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includes: a substrate, an n-drift layer, a plurality of doped
regions, a gate dielectric layer, a gate electrode, an inter-layer
dielectric layer, a plurality of source openings, a plurality of
junction openings, a plurality of gate openings, a first metal
layer and a second metal layer. The second metal layer at the
junction openings forms the Schottky diode.
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SILICON CARBIDE SEMICONDUCTOR
DEVICE

FIELD OF THE INVENTION

[0001] The present invention relates to a semiconductor
power device, and particularly to a silicon carbide (S1C) semi-
conductor power device.

BACKGROUND OF THE INVENTION

[0002] Power semiconductor devices should provide the
mimmum possible turn-on resistance, reverse leakage current
and high switching speed at the rated breakdown voltage, to

reduce the operational conduction loss and switching loss.
The wide bandgap (Eg=3.26 eV), high threshold field of

dielectric breakdown (2.2 MV/cm) and high thermal conduc-
tivity (4.9 W/cm-K) of silicon carbide (S1C) make it an 1deal
material for power switching devices. The thickness of volt-
age supporting layer (a low doping concentration drift layer)
of power devices made of S1C 1s one-tenth of that made of
s1licon at the same rated blocking voltage, and the theoretical
conduction resistance ol S1C power devices can be hundreds
times lower than S1 power devices.

[0003] However, the wide bandgap of SiC also makes the
turn-on voltage of body diode of SiC metal oxide semicon-
ductor field effect transistor (MOSFET) reach to nearly 3V,
which will result 1n a larger loss during switching and limait
the switching speed. Furthermore, the basal plane disloca-
tions happened during epitaxial growth of S1C drift layer waill
expand 1nto stacking faults due to recombination of carriers
during the forward conducting of body diode. SiC MOS-
FET’s may degrade or even fail due to these stacking faults.
Therefore, a S1iC MOSFET sometimes co-packages an
reverse-parallel connected S1C Schottky diode exertnally to
increase the operating speed, reduce switching loss and avoid
reliability 1ssues brought by stacking faults.

[0004] In addition to externally connected with a Schottky
diode, U.S. Pat. No. 6,979,863 discloses a SiC MOSFET
integrated with a Schottky diode. In the S1C MOSFET of the
above disclosure, the source metal and the Schottky metal are
adjacent to each other which require additional layers 1n the
manufacturing process to individually fabricate source con-
tacts and Schottky contacts. Besides, to prevent the source
metal erroneously contact to the drift layer and thus cause
leakage current of the S1C MOSFET, greater tolerances 1n
design rules need to be reserved to avoid yield loss. Thus, an
elfective gate width per unit area of the S1C MOSFET and a
current density of the device may be undesirably afifected,
with costs further increased.

SUMMARY OF THE INVENTION

[0005] It 15 a primary object of the present mvention to
provide a S1C MOSTFET device, which 1s integrated with a
Schottky diode without mvolving an additional mask and
provides preferred utilization efficiency.

[0006] To achieve the above object, a S1C semiconductor
device 1s provided. The S1C semiconductor device includes a
substrate, an n-drift layer, a plurality of doped regions, a gate
dielectric layer, a gate electrode, an inter-layer dielectric
layer, a plurality of source openings, a plurality of junction
openings, a plurality of gate openings, a first metal layer and
a second metal layer.

[0007] The substrate 1s heavily doped n-type. The n-dnit
layer 1s disposed on the substrate, and 1s lightly doped n-type
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compared to the substrate. The doped regions are disposed at
the n-dniit layer and spaced from each other, with a junction
field effect transistor (JFET) region formed between the
doped regions. Each of the doped regions includes a p-well, a
heavily doped n-type (n+) region located in the p-well, and a
heavily doped p-type (p+) region located in the p-well and
surrounded by the n+ region. The gate dielectric layer 1s
arranged on the n-drift layer. The gate electrode 1s disposed on
the gate dielectric layer. The inter-layer dielectric layer 1s
disposed on the gate dielectric layer and the gate electrode.

