduction Region

Claims

1. A semiconductor diode comprising:

a first conductivity type silicon carbide substrate
(1S);
a first conductivity type drift layer (EPI) formed
on the top surface of the silicon carbide sub-
strate and having a lower impurity concentration
than the silicon carbide substrate;
a first electrode formed on the rear surface of
the substrate;
a mesa structure (MS) formed on a surface of
the drift layer;
a second conductivity type electric field relaxa-
tion region (ERR) the conductivity type of which
is opposite to the first conductivity type and that
is formed in an outer edge region on the outside
of the mesa structure on a surface region of the
drift layer, and
a channel stopper layer formed on the outside
of the electric field relaxation region (ERR);
wherein in the mesa structure, there are formed:

an electric charge implantation region (EIR)
of the second conductivity type formed on
the drift layer;
a resistance reduction region (RR) of the
second conductivity type formed on the
electric charge implantation region;
a leakage reduction region (LR) of the sec-
ond conductivity type that is formed at a
sidewall portion of the mesa structure and
adjacent to the resistance reduction region
(RR), the electric charge implantation re-
gion (EIR), and the electric field relaxation
region (ERR);

wherein the device further comprises
a second electrode formed on and making con-
tact with the resistance reduction region (RR);
and
an insulating film (IF) covering the mesa struc-
ture and having an opening for the second elec-
trode, the insulating film being adjacent to the
leakage reduction region (LR) and to the electric
field relaxation region (ERR),
wherein the leakage reduction region extends

from the sidewall portion over a corner portion
(A) between the sidewall portion and the insu-
lating film to the electric field relaxation region
(ERR),
wherein the impurity concentration of the electric
charge implantation region (EIR) is larger than
the impurity concentration of the electric field re-
laxation region (ERR) and smaller than the im-
purity concentration of the resistance reduction
region (RR), and
wherein the impurity concentration of the leak-
age reduction region (LR) is larger than the im-
purity concentration of the electric field relaxa-
tion region (ERR) and smaller than the impurity
concentration of the resistance reduction region
(RR).

2. The semiconductor diode according to claim 1,
wherein the impurity concentration of the electric
field relaxation region (ERR) becomes smaller as
farther apart from the leakage reduction region (LR).

3. The semiconductor diode according to claim 1,
wherein the semiconductor diode includes a first
conductivity type BPD reduction layer (BRL) be-
tween the silicon carbide substrate (1S) and the drift
layer (EPI) when cross-sectionally viewed, and
the impurity concentration of the BPD reduction layer
is larger than the impurity concentration of the drift
layer.

4. The semiconductor diode according to claim 1,
wherein the semiconductor diode is a free wheel di-
ode that is a component included in an electric power
conversion device.

5. An electric power conversion device comprising the
semiconductor diode according to claim 1.

6. A manufacturing method of a semiconductor diode,
comprising:

a step (a) of preparing a first conductivity type
silicon carbide (1S) substrate on which a first
conductivity type drift layer (EPI) and a second
conductivity type semiconductor layer (PSL1),
the conductivity type of which is opposite to the
first conductivity type and which is formed on
the drift layer, are formed, wherein the impurity
concentration of the drift layer is lower than the
one of the silicon carbide substrate;
a step (b) of forming a mesa structure (MS),
which includes an electric charge implantation
region (EIR) formed by processing the semicon-
ductor layer and a part of the drift layer adjacent
to the electric charge implantation region, on the
silicon carbide substrate by etching a part of the
semiconductor layer and a part of the drift layer;
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a step (c) of forming a second conductivity type
resistance reduction region (RR) adjacent to the
electric charge implantation region in an upper
part of the mesa structure after the step (b);
a step (d) of forming a second conductivity type
leakage reduction region (LR) adjacent to the
electric charge implantation region and the re-
sistance reduction region at a sidewall portion
of the mesa structure after the step (b); and
a step (e) of forming a second conductivity type
electric field relaxation region (ERR) adjacent to
the leakage reduction region and in an outer
edge region on the outside of the mesa structure
on a surface region of the drift layer after the
step (b),
a step (f) of forming an insulating film (IF) adja-
cent to the leakage reduction region (LR) and to
the electric field relaxation region (ERR) and
covering the mesa structure with an opening for
a second electrode;
a step (g) of forming the second electrode so as
to make contact with the resistance reduction
region (RR) and of forming a first electrode on
the rear surface of the silicon carbide substrate;
wherein a channel stopper layer is formed on
the outside of the electric field relaxation region
(ERR),
wherein the leakage reduction region is formed
such as to extend from the sidewall portion over
a corner portion (A) between the sidewall portion
and the insulating film to the electric field relax-
ation region (ERR),
wherein the impurity concentration of the electric
charge implantation region (EIR) is larger than
the impurity concentration of the electric field re-
laxation region (ERR) and smaller than the im-
purity concentration of the resistance reduction
region (RR), and
wherein the impurity concentration of the leak-
age reduction region is larger than the impurity
concentration of the electric field relaxation re-
gion (ERR), and smaller than the impurity con-
centration of the resistance reduction region
(RR).

