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(54) VERTICAL SEMICONDUCTOR DEVICE COMPRISING A LATERAL ARRANGEMENT OF GATES 
AND FIELD PLATES AND METHOD OF MANUFACTURING THE SAME

(57) The disclosure relates to a vertical semiconduc-
tor device (1), having a first active region (2.1), a plurality
of elongated gate regions (3.1.2, 3.2.2) having an elon-
gated extension in a first lateral direction (21 perpendic-
ular to 22 and 23) respectively, a plurality of elongated
field plate regions (5.1.1, 5.2.1) having an elongated ex-
tension in the first lateral direction (21) respectively, and
a first additional gate region (30.1, see Fig. 2), wherein
a first one (3.1.1) of the elongated gate regions (3) is
arranged in a first elongated gate trench (4.1) at a first
side (20.1) of the first active region (2.1), and a second
one (3.2.1) of the elongated gate regions (3) is arranged
in a second elongated gate trench (4.2) at a second side
(20.2) of the first active region (2.1), the second side lying
opposite to the first side with respect to a second lateral
direction (22), and wherein the first additional gate region
(30.1) is arranged in a first additional gate trench (31.1
see Fig. 2) which extends at least partly in the second
lateral direction (22) through the first active region (2.1).
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to a semicon-
ductor device with an active region and gate trenches.

BACKGROUND

[0002] In a respective gate trench, a gate region is
formed, comprising a gate electrode and a gate dielectric.
In a vertical device as disclosed here, the gate dielectric
is arranged laterally between the gate electrode and the
active region. By applying a voltage to the gate electrode,
the formation of a vertical channel in the active region
can be controlled. In case of a vertical field effect tran-
sistor for instance, the channel can be formed in a body
region arranged vertically between a source and a drain
region.

SUMMARY

[0003] It is an object of the present disclosure to pro-
vide a semiconductor device with improved characteris-
tics.
[0004] This object is achieved by the features of the
claims. The device comprises a first active region ar-
ranged between elongated gate trenches, namely be-
tween a first elongated gate trench formed at a first side
of the active region and a second elongated gate trench
formed at a second side thereof. The active region and
the elongated gate trenches have their respective length
extension in a first lateral direction, and the device fur-
thermore comprises elongated field plate regions which
extend in the first lateral direction as well. With respect
to a second lateral direction, e.g. perpendicular to the
first lateral direction, the first and the second side of the
active region lie opposite to each other. The first side of
the active region lies directly adjacent to the first gate
region, and the second side lies directly adjacent to the
second gate region. Furthermore, in addition to the gate
trenches extending in the first lateral direction, the device
comprises a first additional gate region which is arranged
in a first additional gate trench extending at least propor-
tionately in the second lateral direction through the active
region.
[0005] The additional gate region can create an addi-
tional channel locally in the active region, which can for
instance have a lower threshold voltage. Therewith, for
instance a lower transconductance on the chip level and,
in consequence, a lower temperature coefficient δI/δT in
linear mode can be achieved. At a high temperature, the
device can for example be more stable regarding hotspot
formation. Apart from that, the overall channel area can
be larger due to the additional gate area, resulting for
instance in a lower Ron•A. The combination of the lower
transconductance and the reduced Ron•A can extend the
safe operating area (SOA) of the device. This can in par-