[0008] The source openings penetrate through the inter-
layer dielectric layer and the gate dielectric layer to a surface
portion of the n+ region and the p+ region. The source open-
ings are separated by the gate electrode and the inter-layer
dielectric layer. The junction openings penetrate through the
inter-layer dielectric layer and the gate dielectric layer to a
surface portion of the JFET region and the doped region. The
junction openings are separated by the gate electrode and the
inter-layer dielectric layer. The gate openings penetrate
through the mter-layer dielectric layer to a surface portion of
the gate electrode. The first metal layer 1s disposed at a bottom
of the source openings to form an Ohmic contact with the
surface portion of the n+ region and the p+ region. The second
metal layer includes a first portion and a second portion. The
first portion covers the junction openings and the source
openings, 1s 1 contact and electrically connected with the
first metal layer, and forms a Schottky contact with the sur-
face portion of the JFET region. The second portion covers
the gate openings and 1s electrically msulated from the first
portion.

[0009] To achieve the above object, a S1C semiconductor
device 1s further provided by the present invention. The S1C
semiconductor device includes a substrate, an n-drift layer, a
plurality of first doped regions, a plurality of second doped
regions, a gate dielectric layer, a gate electrode, an inter-layer
dielectric layer, a plurality of source openings, a plurality of
junction openings, a plurality of gate openings, a first metal
layer and a second metal layer. The substrate 1s heavily doped
n-type. The n-driit layer 1s disposed on the substrate, and 1s
lightly doped n-type compared to the substrate. The first
doped regions are disposed at the n-driit layer and, and each
includes a first p-well, a first n+ region disposed 1n the first
p-well, and a first p+ region disposed 1n the first p-well and
surrounded by the first n+ region. The second doped regions
and the first doped regions are disposed at an interval at the
n-drift layer. A JFET region 1s formed between the first doped
region and the second doped region. Each of the second doped
regions includes a second p-well surrounding a non-p-well
region, a second p+ region surrounding the non-p-well region
and a part or all of the second p+ region overlapping with the
second p-well. The gate dielectric layer 1s disposed on the
n-driit layer. The gate electrode 1s disposed on the gate dielec-
tric layer. The inter-layer dielectric layer i1s disposed on the
gate dielectric layer and the gate electrode.

[0010] The source openings penetrate through the inter-
layer dielectric layer and the gate dielectric layer to a surface
portion of the first n+ region and the first p+ region. The
source openings are separated by the gate electrode and the
inter-layer dielectric layer. The junction openings penetrate
through the inter-layer dielectric layer and the gate dielectric
layer to a surface portion of the second doped region. The
junction openings are separated by the gate electrode and the
inter-layer dielectric layer. The gate openings penetrate
through the inter-layer dielectric layer to a surface portion of
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the gate electrode. The first metal layer 1s disposed at a bottom
of the source openings, and forms an Ohmic contact with the
surtace portion of the first n+ region and the first p+ region.
The second metal layer includes a first portion and a second
portion. The first portion covers the junction openings and the
source openings, 1s 1n contact and electrically connected with
the first metal layer, and forms a Schottky contact with a
surface portion of the non-p-well region. The second portion
covers the gate opemings and 1s electrically insulated from the
first portion.

[0011] Thus, in the present invention, the source openings
and the junction openings are separately arranged. Further,
the first metal layer 1s formed at the bottom the source open-
ings to form an Ohmic contact with only the n+ region (or the
first n+ region) and the p+ region (or the first p+ region). As
such, shorting between the lightly doped n-type n-drift layer
and the first metal layer due to manufacturing variations can
be avoided, thereby improving manufacturing yield.

