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(57) Abstract: The invention relates to a reverse conducting power semiconductor device in which a plurality of thyristor cells (50) and
a freewheeling diode (60) are integrated in a semiconductor wafer. A diode anode layer (32) comprises plural first diode anode layer
segments (321) that are stripe-shaped in an orthogonal projection onto a plane parallel to a second main side (22) of the semiconductor
wafer (20), a longitudinal main axis MA of each first diode anode layer segment (321) extends in a direction away from a lateral center
of the semiconductor wafer (20). A first lateral width (w1) of each first diode anode layer segment (321) in a direction perpendicular to
its longitudinal main axis (MA) is at any position along the longitudinal axis at least 1000 um, or at least 1200 wm. The device further
comprises plural stripe-shaped local lifetime control regions (91). The diode cathode layer (33) comprises plural stripe-shaped diode
cathode layer segments (331). In the orthogonal projection each local lifetime control region (91) and each diode cathode layer segment
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Description

REVERSE CONDUCTING POWER SEMICONDUCTOR DEVICE AND
METHOD FOR MANUFACTURING THE SAME

Field of the invention

The present invention relates to a reverse conducting power semiconductor device
according to the preamble of claim 1 and to a method for manufacturing such reverse

conducting power semiconductor device.
Background of the invention

The integrated gate commutated thyristor (IGCT) has been established as the device
of choice for many high power applications such as medium voltage drives, STATCOMs,
and pumped hydro. Today, IGCTs have been optimized for current source inverter (CSI)
and voltage source inverter (VSI) applications with state-of-the-art devices having
voltage ratings ranging from 4.5kV up to 6.5kV and are today available as asymmetric,
symmetric (reverse blocking), and reverse conducting (RC) devices. The integrated gate
commutated thyristor (IGCT) is the ideal device of choice for many high-power

electronics applications due to its thyristor like conduction and transistor like turn-off.

The reverse conducting integrated gate commutated thyristor (RC-IGCT) is a
reverse conducting power semiconductor device that includes within one single
semiconductor wafer an IGCT part and a single built-in freewheeling diode part. The
diode part includes a p-doped anode layer and an n'-doped cathode layer, which are
separated by the n-doped drift layer and the n-doped buffer layer. The diode part is
circular and arranged adjacent to the IGCT part, in top view, in the center of the
semiconductor wafer. Between the IGCT part and the diode part there exists an n™-doped
separation region which separates the p-doped base layers of the thyristor cells in the
IGCT part from the p-doped anode layer of the diode part. In this RC-IGCT, the diode
part of the device is optimized with lifetime control to reduce the reverse recovery current
peak, thereby decreasing reverse recovery losses and hence protect the diode from high

power failures. The IGCT part of the semiconductor wafer does, however, not make use



10

15

20

25

30

WO 2021/156293 PCT/EP2021/052514

of any lifetime control. Accordingly, when applying high-energy ion implantation of
protons (H") or helium ions (He*") for generation of recombination centers and thereby
form a local lifetime control (LLC) region in the diode part, a metal mask with a thickness
of around 0.5 mm (depending on ion energy and mechanical stability of the mask) is used
to efficiently block the heavy ions and prevent generation of recombination centers in
areas of the IGCT part. In the forward conducting state and in the reverse conducting state
only part of the semiconductor wafer is used for the current. Therefore, losses in forward

or reverse conducting state are relatively high.

A known reverse conducting power semiconductor device, which was developed to
decrease the on-state losses by making use of the whole semiconductor wafer in forward
and reverse conducting state, respectively, is the bi-mode gate commutated thyristor
(BGCT) as shown in Figs. 1 and 2. FIG. 1 shows the BGCT in top view and FIG. 2 shows
the device in cross-section taken along line ¢’-c in FIG. 1. The BGCT comprises in a
single semiconductor wafer 1 a plurality of thyristor cells 2 electrically connected in
parallel to one another. In the BGCT shown in Figs. 1 and 2, each of the thyristor cells 2
is made up from three thyristor cathode electrodes 3 in form of a cathode metallization
layer, an n"-doped thyristor cathode layer comprising three stripe-shaped thyristor
cathode layer segments 4, a p-doped base layer 5, an n"-doped drift layer 6, an n-doped
buffer layer 7, a p~-doped thyristor anode layer 8 and a thyristor anode electrode 9 in form
of an anode metallization layer. The thyristor cells 2 also each include a gate electrode 10
in form of a gate metallization layer, which is in contact with the p-doped base layer 5.
The gate metallization layer is arranged in a plane, which is below the plane, in which the
thyristor cathode electrodes 3 are arranged, so that the gate electrodes 10 are vertically
separated from the thyristor cathode electrodes 3. The BGCT includes one single common
gate contact 11 in the form of an annular metallic region in the center of the semiconductor
wafer 1. The common gate contact 11 is in direct contact with the gate metallization layer,
so that the gate contact 11 and the gate electrodes 10 of all thyristor cells 2 are electrically
connected with each other. The BGCT comprises a plurality of diode cells 12 distributed
between the thyristor cells 2. The diode cells 12 are electrically connected in parallel to
one another and to the thyristor cells 2, albeit with opposing forward direction. Each diode
cell 12 includes a diode anode electrode 17, a p-doped diode anode layer 13, an n"-doped

diode cathode layer 14, and a diode cathode electrode 16, wherein the p-doped diode
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anode layer 13 and the n"-doped diode cathode layer 14 are separated by the n™-doped
drift layer 6 and the n-doped buffer layer 7. Neighboring thyristor cells 2 and diode cells

12 are respectively separated by a separation region 15.

As set out above a metal mask with a thickness of around 0.5 mm is used to
selectively form an LLC region in the diode part of a known RC-IGCT (having a single
diode part integrated in the same semiconductor wafer together with the IGCT part).
However, for a reproducible process the masked structures must be larger than the
thickness of the mask. With the common BGCT layout, the width of the diode cells is in
the same order or smaller than the required thickness of the metal mask. Also, for forming
the LLC region implantation of heavy ions has to be carried out at an inclination angle of
7° to the surface normal in order to avoid channeling. Therefore, the implantation of
heavy ions is offset from the diode segment even at perfect alignment and avoiding

implantation into the GCT regions becomes more critical.

Therefore, excluding LLC was judged as a prerequisite in the BGCT due to the fine
details of the layout of the BGCT. The concept of the Emitter Controlled (EMCON) diode
was considered for the development of the BGCT classic design. It requires, however,
different junction depths for diode-parts (p-n junction between p-doped diode anode layer
13 and n™-doped drift layer 6 in FIG. 2) and GCT-parts (p-n junction between p-doped
base layer 5 and n™-doped drift layer 6 in FIG. 2) in order to keep the diode anode emitter
efficiency low. On the other side, diode robustness is weak if the diode parts and the GCT-
parts have different blocking junction depths.