ticular be advantageous in a linear mode application,
when the device is neither fully on nor fully off.
[0006] Further embodiments and features are provid-
ed in this description and in the dependent claims. There-
in, the individual features shall be disclosed independ-
ently of a specific claim category, the disclosure relates
to apparatus and device aspects, but also to method and
use aspects. If for instance a device manufactured in a
specific way is described, this is also a disclosure of a
respective manufacturing process, and vice versa. In
general words, an approach of this application is to pro-
vide an active region, which extends in a first lateral di-
rection, and first and second elongated gate regions,
which extend in the first lateral direction as well and en-
close the active region with respect to a second lateral
direction. Furthermore, the device comprises an addi-
tional gate region having an at least proportionate exten-
sion in the second lateral direction through the active
region.
[0007] The first and the second lateral direction lie per-
pendicular to a vertical direction, and they can in partic-
ular lie perpendicular to each other as well. The vertical
direction lies perpendicular to a surface of a layer of the
device, for instance a surface of the semiconductor sub-
strate and/or a surface of an epitaxial layer deposited on
the substrate and/or a surface of an interlayer dielectric
on which a frontside metallization can be formed. The
length of an elongated gate or field plate region, or of a
respective trench, is taken in the first lateral direction,
wherein the width is taken perpendicularly thereto, e.g.
in the second lateral direction. Due to the elongated
shape, the length of a respective trench or region can for
example be at least a 5-, 10- or 15-fold of its width (de-
pending on the design, upper limits can for instance be
a 1000- or 500-fold).
[0008] Generally, the elongated gate and/or field plate
regions could be tilted slightly with respect to the first
lateral direction and to each other. However, in particular,
they can be arranged in parallel to each other (and to the
first lateral direction), forming a so-called stripe design.
Seen in a vertical top view, the trenches, in which the
elongated gate and/or field plate regions are formed, can
be arranged as parallel stripes, and the active region or
regions can have a stripe-shape as well. A respective
stripe extends in the first lateral direction, and the different
stripes are arranged alternating in the second lateral di-
rection. Compared to other field plate geometries, e.g.
spicular or columnar field electrodes, the elongated plate
design can for instance allow for a comparably easy tun-
ing of the transfer characteristic by layout measures, e.g.
via the angle of the additional gate trench (see in detail
below).
[0009] A respective gate region comprises a gate elec-
trode which is the electrically conductive part of the gate
region. In addition, it comprises a gate dielectric, for in-
stance a gate oxide, like silicon oxide, which electrically
isolates the gate electrode from the active area. Via the
first and the second gate region, the formation of a re-
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spective vertical channel in the first active region can be
controlled, namely of a first vertical channel at the first
side and of a second vertical channel at the second side.
[0010] Generally, the active region can be formed by
implants, it can for instance comprise a body and a source
region in case of a field effect transistor (FET) or an emit-
ter and a base region in case of an insulated-gate bipolar
transistor (IGBT). Depending on the device type, the
channel regions will be formed in the body or base region.
Further depending on the type, the device can addition-
ally comprise a drain or collector region, e.g. formed at
the backside of the device. Vertically between the
body/base and the drain/collector region, a drift region
can be arranged, which has the same majority charge
carriers as the drain/collector region, but a lower doping.
[0011] In addition to the first active region, the device
can comprise one or more further active regions. The
first active region is arranged at a first side of the second
gate region, and a second active region can be arranged
at a second side thereof, opposite to the first side with
respect to the second lateral direction. Likewise, the first
active region is arranged at a second side of the first gate
region, and a third active region can be arranged at the
first side thereof, opposite to the second side with respect
to the second lateral direction. In particular, the additional
gate trench or trenches can extend through more than
one active region, e.g. through the first active region and
in addition through the second and/or the third active re-
gion.
[0012] In an embodiment, at least a portion of the first
additional gate trench extends laterally in parallel to the
second lateral direction. In other words, at least this por-
tion of the additional gate trench forms an angle α of 0°
with the second lateral direction. Therein, another portion
thereof can form another angle with the second lateral
direction, or the additional gate trench as a whole can
extend in parallel to the second lateral direction.
[0013] In an embodiment, at least a portion of the first
additional gate trench extends laterally at an angle α of
at least 10° to the second lateral direction, further possi-
ble lower limits being for instance at least 20° or 30°. The
angle α is a cutting angle, namely the smaller one of two
congruent angles (the one which is acute). Possible up-
per limits of the angle α can for instance be 80°, 70° or
60°. The characteristic of the channel formed locally by
the additional gate region can depend from the angle α,
in particular from the angle α formed at a crossing with
an elongated gate region. The adjustment of the angle
α can be another degree of freedom to shape to the trans-
fer characteristic by a layout measure, e.g. in addition to
the lateral positioning of the additional gate trench. In
particular, at different lateral positions of the device, ad-
ditional gate trenches with different orientations can be
arranged, which can allow for an optimization of the safe
operating area by a layout measure, see below.
[0014] In an embodiment, different portions of the first
additional gate trench form different angles with the sec-
ond lateral direction. A first portion of the additional gate

