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SEMICONDUCTOR DEVICE AND A
MANUFACTURING METHOD THEREFOR

TECHNICAL FIELD

[0001] Embodiments of the present invention relate to
semiconductor devices, in particular to vertical power field-
effect semiconductor transistors and manufacturing methods
therefor.

BACKGROUND

[0002] Semiconductor transistors, in particular field-effect
controlled switching devices such as a Metal Oxide Semi-
conductor Field Effect Transistor (MOSFET) or an Insulated
Gate Bipolar Transistor (IGBT), have been used for various
applications including but not limited to use as switches in
power supplies and power converters, electric cars, air-
conditioners, and even stereo systems. Particularly with
regard to power devices capable of switching large currents
and/or operating at higher voltages, a low on-state resistance
Ron and high breakdown voltages U, , are often desired.
[0003] To achieve low on-state resistance Ron and high
breakdown voltages U, ,, charge-compensation semiconduc-
tor devices were developed. The compensation principle is
based on a mutual compensation of charges in n- and
p-doped regions, which are often also referred to as n- and
p-doped pillar regions, in the drift zone of a vertical MOS-
FET.

[0004] Typically, the charge-compensation structure
formed by p-type and n-type regions is arranged below the
actual MOSFET-structure, with its source, body regions and
gate regions, and also below the associated MOS-channels
that are arranged next to one another in the semiconductor
volume of the semiconductor device or interleaved with one
another in such a way that, in the off-state, their charges can
be mutually depleted and that, in the activated state or
on-state, there results an uninterrupted, low-impedance con-
duction path from a source electrode near the surface to a
drain electrode arranged on the back side.

[0005] By virtue of the compensation of the p-type and
n-type dopings, the doping of the current-carrying region
can be significantly increased in the case of compensation
components, which results in a significant reduction of the
on-state resistance Ron despite the loss of a current-carrying
area. The reduction of the on-state resistance Ron of such
semiconductor power devices is associated with a reduction
of the heat generated by the current in the on-state, so that
such semiconductor power devices with charge-compensa-
tion structure remain “cool” compared with conventional
semiconductor power devices.

[0006] Voltage converters typically employ field-effect
transistors, in particular MOSFETs or IGBTs. Such voltage
converters may e.g. convert a voltage from a common
alternating voltage mains network to a direct voltage
required for operating an electronic device at a low voltage
e.g. in a range of 12 V or 48V down to below 1 V.

[0007] Inhard on- and off-switching applications of power
MOSFETs, in particular at higher current densities, oscil-
lating transient values of the gate and drain voltages may be
generated, so-called “ringing”. Ringing effects refer to oscil-
lations of gate and drain voltages, and are typically caused
by parasitics of the switching circuitries, in particular source
inductivities. With the often desired miniaturization of
power MOSFETs, ringing effects may become more severe.
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[0008] Accordingly, there is a need to improve field-effect
semiconductor devices, in particular power field-effect semi-
conductor devices including charge-compensation field-ef-
fect semiconductor devices and manufacturing of those
semiconductor devices.

SUMMARY

[0009] According to an embodiment of a semiconductor
device, the semiconductor device includes a semiconductor
body, an active area, and an inactive area. The semiconduc-
tor body has a first side and a second side opposite the first
side. In a projection onto to the first side and/or the second
side, the inactive area is arranged adjacent to the active area.
A transistor structure is formed in the active area and
includes a source region adjacent to the first side and
forming in the semiconductor body a first pn-junction, and
a gate electrode insulated from the semiconductor body and
arranged adjacent to the first pn-junction. A capacitor is
formed in the inactive area and includes a first conductor and
a second conductor which are arranged over each other on
the first side. A source contact structure is, in a vertical
direction at least substantially perpendicular to the first side
and/or the second side, arranged above the capacitor and in
Ohmic connection with the source region and the first
conductor. A gate contact structure is in the vertical direction
arranged above the capacitor, spaced apart from the source
contact structure and in Ohmic connection with the gate
electrode and the second conductor.

[0010] According to an embodiment of a semiconductor
device, the semiconductor device includes a semiconductor
body, an active area and inactive area. The semiconductor
body includes a first side defining a vertical direction, and a
second side opposite the first side. The inactive area is, in a
projection onto the first side and/or the second side, arranged
between adjacent to the active area. A dielectric structure is
arranged on the first side. A source terminal is formed on the
dielectric structure. A gate terminal is formed on the dielec-
tric structure. A transistor cell is formed in the active area
and includes a source region disposed in the semiconductor
body and in Ohmic connection with the source terminal
overlapping with the source region in the projection, and a
gate electrode insulated from the semiconductor body, in
Ohmic connection with the gate terminal, and overlapping
with the source terminal in the projection. A capacitor is
formed in the inactive area, embedded in the dielectric
structure, and includes a first conductor in Ohmic connec-
tion with the source terminal, and a second conductor in
Ohmic connection with the gate terminal. In the vertical
direction, a distance between the first conductor and the
second conductor is less than about 200 nm.

[0011] According to an embodiment of a method for
forming a semiconductor device, the method includes pro-
viding a semiconductor body including a first side, a second
side opposite the first side, an active area, and an inactive
area. In a projection onto a horizontal plane at least sub-
stantially parallel to the first side and/or the second side, the
inactive area is adjacent to the active area. In the active area,
the semiconductor body further includes a first pn-junction
and a source region adjacent to the first side and extending
to the pn-junction. A dielectric structure including two
embedded conductive layers is formed on the first side so
that a first layer of the two conductive layers is arranged in
the inactive area and that a second layer of the two conduc-
tive layers comprises a first portion forming a gate electrode
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overlapping in the projection onto the horizontal plane with
the first pn-junction, and a second portion spaced apart from
and overlapping in the projection onto the horizontal plane
with the first conductive layer, wherein a vertical distance
between the first conductive layer and the second portion is
less than about 200 nm. A source terminal in Ohmic con-
nection with the source region and the first layer is formed
on the dielectric structure.

[0012] Those skilled in the art will recognize additional
features and advantages upon reading the following detailed
description, and upon viewing the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The components in the figures are not necessarily
to scale, instead emphasis being placed upon illustrating the
principles of the invention. Moreover, in the figures, like
reference numerals designate corresponding parts. In the
drawings:

[0014] FIG. 1A illustrates a vertical cross-section through
a semiconductor body of a semiconductor device according
to an embodiment:

[0015] FIG. 1B illustrates a vertical cross-section through
the semiconductor body of the semiconductor device illus-
trated in FIG. 1A according to an embodiment;

[0016] FIG. 1C illustrates a plan view of the semiconduc-
tor device illustrated in FIG. 1A and FIG. 1B according to
an embodiment;

[0017] FIG. 1D illustrates a plan view of a semiconductor
device according to an embodiment;

[0018] FIG. 2 illustrates a vertical cross-section through a
semiconductor body of a semiconductor device according to
an embodiment;

[0019] FIG. 3 illustrates a vertical cross-section through a
semiconductor body of a semiconductor device according to
an embodiment;

[0020] FIG. 4 shows a result of a simulation illustrating
characteristics of the semiconductor device;

[0021] FIG. 5 illustrates a vertical cross-section through a
semiconductor body of a semiconductor device according to
an embodiment;

[0022] FIG. 6 illustrates a vertical cross-section through a
semiconductor body of a semiconductor device according to
an embodiment;

[0023] FIG. 7 illustrates a vertical cross-section through a
semiconductor body of a semiconductor device according to
an embodiment;

[0024] FIG. 8 illustrates a vertical cross-section through a
semiconductor body of a semiconductor device according to
an embodiment;

[0025] FIG. 9 shows a schematic view of an electric
device according to an embodiment; and

[0026] FIG. 10 is a schematic process chart of a method of
manufacturing a semiconductor device.

DETAILED DESCRIPTION

[0027] In the following Detailed Description, reference is
made to the accompanying drawings, which form a part
hereof, and in which is shown by way of illustration specific
embodiments in which the invention may be practiced. In
this regard, directional terminology, such as “top,” “bot-
tom,” “front,” “back,” “leading,” “trailing,” etc., is used with
reference to the orientation of the Figure(s) being described.
Because components of embodiments can be positioned in a
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number of different orientations, the directional terminology
is used for purposes of illustration and is in no way limiting.
It is to be understood that other embodiments may be
utilized and structural or logical changes may be made
without departing from the scope of the present invention.
The following detailed description, therefore, is not to be
taken in a limiting sense, and the scope of the present
invention is defined by the appended claims.

[0028] Reference will now be made in detail to various
embodiments, one or more examples of which are illustrated
in the figures. Each example is provided by way of expla-
nation, and is not meant as a limitation of the invention. For
example, features illustrated or described as part of one
embodiment can be used on or in conjunction with other
embodiments to yield yet a further embodiment. It is
intended that the present invention includes such modifica-
tions and variations. The examples are described using
specific language which should not be construed as limiting
the scope of the appending claims. The drawings are not
scaled and are for illustrative purposes only. For clarity, the
same elements or manufacturing steps have been designated
by the same references in the different drawings if not stated
otherwise.

[0029] The term “horizontal” as used in this specification
intends to describe an orientation substantially parallel to a
first or main horizontal side of a semiconductor substrate or
body, typically a respective substantially flat surface. This
can be for instance the surface of a wafer or a die.

[0030] The term “vertical” as used in this specification
intends to describe an orientation which is substantially
arranged perpendicular to the first surface, i.e. parallel to the
normal direction of the first surface of the semiconductor
substrate or body. Likewise, the term “horizontal” as used in
this specification intends to describe an orientation which is
substantially arranged parallel to the first surface.