From US 2018 204 913 Al it is known a turn-off power semiconductor device
comprising a plurality of thyristor cells, each thyristor cell comprising a cathode region;
a base layer; a drift layer; an anode layer; a gate electrode which is arranged lateral to the
cathode region in contact with the base layer; a cathode electrode; and an anode electrode.
Interfaces between the cathode regions and the cathode electrodes as well as interfaces
between the base layers and the gate electrodes of the plurality of thyristor cells are flat
and coplanar. In addition, the base layer includes a gate well region extending from its
contact with the gate electrode to a depth, which is at least half of the depth of the cathode
region, wherein, for any depth, the minimum doping concentration of the gate well region

at this depth is 50% above a doping concentration of the base layer between the cathode
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region and the gate well region at this depth and at a lateral position, which has in an
orthogonal projection onto a plane parallel to the first main side a distance of 2 um from
the cathode region. The base layer includes a compensated region of the second
conductivity type, the compensated region being arranged directly adjacent to the first
main side and between the cathode region and the gate well region, wherein the density
of first conductivity type impurities relative to the net doping concentration in the

compensated region is at least 0.4.

The above described BGCT is disclosed and discussed for example in the
publication “The Concept of Bi-mode Gate Commutated Thyristor” by Umamaheswara
Vemulapati and Marco Bellini in Proceedings of the 2012 24™ International Symposium

on Power Semiconductor Devices and ICs 3-7 June 2012, Bruges, Belgium, pages 29-32.

From US 2016 013 302 Al it is known a reverse-conducting power semiconductor
device with a wafer having a first and a second main side, which are arranged opposite
and parallel to each other. The device includes a plurality of diode cells and a plurality of
gate commutated thyristors (GCT) cells. Each GCT cell includes layers of a first
conductivity type (e.g., n-type) and a second conductivity type (e.g., p-type) between the
first and second main sides. The device includes at least one mixed part in which diode
anode layers of the diode cells alternate with first cathode layers of the GCT cells. In each
diode cell, a diode buffer layer of the first conductivity type is arranged between the diode
anode layer and a drift layer such that the diode buffer layer covers lateral sides of the
diode anode layer from the first main side to a depth of approximately 90% of the

thickness of the diode anode layer.

From US 5 682 044 A it is known a reverse conducting (RC) thyristor of a planar-
gate structure for low-and-medium power use, which is relatively simple in construction
because of employing a planar structure for each of thyristor and diode regions, permits
simultaneous formation of the both region and have high-speed performance and a RC
thyristor of a buried-gate or recessed-gate structure which has a high breakdown voltage
by the use of a buried-gate or recessed-gate structure, permits simultaneous formation of
thyristor and diode regions and high-speed, high current switching performance, and the
RC thyristor of the planar-gate structure has a construction which comprises a static

induction (SI) thyristor or miniaturized GTO of a planar-gate structure in the thyristor
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region and an SI diode of a planar structure in the diode region, the diode region having
at its cathode side a Schottky contact between n emitters or diode cathode shorted region
and the thyristor region having at its anode side an SI anode shorted structure formed by
(pt) anode layers, wave-shaped anode layers or anode (n+) layers; in the case of a high
breakdown device, an n buffer layer is added; similarly the RC thyristor of the buried-
gate or recessed-gate structure has a construction which comprises an SI thyristor of a
buried-gate or recessed-gate structure at the thyristor region and an SI diode of the buried

or recessed structure.

In view of the above, it is the object of the invention to provide a reverse conducting
power semiconductor device, which can overcome some or all of the above-described
problems in the prior art. In particular, it is an object of the invention to provide a reverse
conducting power semiconductor device, in which forward conduction losses and
switching conduction losses can be kept low at the same time while ensuring a good

thermal performance.

The object of the invention is attained by a reverse conducting power
semiconductor device according to claim 1. Further developments of the invention are

specified in the dependent claims.

The reverse conducting power semiconductor device of the invention comprises a
plurality of thyristor cells and a freewheeling diode integrated in a semiconductor wafer
having a first main side and a second main side opposite to the first main side. Each of
the plurality of thyristor cells comprises in an order from a first main side to the second
main side: a thyristor cathode layer of a first conductivity type, a base layer of a second
conductivity type different from the first conductivity type, wherein a first p-n junction is
formed between the base layer and the thyristor cathode layer, a drift layer of the first
conductivity type forming a second p-n junction with the base layer, and a thyristor anode
layer of the second conductivity type separated from the base layer by the drift layer. Each
thyristor cell further comprises a gate electrode which is arranged lateral to the thyristor
cathode layer and forms an ohmic contact with the base layer, a thyristor cathode
electrode arranged on the first main side and forming an ohmic contact with the thyristor
cathode layer, and a thyristor anode electrode arranged on the second main side and

forming an ohmic contact with the thyristor anode layer. The freewheeling diode
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comprises: at the first main side a diode anode layer of the second conductivity type,
which forms a third p-n junction with the drift layer and which is separated from the base
layer by the drift layer, on the first main side a diode anode electrode electrically
connected to the diode anode layer, at the second main side a diode cathode layer of the
first conductivity type, which is electrically connected to the drift layer, and on the second
main side a diode anode electrode forming an ohmic contact with the diode cathode layer.
The diode anode layer comprises plural first diode anode layer segments that are stripe-
shaped in an orthogonal projection onto a plane parallel to the second main side, a
longitudinal main axis of each first diode anode layer segment extending in a lateral
direction away from a lateral center of the semiconductor wafer, wherein the first lateral
width of each first diode anode layer segment in a plane parallel to the second main side
and in a direction perpendicular to its longitudinal main axis is at any position along the
longitudinal main axis at least 1000 pm, or at least 1200 um. That means that a minimal
lateral width of each first diode anode layer segment is at least 1000 um, or at least

1200 pm.

Throughout the specification, lateral refers to a direction parallel to the second main
side, and a lateral center of the semiconductor wafer is determined as a center in the plane
parallel to the second main side. Also, throughout the specification, a center of an area is
to be understood as the centroid, i.e. as the arithmetic mean position of all the points in
the area. Also, throughout the specification, a stripe-shaped element is defined as any
element having a width in a predetermined longitudinal direction, which is larger than in
any other direction, wherein the width in the predetermined longitudinal direction is at
least twice a width along any line perpendicular to the predetermined longitudinal
direction. A longitudinal main axis of the stripe-shaped element extends along the

predetermined longitudinal direction.