trench can form a first angle α1 and a second portion can
form a second angle α2, wherein the angles α1 and α2
are different from each other.
[0015] In an embodiment, a bend formed between the
portions extending under different angles is arranged lat-
erally between the first and the second elongated gate
trench. In other words, the bend is arranged in the first
active region (e.g. not at a gate crossing). An adaption
of the rounding at the bend, e.g. the radius of curvature,
can be a further layout measure for adjusting the device
characteristic, for instance for an SOA optimization. A
radius of curvature at the bend can for instance be at
least 10 nm or 20 nm, possible upper limits being for
instance 200 nm, 150 nm or 100 nm.
[0016] In an embodiment, the device comprises a sec-
ond additional gate region formed in a second additional
gate trench. Like the first additional gate trench, it extends
at least proportionately in the second lateral direction.
Any feature disclosed for the first additional gate region
or trench shall also be disclosed for the second additional
gate region or trench. In particular, the second additional
gate trench can extend through the first active region,
and for instance additionally through the second and/or
third active region.
[0017] In an embodiment, at least some of the addi-
tional gate trenches have a different orientation with re-
spect to the second lateral direction. In other words, at
least a portion of the first additional gate trench can form
a third angle α3 with the second lateral direction, and at
least a portion of the second additional gate trench can
form a fourth angle α4 with the second lateral direction,
wherein the angles α3 and α4 are different. The angles
can for instance differ by at least 10° or 20°, possible
upper limits being for instance 80°, 70° or 60°. At different
lateral positions, different angles can be chosen for the
additional gate trenches, allowing for an SOA optimiza-
tion by a layout measure.
[0018] In an embodiment, a plurality of additional gate
trenches, each extending at least proportionately in the
second lateral direction, are distributed laterally over the
device with a varying areal density. In a first area of the
device, the area share covered by the additional trench
or trenches can be larger than in a second area, the areas
having the same size and being formed not overlapping.
In particular, more additional trenches can be arranged
in the first area then in the second area. The first area
can for instance be located in the center of the device,
wherein more additional trenches there can for example
be advantageous in view of the lower δI/δT coefficient (a
temperature profile resulting from the heat dissipation
can have a peak in the center of the device). By varying
the areal density of the additional gate trenches, e.g.
adapting the distance between the additional trenches,
an SOA optimization can be achieved by a layout meas-
ure.
[0019] In an embodiment, the field plate regions are
formed below the gate regions in the elongated gate
trenches. In particular, a first field plate region is arranged
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in the first elongated gate trench, and a second field plate
region is arranged in the second elongated gate trench.
[0020] Each of the field plate regions can be covered
by an interlayer dielectric formed in the respective elon-
gated gate trench, separating the respective field plate
region from the respective gate region above.
[0021] In an embodiment, the elongated gate trench
or trenches extend deeper than the first additional gate
trench. The lower end of the additional gate trench can
for instance be arranged vertically above an upper end
of the field plate regions, e.g. an upper end of the field
electrodes. In particular, the elongated gate trenches ex-
tending deeper can additionally comprise the field plate
regions below the gate regions. In contrast, the additional
gate trench can solely contain the additional gate region,
no field plate being formed below.
[0022] In an embodiment, the first and the second elon-
gated gate region are connected by the additional gate
region or regions. The additional gate trench or trenches
can for instance connect the first and the second elon-
gated gate trench with each other. In particular, the gate
electrode of a respective additional gate region can elec-
trically connect the gate electrodes of the first and the
second gate region with each other.
[0023] The disclosure relates also to a method of man-
ufacturing the semiconductor device disclosed here, the
method comprising the steps

i) forming the first active region;
ii) etching the first and the second elongated gate
trench;
iii) forming the elongated field plate regions;
iv) forming the first and the second elongated gate
region;
v) etching the first additional gate trench;
vi) forming the first additional gate region.

[0024] The formation of the active region can for in-
stance comprise an implantation, e.g. for forming the
body/source or base/collector regions, see above. In par-
ticular, the active region can be formed in an epitaxial
layer, e.g. epitaxial silicon deposited on a silicon sub-
strate. Therein, a subsequent and/or an intrinsic doping
during the epitaxial deposition is possible, e.g. for forming
the drift region. Generally, the numbering of the steps
above shall not imply a specific order, the active region
can for instance be formed after etching the gate trench-
es, in particular after forming the gate regions.
[0025] In an embodiment, the additional gate trench or
trenches are etched prior to the formation of the elongat-
ed gate regions. Then, the latter can be formed simulta-
neously with the additional region or regions. For in-
stance, the additional gate trench or trenches can be
etched in a separate process step after the elongated
gate trenches, in particular after the formation of the elon-
gated field plate regions.
[0026] The disclosure also relates to a use of the sem-
iconductor device in a linear mode operation. Depending

on the application, the device can be operated in the lin-
ear mode in a first mode of operation, and it can for in-
stance be operated in switching mode in a second mode
of operation. In the linear mode operation, it is neither
fully on nor fully off, in contrast to the switching mode
operation.
[0027] In particular, the device can be used for limiting
an inrush current, acting for instance as a fuse. It can for
example be used in a power supply redundancy system,
e.g. with a battery backup, for instance in a power system
of a telecommunication or server application. Such a
power supply must for instance not provoke any tran-
sients in the bus voltage of the system, in particular when
it is hot-connected thereto. Moreover, it shall be able to
quickly disconnect itself from the system bus, for instance
in case of an internal short-circuit event.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] Below, the device and the manufacturing are
explained in further detail by means of exemplary em-
bodiments. Therein, the individual features can also be
relevant for this application in a different combination.