[0031] In this specification, a second surface of a semi-
conductor substrate of semiconductor body is considered to
be formed by the lower or backside surface while the first
surface is considered to be formed by the upper, front or
main surface of the semiconductor substrate. The terms
“above” and “below” as used in this specification therefore
describe a relative location of a structural feature to another
structural feature with consideration of this orientation.
[0032] In this specification, n-doped is referred to as first
conductivity type while p-doped is referred to as second
conductivity type. Alternatively, the semiconductor devices
can be formed with opposite doping relations so that the first
conductivity type can be p-doped and the second conduc-
tivity type can be n-doped. Furthermore, some Figures
illustrate relative doping concentrations by indicating “~” or
“+” next to the doping type. For example, “n™ means a
doping concentration which is less than the doping concen-
tration of an “n”-doping region while an “n*”’-doping region
has a larger doping concentration than the “n”-doping
region. However, indicating the relative doping concentra-
tion does not mean that doping regions of the same relative
doping concentration have to have the same absolute doping
concentration unless otherwise stated. For example, two
different n*-doping regions can have different absolute dop-
ing concentrations. The same applies, for example, to an
n~-doping and a p*-doping region.

[0033] Specific embodiments described in this specifica-
tion pertain to, without being limited thereto, semiconductor
devices, in to particular field-effect semiconductor devices
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such as field-effect compensation semiconductor devices
and manufacturing methods therefor. Within this specifica-
tion the terms “semiconductor device” and “semiconductor
component” are used synonymously. The field-effect semi-
conductor device is typically a vertical semiconductor
device such as a vertical MOSFET with a drain metallization
arranged on the second surface and a source metallization
and an insulated gate electrode arranged on a first surface
arranged opposite to the first surface. Typically, the field-
effect semiconductor device is a power semiconductor
device having an active area with a plurality of MOSFET-
cells for carrying and/or controlling a load current. Further-
more, the power semiconductor device has typically a
peripheral area with at least one edge-termination structure
at least partially surrounding the active area when seen from
above. The field-effect semiconductor device may, however,
also be an IGBT, in particular a vertical power IGBT.
[0034] The term “power semiconductor device” as used in
this specification intends to describe a semiconductor device
on a single chip with high voltage and/or high current
switching capabilities. In other words, power semiconductor
devices are intended for high current, typically in the
Ampere range and/or voltages of more than about 10 V or
even more than about 100 V or about 500 V or about 1000V
or about 3000V. Within this specification the terms “power
semiconductor device” and “power semiconductor compo-
nent” are used synonymously.

[0035] The term “edge-termination structure” as used in
this specification intends to describe a structure that is
configured to provide in a blocking mode a transition region
in which a high electric voltage, i.e. a voltage of high
absolute value compared to ground, such as a drain voltage
around an active area of the semiconductor device changes
gradually to the potential at or close to the edge of the device
and/or to a reference potential such as ground, source- or
gate potential. The edge-termination structure may, for
example, lower the field intensity around a termination
region of a rectifying junction by spreading the electric field
lines across the termination region.

[0036] The term “field-effect” as used in this specification
intends to describe the electric-field mediated formation of
a conductive “channel” of a first conductivity type and/or
control of conductivity and/or shape of the channel in a
semiconductor region of a second conductivity type, typi-
cally a body region of the second conductivity type. Due to
the field-effect, a unipolar current path through the channel
region is formed and/or controlled between a source region
of the first conductivity type and a drift region of the first
conductivity type. The drift region may be in contact with a
drain region. The drift region and the drain region are
typically in low Ohmic connection with a drain electrode
(drain metallization). The source region is typically in low
Ohmic connection with a source electrode (source metalli-
zation).

[0037] In the context of the present specification, the term
“in Ohmic connection” intends to describe that there is an
Ohmic current path, e.g. a low-Ohmic current path, between
respective elements or portions of a semiconductor device
when no voltages or only small probe voltages are applied
to and/or across the semiconductor device. Within this

2 <

specification the terms “in Ohmic connection”, “in resistive
electric connection”, “electrically coupled”, and “in resistive
electric connection” are used synonymously. In the context

of the present specification, the term “in Ohmic contact”
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intends to describe that two elements or portions of a
semiconductor device are in direct mechanical ((intimate
physical)) contact and in Ohmic connection.

[0038] The terms “electrical connection™ and “electrically
connected” describes an Ohmic connection between two
features.

[0039] In the context of the present specification, the term
“MOS” (metal-oxide-semiconductor) should be understood
as including the more general term “MIS” (metal-insulator-
semiconductor). For example, the term MOSFET (metal-
oxide-semiconductor field-effect transistor) should be
understood to include FETs having a gate insulator that is
not an oxide, i.e. the term MOSFET is used in the more
general term meaning of IGFET (insulated-gate field-effect
transistor) and MISFET (metal-insulator-semiconductor
field-effect transistor), respectively. The term “metal” for the
gate material of the MOSFET should be understood to
include or comprise electrical conductive materials like e. g.
metal, alloys, doped polycrystalline semiconductors and
metal semiconductor compounds like metal silicides.

[0040] In the context of the present specification, the term
“gate electrode” intends to describe an electrode which is
situated next to, and insulated from the body region and
configured to form and/or control a channel region through
the body region.

[0041] In the context of the present specification, the term
“field-plate” intends to describe a conductive region which
is arranged next to a semiconductor region, for example the
drift region or a part thereof, and/or next to a pn-junction
formed in the semiconductor region, insulated from the
semiconductor region, and made of a material of sufficient
electric conductivity such as highly doped poly-silicon, a
silicide, a metal or the like to form an equipotential region,
i.e. a region in which a variation of the electric potential is
at least one order of magnitude lower, more typically at least
two orders of magnitude lower compared to a voltage drop
in the adjacent semiconductor region(s) in an operating
mode of the semiconductor device. The “field-plate” may be
configured to expand a depleted portion in the semiconduc-
tor region by charging to an appropriate voltage, typically a
negative voltage with regard to an adjacent semiconductor
region for an n-type semiconductor region.

[0042] In the context of the present specification, the term
“depletable region” or “depletable zone” is intended to
describe the fact that the corresponding semiconductor
region or the corresponding semiconductor zone is substan-
tially fully depleted (substantially free of free charge carri-
ers) during the off state of the semiconductor component
with an applied reverse voltage lying above a given thresh-
old value. For this purpose, the doping charge of the
depletable region is set accordingly and, in one or more
embodiments, the depletable region is a weakly doped
region. In the off state, the depletable region(s) form
depleted region(s), also referred to as space charge region(s),
typically a contiguous depleted zone whereby the current
flow between two electrodes or metallizations connected to
the semiconductor body can be prevented.

[0043] In the context of the present specification, the term
“mesa” or “mesa region” intends to describe a semiconduc-
tor region between two adjacent trenches extending into the
semiconductor substrate or body in a vertical cross-section.

[0044] The term “pn-junction” as used in this specification
intends to describe the boundary surface between (directly)
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adjoining semiconductor regions or semiconductor portions
of different conductivity type.

[0045] The term “hard switching” as used in this specifi-
cation intends to describe switching a semiconductor device
from a non-conducting state with high Drain-Source-voltage
Vs into a conducting state with low Drain-Source-voltage
Vs and a load current flowing through the transistor (hard
on-switching) or vice versa (hard off-switching) by changing
an applied control voltage, typically a control voltage
applied to a gate terminal of the semiconductor device, with
an absolute speed (or ate) of dV,,/dt in a range of about 10*°
V/s up to about 10'* V/s or more.

[0046] In the following, embodiments pertaining to semi-
conductor devices and manufacturing methods for forming
semiconductor devices are explained mainly with reference
to silicon (Si) semiconductor devices. Accordingly, a
monocrystalline semiconductor region or layer is typically a
monocrystalline Si-region or Si-layer. It should, however, be
understood that the semiconductor body can be made of any
semiconductor material suitable for manufacturing a semi-
conductor device. Examples of such materials include, with-
out being limited thereto, elementary semiconductor mate-
rials such as silicon (Si) or germanium (Ge), group IV
compound semiconductor materials such as silicon carbide
(SiC) or silicon germanium (SiGe), binary, ternary or qua-
ternary III-V semiconductor materials such as gallium
nitride (GaN). For power semiconductor applications cur-
rently mainly Si, SiC, GaAs and GaN materials are used. If
the semiconductor body comprises a high band gap material,
i.e. a semiconductor material having a band-gap above 1 eV,
such as SiC or GaN which has a high breakdown field
strength and high critical avalanche field strength, respec-
tively, the doping of the respective semiconductor regions
can be chosen higher which reduces the on-state resistance
Ron in the following also referred to as on-resistance Ron.
[0047] With reference to FIG. 1A, a first embodiment of
semiconductor device 10 is explained. FIG. 1A illustrates a
vertical cross-section through a semiconductor body 100 of
the semiconductor device 10. The semiconductor body 100
extends between a first side, typically a flat first surface 101,
facing a vertical direction z, and second side, typically a flat
second surface (back surface) 102 arranged opposite to the
first surface 101. In a horizontal direction y that is substan-
tially parallel to the first surface 101, the semiconductor
body 100 is delimited by an edge or kerf, for example a
sawing edge, which is at least substantially orthogonal to the
first side or surface 101. In the following, the edge is also
referred to as lateral edge. However, the edge is not shown
FIG. 1A typically illustrating a portion of a peripheral area
100B of the semiconductor device 10 and the semiconductor
body 100, respectively.