[0012] The foregoing, as well as additional objects, fea-
tures and advantages of the invention will be more readily
apparent from the following detailed description, which pro-
ceeds with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 1s a top view of the present invention;

[0014] FIG. 2A 1s an enlarged view of an area X in FIG. 1
according to a first embodiment of the present invention;
[0015] FIG. 2B 1s a sectional view along A-A of FIG. 2A;

[0016] FIG. 2C 1s a sectional view along B-B of FIG. 2A;

[0017] FIG. 2D 1s a sectional view along A-A of FIG. 2A
according to another embodiment of the present invention;

[0018] FIG. 3A i1s an enlarged view of an area Y 1n Fig.1
according to the first embodiment of the present invention;

[0019] FIG. 3B 1s a sectional view along C-C of FIG. 3A;

[0020] FIG. 4 15 an enlarged view of the area X in FIG. 1
according to a second embodiment of the present invention;
and

10021]

FIG. 5 1s a sectional view along D-D of FIG. 4.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0022] FIG. 1 shows a top view of the present invention.
FIG. 2A shows an enlarged view of an area X 1 FIG. 1
according to a first embodiment of the present invention. FIG.
2B shows a sectional view along A-A of FIG. 2A. FIG. 2C
shows a sectional view along B-B of FIG. 2A. FIG. 3B shows
an enlarged view of an area Yin FIG. 1. FIG. 3B shows a
sectional view along C-C of FIG. 3A. Referning to FIG. 1,
FIGS. 2A to 2C, and FIGS. 3A and 3B, a SiC semiconductor
device 1 of the present mnvention includes a substrate 10, an
n-driit layer 11, a plurality of doped regions 20, a gate dielec-
tric layer 41, a gate electrode 42, an inter-layer dielectric layer
43, a plurality of source openings 31, a plurality of junction
openings 32, a plurality of gate openings 53, a first metal layer
61, and a second metal layer 62.

[0023] Referring to FIG. 2B, the substrate 10 1s a 4H-S1C
substrate, and 1s heavily doped n-type with a concentration
greater than 1E18cm ™. The n-drift layer 11 is arranged on the
substrate 10, and 1s n-type with a doping concentration
smaller than that of the substrate 10. For example, the doping
concentration of the n-drift layer 11 is between 1E14cm™ and
1E17cm™. The doped regions 20 are disposed at an interval at
the n-drift layer 11, and each includes a p-well 21, a heavily
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doped n-type (n+) region 22, and a heavily doped p-type (p+)
region 23. The p-well 21 has a doping concentration smaller
than 1E19cm™. The n+ region 23 has a doping concentration
greater than 1E19cm™, and is disposed in the p-well 21. The
p+ region 23 has a doping concentration greater than
1E19cm™, and is surrounded by the n+ region 22 and is in
contact with the p-well 21. In the embodiment, phosphorous
or nitrogen may be implanted as the n type dopant, and
aluminum or boron may be implanted as the p type dopant,
with implantation energy between 10 keV and 1400 keV. In
another embodiment, as shown 1n FIG. 2D, the p+ region 23
may be surrounded by the p-well 21 and the n+ region 22, and
a part or all of the p+ region 23 overlaps with the p-well 21.

[0024] Again referring to FIG. 2B, a junction field effect

transistor (JFET) region 30 1s formed between the doped
regions 20. The gate dielectric layer 41 1s disposed on the
n-drift layer 11, and may be made of a maternal such as S10,,
nitride-containing S10, or Al,O; by thermal oxidation,
chemical vapor deposition (CVD) or atomic layer deposition
(ALD). The gate electrode 42 1s disposed on the gate dielec-
tric layer 41, and corresponds above the JFET region 30. The
gate electrode 42 may be made of a material such as heavily
doped n-type poly-S1 with phosphorous as a dopant, or a
heavily doped p-type poly-Si1 with boron as a dopant. The
inter-layer dielectric layer 43 1s disposed on the gate dielectric
layer 41 and the gate electrode 42, and 1s made of a material
such as tetra-ethyl-ortho-silicate (TEOS), boro-phospho-sili-
cate-glass (BPSG), oxynitride, undoped silicate glass (USG)
or silicon rich nitride (SRIN).