7. The manufacturing method of a semiconductor di-
ode according to claim 6,
wherein an ion implantation method is used in each
of the step (c), the step (d), and the step (e).

Patentansprüche

1. Halbleiterdiode, umfassend:

ein Siliziumkarbidsubstrat (1S) von einem ers-
ten Leitfähigkeitstyp;
eine Driftschicht (EPI) vom ersten Leitfähigkeit-

styp, die auf der oberen Fläche des Siliziumkar-
bidsubstrats gebildet ist und eine niedrigere
Störstellenkonzentration als das Siliziumkarbid-
substrat aufweist;
eine auf der rückwärtigen Fläche des Substrats
gebildete erste Elektrode;
eine auf einer Oberfläche der Driftschicht gebil-
dete Mesa-Struktur (MS);
einen Relaxationsbereich (ERR) für ein elektri-
sches Feld von einem zweiten Leitfähigkeitstyp,
dessen Leitfähigkeitstyp dem ersten Leitfähig-
keitstyp entgegengesetzt ist und der in einem
Außenkantenbereich auf der Außenseite der
Mesa-Struktur auf einem Oberflächenbereich
der Driftschicht gebildet ist, und
eine Kanalstopp-Schicht, die auf der Außensei-
te des Relaxationsbereichs (ERR) des elektri-
schen Feldes gebildet ist;
wobei in der Mesa-Struktur Folgendes ausge-
bildet ist:

ein Implantationsbereich (EIR) für elektri-
sche Ladung vom zweiten Leitfähigkeitstyp,
der auf der Driftschicht gebildet ist;
ein Widerstandreduktionsbereich (RR) vom
zweiten Leitfähigkeitstyp, der auf dem Imp-
lantationsbereich für elektrische Ladung
gebildet ist;
ein Leckreduktionsbereich (LR) vom zwei-
ten Leitfähigkeitstyp, der an einem Seiten-
wandabschnitt der Mesa-Struktur gebildet
ist und an den Widerstandreduktionsbe-
reich (RR), den Implantationsbereich (EIR)
für elektrische Ladung und den Relaxati-
onsbereich (ERR) für das elektrische Feld
angrenzt;

wobei die Vorrichtung ferner umfasst:

eine zweite Elektrode, die auf dem Wider-
standsreduktionsbereich (RR) gebildet ist
und in Kontakt mit diesem steht, und
einen Isolierfilm (IF), der die Mesa-Struktur
bedeckt und eine Öffnung für die zweite
Elektrode aufweist, wobei der Isolierfilm an
den Leckreduktionsbereich (LR) und den
Relaxationsbereich (ERR) für das elektri-
sche Feld angrenzt,

wobei der Leckreduktionsbereich vom Seiten-
wandabschnitt über einen Eckabschnitt (A) zwi-
schen dem Seitenwandabschnitt und dem Iso-
lierfilm zum Relaxationsbereich (ERR) für das
elektrische Feld verläuft,
wobei die Störstellenkonzentration des Implan-
tationsbereichs (EIR) für elektrische Ladung
größer als die Störstellenkonzentration des Re-
laxationsbereichs (ERR) für das elektrische
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Feld und kleiner als die Störstellenkonzentration
des Widerstandreduktionsbereichs (RR) ist,
und
wobei die Störstellenkonzentration des Leckre-
duktionsbereichs (LR) größer als die Störstel-
lenkonzentration des Relaxationsbereichs
(ERR) für das elektrische Feld ist und kleiner als
die Störstellenkonzentration des Widerstandre-
duktionsbereichs (RR) ist.