[0048] FIG. 1B illustrates, in a vertical cross-section, a
portion of an active area 100A of the semiconductor device
10. FIGS. 1A and 1B may be portions of the same vertical
cross-sections.

[0049] A transistor structure 1000 is formed in the active
area 100A. In the exemplary embodiment, the transistor
structure 1000 includes several MOSFET-cells 1100 three of
which are shown in FIG. 1B.

[0050] Each of the transistor cells 1100 includes a gate
electrode 330 embedded in a dielectric structure 200, 400
formed on the first side 101. More particular, the gate
electrodes 330 are arranged on a first isolation layer 200 of
the dielectric structure 200, 400. The first isolation layer 200
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is formed on and at the first side 101, for example as a
thermal oxide. At least portions of the first isolation layer
200 insulate the gate electrodes 330 from the semiconductor
body 100, and thus form respective gate dielectric regions in
the active area 100A.

[0051] Further, each transistor cell 1100 includes in the
vertical cross-section two source regions 150 extending to
the first isolation layer 200 and the first surface 101 of the
semiconductor body 100, respectively. The source regions
150 are embedded in respective body regions 160 of the
semiconductor body 100 which also extend to the first
isolation layer 200.

[0052] The source regions 150 are of the first conductivity
type (n-type in embodiments referring to n-channel MOS-
FETs) and the body regions 160 are of the second conduc-
tivity type (p-type in embodiments referring to n-channel
MOSFETs).

[0053] The source regions 150 form with the embedding
body region 160 a respective first pn-junction 14.

[0054] Further, each body region 160 typically forms a
second pn-junction 15 with a drift region 120 of the semi-
conductor body 100.

[0055] In the illustrated embodiment of Vertical Diffused
MOSFET (VDMOS), the drift region 120 also extends in the
active area 100A to the first isolation layer 200 and the first
surface 101, respectively.

[0056] Furthermore, a drain region 110 of the first con-
ductivity type is provided at the second surface 102 of the
semiconductor body 100. The drift region 120 is formed
between the drain region 110 and the body regions 160 and
is of a first conductivity type.

[0057] In embodiments referring to IGBTs, instead of a
drain region a collector region 110 of the second conduc-
tivity type is provided.

[0058] As can be seen from FIGS. 1A and 1B, FIG. 2 and
FIG. 6, the first isolation layer 200 may extend into the
peripheral area 100B. In particular, the first isolation layer
200 may include a field dielectric layer 210 such as a field
oxide in the peripheral area 100B and may further include a
gate dielectric layer 220 such as a gate oxide in the active
area 100A.

[0059] The first isolation layer 200 may, except for contact
openings in the active area 100A, substantially or even
completely cover the first side 101.

[0060] As can further be seen from FIGS. 1A and 1B, a
source contact structure 700 may be formed in the active
area 100A on the dielectric structure 200, 400, typically on
a second isolation layer 400 formed on the first isolation
layer 200. In the following, the first and second isolation
layers 200, 400 are also referred to as first and second
dielectric layers 200, 400.

[0061] Typically, the source contact structure 700 forms a
source terminal.

[0062] The source contact structure 700 may at least
substantially cover the dielectric structure 200, 400 in the
active area 100A.

[0063] Further, the source contacts structure 700 typically
extends (partially) peripheral arca 1008 (see also FIG. 6).
[0064] In the active area 100A, first electric source contact
portions 630 may be provided to interconnect the source
contact structure 700 with the source regions 150 of the
transistor structure 1000.

[0065] As illustrated in FIG. 1B, the source contact por-
tions 630 may extend through the dielectric layers 200, 400,
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the first side 101, and the source regions 150, and partially
into the respective body region 160.

[0066] Further, higher (p-doped) body contact regions (not
shown) may be arranged between the second source contact
portions 620 and the corresponding body region 160.
[0067] According to an embodiment, an integrated capaci-
tor C is arranged on the first side 101 in the peripheral area
100B. As illustrated in FIG. 1A, the capacitor C is typically
arranged in a vertical direction that below the source contact
structure 700.

[0068] Typically, the capacitor C includes a first conductor
321 and a second conductor 322 which are arranged over
each other and are embedded in the dielectric structure 200,
400. A portion 415 of the dielectric structure 200, 400
between the conductor 321, 322 may form the dielectric
medium 415 of the capacitor.

[0069] The term capacitor as used in this specification
shall describe a passive two-terminal electrical component
specifically designed to store electrical energy in a (static or
dynamic) electric field.

[0070] The capacitor C is typically implemented as par-
allel-plate capacitor.

[0071] As explained below with regard to FIG. 4 in more
detail, the capacitor C provides an additional capacitance
between the source contact structure 700 and a gate contact
structure 500 spaced apart from the source contact structure
700 and in Ohmic connection with the gate electrodes 330.
The additional capacitance is added to the gate-source
capacitance of the active area 110A and the transistor
structure formed therein, respectively. Due to the increased
total gate-source capacitance Cgs of the semiconductor
device 10, a larger immunity of the device during switching
and a reduced ringing can be achieved.

[0072] On the gate contact structure 500 and the source
contact structure 700, a further passivation layer (not shown)
may be formed, which may include one or any combination
of'an imide, a nitride, an oxide or an oxynitride, for example.
[0073] As illustrated in FIGS. 1A and 1B, the second
conductor 322 may be formed by an outer portion of the
typically contiguous conductive layer 300, in particular a
doped non-monocrystalline semiconductor layer such as
doped poly-silicon layer 300, which also forms the gate
electrodes 330 in the active area 100A.

[0074] Herein, the gate electrode(s) 330 and the second
conductor 322 may be patterned parts of a same layer
structure. According to an embodiment, the gate electrode(s)
330 is formed simultaneously with the second conductor
322.

[0075] For contacting the capacitor C, a second electric
source contact portion 620 may be provided in the peripheral
area 100B to interconnect the source contact structure 700
with the first conductor 321. Further an electric gate contact
portion 610 may be provided in the peripheral area 100B to
interconnect a terminal portion 323 of conductive layer 300
and thus the second conductor 322 with a gate contact
structure 500 formed on the dielectric structure 200, 400
and/or at least partially in the peripheral area 100B.
[0076] In the following, the contact portions 610, 620, 630
are also referred to as gate through contacts 610, second
source through contacts 620 and first source through con-
tacts 630, respectively.

[0077] As shown in FIG. 1A, the first conductor 321 may
be formed above the second conductor 322 by a conductive
plate, typically a doped non-monocrystalline semiconductor
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plate, more typically a doped poly-silicon plate. Alterna-
tively, the first conductor 321 may be formed below the
second conductor 322 as explained below with regard to
FIG. 2.

[0078] Accordingly, manufacturing of the capacitor C may
be simple and may not interfere with processing steps used
for manufacturing the transistor structure 1000.

[0079] Furthermore, the capacitor C may have a compara-
tively large area in the peripheral area 100B when seen from
above.

[0080] Accordingly, the semiconductor device 10 may
have a comparatively large total gate-source capacitance
Cgs.

[0081] Typically, the capacitance of the capacitor C is at
least 10%, more typically at least 30% or even 50% of the
gate-source capacitance of the active area 100A. When using
other dielectric materials or thinner dielectrics, for example
by locally etch back of a deposited dielectric layer later
forming the capacitor dielectric (215, 415), the capacitance
of the capacitor C may be even higher than 50% of the
gate-source capacitance Cgs.

[0082] Forreasons of capacitance, the (vertical) distance h
between the first and second conductors 321, 322 is typically
comparatively small, e.g. less than about 200 nm, more
typically less than about 150 nm, 110 nm or even 100 nm or
85 nm. For example, the distance h may be in a range from
about 20 nm to about 80 nm.

[0083] The capacitance of the capacitor C is typically
larger than about 30 pF, e.g. at least about 36 pF, more
typically larger than about 90 pF or even larger than about
180 pF.

[0084] The capacitance values of 36 pF, 90 pF and 180 pF
correspond to exemplary capacitors C silicon dioxide (Si02)
as dielectric medium 415 assuming an exemplary area of the
conductors of the plate capacitor C of 0.2 mm?, and dis-
tances h between the conductors 321, 322 of 200 nm, 80 nm
and 40 nm, respectively.

[0085] Typically, the specific capacitance of the capacitor
C is larger than about 170 pF/mm? more typically larger
than about 400 pF/mm? or even about 800 pF/mm>.
[0086] For example, a capacitor C with silicon dioxide
(Si02) as dielectric medium 415 may have a specific capaci-
tance of about 172 pF/mm?, 430 pF/mm?* and 860 pF/mm?
for distances h between the conductors 321, 322 of 200 nm,
80 nm and 40 nm, respectively.

[0087] According to an embodiment, the dielectric
medium 415 is a thermal oxide, which is formed during a
thermal oxidation process on a portion of a polysilicon layer
300. Further, the dielectric medium 415 and the gate dielec-
tric layer 220 of the transistor structure 1000 may be formed
in the same thermal oxidation process.

[0088] The specific capacitance (and thus the capacitance)
of the capacitor C may be even higher if silicon nitride
(Si3N4, having a relative dielectric constant of about 7.5
compared to about 3.9 of SiO2) or a so-called high-K
dielectric is used as dielectric medium 415. High-K dielec-
trics may have a relative dielectric constant of up to about
100 (titan oxide, TiO2).

[0089] As illustrated in FIG. 1A, the capacitor C may be
formed at the field dielectric 210 of the first isolation layer
200.