[0025] The source openings 31 are formed by etching, and
penetrate through the inter-layer dielectric layer 43 and the
gate dielectric layer 41 to a surface portion of the n+ region 22
and the p+ region 23. The source openings 31 are separated by
the gate electrode 42 and the inter-layer dielectric layer 43.
Referring to FIG. 2C, the junction openings 52 are similarly
formed by etching, and penetrate through the inter-layer
dielectric layer 43 and the gate dielectric layer 41 to a surface
portion of the JFET region 30 and the doped region 20. The
junction openings 32 are separated by the gate electrode 42
and the 1nter-layer dielectric layer 43. Referring to FIGS. 3A
and 3B, the gate openings 53 penetrate through the inter-layer
dielectric layer 43 to a surface portion of the gate electrode 42.
In the embodiment, the gate opemings 53 are also formed by
etching. A field oxide layer 44 1s further provided between the
gate electrode 42 and the n-drift layer 11.

[0026] Thefirstmetal layer 61 1s disposed ata bottom of the
source openings 31, and 1s a silicide or a combination of
silicides of a matenal selected from a group consisting of
nickel, titanium and aluminum. acted with SiC at an anneal-
ing temperature higher than 900° C. to form silicides. The
unreacted materials are then removed by wet processes to
have the first metal layer 61 remained at the bottom of the
source openings 51. At the bottom of the source opemings 51,
the first metal layer 61 forms an Ohmic contact with the
surface portion of the n+ region 22 and the p+ region 23. The
second metal layer 62 may be made of a material such as
titanium, molybdenum, nickel, aluminum, titanium silicide,
molybdenum silicide, nickel silicide, aluminum silicide, tita-
nium nitride, an aluminum copper alloy or an aluminum
s1licon copper alloy by PVD or CVD. The second metal layer
62 includes a first portion 621 and a second portion 622. The
first portion 621 covers the junction openings 32 and the
source openings 31, 1s 1n contact and electrically connected
with the first metal layer 61 1n the source opemings 31, and
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forms a Schottky contact with the surface portion of the JFET
region 30 1n the junction openings 52. The second portion 622
covers the gate openings 53, and 1s not in contact with and
clectrically mnsulated from the first portion 621.

[0027] Inoneembodiment, the S1C semiconductor device 1
turther includes a drain 70. The drain 70 1s disposed at one
side of the substrate 10 opposite to the n-dnit layer 11.

Accordingly, the S1C semiconductor device 1 forms a MOS-
FET integrated with an anti-parallelly connected junction
barrier controlled Schottky rectifer.

[0028] As shown 1n FIG. 2A, 1n the first embodiment, for
example, the S1C semiconductor device 1 1s a design with a
quadrilateral p-well 21 at the center and four junction open-
ings 52 each being a quarter of a rounded rectangle at a corner
to form a unit cell, thereby effectively utilizing the area of the
device. In addition to the above shape, the unit cell may have
a planar contour of a square, a hexagon or a long strip. In
addition to the exemplary planar contour of a rounded rect-
angle, the planar contour of the junction openings 52 may be
a triangle, a hexagon, an octagon or a circle, and may have a
design adjustable according to the actual area of the device.

[0029] FIG. 4 shows an enlarged view of the area X 1n FIG.
1 according to a second embodiment of the present invention.
FIG. § 1s a sectional view along D-D of Fig.4. To achieve the
above object, a S1C semiconductor device 1 1s further pro-
vided by the present mvention. The S1C semiconductor
device 11ncludes a substrate 10, an n-driftlayer 11, a plurality
of first doped regions 20q, a JFET region 30, a plurality of
second doped regions 200, a gate dielectric layer 41, a gate
clectrode 42, an inter-layer dielectric layer 43, a plurality of
source openings 31, a plurality of junction openings 32, a
plurality of gate openings 53, a first metal layer 61 and a
second metal layer 62.