2. Halbleiterdiode nach Anspruch 1,
wobei die Störstellenkonzentration des Relaxations-
bereichs (ERR) für das elektrische Feld weiter vom
Leckreduktionsbereich (LR) entfernt kleiner wird.

3. Halbleiterdiode nach Anspruch 1,
wobei die Halbleiterdiode eine BPD-Reduktions-
schicht (BRL) vom ersten Leitfähigkeitstyp zwischen
dem Siliziumkarbidsubstrat (1S) und der Driftschicht
(EPI), im Querschnitt betrachtet, enthält, und
die Störstellenkonzentration der BPD-Reduktions-
schicht größer als die Störstellenkonzentration der
Driftschicht ist.

4. Halbleiterdiode nach Anspruch 1,
wobei die Halbleiterdiode eine Freilaufdiode ist, die
ein in einer elektrischen Stromwandlungsvorrich-
tung enthaltenes Bauteil ist.

5. Elektrische Stromwandlungsvorrichtung, die die
Halbleiterdiode nach Anspruch 1 umfasst.

6. Herstellungsverfahren für eine Halbleiterdiode, um-
fassend die folgenden Schritte:

(a) Vorbereiten eines Siliziumkarbidsubstrats
(1S) von einem ersten Leitfähigkeitstyp, auf dem
eine Driftschicht (EPI) vom ersten Leitfähigkeit-
styp und eine Halbleiterschicht (PSL1) von ei-
nem zweiten Leitfähigkeitstyp, deren Leitfähig-
keitstyp dem ersten Leitfähigkeitstyp entgegen-
gesetzt ist und die auf der Driftschicht gebildet
ist, gebildet sind, wobei die Störstellenkonzent-
ration der Driftschicht kleiner als die des Silizi-
umkarbidsubstrats ist;
(b) Bilden einer Mesa-Struktur (MS), die einen
durch Verarbeiten der Halbleiterschicht gebilde-
ten Implantationsbereich (EIR) für elektrische
Ladung und einen an den Implantationsbereich
für elektrische Ladung angrenzenden Teil der
Driftschicht enthält, auf dem Siliziumkarbidsub-
strat, indem ein Teil der Halbleiterschicht und
ein Teil der Driftschicht geätzt werden;
(c) Bilden eines Widerstandreduktionsberei-
ches (RR) vom zweiten Leitfähigkeitstyp, der an
dem Implantationsbereich für elektrische La-
dung angrenzt in einem oberen Teil der Mesa-
Struktur nach dem Schritt (b);

(d) Bilden eines Leckreduktionsbereichs (LR)
vom zweiten Leitfähigkeitstyp, der an den Imp-
lantationsbereich für elektrische Ladung und
den Widerstandsreduktionsbereich an einem
Seitenwandabschnitt der Mesa-Struktur an-
grenzt, nach dem Schritt (b); und
(e) Bilden eines Relaxationsbereichs (ERR) für
ein elektrisches Feld vom zweiten Leitfähigkeit-
styp, der an den Leckreduktionsbereich an-
grenzt, in einem Außenkantenbereich auf der
Außenseite der Mesa-Struktur auf einem Ober-
flächenbereich der Driftschicht nach dem Schritt
(b);
(f) Bilden eines Isolierfilms (IF), der an den
Leckreduktionsbereich (LR) und den Relaxati-
onsbereich (ERR) für das elektrische Feld an-
grenzt und die Mesa-Struktur mit einer Öffnung
für eine zweite Elektrode bedeckt;
(g) Bilden einer zweiten Elektrode, sodass diese
in Kontakt mit dem Widerstandreduktionsbe-
reich (RR) steht und Bilden einer ersten Elek-
trode auf der rückwärtigen Fläche des Silizium-
karbidsubstrats;
wobei eine Kanalstopp-Schicht auf der Außen-
seite des Relaxationsbereichs (ERR) für das
elektrische Feld gebildet wird,
wobei der Leckreduktionsbereich so gebildet
wird, dass er vom Seitenwandabschnitt über ei-
nen Eckabschnitt (A) zwischen dem Seiten-
wandabschnitt und dem Isolierfilm zum Relaxa-
tionsbereich (ERR) für das elektrische Feld ver-
läuft,
wobei die Störstellenkonzentration des Implan-
tationsbereichs (EIR) für elektrische Ladung
größer als die Störstellenkonzentration des Re-
laxationsbereichs (ERR) für das elektrische
Feld ist und kleiner als die Störstellenkonzent-
ration des Widerstandreduktionsbereichs (RR)
ist, und
wobei die Störstellenkonzentration des Leckre-
duktionsbereichs größer als die Störstellenkon-
zentration des Relaxationsbereichs (ERR) für
das elektrische Feld ist und kleiner als die Stör-
stellenkonzentration des Widerstandredukti-
onsbereichs (RR) ist.