[0090] The thickness of the field dielectric 210 may be in
a range of 0.5 um to 5 um or 1 pm to 3 pm.
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[0091] The thickness of the gate dielectric 220 of the first
isolation layer 200 may be smaller than the thickness of the
field dielectric 210. The thickness of the gate dielectric 220
may be in a range of 5 nm to 200 nm, or 20 nm to 150 nm
or 40 nm to 120 nm.

[0092] As illustrated in FIG. 1A, the second isolation layer
400 may be formed on the first isolation layer 200 and on the
capacitor C, and the source contact structure 700 and the
gate contact structure 500 may be formed on the second
isolation layer 400.

[0093] In other embodiments, the capacitor C may be
embedded and formed, respectively, in the second isolation
layer 400. For example, a lower sub-layer of the second
isolation layer 400 may be arranged between the second
conductor 322 and the field dielectric layer 210. The mate-
rial and/or the composition of the first and second isolation
layers 200, 400 may differ.

[0094] The second isolation layer 400 may have different
dielectric layers. Herein, a first layer of the second isolation
layer 400 may include a tetraethylorthosilicate (TEAS)
and/or an undoped silicate glass (USG) film. The thickness
of the first layer of the second isolation layer 400 may be in
a range of 50 nm to 500 nm. A second layer of the second
isolation layer 400 may be made of phosphosilicate glass
(PSG) or a borophosphosilicate glass (BPSG). The second
layer of the second isolation layer 400 may also include a
nitride. The thickness of the second layer of the second
isolation layer 400 may be in a range of 200 nm to 2 um. The
second isolation layer 400 may also comprise an oxide/
nitride/oxide (ONO)-structure.

[0095] The gate contact structure 500 may comprise a
metal. Likewise, the source contact structure 700 may
comprise a metal. The source contact structure 700 and the
gate contact structure 500 may be patterned parts of a same
conductive material. The gate contact structure 500 and the
source contact structure 700 may be separate parts, e.g. due
to lithographic patterning, of a common metal wiring layer
or stacked layer. The gate contact structure 500 and the
source contact structure 700 may be formed as a metal layer
structure including the through contacts 610, 620, and 630.
Such a metal layer structure may consist of or contain, as
main constituent(s), aluminum Al, copper Cu or alloys of
aluminum or copper, for example AlSi, AlCu, or AlSiCu.
According to other embodiments, the gate contact structure
500, the source contact structure 700 and the through
contacts 610, 620, and 630, may contain one, two, three or
more sub-layers, each sub-layer containing, as a main con-
stituent, at least one of nickel Ni, titanium Ti, silver Ag, gold
Au, tungsten W, platinum Pt and palladium Pd. For example,
a sub-layer may contain a metal nitride or a metal alloy
containing Ni, Ti, Ag, Au, W, Pt, Pd and/or Co. The through
contacts may also consist of polysilicon plugs and metal
liners such as a titanium barrier layer and a titanium silicide
layer typically arranged below the polysilicon plugs.
[0096] The through contacts 610, 620, and 630 may have
a circular or polygonal shape when seen from above.
[0097] As illustrated in FIG. 1A, the first conductor 321
and the second conductor 322 may partially overlap with the
source contact structure 700 and the gate contact structure
500 in a projection onto the first side 101 and when seen
from above, respectively.

[0098] Further, the through contacts 610, 620 may, when
seen from above, overlap with the capacitor C as shown in
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FIG. 1A for the through contact 620, or not as shown in FIG.
1A for the through contact 610.

[0099] Furthermore, the first conductor 321 and the sec-
ond conductor 322 may, in the projection onto the first side
101 and when seen from above, respectively, bridge a gap G
between the source contact structure 700 and the gate
contact structure 500.

[0100] FIG. 1A may correspond to a schematic cross-
sectional view of portions of a semiconductor device 10
taken along the section planes D-D' and/or F-F' of FIG. 10
showing a schematic plan view of the semiconductor device
10. Likewise, FIG. 1B may correspond to a schematic
cross-sectional view of portions of a semiconductor device
10 taken along the section planes H-H' and/or K-K' of FIG.
1C. Further, FIGS. 1A and 1B may correspond to schematic
cross-sectional views of portions of the semiconductor
device 10 taken along respective section planes which are
vertically oriented in FIG. 1C.

[0101] As can be seen from FIG. 1C, the gate contact
structure 500 may comprise a gate line 510 and/or a gate pad
520. The gate pad 520 and the gate line 510 may be formed
of a metal.

[0102] According to the embodiment of FIG. 1C, the
source contact structure 700, the gate contact structure 500
including the gate line 510 and the gate pad (also referred to
as gate terminal) 520, as well as a drain line 810 may be
formed as separate parts of a patterned metal wiring layer or
metal wiring stacked layer.

[0103] The drain line 810 may be implemented as a drain
field plate, and thus act as an edge termination structure for
the semiconductor device 10. As such the drain line 810 is
typically arranged in an edge termination area 900 formed
by the peripheral area 100B or an outer portion of the
peripheral area 100B.

[0104] Typically, the peripheral area 1008 is arranged
between the active area 100A and the edge 141. Further-
more, the peripheral area 100B typically surrounds the
active area 100A when seen from above.

[0105] In the exemplary embodiment, the drain line 810
surrounds the gate contact structure 500 which surrounds the
source contact structure 700.

[0106] As can be further seen from FIG. 1C, there are
different parts of the gate contact structure 500, in which a
longitudinal gap G between the gate contact structure 500
and the source contact structure 700 may be formed.
[0107] The longitudinal gap G may be formed in the edge
termination area 900, as can also be seen, for example in
FIG. 6.

[0108] The gate line 510 may be a so-called gate runner
structure at an edge portion of the semiconductor device 10.
[0109] The gate line 510 may, however, also be or include
a gate finger structure 510" extending into a transistor cell
array 1000 and the active area 100A, respectively, as illus-
trated in FIG. 1D for the semiconductor device 10". For sake
of clarity, the plane view of FIG. 1D is less detailed than
FIG. 1C.

[0110] Except for the layouts of the gate contact structure
gate 510, 510", 520, the active area 100A and the source
contact structure covering the active area 100A, the semi-
conductor device 10' may be similar to the semiconductor
device 10. In the exemplary embodiment illustrated in FIG.
1D, the gate finger structure 510' divides the active area
100A into two separated portions which are surrounded by
two separated gaps G when seen from above.
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[0111] Since the gate finger region 510' does not include
(active) transistor cells, the capacitor C may also at least
partially be arranged in the gate finger region 510" of the
semiconductor device 10'.

[0112] According to an embodiment, the capacitor C is
integrated in an inactive area (without active transistor cells)
of the semiconductor device which is adjacent to the active
area 100A and may even adjoin the active area 100A. The
inactive area may include the peripheral area 100B, in
particular an (outer) edge termination region or area 900,
and/or the gate finger region or area 510' which do not
include transistor cells (for switching and/or controlling a
load current).

[0113] Due to the gate finger structure 510', the inactive
area 100B, 510" may surround two separated portions of the
active area 100A when seen from above. Alternatively, the
gate finger structure extends only partly into the (contigu-
ous) active area.

[0114] Further, the semiconductor device and the gate
contact structure, respectively, may have more than one gate
fingers.

[0115] According to an embodiment, the gate line 510
may surround partly the source contact structure 700 within
the horizontal plane.

[0116] As can be further seen from FIGS. 1C and 1D, there
may be six or eight parts of the gate contact structure 500
and the source contact structure 700, at which longitudinal
gaps G may be formed, since at these portions, the edge
portions of the gate contact structure 500 and the source
contact structure 700 are extended in a parallel direction.
[0117] Furthermore, the gate contact structure 500 and the
source contact structure 700 may be spaced apart equidis-
tantly, leading to longitudinal gaps G having a constant
extension along a direction orthogonal to the length direc-
tion of a respective longitudinal gap G. The exemplary six
longitudinal gaps G are connected to form a closed loop of
longitudinal gaps G, which will be defined hereinafter as a
total gap.

[0118] According to an embodiment, all longitudinal parts
of the total gap as well as an area of the gate pad 520 may
be used for implementing the capacitor C as explained above
with regard to FIGS. 1A, 1B. In this embodiment, the first
and second conductors of said capacitor typically surround
the active area 100A when seen from above. Accordingly,
the capacitor C may have a particular high capacitance. This
is particularly useful for semiconductor devices 10 having a
comparatively small surface area of the active area, i.e. a
surface area of at most about 50 mm?, more typically at most
about 40 mm?, at most about 20 mm?, or even at most about
1 mm?, e.g. about 0.3 mm? or even less.

[0119] In other embodiments, only the gate pad area
and/or a portion of the total gap may be used for imple-
menting the capacitor C. In these embodiments and
explained below with regard to FIG. 3 in more detail, an
electrostatic discharge protection (ESD) structure, in par-
ticular a polysilicon ESD protection diode connected
between source and gate contact structure, may be imple-
mented in a further portion, e.g. a remaining portion of the
total gap region.

[0120] According to embodiments, a monolithic integra-
tion of the capacitor C and optionally of the polysilicon ESD
protection diode in an area bridging the source and gate
contact structure 500, 700 in a high voltage edge termination
area of a power device, in a gate finger area 510", and/or in
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the gate pad area 520 is provided without spending addi-
tional chip area or at least with minimized area adder. For
reliability of switching behavior of the power chips it is
often important, that the capacitive and resistive network of
the power chip system (metallization, contacts, gate runner,
and gate polysilicon stripes) stays unchanged. Therefore,
regarding a vertical process cross section, the capacitor C
and optionally an ESD protection diode may be integrated
underneath the edge termination construction and/or the
underneath gate pad 520.