[0030] Inthe second embodiment, for example, the unit cell
has a planar contour of a hexagon. In other embodiments, the
unit cell may be a rectangle, a quadrilateral or a long strip.

[0031] In the second embodiment, the substrate 10 1s a
4H-S1C substrate, and 1s heavily doped n-type with a concen-
tration greater than 1E18cm™. The n-drift layer 11 is dis-
posed on the substrate 10, and 1s n-type with a doping con-
centration smaller than that of the substrate 10. For example,

the doping concentration of the n-dnit layer 11 1s between
1E14cm™ and 1E17¢cm ™.

[0032] The first doped regions 20a and the second doped
regions 205 are disposed at an interval at the n-dnft layer 11.
The JFET region 30 1s formed between the first doped regions
204 and the second doped regions 2056. Each of the first doped
regions 20a includes a first p-well 214, a first n+ region 22a,
and a first p+ region 23a. The first n+ region 22a 1s disposed
in the first p-well 21a. The first p+ region 23a 1s surrounded
by the first n+ region 22a, and 1s contact with the first p-well
21a. Each of the second doped regions 205 includes a second
p-well 215, a second n+ region 225 and a second p+ region
23b. The second p-well 215 surrounds a non-p-well region
31.The second n+ region 225 1s disposed in the second p-well
21b. A part or all of the second p+ region 235 overlaps with
the second p-well 215, 1s adjacent to the second n+ region
22b, and extends to the non-p-well region 31. It should be
noted that, although this embodiment includes the second n+
region 22b, the second n+ region 226 may be excluded in
another embodiment, and operations of the S1C semiconduc-
tor device 1 are not affected. The doping concentrations and
implantation energies of the first doped regions 20a and the
second doped regions 200 may correspond to the doping
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concentrations and implantation energies of the doped
regions 20, and shall be omitted herein.

[0033] The gate dielectric layer 41 1s disposed on the n-driit
layer 11, and may be similarly made of a material such as
S10,, nitride-containing S10,, or Al,O; by thermal oxidation,
CVD or ALD. The gate electrode 42 1s disposed on the gate
dielectric layer 41. The gate electrode 42 may be made of a
material such as heavily doped n-type poly-S1 with phospho-
rous as a dopant, or aheavily doped p-type poly-S1 with boron
as a dopant. The inter-layer dielectric layer 43 1s disposed on
the gate dielectric layer 41 and the gate electrode 42, and 1s
made of a material such as TEOS, BPSG, oxynitride, USG or
SRN. Further, 1n the second embodiment, positions and struc-
tures of the gate openings 53 are 1dentical to those in the first
embodiment, and may be referred from FIGS. 3A and 3B.
Associated details shall be omitted herein.

[0034] Accordingly, compared to the first embodiment, the
source openings 51 of the second embodiment penetrate
through the inter-layer dielectric layer 43 and the gate dielec-
tric layer 41 to a surface portion of the first n+ region 22q and
the first p+ region 23a to correspond above the first doped
region 20a. The source openings 51 are separated by the gate
clectrode 42 and the inter-layer dielectric layer 43. The junc-
tion openings 52 penetrate through the inter-layer dielectric
layer 43 and the gate dielectric layer 41 to a surface portion of
the second p+ reglon 235 of the second doped reglon 206 and
the non-p-well region 31. The junction openings 52 are
spaced by the gate electrode 42 and the inter-layer dielectric
layer 43. The gate openings 53 penetrate through the inter-

layer dielectric layer 43 to a surface portion of the gate elec-
trode 42.

