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Description

Power semiconductor device and a method for producing a power

semiconductor device

The invention relates to a power semiconductor device and a

method for producing a power semiconductor device.

A large number of systems and applications benefit from
modern power semiconductor devices with Schottky contacts, so
called Schottky power semiconductor devices, e.g. metal oxide
semiconductor field effect transistor (MOSFET) devices or
insulated-gate bipolar transistor (IGBT) devices, offering
excellent overall performance both for static and dynamic

electrical parameters.

For example, Schottky MOSFET devices do not feature doped
contact regions or well regions, e.g. n+ doped contacts or p+
doped wells. This is to say that such Schottky power
semiconductor devices do not have a metallurgical junction to

protect a gate oxide.

It 1is an object of the invention to provide a power
semiconductor device, which has an improved reliability and
to provide a method for producing such a power semiconductor

device.

The object is achieved by the subject matter of the
independent claims. Further, embodiments are evident from the

dependent claims and the following description.

A first aspect of the invention relates to a power

semiconductor device. The power semiconductor device 1is, for
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example a power MOSFET or a power IGBT. Further, the power
semiconductor device is, for example, a Schottky power

semiconductor device.

The power semiconductor device is based, for example, on
silicon carbide. This is to say that the power semiconductor
device is, for example, either a SiC power MOSFET or a SiC

power IGBT.

According to the embodiment of the first aspect, the power
semiconductor device comprises an electrode. The electrode
can comprise, for example a metal or consists of a metal. For
example, the electrode is, for example, an electrode being

externally contactable in an electrical conductive manner.

The electrode has, for example, a main plain of extension.
Lateral directions are aligned parallel to the main plain of
extension, and a vertical direction is aligned perpendicular

to the main plain of extension.

According to the embodiment, the power semiconductor device
comprises a base layer of a first conductivity type provided
on the electrode. The base layer, for example, comprises a
semiconductor material or consists of a semiconductor
material. Exemplarily, the base layer is an epitaxial base
layer. The base layer comprises Silicon Carbide (8iC), for
example. Silicon carbide is a chemical compound of silicon
and carbon belonging to the group of carbides. Silicon
carbide is a polytype material, wherein some polytypes have a
band gap of up to 3.33 eV, such as 2H-SiC, making SiC a

semiconductor with a wide band gap.
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The base layer comprises, for example n-type dopants such
that the first conductivity type is an n-type conductivity. A
doping concentration of the first dopants of the base layer
can be homogeneous. Alternatively, the doping concentration
can increase towards the electrode or the doping
concentration has a region of higher doping concentration at

the electrode.

The base layer 1is, for example, in direct contact to the
electrode or if between the base layer and the electrode no
layer of a second conductivity type is provided, the power

semiconductor device is a power MOSFET.

Alternatively, an injecting layer of the second conductivity
type is provided on the base layer. For example, the
injecting layer is arranged between the base layer and the
electrode. In this case, the power semiconductor device is,

for example, a power IGRT.

For example, the injecting layer comprises p-type dopants
such that the second conductivity type is a p-type
conductivity. Alternatively, the first conductivity type and

the second conductivity type can be inversed.

According to the embodiment, the power semiconductor device
comprises at least one contact layer provided on the base
layer. The contact layer is arranged on a top surface of the
base layer, facing away from the electrode, for example. The
contact layer has, for example a main extension direction in
lateral directions. The contact layer is, for example,

externally contactable in an electrical conductive manner.
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Furthermore, it is possible that at least two contact layers
are provided on the base layer. In this case, the contact
layers are spaced apart from one another. The main extension
directions of the contact layers, for example, extend
parallel to one another. One of the at least two contact
layers 1is formed, e.g., as a source of the power MOSFET and
the other one of the at least two contact layers is formed,

e.g., as a drain of the power MOSFET.

According to the embodiment, the power semiconductor device
comprises a gate contact provided on the base layer and on
the contact layer. The gate contact has a main extension
direction being parallel to the lateral directions, for
example. The main extension direction of the gate contact
extends, for example, perpendicular to the main extension

directions of the contact layer.

The gate contact comprises or consists of at least one of a
metal and polysilicon, for example. Further, the gate contact
is, at least in regions, externally contactable in an

electrical conductive manner.