In the reverse conducting power semiconductor device of the invention
implementing the freewheeling diode with the plural stripe-shaped first diode anode layer
segments ensures a good thermal and electrical current spreading within the
semiconductor wafer. Further, the segmentation of the freewheeling diode results in a less
snappy behavior thereof, which in turn allows to reduce to the thickness of the
semiconductor wafer resulting in decreased losses in reverse and in forward conduction

state. The lower limit for the first lateral width of the stripe-shaped first diode anode layer
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segments results in lower forward conduction losses compared to the known BGCT. This
can be explained by minimizing conductivity modulation due to reduced current
spreading. Even with the high lower limit of the first lateral width of the stripe-shaped
first diode anode layer segments, which is significantly higher than in the known BGCT,
the thermal spreading is still efficient due to the stripe-shape and the reverse conducting

power semiconductor device exhibits good surge current capability.

The reverse conducting power semiconductor device of the invention comprises
plural local lifetime control regions including radiation induced recombination centers,
wherein each local lifetime control region is in an orthogonal projection onto a plane
parallel to the second main side stripe-shaped and is in the orthogonal projection arranged
within a corresponding one of the first diode anode layer segments such that a longitudinal
main axis of each local lifetime control region extends along the longitudinal main axis
of the corresponding one of the first diode anode layer segments, and each local lifetime
control region has a second lateral width which is at least 200 pm or at least 300um less
than the first lateral width of the corresponding one of the first diode anode layer
segments. Exemplarily, the second lateral width is at least 200 um or at least 300um less
than the first lateral width of the corresponding one of the first diode anode layer segments
in each vertical cross section along a plane orthogonal to the second main side and
orthogonal to the longitudinal main axis of the corresponding one of the first diode anode

layer segments.

In the reverse conducting power semiconductor device of the invention a relatively
high carrier lifetime at the edges of the drift layer portion in the stripe-shaped diode parts
(portions of the semiconductor wafer that overlap in orthogonal projection on a plane
parallel to the second main side with the stripe-shaped first diode anode layer segments)
leads to injection of much more charge there than in the central part of the stripe-shaped
diode parts. Therein a central part refers to a part which is central regarding a direction
perpendicular to the longitudinal main axis and parallel to the second main side). As the
diode is recovering, the p-n junction in the proton implanted region is cleared quickly, as
there is less charge there. This starts the transfer of voltage from the switch and other
circuit elements like a choke, to the diode. The appearance of diode voltage slows down
the current rate of change and the diode reverse recovery peak current Irr is reached at a

comparable level as if the diode had been irradiated to the full width of the first diode
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anode layer segments. The charge mountain at the edge of the diode is still there. The
electrons travel downward, in the general direction of higher voltage. As they are laterally
displaced to the n™ diode cathode layer, they must flow laterally to reach it. Obviously,
this is a situation where the well-known field charge extraction (FCE) effect can come
into effect. That means that in such exemplary embodiment, the freewheeling diode is a
FCE diode that is enhanced by lifetime segmentation. The mountain of charge carriers
gets an optimal lateral placement while the low-lifetime region ensures a reasonable diode

reverse recovery peak current Irr. This results in a soft recovery of the freewheeling diode.

In the invention, the diode cathode layer comprises plural diode cathode layer
segments, wherein each diode cathode layer segment is in the orthogonal projection onto
the plane parallel to the second main side stripe-shaped and is in this orthogonal
projection arranged within a corresponding one of the stripe-shaped first diode anode
layer segments such that a longitudinal main axis of each diode cathode layer segment
extends along the longitudinal main axis of the corresponding one of the first diode anode
layer segments, and wherein each diode cathode layer segment has a third lateral width
which is at least 200 pm or at least 300 um less than the second lateral width of a
corresponding one of the local lifetime control regions, wherein the corresponding one of
the local lifetime control regions is arranged within the corresponding one of the first
diode anode layer segments in the orthogonal projection onto the plane parallel to the
second main side. In such exemplary embodiment, the FCE eftect during reverse recovery
of the freewheeling diode is more pronounced, resulting in a soft recovery and less snappy
behavior of the freewheeling diode. Exemplarily, the third lateral width is at least 200 um
or at least 300 pm less than the second lateral width of a corresponding one of the local
lifetime control regions in each vertical cross section along a plane orthogonal to the
second main side and orthogonal to the longitudinal main axis of the corresponding one
of the first diode anode layer segments.In an exemplary embodiment, the semiconductor
wafer has a circular shape and the longitudinal main axis of each first diode anode layer

segment extends along a radial direction of this circular shape.

In an exemplary embodiment, the first lateral width of each first diode anode layer
segment is at any position along its longitudinal main axis less than 5000 pm or less than
4000 pm or less than 3000 um. That means that a maximum of the first lateral width is
less than 5000 pm or less than 4000 um or less than 3000 pm.
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In an exemplary embodiment, in the orthogonal projection onto the plane parallel
to the second main side, in the lateral center of the semiconductor wafer a circular shaped
portion of the freewheeling diode is arranged. In such arrangement most efficient use is
made of the available semiconductor wafer area. In this exemplary embodiment, each
first diode anode layer segment may laterally extend from the circular-shaped portion of

the freewheeling diode.

In an exemplary embodiment a length of each first diode anode layer segment in a
direction along its longitudinal main axis is at least 20% or at least 25% of a width of the
semiconductor wafer in this direction. With such relatively long stripe-shaped first diode
anode layer segments the thermal performance is improved due to efficient thermal

spreading of heat generated in the freewheeling diode.

In an exemplary embodiment, the diode anode layer comprises stripe-shaped
second diode anode layer segments that extend along radial directions that are arranged
laterally between two adjacent first diode anode layer segments, respectively, a distance
between each second diode anode layer segment and the lateral center of the
semiconductor wafer being larger than a distance between each first diode anode layer
segment and the lateral center of the semiconductor wafer. In such exemplary
embodiment a variation of a distance between neighboring stripe-shaped diode anode

layer segments may be reduced and thermal spreading is enhanced.

In an exemplary embodiment, the minimum of the first lateral width of each first
diode anode layer segment is less than 2000 um. With such parameter the thermal
performance is improved and the freewheeling diode exhibits less snappy behavior than

in the known RC-IGCT.

In an exemplary embodiment, the third lateral width is at least 600 pm less or at
least 800 um less than the first lateral width of the corresponding one of the first diode
anode layer segments. In such exemplary embodiment the FCE effect during reverse
recovery of the freewheeling diode is more pronounced, resulting in soft recovery and
less snappy behavior of the freewheeling diode. Exemplarily, the third lateral width is at
least 600 pm less or at least 800 um less than the first lateral width of the corresponding

one of the first diode anode layer segments in each vertical cross section along a plane
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orthogonal to the second main side and orthogonal to the longitudinal main axis of the

corresponding one of the first diode anode layer segments.

In an exemplary embodiment, a depth of each base layer and a depth of the diode
anode layer are the same. In such exemplary embodiment the diode robustness is
improved compared to a known BGCT with different junction depth of diode (i.e. the
depth of the diode anode layer) and GCT parts (i.e. depth of the base layer). Also, in such
exemplary embodiment the base layer and the diode anode layer can be formed in the
same process step simultaneously. Therefore, the manufacturing of the reverse

conducting power semiconductor device is facilitated.