[0121] According to an embodiment, the capacitor C and
optionally the ESD protection diode is integrated in an
inactive area (without active transistor cells) of the semi-
conductor device which is adjacent to the active area 100A
and may even adjoin the active area 100A. The inactive area
may include the peripheral area 100B, in particular an
(outer) edge termination region or area 900, and/or the gate
finger region or area 510'.

[0122] FIG. 2 illustrates a cross-section through a semi-
conductor device 20 which is similar to the semiconductor
devices 10, 10' explained above with regard to FIGS. 1A to
1D and may also be implemented as a MOSFET or an IGBT.
[0123] The term “source contact structure” as used herein
shall embrace an “emitter contact structure” of an IGBT.
Likewise, the terms “source terminal” and “source region”
as used herein shall embrace an “emitter terminal” and an
“emitter region”, respectively, of an IGBT.

[0124] However, the second conductor 322 of the capaci-
tor C is arranged above the first conductor 321 in FIG. 2.

[0125] Further, the conductors 321, 322 may extend along
the length direction (y in the exemplary embodiment) of the
gap G.

[0126] As illustrated in FIG. 2, a gate interconnecting

structure 320 may be provided between the second conduc-
tor 322 and the gate electrode layer 330, e.g. as a portion of
the conductive layer 300. The gate interconnecting structure
320 is typically at least partially arranged below the source
contact structure 700 and/or overlaps with the source contact
structure 700 when seen from above. The gate interconnect-
ing structure 320 may also at least partially bridge and/or
overlap with the gap G when seen from above.

[0127] In the exemplary embodiment, the dielectric
medium 215 of the capacitor C, in the following also
referred to as capacitor dielectric, may be provided by the
first isolation layer 200 or an additional dielectric layer
formed at the first isolation layer 200.

[0128] Further, the first isolation layer 200 may be sepa-
rated from the second isolation layer 400, in the peripheral
area 100B, by the conductive layer 300.

[0129] According to an embodiment, the dielectric layer
215 is a thermal oxide layer, which is formed during a
thermal oxidation process of a deposited and structures
polysilicon layer 321.

[0130] Further, the source through contact 620 of semi-
conductor device 10' extends through the conductive layer
300.

[0131] As explained below with regard to FIG. 6, both the
source through contact 620 and the conductive layer 300
may be electrically isolated by the second isolation layer 400
typically forming an interlevel dielectric, in particular as
interlevel oxide.

[0132] As can be seen from FIG. 3, an electrostatic
discharge protection structure 310 may additionally be pro-
vided in a portion of the inactive area, typically a portion the
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peripheral area 100B of a semiconductor device 30. The
semiconductor device 30 is typically similar to the semi-
conductor device 10 to 20 explained above with regard to
FIGS. 1A to 2. Other cross-sections through semiconductor
device 30 may even correspond to FIG. 1B, 1C, 1D and/or
2.

[0133] The electrostatic discharge protection structure 310
may be implemented in or next to a portion of the polysili-
con layer 300 as first and second regions 316, 318 of
opposite conductivity type alternatingly or sequentially
arranged along the horizontal direction y being perpendicu-
lar to the length direction (x) of a gap G.

[0134] Thus, the electrostatic discharge protection struc-
ture 310 may include at least one polysilicon diode having
the first and second regions 316, 318 connected in series.
Herein, the resulting diode may be bidirectional symmetric,
having an odd number of first and second regions 316, 318,
€.g. an n-p-n- . . . -p-n structure.

[0135] As can be seen from FIG. 3, the part of a gate
interconnecting structure 320 overlapping the electrostatic
discharge protection structure 310 may be separated or
electrically isolated from the electrostatic discharge protec-
tion structure 310 by a dielectric layer 230.

[0136] According to an embodiment, the dielectric layer
230 is a thermal oxide layer, which is formed during a
thermal oxidation process on the electrostatic discharge
protection structure 310 comprising a polysilicon layer 300.
Further, the dielectric layer 230 and the gate dielectric layer
200 or 220 of the transistor structure 1000 may be formed in
the same thermal oxidation process.

[0137] As illustrated in FIG. 3, further through contacts
610", 610" and 620' may be provided for contacting the
electrostatic discharge protection structure 310 with the gate
contact structure 500 and the source contact structure 700.
[0138] As can be seen from FIG. 3, a first terminal 312 of
the electrostatic discharge protection structure 310 may be
electrically connected with the gate contact structure 500 by
an electric contact structure (gate contact) 610'. A second
terminal 314 of the electrostatic discharge protection struc-
ture 310 is electrically connected with the source contact
structure 700 by the further electric contact structure (source
contact) 620'. The electric contact structure 620' is extended
along the vertical direction z through the second isolation
layer 400 and a local opening 3015 of the gate intercon-
necting structure 320, which is filled with a portion of the
second isolation layer 400. The electrostatic discharge pro-
tection structure 310 is typically formed in an overlapping
area between the part of the gate interconnecting structure
320 and the first surface 101 of the semiconductor body 100.
The gate interconnecting structure 320 may have the local
opening 3015 through which a contact between the electro-
static discharge protection structure 310 and the source
contact structure 700 is electrically isolated from the gate
interconnecting structure 500.

[0139] In addition, a terminal 323 of the gate intercon-
necting structure 320 may be electrically connected with the
gate contact structure 500 by the electric contact structure
610".

[0140] However, it is also possible that the terminal 323 of
the gate interconnecting structure 320 may be electrically
connected with the gate contact structure 500 by the first
electric contact structure 610", wherein both the terminal 323
of the gate interconnecting structure 320 and the first ter-
minal 312 of the electrostatic discharge protection structure
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310 are in electrical contact with the gate contact structure
500 via the electric contact structure 610'. In such a case, the
terminal 323 of the gate interconnecting structure 320 and
the first terminal 312 of the electrostatic discharge protection
structure 310 may be formed to overlap each other in a
vertical direction z, being separated by the dielectric layer
230, wherein the electric contact structure 610" is extended
through the terminal 323 and the dielectric layer 230, to
contact both the terminal 323 and the first terminal 312.
[0141] Furthermore, the terminal 323 and the electric
contact structure 610' may be omitted above the electrostatic
discharge protection structure 310, if the conductive layer
300 is contiguous and already connected via a gate through
contact 610 as explained above with regard to FIG. 1A.
[0142] FIG. 4 shows a comparison of the characteristics of
atransistor having an additional integrated capacitor C in the
inactive area as explained herein and having a capacitance of
40% of the gate-source capacitance of the active area (graph
(a)), and of a similar device without such an additional
integrated capacitor (graph (b)). The x axis indicates ringing
effects and represents a maximum oscillation voltage
Vg_max of the gate-source voltage in volts at a source-drain
current of 1 A. The y axis denotes the switching losses E of
the semiconductor device defined as switching losses during
switching on and off (Eon+Eoff) in pJ per switching cycle c.
The points were determined for different values of the
resistance between the gate electrodes 220 and the gate
terminal 520.

[0143] With increasing electrical resistance between the
gate electrodes 220 and the gate terminal 520, the switching
losses increase (and the switching efficiency decrease). On
the other side, the higher the switching losses, the lower the
ringing effects. As can be taken from a comparison of the
different characteristics for the different devices, by employ-
ing the integrated capacitor C, the ringing effects may be
substantially reduced and suppressed, respectively, and at
the same time, the switching losses may be reduced.
[0144] Note that the capacitance of the integrated capaci-
tor C does not or almost not depend on the applied (gate-,
source- and drain-) voltages. Accordingly, the switching
behavior may be improved.

[0145] Note further that gate-drain capacitance Cgd of the
semiconductor device may not be changed by the capacitor
C integrated in the inactive area. The resulting enhanced
Cgs/Cgd-factor may be used to get an improved voltage
divider for transient hard switching processes and therefore
an enhanced (dU/dt) switching immunity.

[0146] The additional process costs are very low. This is
because only a few simple additional process steps may be
used for forming the capacitor such as forming an additional
doped poly-Si layer for one of the conductors and optionally
alocal etch back of a thermal oxide for further enhancing the
capacitance.

[0147] Furthermore, integrating the capacitor in the inac-
tive device area is much simpler and poses less manufac-
turing restrictions compared to integrating the capacitor in
the active area, for example above the gate electrodes.
[0148] According to a more general concept, a semicon-
ductor device of a planar gate electrode design comprises in
an active area a vertical MOSFET or a vertical IGBT
transistor structure having an internal (source-gate) transis-
tor capacitance, and in an inactive area an integrated capaci-
tor connected in parallel to (source and gate) terminals of the
semiconductor device, and having an additional (source-
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gate) capacitance of at least 5% or even 10% of the internal
transistor capacitance. This additional capacitor may, e.g. be
implemented as a plate capacitor embedded in an edge
termination structure and/or below and/or bridging a gap
between the source-gate terminals when seen from above.
Due to the presence of the additional capacitor, ringing
effects of the transistor may be reduced.

[0149] As illustrated in FIG. 5 showing a section through
the active area 100A of a semiconductor device 50, the
semiconductor device may also be implemented as charge-
compensation power semiconductor device (superjunction
device). The semiconductor device 50 is typically similar to
the semiconductor devices explained above with regard to
FIG. 1A to 3.

[0150] However, additional compensation regions 1040 of
the second conductivity type adjoin a respective body region
160 and alternate with portions 1020 of the drift region 120
in the active area 100A.

[0151] Typically, a plurality, e.g. more than ten, of alter-
nating drift portions 1020 and compensation regions 1040
forming respective pn-junctions with each other are
arranged in the active area 100A.