According to the embodiment, the power semiconductor device
comprises an insulation layer between the gate contact and
the base layer and between the contact layer and the gate
contact. For example, the gate layer is embedded in the
insulation layer. This is to say that the insulation layer
covers all outer surfaces of the gate contact, except the

region for externally contacting.

The insulation layer comprises, for example, a dielectric
material. The insulation layer is a gate oxide, for example.

E.g. the insulation layer includes high K dielectric stacks.
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In this case, the k dielectric stacks comprise or consist of
materials with a higher relative permittivity than silicon

dioxide, so-called high-K materials.

According to the embodiment, the power semiconductor device
comprises at least one zone of a second conductivity type
different from the first conductivity type within the base
layer. The zone is, for example, embedded within the base
layer. In this context, embedded can mean that a top surface,
a bottom surface and at least two side surfaces of the zone
is covered by the base layer. It is further possible, that
embedded means that an outer surface of the zone is
completely covered by the base layer, e.g., the zone is
completely enclosed by the base layer in a three dimensional
manner. The zone can have a triangular, a squared, a
rectangular, a round, an oval or an elliptic form in a cross
section along one of the lateral directions and the vertical

direction.

The zone comprises, for example p-type dopants such that the
second conductivity type is a p-type conductivity.
Alternatively, the zone comprises n-type dopants such that
the second conductivity type is an n-type conductivity. For
example, the second conductivity type is different from the
first conductivity type. This is to say if the base layer
comprises n-type dopants the zone comprises p-type dopants

and vice versa.

According to the embodiment of the power semiconductor
device, the at least one zone is constructed and arranged to
shift away a peak electric field generated in the base layer
from the insulation layer between the gate contact and the

base layer.
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The peak electric field is an electrical field, which, for
example, at least one of temporarily and locally strongly
increases or decreases. For example, such electric field is,
for example, a combination of two exponential parts, one
exponentially increasing part and another exponentially

decreasing part.

For example, the at least one zone of the second conductivity
type is shaped and arranged such that the zone shifts away
the peak electric field produced in the base layer from the
interface between the insulation layer of the gate contact

and a region of the base layer facing the gate contact.

According to at least one embodiment of the power
semiconductor device, the at least one contact layer is a
metallic layer. Exemplarily, the metallic layers comprise a

metal or consist of a metal.

An interface between the metallic layer and the base layer
forms, for example, a Schottky contact. A material
composition, such as a doping concentration of the base layer
and a work function of the metallic layer, is selected such
that a depletion zone is formed in a region of the interface

within the base layer.

Alternatively, the at least one contact layer comprises or
consists of a semiconductor material having a first region of
the first conductivity and a second region of the second
conductivity. In this case the first region is configured for
external contacting. The second region is arranged between

the first region and the drift layer.



10

15

20

25

30

WO 2022/117656 PCT/EP2021/083791

According to at least one embodiment of the power
semiconductor device, the base layer comprises a plain top
surface and the at least one metallic layer does not extend
into the base layer in vertical direction. For example, the
top surface faces away from the electrode. This is to say
that the metallic layer and the base layer do not overlap
with one another in vertical direction. In this way, the
contact does not regquire expensive implantation and

activation steps.

According to at least one embodiment of the power
semiconductor device, the base layer comprises at least one
recessed top surface and the at least one contact layer is

provided on the at least one recessed top surface.

For example, the base layer comprises a bar structure facing
away from the electrode. The bar structure comprises a top
surface and at least one side surface. The side surface
connects the top surface of the bar structure with the
recessed top surface of the base layer. The bar structure
extends, exemplarily along a main extension direction in
lateral directions being perpendicular to the main extension
direction of the gate contact. Further, the bar structure is

arranged in a central position of the base layer.

E.g. the bar structure and the base layer are formed in one
piece. This is to say that the bar structure is a part of the
base layer. According to this embodiment, the contact layer
and the base layer overlap with one another in vertical

direction.

According to at least one embodiment of the power

semiconductor device, at least one of the gate contact and
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the insulation layer partially overlaps with the at least one

contact layer in lateral directions.