In an exemplary embodiment, the gate electrodes of the plurality of thyristor cells
are electrically connected with each other, and the device further comprises a common
gate contact for contacting the gate electrodes of the plurality of thyristor cells, wherein
the common gate contact is arranged on a circumferential edge of the semiconductor

wafer on the first main side.

In an exemplary embodiment, the thyristor cathode layer comprises plural separate
thyristor cathode layer segments that are at least partially surrounded in a plane parallel
to the first main side by a gate metallization layer forming the plurality of gate electrodes
and connections there between. In the latter exemplary embodiment, the thyristor cathode
layer segments of the plurality of thyristor cells may be arranged at the first main side as
stripes placed in concentric rings around the lateral center of the semiconductor wafer,
the longitudinal main axis of each stripe extending along a radial direction which is a
direction extending from the lateral center of the semiconductor wafer and parallel to the
first main side. In this exemplary embodiment fast commutation of the conduction current

from the cathode to the gate is facilitated.

A reverse conducting power semiconductor device may be manufactured by a

method according to claim 15.
Brief description of the drawings

Detailed embodiments of the invention will be explained below with reference to

the accompanying figures, in which:
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FIG. 1

FIG. 2

FIG. 3

FIG. 4

FIG. 5

FIG. 6

FIG. 7

FIG. 8

FIG. 9

FIGs. 10A and 10B

PCT/EP2021/052514
-11-

shows a top view onto a bi-mode gate commutated thyristor
(BGCT), which is a known turn-off power semiconductor

device;

shows a cross-section of the BGCT taken along line ¢’c in

FIG. 1;

shows a top view onto a reverse conducting power
semiconductor device according to an embodiment of the

invention;
shows an enlarged portion A of the top view of FIG. 3;

shows a partial vertical cross-section along line B-B’ in

FIG. 4,

shows an orthogonal projection of a stripe-shaped
freewheeling diode part of the reverse conducting power

semiconductor device of FIG. 3 onto a horizontal plane;

shows a snap-off voltage peak of the reverse conducting
power semiconductor device of FIG. 3 for different widths

of the lifetime control region (proton irradiation width);,

shows a snap-off voltage peak of the reverse conducting
power semiconductor device of FIG. 3 for different widths

of diode cathode layer segments;

shows a top view onto a reverse conducting power
semiconductor device according to a second embodiment;

and

illustrate method steps for manufacturing the reverse
conducting power semiconductor device according to an

embodiment of the invention.

The reference signs used in the figures and their meanings are summarized in the

list of reference signs. Generally, similar elements have the same reference signs
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throughout the specification. The described embodiments are meant as examples and shall

not limit the scope of the invention.
Detailed description of preferred embodiments

In the following a reverse conducting power semiconductor device according to a
first embodiment of the invention is described with reference to Figs. 3 to 6. FIG. 3 shows
a top view onto the reverse conducting power semiconductor device, FIG. 4 shows an
enlarged portion A of the top view of FIG. 3, FIG. 5 shows a partial vertical cross-section
along line B-B' in FIG. 4, and FIG. 6 shows an orthogonal projection of a part of the

reverse conducting power semiconductor device onto a horizontal plane.

As shown in FIG. 5, the reverse conducting power semiconductor device according
to the first embodiment comprises a semiconductor wafer 20 having a first main side 21
and a second main side 22. A plurality of thyristor cells 50 and a freewheeling diode 60
are integrated in the semiconductor wafer 20. Each thyristor cell 50 comprises in the order

from the first main side 21 to the second main side 22:
e an n-type thyristor cathode layer 51;

e a p-type base layer 52, wherein a first p-n-junction is formed between the base

layer 52 and the thyristor cathode layer 51;
e an n-type drift layer 53 forming a second p-n-junction with the base layer 52;
e an n-type buffer layer 55; and

e a p-type thyristor anode layer 54 which is separated from the base layer 52 by
the drift layer 53.

Therein the buffer layer 55 is optional and has a doping concentration higher than
that of the drift layer 53. Each thyristor cell 50 further comprises a gate electrode 55,
which is arranged lateral to the thyristor cathode layer 51 and forms an ohmic contact
with the base layer 52, a thyristor cathode electrode 56 arranged on the first main side 21
and forming an ohmic contact with the thyristor cathode layer 51, and a thyristor anode
electrode 57 arranged on the second main side 22 and forming an ohmic contact with the

thyristor anode layer 54.

The freewheeling diode 60 integrated in the semiconductor wafer 20 comprises:
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e atthe first main side 21, a p-type diode anode layer 32, which diode anode layer
32 forms a third p-n-junction with the drift layer 53 and which is separated from

the base layer 52 by the drift layer 53;

e on the first main side 21, a diode anode electrode 31 electrically connected to

the diode anode layer 32;

e at the second main side 22, an n-type diode cathode layer 33, which is
electrically connected to the drift layer 53 through the buffer layer 55
(throughout the specification, if two semiconductor regions of the same
conductivity type are described to be electrically connected it shall mean that
these two semiconductor regions are either in direct contact or are connected to
each other by one or more semiconductor regions of the same conductivity type

or are connected to each other by a metal); and

e on the second main side 22, a diode cathode electrode 36 forming an ohmic

contact with the diode cathode layer 33.

The base layers 52 of thyristor cells 50 are separated from the diode anode layer 32

by a separation region 70 comprising at least a portion of the drift layer 53.

The diode anode layer 32 comprises plural first diode anode layer segments 321
which correspond in the top view of FIG. 3 and in the partial top view of FIG. 4 to stripe-
shaped portions 31a of the diode anode electrode 31 extending on the first main side 21
on first diode anode layer segments 321. In Figs. 3 and 4 the diode anode electrode 31 is
shown in light gray color. As indicated in Figs. 3 and 4, each first diode anode layer
segment 321 has a longitudinal main axis MA extending in a direction away from a lateral
center of the semiconductor wafer 20. Therein, the longitudinal main axis MA may be
defined as a direction, in which the first diode anode layer segment 321 has its largest
extension. In an exemplary embodiment, the longitudinal main axis MA forms an axis of
symmetry of the first diode anode layer segment 321 in top view (i.e. in an orthogonal
projection onto a plane parallel to the second main side 22) with regard to reflection (i.e.
the projection of the first diode anode layer segment 321 has mirror symmetry relative to

the longitudinal main axis MA).
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In the first embodiment the semiconductor wafer 20 has a circular shape and the
longitudinal main axis MA of each first diode anode layer segment 321 extends along a

radial direction from the lateral center of the circular shaped semiconductor wafer 20.