[0152] In the vertical cross-section, the compensation
regions 1040 may be formed as vertically orientated pillars,
substantially vertically orientated strip-type parallelepipeds,
rectangles or ellipsoids.

[0153] According to an embodiment, the doping concen-
trations of the compensation regions 1040 and the drift
portions 1020 are chosen such that, in the off-state, their
charges can be mutually depleted and that, in the on-state, an
uninterrupted, low-resistive, substantially vertical conduc-
tion path is formed in the drift region 120.

[0154] A total number of free electrons provided by n-type
dopants typically substantially matches a total number of
free holes provided by p-type dopants at least in the active
area 120. Typically, the total number of free electrons
provided by the n-type dopants varies by less than 5%, more
typically less than 1% from the total number of free holes
provided by the p-type dopants. Accordingly, the drift por-
tions 1020 and the compensation regions 1040 form a
pn-compensation structure.

[0155] FIG. 6 illustrates a vertical cross-section through a
semiconductor body 100 of a semiconductor device 60. The
semiconductor device 60 is typically similar to the semi-
conductor devices 20 and 50 explained above with regard to
FIG. 2 and FIG. 5, respectively.

[0156] The semiconductor device 60 is also implemented
as a charge-compensation MOSFET having an integrated
capacitor C in the peripheral area 100B, more particular in
the edge-termination region 900.

[0157] A drain metallization 800 forming a drain terminal
and in Ohmic connection with the drift region 120 via the
drain region 110 is arranged on the second side 102, i.e.
opposite to the source contact structure 700 and gate line 510
of the gate contact structure 510.

[0158] The drain metallization 800 may be formed as a
lower metal wiring layer or metal wiring stacked layer.
[0159] In the exemplary embodiment, the drain metalli-
zation 800 completely covers the active area 100A and at
least partly the peripheral area 100B typically surrounding
the active area 100A when seen from above.

[0160] Intheillustrated vertical cross-section, the gate line
510 is formed as a stepped field plate. Accordingly, the
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capacitor C is vertically arranged below and overlaps with
an edge termination structure 510.

[0161] Likewise, an outer portion 710 of the source con-
tact structure 700 is formed like a stepped field plate, while
an inner portion 720 may form a source terminal.

[0162] Further, a drain line 810 in Ohmic connection with
the drain metallisation 800 may be formed as separate parts
of a patterned upper metal wiring layer or metal wiring
stacked layer.

[0163] The drain line 810 and/or the gate line 510 may be
substantially ring-shaped when seen from above.

[0164] As can be seen from FIG. 6, the source through
contacts 630 vertically extend along the vertical direction z
through the first and second isolation layers 200, 400, the
polysilicon layer 300 forming the gate electrodes 330, and
into the semiconductor body 100, to electrically connect the
source contact structure 700 with the source regions 150.

[0165] To prevent a shortcut between the source through
contacts 630 and the gate electrodes 330, contact holes being
extended through the gate electrode 330 are further isolated
by the second isolation layer 400 typically constituting a
lining layer of the contact hole.

[0166] Likewise, the through contacts 630", 620 and 830
may be formed in a comparable manner.

[0167] For example, the electric contact structure 630' is
extended through the second isolation layer 400, the gate
electrodes 330 having the second isolation layer 400 as a
dielectric lining layer for insulating the electric contact
structure 630' from the gate electrodes 330, and the first
isolation layer 200 into the semiconductor body 100, to
contact the source contact structure 700 with a well region
930 of the second conductivity type (p-type in the illustrated
embodiment of an n-channel power MOSFET).

[0168] The through contact 830 vertically extends from
the drain line 810 through the second isolation layer 400, the
polysilicon layer 300 and the first isolation layer 200 to or
into a column 820 of the semiconductor body 100. The
column 820 is of the first conductivity type and may extend
from the surface 101 to the drain region 110 of the semi-
conductor body 100, to contact the drain region 110 on the
second surface 102 with the drain line 810 formed over the
first surface 101 of the semiconductor body 100. The doping
concentration of the column 820 is typically in a range of
10" cm?® up to about 10°° cm™>.

[0169] As can be further seen from FIG. 6, the capacitor
C and the gate interconnection structure 320 are formed on
the field dielectric layer 210 within the edge termination area
900 of the semiconductor device 60.

[0170] In other words, the first isolation layer 200 is
formed as a gate dielectric layer 220 within the active area
100A with the transistor structure 1000, and the first isola-
tion layer 200 is formed as a field dielectric layer 210 within
the edge termination area 900.

[0171] Furthermore, columns or bubbles 1020 of the first
conductivity type and columns or bubbles 1040 of the
second conductivity type may be implemented beneath the
active transistor cell field 1100 of the transistor structure.

[0172] In addition, columns or bubbles 920 of the first
conductivity type and columns or bubbles 940 of the second
conductivity type may be implemented beneath the well
region 930 and the field oxide region 210 of the edge
termination area 900.
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[0173] In the exemplary embodiment, the columns or
bubbles 940, 1040 typically forming compensation regions
have in the active area 100A and the peripheral area 100B
the same horizontal pitch.

[0174] The term “pitch” as used within this specification
intends to describe a distance between repeated elements in
a structure possessing translational symmetry and typically
corresponds to length of a primitive axis (vector) of the
structure and length of a base vector of a regular lattice,
respectively.

[0175] Furthermore, the columns or bubbles 1040 in the
active area 100A and the columns or bubbles 940 in the
peripheral area 100B may extend to the same vertical depth.
[0176] As illustrated in FIG. 6, the columns or bubbles
(compensation regions) 940, 1040 may at least substantially
extend to the drain region 110.

[0177] However, the compensation regions 940, 1040 may
also be spaced apart from the drain region 110 by an
additional field-stop layer of the first conductivity type
arranged on the drain region 110 (not shown), and/or by a
higher doped current-spread portion of the drift region 120.
[0178] At least the compensation regions 1040 of the
active area 100A are in Ohmic connection with the source
contact structure 700.

[0179] As illustrated in FIG. 6, one or more outer com-
pensation regions 940 may also be floating.

[0180] FIG. 7 illustrates a vertical cross-section through a
semiconductor body 100 of a semiconductor device 70,
more particular a vertical cross-section also running through
a gate pad area 520 of the semiconductor device 70. The
semiconductor device 70 is typically similar to the semi-
conductor devices 60 explained above with regard to FIG. 6.
FIG. 7 may even at least substantially correspond to a
different vertical cross-section through the semiconductor
device 60.

[0181] As illustrated in FIG. 7, the capacitor C may also
be implemented below the gate pad or gate terminal 520.
[0182] In particular for comparatively small power
devices, the gate pad area may be comparatively large.
Accordingly, the capacitance of the capacitor C or the
portion of the capacitor C below the gate pad area may be
comparatively large.

[0183] The surface area of the capacitor C divided by the
surface area of the active area 100A is typically in a range
of'about 0.05 about to 0.7, more typically in a range of about
0.1 to about 0.5.

[0184] FIG. 8 illustrates a vertical cross-section through a
semiconductor body 100 of a semiconductor device 80. The
semiconductor device 80 is typically similar to the semi-
conductor devices 60, 70 explained above with regard to
FIGS. 6, 7. FIG. 8 may even at least substantially correspond
to a different vertical cross-section through the semiconduc-
tor devices 60, 70.

[0185] However, an electrostatic discharge protection
structure 310 as explained above with regard to FIG. 3 is
additionally arranged in a portion of the peripheral arca 1068
of the semiconductor device 80.

[0186] In the exemplary embodiment, the electrostatic
discharge protection structure 310 is formed in the gap area
below the gap G between the gate field plate 510 and the
source contact structure 700.

[0187] FIG. 9 schematically illustrates an electric device 1
comprising the semiconductor device 10 or any other of the
semiconductor device explained above with regard to FIGS.
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1A to 8. For example, the electric device may be a switched
mode power supply (SMPS), a switched mode power supply
comprising power factor correction, a fly back converter and
any kind of electric device comprising a switched mode
power supply.

[0188] A schematic flow diagram for illustrating a method
2000 of manufacturing the semiconductor device as
explained above with regard to FIGS. 1A to 8 is depicted in
FIG. 10.

[0189] In a process block 2100, a semiconductor body,
typically a wafer, extending between a first side and a second
side opposite the first side, and having (per device region in
embodiments referring to manufacturing on wafer level) an
active area and an inactive area which is, in a projection onto
a horizontal plane substantially parallel to the first side,
adjacent to the active area, and a source region adjacent to
the first side, and extending to a first pn-junction arranged in
the active area is provided. The first and second sides are
typically respective flat surfaces.

[0190] Typically, a transistor structure, more typically a
vertical power FET-structure (in particular a power MOS-
FET- or IGBT-structure) such as a plurality of VDMOS-
structures is formed in the active area of the semiconductor
body.

[0191] Furthermore, at least the active area of the provided
semiconductor body may include a compensation structure.

[0192] Charge-compensation semiconductor devices may
be produced with a so-called ‘multiple epitaxy’ process. In
this case, an n-doped epitaxial layer, which may be several
um thick, is first grown on a highly n-doped substrate and
commonly referred to as ‘buffer epi’. In addition to a doping
level introduced in the epitaxial step doping ions are intro-
duced into the buffer epi through a mask using implantation
with the doping ions in the first charging locations (for
example boron for phosphorous doping). Counter doping
can be also employed with implantation (either through a
mask, or on the entire surface). However, it is also possible
to separate the individual epitaxial layers with the required
doping. After that, the entire process is repeated as much
time as required until an n (multi-epitaxial) layer is created
which has a sufficient thickness and which is equipped with
charge centers. The charge centers are mutually adjusted to
each other and vertically stacked on top of each other. These
centers are then merged with outward thermal diffusion in an
undulating, vertical column to form adjacent p-type charge-
compensation regions (compensation regions) and n-type
charge-compensation regions (drift portions). The manufac-
turing of the actual devices can then be conducted at this
point.