According to at least one embodiment of the power
semiconductor device, an overlap of the at least one of the
gate contact and the insulation layer in lateral directions
with the at least one contact layer is between at least 0.001
pm and at most 3 pm. For example, the overlap of the at least
one of the gate contact and the insulation layer in lateral
directions with the at least one contact layer is between at

least 0.2 pm and at most 2 um.

According to at least one embodiment of the power
semiconductor device, the at least one zone is provided
centred in lateral directions with respect to the gate
contact. For example, if the power semiconductor device
comprises at least two contact layers, the zone is arranged
centred between the contact layers in lateral directions. If
there is only a single zone, the zone has equal distances to

the contact layers in lateral directions.

A centred arrangement of the zone, exemplarily improves the
controllability of the electric field within the base layer
such that the electric field can then extend symmetrically

within the base layer.

According to at least one embodiment of the power
semiconductor device, the at least one zone has a main
extension direction in lateral directions transverse to a
main extension direction of the base layer in lateral
directions. Exemplarily, the main extension direction of the
zone 1is perpendicular to the main extension direction of the

base layer in lateral directions.
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According to at least one embodiment of the power
semiconductor device, the at least one zone has a length in
lateral directions being equal to the length of the at least
one contact layer. The length of the at least one zone 1is,
for example, an extend of the zone in lateral directions
along the main extension direction of the zone. The length of
the contact layer is, for example, an extend of the contact
layer in lateral directions along the main extension
direction of the contact layer. E.g. the main extension
direction of the contact layers is parallel to the main

extension direction of the zone.

In addition or alternatively, the length of the zone is equal
to a width of at least one of the gate contact and the
insulation layer, for example. The width of at least one of
the gate contact and the insulation layer is, for example, an
extend of at least one of the gate contact and the insulation
layer in lateral directions perpendicular to the main
extension direction of at least one of the gate contact and

the insulation layer.

Due to such dimensions of the zone, the device can have an
improved resistance such that the resistance of the device is

sufficiently low.

According to at least one embodiment of the power
semiconductor device, a distance between the zone and the
insulation layer is at most 1 um. The distance i1s the minimal
distance in vertical direction between the zone and the
insulation layer. It is possible that the zone and the

insulation layer can be in direct contact with one another.
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Further, the distance between the zone and the insulation

layer is at most 0.25 pum, for example.

Due to such distances the electric field is sufficiently low
within the base layer in regions of the insulation layer. At
the same time, a production effort of the zone is reduced
having the distance of at most 0.25 um. Thus, a quality of
the base layer is maintained. However, in case of using a
zone having the distance of at most 1 pm current spreading is

improved, as the current can spread more evenly.

According to at least one embodiment of the power
semiconductor device, the at least one zone comprises a peak
doping concentration being at least 101% 1/cm® and at most
5x10'7 1/cm®. For example, a doping concentration of the zone
has a maximum value being the peak doping concentration value

within the zone.

According to at least one embodiment of the power
semiconductor device, the at least one zone comprises a peak
doping concentration being one to hundred times higher than a

peak doping concentration of the base layer.

According to at least one embodiment of the power
semiconductor device, a thickness of the at least one zone 1is
at least 0.1 pm and at most 1 pm. The thickness is the
minimal extension in vertical direction of the zone. Further,
the thickness of the zone 1is, for example at least 0.2 pm and

at most 0.6 um.

According to at least one embodiment of the power
semiconductor device, the at least one zone has a width in

lateral directions along a main extension direction of the



10

15

20

25

30

WO 2022/117656 PCT/EP2021/083791

_11_

base layer, which is less than 40 % of a length of the gate
contact in lateral directions along the main extension
direction of the base layer. The main extension direction of
the base layer equals a main extension direction of the gate
contact. If the zone has a width being larger than 40 % of
the length of the gate contact, a current flow through the
base layer is hindered and significantly increase an on-state

resistance. Due to such a width of less than 40 %, the on-

state resistance increase is negligible.

According to at least one embodiment, the power semiconductor
device comprises at least two zones of the second
conductivity type, wherein the at least two zones are

provided in a common plane extending in lateral directions.

According to at least one embodiment, the power semiconductor
device comprises at least three zones of the second

conductivity type.