The stripe-shaped first diode anode layer segment 321 has, in a vertical cross-
section along a plane perpendicular to the second main side 22 and perpendicular to the
longitudinal main axis MA of the first diode anode layer segment 321, a first lateral
width w1. It is to be mentioned that in FIG. 5 only half of the stripe-shaped portion of the
freewheeling diode 60, which corresponds to the first diode anode layer segment 321, is
shown. Therefore, a width 0.5 x w1 of the first diode anode layer segment 321 is indicated
in FIG. 5. The first lateral width w1 of the first diode anode layer segment 321 may vary
along the longitudinal main axis MA of the first diode anode layer segment 321. In the
invention, the first lateral width w1 of each first diode anode layer segment 321 in a
direction perpendicular to its longitudinal main axis MA is at any position along the
longitudinal axis MA at least 1000 um or at least 1200 um (i.e. a minimum of the first
lateral width w1 is at least 1000 pm or at least 1200 pm). A maximum of the first lateral
width w1 of each first diode anode layer segment 321 may be less than 5 times the
minimal lateral width or less than four times the minimal lateral width of that first diode
anode layer segment 321. For example, the first lateral width w1 of each first diode anode
layer segment 321 may be at any position along the longitudinal axis less than 5000 um
or less than 4000 pm or less than 3000 um (i.e. a maximum of the first lateral width is
less than 5000 pm or less than 4000 um or less than 3000 um). In an exemplary
embodiment the minimum of the first lateral width w1 of each first diode anode layer
segment 321 in the direction perpendicular to its longitudinal main axis MA is less than
2000 um, so that the minimum of the first lateral width w1 is in a range between 1000 um

and 2000 um or in a range between 1200 um and 2000 pm.

A length of each first diode anode layer segment 321 in a direction along its
longitudinal main axis MA is exemplarily as shown in FIG. 3 at least 20% or at least 25%

of a width or diameter of the semiconductor wafer 20 in this direction.

A depth of each base layer 52 and a depth of the diode anode layer 32 are

exemplarily the same as shown in FIG. 4.
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The reverse conducting power semiconductor device according to the first
embodiment comprises in addition plural local life time control regions 91 in an area close
to the p-n-junction between first diode anode layer segments 321 and drift layer 53. Each
local life time control region 91 includes radiation induced recombination centers. In an
orthogonal projection onto a plane parallel to the second main side 22 each local life time
control region 91 is stripe-shaped and is arranged within a corresponding one of the first
diode anode layer segments 321 in such orthogonal projection, such that a longitudinal
main axis of each local life time control region 91 extends along the longitudinal main
axis MA of one of the first diode anode layer segments 321 in the orthogonal projection.
That means that each local life time control region 91 and the corresponding first diode
anode layer segment 321 share the same longitudinal main axis MA. Exemplarily the
local life time control region 91 has mirror symmetry with the longitudinal main axis MA
as an axis of symmetry regarding reflection like the corresponding first diode anode layer

segment 321.

As shown in FIG. 5, each local life time control region 91 has in each vertical cross-
section along a plane orthogonal to the second main side 22 and orthogonal to the
longitudinal main axis MA of the corresponding one of the first diode anode layer
segment 321 a second lateral width w2 which is at least 200 um or at least 300 um less
than the first lateral width w1 of the corresponding one of the first diode anode layer

segment 321 in this vertical cross-section.

In addition to the local life time control regions 91 there may be arranged (optional)
additional second local life time control regions 92 at a larger depth in the drift layer 53
as shown in FIG. 5. A lateral width of such additional second local life time control region

92 may be the same as that of the local life time control regions 91.

Referring to FIG. 5, the diode cathode layer 33 comprises plural diode cathode layer
segments 331, wherein each diode cathode layer segment 331 is in the orthogonal
projection onto a plane parallel to the second main side 22 stripe-shaped and is in this
orthogonal projection arranged within a corresponding one of the stripe-shaped first diode
anode layer segments 321 such that a longitudinal main axis of each diode cathode layer
segment 331 extends along the longitudinal main axis MA of the corresponding one of

the first diode anode layer segments 321. That means that each diode cathode layer
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segment 331 and the corresponding first diode anode layer segment 321 share the same
longitudinal main axis MA. Exemplarily each diode cathode layer segment 331 has mirror
symmetry with the longitudinal main axis MA as an axis of symmetry regarding reflection
similar to the mirror symmetry of the corresponding first diode anode layer segment 321.
Each diode cathode layer segment 331 has in each vertical cross section along a plane
orthogonal to the second main side 22 and orthogonal to the longitudinal main axis MA
of the corresponding one of the first diode anode layer segments 321, a third lateral
width w3 which is at least 200 um or at least 300 pm less than the second lateral width w2
of a corresponding one of the local lifetime control regions 91 in this cross section,
wherein the corresponding one of the local lifetime control regions 91 is arranged within
the corresponding one of the first diode anode layer segments 321 in the orthogonal

projection onto the plane parallel to the second main side 22.
That means that the following relation (1) is satisfied:
wl>w2>w3 (D)

This relation is illustrated in FIG. 6, which shows a top view (orthogonal projection
onto a plane parallel to the second main side 22) of a section of a first diode anode layer
segment 321, a corresponding section of a corresponding lifetime control region 91 and
a section of a corresponding diode cathode layer segment 331 which overlap with each
other in this orthogonal projection. In the section illustrated in FIG. 6 the first lateral width
w1, the second lateral width w2 and the third lateral width w3 are shown to be constant.
However, as set out above, these lateral widths wl, w2 and w3 may vary along the
longitudinal main axis MA within limits set out above. Each first diode anode layer
segment 321, the corresponding lifetime control region 91, the corresponding diode
cathode layer segment 331 and finger portion 31a of diode anode electrode 31 correspond

to a stripe-shaped portion of the freewheeling diode 60.

Alternatively or in addition to the above indicated relation between w3 and w2,
each diode cathode layer segment 331 may have, in each vertical cross section along a
plane orthogonal to the second main side 22 and orthogonal to the longitudinal main axis
MA of the corresponding one of the first diode anode layer segments 321 a third lateral
width w3 which is at least 600 pm less or at least 800 pm less than the first lateral width
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w1l of the corresponding one of the first diode anode layer segments 321 in this cross

section.

As can be seen further from the top view in FIG. 3, the diode anode electrode 31
comprises, besides the first finger portions 31a corresponding to the first diode anode
layer segments 321, second finger portions 31b and third finger portions 31c¢. In the first
embodiment a longitudinal main axis of all these finger portions 31a, 31b and 3 1c extends

from a lateral center of the semiconductor wafer 20 in a radial direction.