[0035] The first metal layer 61 1s disposed at the bottom of
the source openings 51, and forms an Ohmic contact with the
the surface portion of first n+ region 22a and the first p+
region 23a. The second metal layer 62 includes a first portion
621 and a second portion 622. The first portion 621 covers the
junction openings 52 and the source openings 51, 1s 1n contact
and electrically connected with the first metal layer 61, and
forms a Schottky contact with a surface portion of the non-
p-well region 31. The second portion 622 covers the gate
openings 33, and 1s not in contact with and thus electrically
insulated from the first portion 621. It should be noted that,
details of manufacturing processes for forming the source
openings 51, the junction openings 32 and the gate openings
53 as well as the materials of the first metal layer 61 and the
second metal layer 62 may be referred from the correspond-
ing description of the first embodiment, and shall be omaitted
herein.

[0036] In conclusion, 1n the present invention, the source
openings and the junction openings are separately disposed.
In the manufacturing process, the source openings are first
manufactured and the first metal layer 1s formed, and gate
openings and the junction openmings are manufactured, fol-
lowed by forming the second metal layer, thereby forming a
good Schottky contact by the second metal layer at the junc-
tion openings with SiC. Further, the first metal layer 1s formed
at the bottom of the source openings to form an Ohmic contact
with only the n+ region (or the first n+ region) and the p+
region (or the first p+ region). As such, shorting between the
lightly doped n-type n-drift layer and the first metal layer due
to manufacturing variations can be avoided, thereby improv-
ing manufacturing yield.

[0037] While the preferred embodiments of the invention
have been set forth for the purpose of disclosure, modifica-
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tions of the disclosed embodiments of the invention as well as
other embodiments thereof may occur to those skilled 1n the
art. Accordingly, the appended claims are intended to cover
all embodiments which do not depart from the spirit and
scope of the invention.

What 1s claimed 1s:

1. A silicon carbide (51C) semiconductor device, compris-

ng:

a substrate, having heavily doped n-type;

an n-drift layer, disposed on the substrate, having lightly
doped n-type compared to the substrate;

a plurality of doped regions, disposed at the n-driit layer,
spaced from each other and formed a junction field effect
transistor (JFET) region therebetween, each of the
doped regions comprising a p-well, a heavily doped
n-type (n+) region located in the p-well, and a heavily
doped p-type (p+) region located 1n the p-well and sur-
rounded by the n+ region;

a gate dielectric layer, disposed on the n-dniit layer;
a gate electrode, disposed on the gate dielectric layer;

an 1nter-layer dielectric layer, disposed on the gate dielec-
tric layer and the gate electrode;

a plurality of source openings, penetrating through the
inter-layer dielectric layer and the gate dielectric layer to
a surface portion of the n+ region and the p+ region and
are separated by the gate electrode and the inter-layer
dielectric layer;

a plurality of junction openings, penetrating through the
inter-layer dielectric layer and the gate dielectric layer to
a surface portion of the JFET region and the doped
regions are separated by the gate electrode and the inter-
layer dielectric layer;

a plurality of gate openings, penetrating through the inter-
layer dielectric layer to a surface portion of the gate
electrode:

a first metal layer, disposed at a bottom of the source
openings, formed an Ohmic contact with the surface
portion of the n+ region and the p+ region; and

a second metal layer, comprising a first portion and a sec-
ond portion wherein the first portion covers the source
openings and the junction openings 1s electrically con-
nected to the first metal layer and forms a Schottky
contact with the surface portion the JFET region; the
second portion covers the gate openings and 1s electri-
cally insulated from the first portion.

2. The S1C semiconductor device of claim 1, wherein the

p+ region 1s surrounded by the p-well and the n+ region, and
a part or all of the p+ region overlaps with the p-well.

3. The SiC semiconductor device of claim 1, wherein the
substrate 1s a 4H-S1C substrate.

4. The S1C semiconductor device of claim 1, wherein the
first metal layer 1s a silicide or a combination of silicides of a

material selected from a group consisting of nickel, titanium
and aluminum.