According to at least one embodiment of the power
semiconductor device, the at least three zones form a
retrograde profile in a cross sectional view perpendicular to
lateral directions. The retrograde profile is a doping
profile, wherein a peak doping concentration of the doping

profile faces away from the contact layer.

According to at least one embodiment of the power
semiconductor device, a peak doping concentration of the
retrograde profile faces away from the gate contact. For
example, if the power semiconductor device comprises the at
least two contact layers, the peak is located in the centre
between the contact layers. E.g. a zone in a region of the

peak is arranged further away from the gate contact in
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vertical direction than a zone in regions not located at the
peak. For example, the zones not located at the peak are
arranged symmetrically around the zone in the region of the

peak.

For example, the zones can be arranged on grid points of a
regular grid. The grid, for example, is a triangular,

rectangular or hexagonal grid.

Due to the arrangement of the zones according to the

retrograde profile, the current can spread more evenly.

For example, a so-called a dead zone for the current is
located around each zone. Due to diffusion, such a dead zone
is, e.g., smaller than the respective zone. Thus, a plurality
of zones being smaller than a single zone can spread the
current better than the single zone being larger than the

plurality of zones.

A second aspect of the invention relates to a method for
producing a power semiconductor device. Preferably the method
produces a power semiconductor device described herein above.
All features disclosed in connection with the power

semiconductor device are therefore also disclosed in

connection with the method and vice versa.

According to the embodiment of the second aspect of the

method, an electrode is provided.

According to the embodiment of the method, a base layer of a

first conductivity type is provided on the electrode.
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According to the embodiment of the method, at least one

contact layer is applied on the base layer.

According to the embodiment of the method, a gate contact and
an insulation layer are applied on the base layer and at
least one contact layer, wherein the insulation layer is
applied between the gate contact and the base layer and

between the at least one contact layer and the gate contact.

According to the embodiment of the method, at least one zone
of a second conductivity type is generated within the base
layer, wherein the at least one zone 1s constructed and
arranged to shift away a peak electric field generated in the
base layer from the insulation layer between the gate contact
and the base layer. For example, the zone is generated by
implanting dopants of the second conductivity type within the
base layer. Subsequently, a material of the base layer is
grown on top of the generated zone and the adjacent base
layer, for example. Due to such an overgrowth process, the

zone can be embedded within the base layer.

The subject matter of the invention will be explained in more
detail in the following with reference to exemplary

embodiments which are illustrated in the attached drawings.

Figures 1 and 2 schematically show sectional views of a

MOSFET according to the prior art.

Figure 3 schematically shows a current-voltage characteristic
of a current for different gate voltages of a MOSFET

according to the prior art.
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Figure 4 schematically shows a current-voltage characteristic
of a current for different voltages of a MOSFET according to

the prior art.

Figures 5 schematically shows a sectional view of a power

semiconductor device according to an embodiment.

Figures 6 schematically shows a doping profile of a MOSFET

according to the prior art.

Figures 7 and 8 schematically shows a doping profile of a

power semiconductor device according to an embodiment.

Figures 9 schematically shows an electrical field profile of

a MOSFET according to the prior art.

Figures 10 and 11 schematically shows an electrical field
profile of a power semiconductor device according to an

embodiment.

Figures 12 schematically shows an electrical current density

profile of a MOSFET according to the prior art.

Figures 13 and 14 schematically shows an electrical current
density profile of a power semiconductor device according to

an embodiment.

Figures 15 and 16 schematically show sectional views of a

power semiconductor device according to an embodiment.

Figures 17 and 18 schematically show sectional views of a

power semiconductor device according to an embodiment.
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Figures 19 and 20 schematically show sectional views of a

power semiconductor device according to an embodiment.

Figures 21 and 22 schematically show sectional views of a

power semiconductor device according to an embodiment.

Figure 23 shows a flow diagram of a method for producing

power semiconductor device according to an embodiment.

The reference symbols used in the drawings, and their
meanings, are listed in summary form in the list of reference
symbols. In principle, identical parts are provided with the

same reference symbols in the figures.

The MOSFET according to the prior art in Figure 1 comprises
an electrode 2, a base layer 3 being arranged on the
electrode 2, two contact layers 4 being arranged on the base
layer 3, a gate contact 5 being arranged on the base layer 3,
and an insulation layer 6 between the gate contact 5 and the

base layer 3.