In the lateral center of the reverse conducting power semiconductor device the diode
anode electrode 31 comprises a circular shaped portion 31d, from which the first finger
portions 31a extend in the radial direction. The second finger portion 31b extend in the
radial direction between two neighboring first finger portions 31a, respectively. The
second finger portions 31b are shorter than the first finger portions 31a and are separated
from the circular portion 31d. Third finger portions 31c extend in the radial direction
between a first finger portion 31a and a closest second finger portion 31b. Third finger
portions 3 1c¢ are shorter than the first finger portions 3 1a and also shorter than the second
finger portions 31b. Third finger portions 3 1c are separated from the circular portion 31d
by a larger distance than the second finger portions 31b. Finally, fourth finger portions
31e are arranged between each pair of directly neighboring first to third finger portions
31ato 31c at a circumferential edge of the semiconductor wafer 20. As discussed above,
each first finger portion 31a corresponds to a first diode anode layer segment 321 and
have each a longitudinal main axis extending, in an orthogonal projection onto a plane
parallel to the second main side 22, along the longitudinal main axis MA of a
corresponding one of the first diode anode layer segments 321. Likewise the second, third
and fourth finger portions 31b, 31c and 3 1e correspond to stripe-shaped diode anode layer
segments 321, stripe-shaped life time control regions 91 and stripe-shaped diode cathode
layer segments 331, on which they extend. In vertical cross-section, each finger portion
of the freewheeling diode 60 corresponding to each of the second, third and fourth finger
portions 31b, 31c and 31e of the diode anode electrode 31 has the same structure as
described above with reference to FIG. 5 for the finger portions of the freewheeling diode
60 which correspond to first finger portions 31a. The stripe-shaped diode anode layer
segments 321 corresponding to the second finger portions 31b are referred to as second

diode anode layer segments 321.
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The thyristor cathode layers 51 of the plural thyristor cells 50 comprise plural
thyristor cathode layer segments 511, which are stripe-shaped and separate from each
other. On the thyristor cathode layer segments 511 corresponding finger portions of the
thyristor cathode electrode 56 are formed. In top view the finger portions of the thyristor
cathode electrode 56 have the same or a corresponding pattern and shape as the thyristor
cathode layer segments 511. As can be seen best from FIG. 3, in top view of the reverse
conducting power semiconductor device, the thyristor cathode layer segments 511 are
arranged at the first main side 21 as stripes placed in concentric rings around the lateral
center of the semiconductor wafer 20, wherein a longitudinal main axis of each stripe
extends along a radial direction (which is a direction extending from the lateral center of
the semiconductor wafer 20 and parallel to the first main side 21). In each ring, the
thyristor cathode layer segments 511 have the same distance to the lateral center of the
semiconductor wafer 20. In the exemplary embodiment shown in FIG. 3, the thyristor
cathode layer segments 511 may be placed in twelve concentric rings. However, the
number of concentric rings may be any other number. Exemplarily, plural concentric
rings are provided. In an orthogonal projection onto a plane parallel to the second main
side 22, in each of the concentric rings, groups of thyristor cathode layer segments 511
alternate with finger portions 31a to 31¢, 31e. In the example shown in FIG. 3, in the first
three inner concentric rings, in which the thyristor cathode layer segments 511 are
arranged, groups of directly adjacent thyristor cathode layer segments 511 alternate only
with first finger portions 31a along each ring, respectively. In the next three concentric
rings, groups of directly adjacent thyristor cathode layer segments 511 alternate with first
and second finger portions 31a and 31b along each ring, respectively. Finally, in the next
five concentric rings, in which the thyristor cathode layer segments 511 are arranged,
groups of directly adjacent thyristor cathode layer segments 511 alternate with first,
second and third finger portions 31a, 31b and 3 1c along each ring. In the outermost ring,
in which thyristor cathode layer segments 511 are arranged, groups of respectively two
directly adjacent thyristor cathode layer segments 511 alternate with first to fourth finger
portions 31a, 31b, 31c and 31e along this outermost ring. In the top views of FIG. 3 and
4 the finger portions of the thyristor cathode electrode 56 corresponding to the thyristor

cathode layer segments 511 are shown as black stripes.
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As can be seen best from Figs. 3 and 4, in the first embodiment, the gate electrodes
55 of the plurality of thyristor cells 50 are electrically connected with each other, and the
reverse conducting power semiconductor device further comprises a common gate
contact 40 for contacting the gate electrodes 55 of the plurality of thyristor cells 50,
wherein the common gate contact 40 is arranged on a circumferential edge of the
semiconductor wafer 20 on the first main side 21. The first diode anode layer segments
321 extend in the radial direction through all of the concentric rings, in which the thyristor
cathode layer segments 511 are arranged. In such exemplary embodiment the flow of gate
current to (or from) a common gate contact 40 at the circumferential edge of the
semiconductor wafer 20 from (or to) the thyristor cells 50 is not obstructed by the finger
portions of the freewheeling diode corresponding to the stripe-shaped first diode anode

layer segments 321. This facilitates in particular current commutation during turn-off.

In FIG. 9 a top view of a reverse conducting power semiconductor according to a
second embodiment of the invention is shown. In view of many similarities only
differences to the first embodiment are described in the following. With regard to the
remaining features it is referred to the above description of the first embodiment. In FIG. 9
the areas in light gray color correspond to areas of the diode anode electrode 31. Four first
finger portions 301a and four second finger portions 301b of the diode anode electrode
31 extend from a lateral center of the semiconductor wafer 20 in a radial direction.
Additional third finger portions 301c extend respectively from the four finger portions
301a in a direction away from a lateral center of semiconductor wafer 20. The first and
second finger portions 301a and 301b are arranged with rotational symmetry. Each of the
finger portions 301a to 301c corresponds to a stripe-shaped portion of the freewheeling
diode 60 and has a structure as shown in cross-section in FIG. 5 and as described above
with reference to FIG. 5. The thyristor cells 50 in the reverse conducting power
semiconductor device according to the second embodiment differ from the thyristor cells
50 in the first embodiment only in a different arrangement in top view. In the second
embodiment the cathode layer segments 511 illustrated as black stripes in FIG. 9 are
arranged along a longitudinal main axis of stripes laterally extending between directly
adjacent finger portions 301b, 301c¢, respectively. That means the cathode layer segments
511 extend in a direction inclined to the radial direction. The structure of thyristor cells

50 of the reverse conducting power semiconductor device according to the second
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embodiment is basically the same as shown in cross-section in FIG. 5 and as described

above with reference to FIG. 5.