5. The Si1C semiconductor device of claim 1, wherein the
second metal layer 1s selected from a group or a combination
consisting of titanium, molybdenum, nickel, aluminum, tita-
nium silicide, molybdenum silicide, nickel silicide, alumi-
num silicide, titantum nitride, an aluminum copper alloy and
an aluminum silicon copper alloy.

6. The Si1C semiconductor device of claim 1, wherein a
planar contour of the p-well 1s a square, a rectangle or a
hexagon.
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7. The S1C semiconductor device of claim 1, wherein a
planar contour of the junction openings 1s a quadrlateral, a
hexagon, an octagon or a circle.

8. A silicon carbide (S1C) semiconductor device, compris-
ng:

a substrate, having heavily doped n-type;

a n-drift layer, disposed on the substrate, having lightly

doped n-type compared to the substrate;

a plurality of first doped regions, disposed at the n-drift
layer, each of the first doped regions comprising a first
p-well, a first n+ region arranged in the first p-well, and
a first p+ region arranged 1n the first p-well and sur-
rounded by the first n+ region;

a plurality of second doped regions, disposed at the n-drift
layer and spaced from the first doped regions to form a
JFET region between the first doped region and the
second doped region, each of the second doped regions
comprising a second p-well surrounding a non-p-well
region, and a second p+ region surrounding the non-p-
well region and a part or all of the p+ region overlaps
with the second p-well;

a gate dielectric layer, disposed on the n-drift layer;

a gate electrode, disposed on the gate dielectric layer;

an 1ter-layer dielectric layer, disposed on the gate dielec-
tric layer and the gate electrode;

a plurality of source opemings, penetrating through the
inter-layer dielectric layer and the gate dielectric layer to
a surface portion of the first n+ region and the first p+
region, and are separated by the gate electrode and the
inter-layer dielectric layer;

a plurality of junction openings, penetrating through the
inter-layer dielectric layer and the gate dielectric layer to
a surface portion of the second doped region, and are
separated by the gate electrode and the inter-layer
dielectric layer;

a plurality of gate openmings, penetrating through the inter-
layer dielectric layer to a surface portion of the gate
electrode;

a first metal layer, disposed at a bottom of the source
openings, formed an Ohmic contact with the surface
portion of the first n+ region and the first p+ region; and

a second metal layer, comprising a first portion and a sec-
ond portion wherein the first portion covers the source
openings and the junction openings and 1s electrically
connected to the first metal layer and forms a Schottky
contact with a surface portion of the non-p-well region,
the second portion covers the gate openings and 1s elec-
trically 1insulated from the first portion.

9. The S1C semiconductor device of claim 8, wherein the
first p+ region 1s surrounded by the first p-well and the first n+
region, and a part or all of the first p+ region overlaps with the
first p-well.

10. The S1C semiconductor device of claim 8, wherein each
of the second doped regions further comprises a second n+
region arranged in the second p-well and adjacent to the
second p+ region.

11. The S1C semiconductor device of claim 8, wherein the
substrate 1s a 4H-S1C substrate.

12. The S1C semiconductor device of claim 8, wherein the
first metal layer 1s a silicide or a combination of silicides of a
material selected from a group consisting of nickel, titantum
and aluminum.

13. The S1C semiconductor device of claim 8, wherein the
second metal layer 1s selected from a group or a combination
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consisting of titanium, molybdenum, nickel, aluminum, tita-
nium silicide, molybdenum silicide, mickel silicide, alumi-
num silicide, titantum nitride, an aluminum copper alloy and
an aluminum silicon copper alloy.

14. The S1C semiconductor device of claim 8, wherein a
planar contour of the first p-well 1s a square, a rectangle or a
hexagon, and a planar contour of the second p-well 1s a
square, a rectangle or a hexagon.

15. The S1C semiconductor device of claim 8, wherein a
planar contour of the junction openings 1s a quadrilateral, a
hexagon, an octagon or a circle.
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