Figure 1 shows a transistor device with a first and a
second elongated gate region in a vertical
cross section;

Figure 2 illustrates the elongated gate regions of fig-
ure 1 in a top view, together with an addi-
tional gate region;

Figure 3 shows a vertical cross section through the
device of figures 1 and 2, the sectional
plane lying in the additional gate region;

Figure 4 illustrates an alternative layout of an addi-
tional gate region in a top view;

Figure 5 shows a further alternative layout of an ad-
ditional gate region in a top view;

Figure 6 illustrates a layout with two additional gate
regions in a top view;

Figure 7 shows a diagram to illustrate the different
transfer characteristic with and with-out ad-
ditional gate region at different tempera-
tures;

Figure 8 shows a diagram to illustrate the influence
of the orientation of the additional gate re-
gion on the temperature coefficient of the
current;

Figure 9 shows a diagram to illustrate the influence
of the additional gate region on the On-re-
sistance;

Figure 10 illustrates the manufacturing of the device
in a flow diagram.

DETAILED EMBODIMENT

[0029] Figure 1 illustrates a semiconductor device 1 in
a vertical cross section. It comprises a first active region
2.1 arranged laterally between elongated gate regions 3
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formed in elongated gate trenches 4 together with elon-
gated field plate regions 5 (all of them having their length
extension perpendicular to the drawing plane). In detail,
a first side 20.1 of the first active region 2.1 lies adjacent
to a first elongated gate trench 4.1, in which the first elon-
gated field plate region 5.1 is formed below the first elon-
gated gate region 3.2, separated by an interlayer dielec-
tric 6. A second side 20.2 of the first active region 2.1,
which lies opposite to the first side 20.1 with respect to
a second lateral direction 22, lies adjacent to a second
elongated gate trench 4.2, which contains a second elon-
gated field plate region 5.2 and a second gate region 3.2,
separated by an interlayer dielectric 6.
[0030] With the respective gate region 3.2, 3.1, the
channel formation in a respective channel region 7.1, 7.2
can be controlled. In the example here, the first and the
second channel region 7.1, 7.2 are formed in a body re-
gion 7, arranged below a source region 8. At the backside
of the device 1, a drain region 9 is formed. Between the
body region 7 and the drain region 9, a drift region 10
having the same doping type but a lower concentration
compared to the drain region 9 is arranged. In the device
1 shown here, the body region 7 and the source region
8 are electrically connected by a contact plug 11 con-
nected to a frontside metallization 12.
[0031] Each of the gate regions 3.1, 3.2 comprises a
respective gate electrode 3.1.1, 3.2.1 and a respective
gate dielectric 3.1.2, 3.2.2 separating the respective gate
electrode 3.1.1, 3.2.1 from the active region 2.1. Like-
wise, each field plate region 5.1, 5.2 comprises a respec-
tive field plate electrode 5.1.1, 5.2.1 and a respective
field plate dielectric 5.1.2, 5.2.2 separating the respective
field plate electrode 5.1.1, 5.2.1 from the drift region 10.
[0032] Figure 2 illustrates the elongated gate regions
3 in a top view. Like the first active region 2.1, they have
their length extension in a first lateral direction 21 per-
pendicular to the second lateral direction 22. A first ad-
ditional gate region 30.1 extends through the first active
region 2.1, in parallel to the second lateral direction 22
in the example here. It comprises a gate electrode 30.1.1
and a gate dielectric 30.1.2 separating the gate electrode
30.1.1 from the active region 2.1. The additional gate
region 30.1 enables an additional channel formation in
the active region 2.1, see figures 7-10 in detail. The sec-
tional plane A-A of figure 1 is indicated in figure 2, it is
spaced from the first additional gate region 30.1.
[0033] Figure 3 illustrates a vertical cross section
through the additional gate region 30.1 (see the sectional
plane B-B in figure 2). Generally, in this description, the
same parts or parts with the same function are referenced
by the same reference numerals. Like the elongated gate
trenches 4, the additional gate trench 31.1 extends in the
vertical direction 23 into the drift region 10. Since no field
plate region is formed below the additional gate region
30.1, the additional gate trench 31.1 does not extend as
deep as the elongated gate trenches 4. The gate elec-
trode 30.1.1 of the additional gate region 30.1 electrically
connects the gate electrodes 3.1.1, 3.2.1 of the first and