According to Figure 2 a cross-section P, marked in Figure 1,
through the contact layers 4 and the base layer 3 is shown.
Further, a main extension direction of the base layer L3 in

lateral directions is depicted in Figure 2.

The current-voltage characteristic of Figure 3 shows a drain
current Id for different gate voltages Vg of the MOSFET

according to the prior art according to Figures 1 and 2.

The current-voltage characteristic of Figure 5 shows a drain
current Id for different drain voltages Vd of the MOSFET

according to the prior art according to Figures 1 and 2.
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The power semiconductor device 1 according to the embodiment
of Figure b comprises an electrode 2 on which a base layer 3
of a first conductivity type is provided. A top surface of
the base layer 3 is plain. On this plain top surface of the
base layer 3, two contact layers 4, each being a metallic
layer, are arranged. In a side view of the power
semiconductor device 1, the metallic layers and the base

layer 3 do not overlap with one another.

In addition, a gate contact 5 is provided on the base layer 3
and on the metallic layers. The gate contact 5 is enclosed by
an insulation layer 6, except the region for externally
contacting. The insulation layer 6 1s arranged between the
gate contact 5 and the base layer 3 as well as between the at

least two metallic layers and the gate contact 5.

The gate contact 5 and the insulation layer 6 partially
overlap in lateral directions with the metallic layers. An
overlap of the gate contact 5 and the insulation layer 6 with
each of the metallic layers is, for example, is at least 0.2
pm and at most 2 pm. Furthermore, a side surface of each of
the metallic layers are completely covered by the insulation

layer 6.

Moreover, a zone 7 of a second conductivity type is located
within the base layer 3. In this sectional view an outer
surface of the zone 7 is completely covered by the base layer
3 such that the zone 7 is completely enclosed by the base
layer 3 in two dimensions. Further, the zone 7 is provided
centred in lateral directions with respect to the gate
contact 5. For example, a distance between the zone 7 and the

insulation layer 6 is at most 1 um.
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For example, the base layer 3 of the first conductivity type
comprises n-type dopants. In this case, the zone 7 of a
second conductivity type comprises p-type dopants. Due to
such an arrangement of the zone 7 of the second conductivity
type, a peak electric field generated in the base layer 3 is
shifted away from the insulation layer 6 between the gate

contact 5 and the base layer 3.

A simulation a doping profile according to Figure 6
corresponds to a MOSFET according to Figures 1 and 2 without

having a zone 7 of the second conductivity type.

Simulations of doping profiles of the Figures 7 and 8
correspond to a power semiconductor device 1 with a zone 7 of
a second conductivity type according to the embodiment of
Figure 5. In this cross sectional views, a doping
concentration is represented by shaded areas. Here, shaded
areas with a comparatively high density of lines corresponds
to a comparatively high doping concentration. Consequently,
shaded areas with a comparatively low density of lines
corresponds to a comparatively low doping concentration. For
example, the zone 7 of the second conductivity comprises a
peak doping concentration being at least 101 1/cm® and at
most 5x10171/cm® corresponding to the shaded area with the

highest density of lines.

A simulation of an electric field profile according to Figure
9 is based on the simulated doping profile according to
Figure 6. Here, an absolute value of an electric field in
V/cm is about 1.7x10¢ V/cm directly below the gate contact 5
in a first region. An electric field of a second region,

adjacent to the first region, is about 1.6x10°% V/cm.
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The simulations of an electric field profile according to
Figures 10 and 11 are based on the doping profiles of Figures
7 and 8, respectively. An absolute value of an electric field
directly below the gate contact 5 in a first region is
reduced with respect to Figure 9 to about 4x10° V/cm and in a

second region to about 1x10% V/cm.

A simulation of an electric current density according to
Figure 12 is based on the simulated doping profile according
to Figure 6. The simulations of the electric current density
according to Figures 13 and 14 are based on the doping
profiles of Figures 7 and 8, respectively. The electric
current density below directly below the gate contact 5 in a
first region is less for the power semiconductor device 1
according to Figure 13 and 14. Here, a density of lines of
shown shaded areas correspond to a value of the electric

current density.