7. Herstellungsverfahren für eine Halbleiterdiode nach
Anspruch 6,
wobei in den Schritten (c), (d) und (e) jeweils ein
lonenimplantationsverfahren verwendet wird.

Revendications

1. Diode à semi-conducteurs comprenant :

un substrat de carbure de silicium (1S) d’un pre-
mier type de conductivité ;
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une couche de dérive (EPI) d’un premier type
de conductivité formée sur la surface supérieure
du substrat de carbure de silicium et ayant une
concentration en impuretés inférieure au subs-
trat de carbure de silicium ;
une première électrode formée sur la surface
arrière du substrat ;
une structure mesa (MS) formée sur une surface
de la couche de dérive ;
une région de relaxation de champ électrique
(ERR) d’un deuxième type de conductivité dont
le type de conductivité est opposé au premier
type de conductivité et qui est formée dans une
région de bord extérieur sur l’extérieur de la
structure mesa sur une région de surface de la
couche de dérive, et
une couche de dispositif interrupteur de canal
formée sur l’extérieur de la région de relaxation
de champ électrique (ERR) ;
dans laquelle, dans la structure mesa, sont
formées :

une région d’implantation de charge électri-
que (EIR) du deuxième type de conductivité
formée sur la couche de dérive ;
une région de réduction de résistance (RR)
du deuxième type de conductivité formée
sur la région d’implantation de charge
électrique ;
une région de réduction de fuite (LR) du
deuxième type de conductivité qui est for-
mée au niveau d’une partie de paroi latérale
de la structure mesa et adjacente à la région
de réduction de résistance (RR), à la région
d’implantation de charge électrique (EIR),
et à la région de relaxation de champ élec-
trique (ERR) ;

dans laquelle le dispositif comprend en outre
une deuxième électrode formée sur et faisant
contact avec la région de réduction de résistan-
ce (RR) ; et
un film d’isolation (IF) couvrant la structure mesa
et ayant une ouverture pour la deuxième élec-
trode, le film d’isolation étant adjacent à la région
de réduction de fuite (LR) et à la région de re-
laxation de champ électrique (ERR),
dans laquelle la région de réduction de fuite
s’étend depuis la partie de paroi latérale sur une
partie d’angle (A) entre la partie de paroi latérale
et le film d’isolation jusqu’à la région de relaxa-
tion de champ électrique (ERR),
dans laquelle la concentration en impuretés de
la région d’implantation de charge électrique
(EIR) est plus grande que la concentration en
impuretés de la région de relaxation de champ
électrique (ERR) et plus petite que la concen-
tration en impuretés de la région de réduction

de résistance (RR), et
dans laquelle la concentration en impuretés de
la région de réduction de fuite (LR) est plus gran-
de que la concentration en impuretés de la ré-
gion de relaxation de champ électrique (ERR)
et plus petite que la concentration en impuretés
de la région de réduction de résistance (RR).

2. Diode à semi-conducteurs selon la revendication 1,
dans laquelle la concentration en impuretés de la
région de relaxation de champ électrique (ERR) de-
vient plus petite lorsqu’elle est plus éloignée de la
région de réduction de fuite (LR).