the second gate region 3.1, 3.2.
[0034] Figure 4 illustrates an embodiment where the
additional gate region 30.1 forms an angle α with the
second lateral direction 22. The angle α can influence
the transfer characteristic of the device, see figure 8 for
illustration.
[0035] In addition to the first active region 2.1, the de-
vice of figure 4 comprises a second active region 2.2
arranged at a second side 40.2 of the second elongated
gate region 3.2, laterally opposite to its first side 40.1.
Furthermore, a third active region 2.3 is arranged at a
first side 41.1 of the first elongated gate region 3.1, op-
posite to its second side 41.2. In the example shown here,
the first additional gate trench 31.1 crosses the first and
the second gate region 3.1, 3.2 and extends through the
first, second and third active region 2.1, 2.2, 2.3.
[0036] In figure 5, only the center axis 45 of the first
additional gate trench 31.1 is shown for the sake of clarity.
In this example, the first additional gate trench 31.1 forms
a bend 50, changing its orientation. A first portion 31.1.1
of the additional gate trench 31.1 forms a first angle α1
with the second lateral direction 22, and a second portion
31.1.2 forms a second angle α2. The angles α1 and α2
differ from each other, in the example here they have a
different sign and size.
[0037] In the embodiment of figure 6, a second addi-
tional gate region 30.2 is shown in addition to the first
additional gate region 30.1. Therein, the first additional
gate trench 31.1 forms a third angle α3 with the second
lateral direction 22, and the second additional gate trench
31.2 forms fourth angle α4 with the second lateral direc-
tion 22. In this example, the angles α3 and α4 differ in size.
[0038] The diagram of figure 7 shows the dependence
of the current I from the gate voltage U. A first and a
second graph 70.1,70.2 illustrate the behavior of a ref-
erence device without an additional gate region. The first
graph 70.1 is taken at 300 K and the second graph 70.2
at 400 K. A third and a second graph 70.3, 70.4 illustrate
the behavior of a device with an additional gate region,
at 300 K (graph 70.3) and 400 K (graph 70.4). With the
additional gate region, the threshold is shifted to a lower
gate voltage. Further, the additional gate region reduces
the temperature dependence, the third and the second
graph 70.3, 70.4 show a smaller deviation from each oth-
er than the first and the second graph 70.1, 70.2.
[0039] This effect on the temperature behavior is illus-
trated in figure 8 showing the temperature coefficient
δI/δT in dependence from the current I. The first graph
80.1 represents the reference sample without an addi-
tional gate region. For comparison, the second graph
80.2 illustrates the behavior of a device with an additional
gate region, illustrating a significant reduction of the tem-
perature coefficient. This can increase the stability of the
device, e.g. the SOA, see in detail above. The second
graph 80.2 represents a device where the additional gate
trench extends in parallel to the second lateral direction
22. For comparison, the third graph 80.3 represents a
device where the additional gate trench forms an angle
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α of 45° with the second lateral direction. The tempera-
ture coefficient is reduced compared to the reference
sample but larger than in case of the additional gate
trench extending in parallel to the second lateral direc-
tion.
[0040] Figure 9 illustrates the dependence of the cur-
rent I from the gate voltage, taken at a small drain-source
voltage, e.g. around 0,3 V compared to 10 V in figure 7.
The first graph 90.1 represents the reference sample
without an additional gate region, and the second graph
90.2 is taken at a device with an additional gate trench
extending parallelly to the second lateral direction. This
comparison illustrates that, in addition to the advantages
in linear mode operation, the device can have a reduced
On-resistance in switching mode. At the maximum gate
voltage, the current is slightly increased for the second
graph 90.2.
[0041] Figure 10 shows a flow diagram 100 illustrating
some manufacturing steps 101. After etching 102 the
elongated gate trenches, the field plate regions can be
formed 103. Thereafter, the additional gate trench or
trenches can be etched 104. Subsequently, the formation
105 of the elongated gate regions and the formation 106
of the additional gate region or regions can be performed
in the same process step 101. The formation 107 of the
active region can be performed thereafter (or prior to the
gate formation but after the trench etch).