The base body of the power semiconductor device 1 according
to the embodiment of Figures 15 and 16 comprise in contrast
to the embodiment in connection with Figure 5 a bar
structure. The bar structure and the base body are formed in
one piece. Due to the bar structure, the base body comprises
two recessed top surfaces. On each of the two recessed top

surfaces one contact layer 4 is arranged.

Furthermore, between the electrode 2 and the base layer 3, an
injecting layer 8 of the second conductivity type is
arranged. In this exemplary embodiment, the power

semiconductor device 1 is an IGBT.
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According to Figure 16, showing a schematic top view on the
power semiconductor device 1, the zone 7 has a main extension
direction L7 in lateral directions being perpendicular to a
main extension direction of the base layer L3. Furthermore,
the zone 7 has a width in lateral directions along the main
extension direction of the base layer L3, which is less than
40 % of a length of the gate contact 5 in lateral directions

along the main extension direction of the base layer L3.

The zone 7 being arranged centred between the two contact
layers 4 in lateral directions extend along the main
extension direction of the zone L7 over the whole width of
the base layer 3 along the main extension direction of the

zone L7.

In contrast to the embodiment of Figures 15 and 16 the base
layer 3 according to Figures 17 and 18 comprises three zones
7. The zones 7 are arranged spaced apart from one another.
Furthermore, the main extension directions of the zones L7
are running parallel to one another. In this embodiment, the
zones 7 are arranged in a common plane. This is to say that

each zone 7 has a same minimal distant to the gate contact 5.

In contrast to the embodiment of Figures 17 and 18 the three
zones 7 according to Figures 19 and 20 form a retrograde
profile in a cross sectional view perpendicular to lateral
directions. The retrograde profile comprises a peak facing
away from the gate contact 5. The zone 7 in the middle of the
three zones 7 has a minimal distance to the gate contact 5 in

vertical direction than the outer two zones 7.

The power semiconductor device 1 according to the embodiment

of Figures 21 and 22 comprises five zones 7. Each zone 7 does
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is formed of a square in plan view. In this embodiment, each
zone 7 does not extend over the whole width of the base layer
3. Rather, each zones 7 forms a single pocket within the base
layer 3 being completely, e.g. three dimensionally,
surrounded by the base layer 3. One of the zones 7 is
arranged in centred with respect to the gate contact 5 in
lateral directions. Four of the five zones 7 are arranged
symmetrically around the zone 7 arranged centred. These four
zones 7 are arranged on grid points of a rectangular grid,

e.g. in a box-1like fashion.

In the method step 100, according to Figure 23, an electrode
2 1is provided and, in the method step 200, a base layer 3 of

a first conductivity type is provided on the electrode 2.

Subsequently, in a next method step 300 at least two contact
layers 4 are applied on the base layer 3. In a next method
step 400, a gate contact 5 and an insulation layer 6 are
applied on the base layer 3 and at least two contact layers
4, wherein the insulation layer 6 is applied between the gate
contact 5 and the base layer 3 and between the at least two

contact layers 4 and the gate contact b5

In the method step 500, at least one zone 7 of a second
conductivity type is generated within the base layer 3,
wherein the at least one zone 7 is constructed and arranged
to shift away a peak electric field generated in the base
layer 3 from the insulation layer 6 between the gate contact

5 and the base layer 3.
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Claims

1. A power semiconductor device (1) comprising

- an electrode (2);

- a base layer (3) of a first conductivity type provided on
the electrode (2);

- at least one contact layer (4) provided on the base layer
(3)7

- a gate contact (5) provided on the base layer (3) and on
the at least one contact layer (4);

- an insulation layer (6) between the gate contact (5) and
the base layer (3) and between the at least one contact layer
(4) and the gate contact (5), and

- at least one zone (7) of a second conductivity type
different from the first conductivity type within the base
layer (3),

- wherein the at least one contact layer (4) is arranged on a
top surface of the base layer (3), facing away from the
electrode (2),

- wherein the at least one contact layer (4) is a metallic
layer,

- an interface between the metallic layer and the base layer
(3) forms a Schottky contact,

- the at least one zone (7) is embedded within the base layer
(3), such that a top surface, a bottom surface and at least
two side surfaces of the at least one zone (7) is covered by
the base layer (3), and

- wherein the at least one zone (7) is constructed and
arranged to shift away a peak electric field generated in the
base layer (3) from the insulation layer (6) between the gate

contact (5) and the base layer (3).
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2. The power semiconductor device (1) according to the
preceding claim, wherein

- the base layer (3) comprises a plain top surface and the at
least one metallic layer does not extend into the base layer
(3) in vertical direction, or

- the base layer (3) comprises at least one recessed top
surface and the at least one contact layer (4) 1s provided on

the at least one recessed top surface.