FIG. 7 shows a graph illustrating the dependency of the snap-off voltage VRMsn
of the freewheeling diode 60 on the second lateral width w2 of the lifetime control region
91 for a stripe-shaped freewheeling diode 60 with a first lateral width w1 of 1200 um and
a third lateral width w3 of 200 pum. The different symbols, namely the triangle, the filled
circle and the hollow circle correspond to a different proton irradiation dose, respectively
(indicated as 1E+13, 2E+13 and 4E+14 in FIG. 7). At a second lateral width w2 of the
lifetime control region of about w2 = 800 um, the snap-off voltage VRMsn has its
minimum and starts to increase again with increasing second lateral width w2. FIG. 8
shows a graph illustrating the dependency of the snap-off voltage on the third lateral width
w3 for a freewheeling diode 60 with a first lateral width w1 of 1200 um and a second
lateral width w2 of 800 um. As can be seen from FIG. 8 a decreasing third lateral width

w3 results in a decreased snap-off voltage VRMsn.

In the following a method for manufacturing the reverse conducting power
semiconductor device according to any of the above described embodiments is illustrated

with reference to Figs. 10A and 10B. The method comprises the following steps:

(a) providing an n-type semiconductor layer 200, the semiconductor layer 200
having a first side 201 and having a second side 202 opposite to the first side
201 and, wherein a doping concentration of the semiconductor layer 200
corresponds to the doping concentration of the drift layer 53 in the final

reverse conducting power semiconductor device;

(b) providing a first mask layer 210 on the first side 201 of the semiconductor
layer 200, the first mask layer 210 comprising first openings 211;

(c) selectively applying a p-type dopant 220 to the first side 201 of the
semiconductor layer 200 through the first openings 211 of the first mask layer
210 for forming the base layers 52 and the diode anode layer 32 of the final

reverse conducting semiconductor device;

(e) forming a second mask layer 240 on the first side 201, the second mask layer

240 having second openings 241;
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(f) selectively applying radiation 250, such as electron or heavy ion radiation,
onto the first side 201 through the second openings 241 in the second mask
layer 240 for forming local lifetime control regions 91 including radiation

induced recombination centers in the semiconductor layer 200;
(g) forming the thyristor cathode layer 51 on the first side 201;

(h) forming the thyristor anode layer 54 and the diode cathode electrode 36 on
the second side 202; and

(1) forming the diode cathode layer 33 on the second side 202;

The second openings 241 comprise stripe-shaped openings that are laterally aligned
with regions of the semiconductor layer 200 in which the first diode anode layer segments
321 are to be formed such that, in an orthogonal projection onto a plane parallel to the
first side 201, each second opening 241 is arranged within a projection area of a
corresponding one of the first diode anode layer segments 321, the stripe-shaped openings
241 having a lateral width w4, which is at least at least 200 um or at least 300 pm less
than the lateral width w1 of a corresponding one of the first diode anode layer segments
321 at all positions along a longitudinal main axis MA of the corresponding one of the
first diode anode layer segments 321 in the final reverse conducting power semiconductor

device.

It will be apparent for persons skilled in the art that modifications of the above
described embodiment are possible without departing from the idea of the invention as

defined by the appended claims.

The above embodiments were explained with specific conductivity types. The
conductivity types of the semiconductor layers in the above described embodiments
might be switched, so that all layers which were described as p-type layers would be n-

type layers and all layers which were described as n-type layers would be p-type layers.

The above embodiments of the reverse conducting power semiconductor device are
described with a circular semiconductor wafer 20. However, the semiconductor wafer

may have any other shape such as a rectangular or a polygon shape.
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The method according to the embodiment described above with reference to
Figs. 10A and 10B, the different method steps were described in a certain order. However

the method steps may be performed in a different order.

It should be noted that the term “comprising” does not exclude other elements or

steps and that the indefinite article “a” or “an” does not exclude the plural. Also elements

described in association with different embodiments may be combined.

List of reference signs

1, 20 semiconductor wafer
2,50 thyristor cell

3,56 thyristor cathode electrode
4,511 thyristor cathode layer segment
5,52 base layer

6, 53 drift layer

7,59 buffer layer

8, 54 thyristor anode layer
9,57 thyristor anode electrode
10, 55 gate electrode

11, 40 common gate contact

12 diode cell

13, 32 diode anode layer

14, 33 diode cathode layer

15, 70 separation region

16, 36 diode cathode electrode
17, 31 diode anode electrode
21 first main side

22 second main side

200 semiconductor layer

201 first side

202 second side

210 first mask layer
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220

240

241

31a, 31b, 31c, 31e;
301a, 301b, 301c¢
31d

321

331

51

60

91

92

wl

w2

w3

w4
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first opening
p-type dopant
second mask layer

second opening

finger portions of diode anode electrode 31
central portion of diode anode electrode 31
diode anode layer segment

diode cathode layer segment

thyristor cathode layer

freewheeling diode

local lifetime control (LLC) region

second local lifetime control region

first lateral width (of 321)

second lateral width (of 91)

third lateral width (of 331)

lateral width (of 241)
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Claims
A reverse conducting power semiconductor device comprising:

a semiconductor wafer (20) having a first main side (21) and a second main side

(22) opposite to the first main side (21);
a plurality of thyristor cells (50); and
a freewheeling diode (60),

wherein each of the plurality of thyristor cells (50) comprises in an order from the

first main side (21) to the second main side (22):
e athyristor cathode layer (51) of a first conductivity type;

e abase layer (52) of a second conductivity type different from the first
conductivity type, wherein a first p-n junction is formed between the

base layer (52) and the thyristor cathode layer (51);

e a drift layer (53) of the first conductivity type forming a second p-n
junction with the base layer (52); and

e a thyristor anode layer (54) of the second conductivity type separated

from the base layer (52) by the drift layer (53),

wherein each thyristor cell (50) further comprises: a gate electrode (55) which is
arranged lateral to the thyristor cathode layer (51) and forms an ohmic contact
with the base layer (52); a thyristor cathode electrode (56) arranged on the first
main side (21) and forming an ohmic contact with the thyristor cathode layer (51);
and a thyristor anode electrode (57) arranged on the second main side (22) and

forming an ohmic contact with the thyristor anode layer (54),
wherein the freewheeling diode (60) comprises:

e at the first main side (21) a diode anode layer (32) of the second
conductivity type, which forms a third p-n junction with the drift layer

(53) and which is separated from the base layer (52) by the drift layer
(53);
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e on the first main side (21) a diode anode electrode (31) electrically

connected to the diode anode layer (32);

e at the second main side (22) a diode cathode layer (33) of the first
conductivity type, which is electrically connected to the drift layer (53);

and

e on the second main side (22) a diode cathode electrode (36) forming an

ohmic contact with the diode cathode layer (33),

wherein the diode anode layer (32) comprises plural first diode anode layer
segments (321) that are stripe-shaped in an orthogonal projection onto a plane
parallel to the second main side (22), a longitudinal main axis (MA) of each first
diode anode layer segment (321) extending in a lateral direction away from a
lateral center of the semiconductor wafer (20), wherein lateral relates to a direction

parallel to the second main side (22),
characterized in that

a first lateral width (w1) of each first diode anode layer segment (321) in a plane
parallel to the second main side (22) and in a direction perpendicular to its
longitudinal main axis (MA) is at any position along the longitudinal axis at least