Claims

1. A semiconductor device (1), having

a first active region (2.1),
a plurality of elongated gate regions (3) having
an elongated extension in a first lateral direction
(21) respectively,
a plurality of elongated field plate regions (5)
having an elongated extension in the first lateral
direction (21) respectively, and
a first additional gate region (30.1),

wherein a first one (3.1) of the elongated gate regions
(3) is arranged in a first elongated gate trench (4.1)
at a first side (20.1) of the first active region (2.1),
and a second one (3.2) of the elongated gate regions
(3) is arranged in a second elongated gate trench
(4.2) at a second side (20.2) of the first active region
(2.1), the second side (20.2) lying opposite to the
first side (20.1) with respect to a second lateral di-
rection (22),
and wherein the first additional gate region (30.1) is
arranged in a first additional gate trench (31.1) which
extends at least proportionately in the second lateral
direction (22) through the first active region (2.1).

2. The semiconductor device (1) of claim 1, wherein at
least a portion of the first additional gate trench (31.1)

extends laterally in parallel to the second lateral di-
rection (22).

3. The semiconductor device (1) of claim 1 or 2, wherein
at least a portion of the first additional gate trench
(31.1) extends laterally at an angle α of 10° at min-
imum and 80° and maximum to the second lateral
direction (22).

4. The semiconductor device (1) of any of the preceding
claims, wherein a first portion (31.1.1) of the first ad-
ditional gate trench (33.1) extends laterally at a first
angle α1 to the second lateral direction (22) and a
second portion (31.1.2) of the first additional gate
trench (31.1) extends laterally at a second angle α2
to the second lateral direction (22), the angles α1
and α2 being different from each other.

5. The semiconductor device (1) of claim 4, wherein a
bend (50) between the first and the second portion
(31.1.1,31.1.2) of the first additional gate trench
(31.1) is arranged laterally between the first and the
second elongated gate trench (4.1,4.2).

6. The semiconductor device (1) of any of the preceding
claims, comprising a second additional gate region
(30.1) arranged in a second additional gate trench
(31.2) which extends at least proportionately in the
second lateral direction (22) through the first active
region (2.1).

7. The semiconductor device (1) of any of the preceding
claims, comprising a second additional gate region
(30.2) arranged in a second additional gate trench
(31.2), wherein at least a portion of the first additional
gate trench (31.1) extends at a third angle α3 to the
second lateral direction (22) and at least a portion of
the second additional gate trench (31.2) extends at
a forth angle α4 to the second lateral direction (22),
the angles α3 and α4 being different from each other.

8. The semiconductor device (1) of any of the preceding
claims, comprising a plurality of additional gate re-
gions (30) which are respectively arranged in an ad-
ditional gate trench (31), the plurality of additional
gate trenches (31) distributed laterally over the de-
vice (1) with a varying areal density.

9. The semiconductor device (1) of any of the preceding
claims, wherein a first one (5.1) of the field plate re-
gions (5) is arranged in the first elongated gate trench
(4.1) below the first gate region (3.1) and a second
one (5.2) of the field plate regions (5) is arranged in
the second elongated gate trench (4.2) below the
second gate region (3.2).

10. The semiconductor device (1) of any of the preceding
claims, wherein, in a vertical direction (23) perpen-
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dicular to the first and the second lateral direction
(21,22), the first and the second elongated gate
trench (4.1,4.2) extend deeper than the first addition-
al gate trench (31.1).

11. The semiconductor device (1) of any of the preceding
claims, wherein the first additional gate region (30.1)
connects the first and the second elongated gate re-
gion (3.1,3.2).

12. A method of manufacturing the semiconductor de-
vice (1) of any of the preceding claims, comprising
the steps

i) forming (107) the first active region (2.1);
ii) etching (102) the first and the second elon-
gated gate trench (4.1,4.2);
iii) forming (103) the elongated field plate re-
gions (5.1,5.2);
iv) forming (105) the first and the second elon-
gated gate region (3.1,3.2);
v) etching (104) the first additional gate trench
(31.1);
vi) forming (106) the first additional gate region
(30.1).

13. The method of claim 12, wherein step v) is performed
prior to step iv), steps iv) and vi) being performed
simultaneously.

14. A use of the semiconductor device (1) of any of
claims 1 to 11 in linear mode operation.

15. The use of claim 14, wherein the device (1) is used
for limiting an inrush current.
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