[0193] Another technique for fabricating charge-compen-
sation semiconductor devices involves trench etching and
compensation with trench filling. The volume which absorbs
the voltage is deposited in a single epitaxial step (n-doped
epi) on a highly n-doped substrate, so that the thickness
corresponds to the total thickness of the multilayered epi-
taxial structure. After that, deep trenches are etched, which
determine the form of the p-columns (compensation
regions). The deep trenches are then filled with p-doped epi
which is at least substantially free of crystal defects.

[0194] Both techniques may be used to manufacture the
charge-compensation semiconductor devices as explained
above with regard to FIGS. 5 to 8.
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[0195] In a process block 2200, a dielectric structure
including in the peripheral area an embedded capacitor is
formed on the first side.

[0196] The dielectric structure may include two embedded
conductive layers (also) used as conductors of the capacitor,
typically two doped poly-Si layers.

[0197] A first layer of the two conductive layers may be
arranged in the inactive area and a second layer of the two
conductive layers may have first portions forming planar
gate electrodes in the active area which overlap with the first
pn-junctions when seen from above, and a second portion
which is vertically spaced apart from and overlaps with the
first conductive layer when seen from above.

[0198] According to an embodiment, a vertical distance
between the first conductive layer and the second portion is
less than about 200 nm.

[0199] For example, a lower dielectric sub-structure of the
dielectric structure may be formed on the first side. The
lower dielectric sub-structure typically includes a gate
dielectric layer in the active area and a field dielectric layer
in the inactive area, in particular in a peripheral and/or edge
termination area of the inactive area.

[0200] The field dielectric layer may have a thickness in a
range between 0.5 um to 5 um or 1 pm to 3 pm.

[0201] The thickness of the gate dielectric layer may be in
a range between 5 nm to 500 nm, more typically in a range
between about 5 nm to 200 nm, about 20 nm to 150 nm, or
about 40 nm to 130 nm.

[0202] The field dielectric layer may be a field oxide layer
which is formed by deposition or oxidation on the first side.

[0203] In embodiments referring to the manufacturing of
semiconductor devices with an additional capacitor having a
lower (first) conductor connected to the source terminal and
an upper (second) conductor connected to the gate terminal
(see e.g. FIGS. 2 and 6 to 8), the following process sequence
may be used: The lower (first) conductor is formed on the
field dielectric layer, typically by depositing poly-Si and
structuring the deposited poly-Si. The poly-Si may be depos-
ited as doped poly-Si. Alternatively and/or in addition,
dopants may be implanted after depositing poly-Si. There-
after, a capacitor dielectric may be formed on the lower
conductor. This may include thermal oxidizing and/or
depositing a dielectric material to form an intermediate
dielectric layer on the lower conductor. Further, local back-
etching may be used above the lower conductor to reduce the
thickness of the intermediate dielectric layer and the capaci-
tor dielectric, respectively. In an example, the field dielectric
layer is formed on the first side and patterned in such a way
that the field dielectric layer is removed to expose the first
side in the active area. In a second process, then the thermal
oxidation process is performed to form the capacitor dielec-
tric (the intermediate dielectric layer) and the gate dielectric
layer in a common oxidation process. Thereafter, a conduc-
tive layer, which is also referred to as second layer, typically
a poly-Si layer may be deposited in the active area and the
peripheral area and structured (patterned), e.g. by a litho-
graphical process, to form the gate electrodes in the active
area and the upper conductor of the capacitor in the periph-
eral area. Thereafter, an upper dielectric layer of the dielec-
tric structure may be deposited. For example, a TEAS-layer
and/or an USG-layer and/or PSG or BPSG may be depos-
ited. Thereafter, appropriate holes for electric contact struc-
tures may be etched and filled, e.g. with doped poly-Si.
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[0204] In embodiments referring to the manufacturing of
semiconductor devices with an additional capacitor having a
upper (first) conductor connected to the source terminal and
an lower (second) conductor connected to the gate terminal
(see e.g. FIG. 1A), a similar process sequence may be used.
However, the capacitor dielectric is formed on a portion of
the structured second layer in the inactive (peripheral) area
which forms the lower (second) conductor, e.g. by deposi-
tion and/or thermal oxidation and an optional back-etching,
and the upper (first) conductor is formed thereon, typically
as conductive poly-Si plate.

[0205] In a process block 2300, a source terminal in
Ohmic connection with the source region(s) and the first
conductor of the capacitor as well as a gate terminal in
Ohmic connection with the gate electrodes and the second
conductor of the capacitor is formed on the dielectric
structure.

[0206] This may be achieved by common processes of
depositing one or more conductive layers and subsequent
patterning.

[0207] In embodiments referring to the manufacturing on
wafer level, the semiconductor body (wafer) may be sepa-
rated, e.g. by sawing along sawing or scribe lines, into
individual semiconductor devices, so that the semiconductor
devices have a corresponding lateral edge which delimits the
semiconductor devices in a horizontal direction substantially
parallel to the first side.

[0208] According to an embodiment, a semiconductor
device includes a semiconductor body, an active area, and a
peripheral area. The semiconductor body has a first side and
a second side opposite the first side. In a projection onto to
the first side and/or the second side, the peripheral area is
arranged between the active area and an edge of the semi-
conductor body. A transistor structure is formed in the active
area and includes a source or emitter region adjacent to the
first side and forming in the semiconductor body a first
pn-junction, and a gate electrode insulated from the semi-
conductor body and arranged adjacent to the first pn-junc-
tion. A capacitor is formed in the peripheral area and
includes a first conductor and a second conductor which are
arranged over each other on the first side. A source or emitter
contact structure is arranged above the capacitor and in
Ohmic connection with the source or emitter region and the
first conductor. A gate contact structure is arranged above the
capacitor, spaced apart from the source contact structure and
in Ohmic connection with the gate electrode and the second
conductor.

[0209] According to an embodiment, a semiconductor
device includes a semiconductor body, an active area, and a
peripheral area. The semiconductor body has a first side and
a second side opposite the first side. In a projection onto to
the first side and/or the second side, the peripheral area is
arranged between the active area and an edge of the semi-
conductor body. A transistor structure is formed in the active
area and includes a source region adjacent to the first side
and forming in the semiconductor body a first pn-junction,
and a gate electrode insulated from the semiconductor body
and arranged adjacent to the first pn-junction. A capacitor is
formed in the peripheral area and includes a first conductor
and a second conductor which are arranged over each other
on the first side. A source contact structure is, in a vertical
direction at least substantially perpendicular to the first side
and/or the second side, arranged above the capacitor and in
Ohmic connection with the source region and the first
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conductor. A gate contact structure is in the vertical direction
arranged above the capacitor, spaced apart from the source
contact structure and in Ohmic connection with the gate
electrode and the second conductor.

[0210] According to an embodiment, a semiconductor
device includes a semiconductor body, an active area and
peripheral area. The semiconductor body includes an edge,
a first side defining a vertical direction, and a second side
opposite the first side. The peripheral area is, in a projection
onto the first side and/or the second side, arranged between
the active area and the edge. A dielectric structure is
arranged on the first side. A source terminal is formed on the
dielectric structure. A gate terminal is formed on the dielec-
tric structure. A transistor cell is formed in the active area
and includes a source region disposed in the semiconductor
body and in Ohmic connection with the source terminal
overlapping with the source region in the projection, and a
gate electrode insulated from the semiconductor body, in
Ohmic connection with the gate terminal, and overlapping
with the source terminal in the projection. A capacitor is
formed in the peripheral area, embedded in the dielectric
structure, and includes a first conductor in Ohmic connec-
tion with the source terminal, and a second conductor in
Ohmic connection with the gate terminal. In the vertical
direction, a distance between the first conductor and the
second conductor is less than about 200 nm.

[0211] According to an embodiment, a semiconductor
device includes a semiconductor body extending between a
first side and a second side opposite the first side which are
spaced apart from each other in a vertical direction. A
plurality of field-effect transistor cells each comprising a
gate electrode are arranged in an active area. A source or
emitter terminal is arranged on the first side in the active area
and in contact with the field-effect transistor cells. A gate
terminal is arranged on the first side and in contact with the
gate electrodes. An integrated capacitor connected to the
gate terminal and to the source or emitter terminal is
arranged outside the active area when seen from above and
in the vertical direction between the first side and the gate
terminal.

[0212] According to an embodiment of a method for
forming a semiconductor device, the method includes pro-
viding a semiconductor body including a first side, a second
side opposite the first side, an active area, and a peripheral
area. In a projection onto a horizontal plane at least sub-
stantially parallel to the first side and/or the second side, the
peripheral area surrounds the active area. In the active area,
the semiconductor body further includes a first pn-junction
and a source region adjacent to the first side and extending
to the pn-junction. A dielectric structure including two
embedded conductive layers is formed on the first side so
that a first layer of the two conductive layers is arranged in
the peripheral area and that a second layer of the two
conductive layers comprises a first portion forming a gate
electrode overlapping in the projection onto the horizontal
plane with the first pn-junction, and a second portion spaced
apart from and overlapping in the projection onto the
horizontal plane with the first conductive layer, wherein a
vertical distance between the first conductive layer and the
second portion is less than about 200 nm. A source terminal
in Ohmic connection with the source region and the first
layer is formed on the dielectric structure.