1000 pum, or at least 1200 pum,

the reverse conducting power semiconductor device comprises plural local

lifetime control regions (91) including radiation induced recombination centers,

each local lifetime control region (91) is in an orthogonal projection onto a plane
parallel to the second main side (22) stripe-shaped and is in the orthogonal
projection arranged within a corresponding one of the first diode anode layer
segments (321) such that a longitudinal main axis of each local lifetime control
region (91) extends along the longitudinal main axis (MA) of the corresponding

one of the first diode anode layer segments (321),

each local lifetime control region (91) has a second lateral width (w2) which is at
least 200 um or at least 300 pm less than the first lateral width (wl) of the

corresponding one of the first diode anode layer segments (321),
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the diode cathode layer (33) comprises plural diode cathode layer segments (331),

each diode cathode layer segment (331) is in the orthogonal projection onto the
plane parallel to the second main side (22) stripe-shaped and is in this orthogonal
projection arranged within a corresponding one of the stripe-shaped first diode
anode layer segments (321) such that a longitudinal main axis of each diode
cathode layer segment (331) extends along the longitudinal main axis (MA) of the

corresponding one of the first diode anode layer segments (321), and

each diode cathode layer segment (331) has a third lateral width (w3) which is at
least 200 pm or at least 300 um less than the second lateral width (w2) of a
corresponding one of the local lifetime control regions (91), wherein the
corresponding one of the local lifetime control regions (91) is arranged within the
corresponding one of the first diode anode layer segments (321) in the orthogonal

projection onto the plane parallel to the second main side (22).

The reverse conducting power semiconductor device according to claim 1,
wherein the semiconductor wafer (20) has a circular shape and the longitudinal
main axis (MA) of each first diode anode layer segment (321) extends along a

radial direction of the circular shape.

The reverse conducting power semiconductor device according to claim 1 or 2,
wherein the first lateral width (w1) of each first diode anode layer segment (321)
is at any position along the longitudinal main axis (MA) less than 5000 um or less

than 4000 pm or less than 3000 um.

The reverse conducting power semiconductor device according to any one of
claims 1 to 3, wherein in the orthogonal projection onto the plane parallel to the
second main side (22), in the lateral center of the semiconductor wafer (20) a
circular shaped portion of the freewheeling diode (60) is arranged, from which

each first diode anode layer segment (321) laterally extends.

The reverse conducting power semiconductor device according to any one of
claims 1 to 4, wherein a length of each first diode anode layer segment (321) in a
direction along its longitudinal main axis (MA) is at least 20% or at least 25% of

a width of the semiconductor wafer (20) in this direction.
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The reverse conducting power semiconductor device according to any one of
claims 1 to 5, wherein the diode anode layer (32) comprises stripe-shaped second
diode anode layer segments (321) that extend along radial directions and that are
arranged laterally between two adjacent first diode anode layer segments (321),
respectively, a distance between each second diode anode layer segment (321) and
the lateral center of the semiconductor wafer (20) being larger than a distance
between each first diode anode layer segment (321) and the lateral center of the

semiconductor wafer (20).

The reverse conducting power semiconductor device according to any one of
claims 1 to 6, wherein a minimum of the first lateral width (w1) of each first diode

anode layer segment (321) is less than 2000 um.

The reverse conducting power semiconductor device according to any one of
claims 1 to 7, wherein the third lateral width (w3) is at least 600 um less or at least
800 um less than the first lateral width (w1) of the corresponding one of the first
diode anode layer segments (321).

The reverse conducting power semiconductor device according to any one of
claims 1 to 8, wherein a depth of each base layer (52) and a depth of the diode

anode layer (32) are the same.

The reverse conducting power semiconductor device according to any one of
claims 1 to 9, wherein the gate electrodes (55) of the plurality of thyristor cells
(50) are electrically connected with each other, and the device further comprises
a common gate contact (40) for contacting the gate electrodes (55) of the plurality
of thyristor cells (50), wherein the common gate contact (40) is arranged on a

circumferential edge of the semiconductor wafer (20) on the first main side (21).

The reverse conducting power semiconductor device according to any one of
claims 1 to 10, wherein the thyristor cathode layer (51) comprises plural separate
-shaped thyristor cathode layer segments (511) that are at least partially
surrounded in a plane parallel to the first main side (21) by a gate metallization

layer forming the plurality of gate electrodes (55) and connections there between.
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The reverse conducting power semiconductor device according to claim 11,

wherein the thyristor cathode layer segments (511) of the plurality of thyristor

cells (50) are arranged at the first main side (21) as stripes placed in concentric

rings around the lateral center of the semiconductor wafer (20), a longitudinal

main axis of each stripe extending along a radial direction which is a direction

extending from the lateral center of the semiconductor wafer (20) and parallel to

the first main side (21).

A method for manufacturing the reverse conducting power semiconductor device

according to any one of the preceding claims, the method comprising the

following steps:

(a)

(b)

(©)

(e)

(®

(2

providing a semiconductor layer (200) of the first conductivity type, the
semiconductor layer (200) having a first side (201) and having a second
side (202) opposite to the first side (201) and, wherein a doping
concentration of the semiconductor layer (200) corresponds to the
doping concentration of the drift layer (53) in the reverse conducting

power semiconductor device;

providing a first mask layer (210) on the first side (201) of the
semiconductor layer (200), the first mask layer (210) comprising first
openings (211);

selectively applying a dopant of the second conductivity type to the first
side (201) of the semiconductor layer (200) through the first openings
(211) of the first mask layer (210) for forming the base layers (52) and
the diode anode layer (32);

forming a second mask layer (240) on the first side (201), the second
mask layer (240) having second openings (241);

selectively applying radiation (250) onto the first side (201) through the
second openings (241) in the second mask layer (240) for forming local
lifetime control regions (91) including radiation induced recombination

centers in the semiconductor layer (200);

forming the thyristor cathode layer (51) on the first side (201);
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(h) forming the thyristor anode layer (54) and the diode cathode electrode
(36) on the second side (202); and

(1) forming the diode cathode layer (33) on the second side (202);,

wherein the second openings (241) comprise stripe-shaped openings that are
laterally aligned with regions of the semiconductor layer (200) in which the first
diode anode layer segments (321) are formed such that, in an orthogonal
projection onto a plane parallel to the first side (201), each second opening (241)
is arranged within a projection area of a corresponding one of the first diode anode
layer segments (321), the stripe-shaped openings having a fourth lateral width
(w4), which is at least 200 um or at least 300 um less than the first lateral width
(w1) of a corresponding one of the first diode anode layer segments (321) at all
positions along a longitudinal main axis (MA) of the corresponding one of the first

diode anode layer segments (321).
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Fig. 4
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