3. The power semiconductor device (1) according to one of the
preceding claims, wherein at least one of the gate contact
(5) and the insulation layer (6) partially overlaps with the

at least one contact layer (4) in lateral directions.

4. The power semiconductor device (1) according to one of the
preceding claims, wherein an overlap of the at least one of
the gate contact (5) and the insulation layer (6) in lateral
directions with the at least one contact layer (4) is at

least 0.001 um and at most 3 pm.

5. The power semiconductor device (1) according to one of the
preceding claims, wherein the at least one zone (7) 1is
provided centred in lateral directions with respect to the

gate contact (5H).

6. The power semiconductor device (1) according to one of the
preceding claims, wherein the at least one zone (7) has a
main extension direction (L7) in lateral directions
transverse to a main extension direction of the base layer

(L3) in lateral directions.

7. The power semiconductor device (1) according to the

preceding claim, wherein the at least one zone (7) has a
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length in lateral directions being equal to a length of the

at least one contact layer (4).

8. The power semiconductor device (1) according to one of the
preceding claims, wherein a distance between the at least one

zone (7) and the insulation layer (6) is at most 1 pm.

9. The power semiconductor device (1) according to one of the
preceding claims, wherein the at least one zone (7) comprises
a peak doping concentration being at least 101% 1/cm® and at

most 5x1017 1/cm3.

10. The power semiconductor device (1) according to one of
the preceding claims, wherein the at least one zone (7)
comprises a peak doping concentration being one to hundred
times higher than a peak doping concentration of the base

layer (3).

11. The power semiconductor device (1) according to one of
the preceding claims, wherein a thickness of the at least one

zone (7) is at least 0.1 um and at most 1 um.

12. The power semiconductor device (1) according to one of
the preceding claims, wherein the at least one zone (7) has a
width in lateral directions along a main extension direction
of the base layer (L3), which is less than 40 % of a length
of the gate contact (5) in lateral directions along the main

extension direction of the base layer (L3).

13. The power semiconductor device (1) according to one of
the preceding claims, with at least two zones (7), wherein
the at least two zones (7) are provided in a common plane

extending in lateral directions.
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14. The power semiconductor device (1) according to one of
the claims 1 to 12, with at least three zones (7),

- wherein the at least three zones (7) form a retrograde
profile in a cross sectional view perpendicular to lateral
directions, and

- wherein a peak doping concentration of the retrograde

profile faces away from the gate contact (5).

15. A Method for producing a power semiconductor device (1)
comprising steps of:

providing (c) an electrode (2);

providing (200) a base layer (3) of a first conductivity type
on the electrode (2);

applying (300) at least one contact layer (4) on the base
layer (3);

applying (400) a gate contact (5) and an insulation layer (6)
on the base layer (3) and at least one contact layer (4),
wherein the insulation layer (6) is applied between the gate
contact (5) and the base layer (3) and between the at least
one contact layer (4) and the gate contact (5), and
generating (500) at least one zone (7) of a second
conductivity type within the base layer (3),

- wherein the at least one contact layer (4) is arranged on a
top surface of the base layer (3), facing away from the
electrode (2),

- wherein the at least one contact layer (4) is a metallic
layer,

- an interface between the metallic layer and the base layer
(3) forms a Schottky contact,

- the at least one zone (7) is embedded within the base layer

(3), such that a top surface, a bottom surface and at least
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two side surfaces of the at least one zone (7) is covered by
the base layer (3), and

wherein the at least one zone (7) is constructed and arranged
to shift away a peak electric field generated in the base
layer (3) from the insulation layer (6) between the gate

contact (5) and the base layer (3).
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