[0213] Although various exemplary embodiments of the
invention have been disclosed, it will be apparent to those
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skilled in the art that various changes and modifications can
be made which will achieve some of the advantages of the
invention without departing from the spirit and scope of the
invention. It will be obvious to those reasonably skilled in
the art that other components performing the same functions
may be suitably substituted. It should be mentioned that
features explained with reference to a specific figure may be
combined with features of other figures, even in those cases
in which this has not explicitly been mentioned. Such
modifications to the inventive concept are intended to be
covered by the appended claims.

[0214] Spatially relative terms such as “under”, “below”,
“lower”, “over”, “upper” and the like are used for ease of
description to explain the positioning of one element relative
to a second element. These terms are intended to encompass
different orientations of the device in addition to different
orientations than those depicted in the figures. Further, terms
such as “first”, “second”, and the like, are also used to
describe various elements, regions, sections, etc. and are
also not intended to be limiting. Like terms refer to like
elements throughout the description.

[0215] As used herein, the terms “having”, “containing”,
“including”, “comprising” and the like are open ended terms
that indicate the presence of stated elements or features, but
do not preclude additional elements or features. The articles
“a”, “an” and “the” are intended to include the plural as well
as the singular, unless the context clearly indicates other-
wise.

[0216] With the above range of variations and applications
in mind, it should be understood that the present invention
is not limited by the foregoing description, nor is it limited
by the accompanying drawings. Instead, the present inven-
tion is limited only by the following claims and their legal
equivalents.

What is claimed is:

1. A semiconductor device, comprising:

a semiconductor body comprising a first side and a second
side opposite the first side;

an active area;

an inactive area which is, in a projection onto to the first
side, adjacent to the active area:

a transistor structure formed in the active area and com-
prising
a source region adjacent to the first side and forming in

the semiconductor body a first pn-junction: and
a gate electrode insulated from he semiconductor body
and arranged adjacent to the first pn-junction;

a capacitor formed in the inactive area and comprising a
first conductor and a second conductor which are
arranged over each other on the first side;

a source contact structure arranged, in a vertical direction
at least substantially perpendicular to the first side
and/or the second side, above the capacitor and in
Ohmic connection with the source region and the first
conductor; and

a gate contact structure arranged in the vertical direction
above the capacitor, spaced apart from the source
contact structure and in Ohmic connection with the gate
electrode and the second conductor.

2. The semiconductor device of claim 1, wherein a
distance between the first conductor and the second conduc-
tor is less than about 200 nm.

3. The semiconductor device of claim 1, wherein at least
one of the first conductor and the second conductor overlaps
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in the projection with at least one of the source contact
structure and the gate contact structure, and/or wherein the
gate contact structure comprises at least one of a gate pad,
a gate runner and a gate field plate arranged in the inactive
area and/or at least substantially surrounding the source
contact structure in the projection.

4. The semiconductor device of claim 1, further compris-

ing at least one of:

a body region disposed in the semiconductor body and
forming the first pn-junction with the source region;

a drift region disposed in the semiconductor body and
forming a second pn-junction with the body region;

a drain region disposed in the semiconductor body and in
Ohmic connection with the drift region;

a plurality of compensation regions, each of the compen-
sation regions forming a pn-junction with a respective
portion of the drift region;

a drain terminal arranged on the second side and in Ohmic
connection with at least one of the drift region and the
drain region; and

a drain line and/or a drain field plate in Ohmic connection
with the drain terminal, arranged on the first side and in
the inactive area, and/or in the projection at least
substantially surrounding the source contact structure,
the gate field plate and/or the gate contact structure.

5. A semiconductor device, comprising:

a semiconductor body comprising a first side defining a
vertical direction, and a second side opposite the first
side;

an active area;

an inactive area which is, in a projection onto to the first
side, adjacent to the active area:

a dielectric structure arranged on the first side;

a source terminal formed on the dielectric structure;

a gate terminal formed on the dielectric structure;

a transistor cell formed in the active area and comprising
a source region in Ohmic connection with the source
terminal overlapping with the source region in the
projection, and disposed in the semiconductor body,
and a gate electrode insulated from the semiconductor
body, in Ohmic connection with the gate terminal, and
overlapping with the source terminal in the projection;
and

a capacitor formed in the inactive area, embedded in the
dielectric structure, and comprising a first conductor in
Ohmic connection with the source terminal and a
second conductor in Ohmic connection with the gate
terminal, wherein a distance in the vertical direction
between the first conductor and the second conductor is
less than about 200 nm.

6. The semiconductor device of claim 5, further compris-

ing at least one of:

a body region disposed in the semiconductor body and
forming a first pn-junction with the source region;

a drift region disposed in the semiconductor body and
forming a second pn-junction with the body region;

a plurality of compensation regions, each of the compen-
sation regions forming a pn-junction with a respective
portion of the drift region;

a drain region disposed in the semiconductor body and in
Ohmic connection with the drift region;

a drain terminal arranged on the second side and in Ohmic
connection with at least one of the drift region and the
drain region;
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a gate field plate adjoining the gate terminal, arranged in
the inactive area spaced apart from the source terminal
and/or the source field plate, and/or at least substan-
tially surrounding the source terminal in the projection;
and

a drain line and/or a drain field plate in Ohmic connection
with the drain terminal, arranged on the first side and in
the inactive area, and/or in the projection at least
substantially surrounding the source terminal, the gate
field plate and/or the gate terminal.

7. The semiconductor device of claim 5, wherein the
capacitor at least partly bridges a gap between the source
contact structure and the gate contact structure, wherein the
capacitor is at least partly arranged underneath the gate
contact structure, wherein the capacitor is at least partly
arranged underneath an edge termination structure, wherein
the capacitor overlaps in the projection with an edge termi-
nation structure, wherein at least one of the second conduc-
tor and the first conductor is implemented as a respective
conductive plate, wherein the capacitor comprises a dielec-
tric medium arranged between the first conductor and the
second conductor, wherein the dielectric medium adjoins
and/or is provided by a first isolation layer of the dielectric
structure, and/or wherein the dielectric medium adjoins
and/or is provided by a second isolation layer of the dielec-
tric structure which is arranged on the first isolation layer.

8. The semiconductor device of claim 5, wherein the first
conductor and the gate electrode are formed by a contiguous
conductive layer arranged on the first side.

9. The semiconductor device of claim 5, wherein the
second conductor is arranged above the first conductor.

10. The semiconductor device of claim 5, wherein at least
one of the first conductor and the second conductor com-
prises a non-monocrystalline semiconductor material.

11. The semiconductor device of claim 5, wherein a
capacitance of the capacitor is at least 10% of a gate-source
capacitance of the active area.

12. The semiconductor device of claim 5, wherein a
capacitance of the capacitor is larger than about 30 pF.

13. The semiconductor device of claim 5, wherein a
specific capacitance of the capacitor is larger than about 170
pE/mm?.

14. The semiconductor device of claim 5, wherein the
active area has in the projection a surface area of at most
about 50 mm?®.

15. The semiconductor device of claim 5, wherein the
capacitor overlaps in the projection with at least one of a gap
arranged between the source terminal and the gate terminal,
the source terminal, the gate terminal and the gate field plate.

16. The semiconductor device of claim 15, further com-
prising an electrostatic discharge protection structure formed
in the inactive area, formed on the first side, embedded in the
dielectric structure, bridging the gap and/or overlapping
with the gap.

17. The semiconductor device of claim 5, wherein the
active area comprises a plurality of transistor cells, wherein
the inactive area at least partly surrounds the active area in
the projection, and/or wherein the inactive area comprises a
peripheral area which is, in a projection onto to the first side
and/or the second side, arranged between the active area and
an edge of the semiconductor body.

18. The semiconductor device of claim 5, wherein the
semiconductor device is implemented as a MOSFET,
wherein the semiconductor device is implemented as an
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IGBT, wherein the semiconductor device is implemented as
a power semiconductor device, and/or wherein the semicon-
ductor device is implemented as a charge compensation
semiconductor device.
19. A method for manufacturing a semiconductor device
comprising a transistor, the method comprising:
providing a semiconductor body comprising a first side, a
second side opposite the first side, an active area, an
inactive area being, in a projection onto a horizontal
plane substantially parallel to the first side and/or the
second side, adjacent to the active area, and a source
region adjacent to the first side, and extending to a first
pn-junction arranged in the active area;
forming a dielectric structure comprising two embedded
conductive layers on the first side so that a first layer of
the two conductive layers is arranged in the inactive
area and that a second layer of the two conductive
layers comprises a first portion forming a gate electrode
overlapping in the projection onto the horizontal plane
with the first pn-junction, and a second portion spaced
apart from and overlapping in the projection onto the
horizontal plane with the first conductive layer so that
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a vertical distance between the first conductive layer
and the second portion is less than about 200 nm; and

forming on the dielectric structure a source terminal in
Ohmic connection with the source region and the first
layer.

20. The method of claim 19, further comprising at least

one of:

forming on the dielectric structure a gate terminal in
Ohmic connection with the second conductive layer;

forming the first layer on a lower dielectric sub-structure
of the dielectric structure, the lower dielectric sub-
structure comprising a gate dielectric layer in the active
area and a field dielectric layer in the inactive area;

depositing an intermediate dielectric layer on the first
layer;

thinning the intermediate dielectric layer above the first
layer;

forming the second layer; and

depositing an upper dielectric layer of the dielectric
structure.