3. Diode à semi-conducteurs selon la revendication 1,
dans laquelle la diode à semi-conducteurs inclut une
couche de réduction de BPD (BRL) d’un premier type
de conductivité entre le substrat de carbure de sili-
cium (1S) et la couche de dérive (EPI) lorsqu’elle est
vue en coupe transversale, et
la concentration en impuretés de la couche de ré-
duction de BPD est plus grande que la concentration
en impuretés de la couche de dérive.

4. Diode à semi-conducteurs selon la revendication 1,
dans laquelle la diode à semi-conducteurs est une
diode roue libre qui est un composant inclut dans un
dispositif de conversion d’énergie électrique.

5. Dispositif de conversion d’énergie électrique com-
prenant la diode à semi-conducteurs selon la reven-
dication 1.

6. Procédé de fabrication d’une diode à semi-conduc-
teurs, comprenant :

une étape (a) de préparation d’un substrat de
carbure de silicium (1S) d’un premier type de
conductivité sur lequel une couche de dérive
(EPI) d’un premier type de conductivité et une
couche de semi-conducteur (PSL1) d’un
deuxième type de conductivité, dont le type de
conductivité est opposé au premier type de con-
ductivité et qui est formée sur la couche de dé-
rive, sont formées, dans lequel la concentration
en impuretés de la couche de dérive est infé-
rieure à celle du substrat de carbure de silicium ;
une étape (b) de formation d’un structure mesa
(MS), qui inclut une région d’implantation de
charge électrique (EIR) formée par traitement
de la couche de semi-conducteur et d’une partie
de la couche de dérive adjacente à la région
d’implantation de charge électrique, sur le subs-
trat de carbure de silicium par gravure d’une par-
tie de la couche de semi-conducteur et d’une
partie de la couche de dérive ;
une étape (c) de formation d’une région de ré-
duction de résistance (RR) d’un deuxième type
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de conductivité adjacente à la région d’implan-
tation de charge électrique dans une partie su-
périeure de la structure mesa après l’étape (b) ;
une étape (d) de formation d’une région de ré-
duction de fuite (LR) d’un deuxième type de con-
ductivité adjacente à la région d’implantation de
charge électrique et à la région de réduction de
résistance au niveau d’une partie de paroi laté-
rale de la structure mesa après l’étape (b) ; et
une étape (e) de formation d’une région de re-
laxation de champ électrique (ERR) d’un
deuxième type de conductivité adjacente à la
région de réduction de fuite et dans une région
de bord extérieur sur l’extérieur de la structure
mesa sur une région de surface de couche de
dérive après l’étape (b),
une étape (f) de formation d’un film d’isolation
(IF) adjacent à la région de réduction de fuite
(LR) et à la région de relaxation de champ élec-
trique (ERR) et couvrant la structure mesa avec
une ouverture pour une deuxième électrode ;
une étape (g) de formation de la deuxième élec-
trode de manière à faire contact avec la région
de réduction de résistance (RR) et de formation
d’une première électrode sur la surface arrière
du substrat de carbure de silicium ;
dans lequel une couche de dispositif interrup-
teur de canal est formée sur l’extérieur de la ré-
gion de relaxation de champ électrique (ERR),
dans lequel la région de réduction de fuite est
formée de manière à s’étendre depuis la partie
de paroi latérale sur une partie d’angle (A) entre
la partie de paroi latérale et le film d’isolation
jusqu’à la région de relaxation de champ élec-
trique (ERR),
dans lequel la concentration en impuretés de la
région d’implantation de charge électrique (EIR)
est plus grande que la concentration en impu-
retés de la région de relaxation de champ élec-
trique (ERR) et plus petite que la concentration
en impuretés de la région de réduction de résis-
tance (RR), et
dans lequel la concentration en impuretés de la
région de réduction de fuite est plus grande que
la concentration en impuretés de la région de
relaxation de champ électrique (ERR) et plus
petite que la concentration en impuretés de la
région de réduction de résistance (RR).

7. Procédé de fabrication d’une diode à semi-conduc-
teurs selon la revendication 6,
dans lequel un procédé d’implantation d’ions est uti-
lisé à chacune de l’étape (c), de l’étape (d), et de
l’étape (e).
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